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INTRODUCTION

The conservation of genetic diversity in livest@gecies can be related to biological, social,
cultural and economic aspects. Animal genetic nessuand animal management systems
are an integral part of ecosystems and producsinddcape in Italy, Europe and all over the
world. Local breeds can be considered as a pdhedfiistory of some human populations as
well as important materials from a scientific pafitview. To date there is an urgent need of
a specific conservation program for these breedsuse of the limited number of their
individuals and their risk of extinction. Althougthe local breeds are usually not
competitive for production traits, they may caraluable features such as disease resistance
or distinctive product quality. The higher economaue of typical productions compared
to conventional commercial products and the growdgagsumer preferences towards food
quality, could strongly support the need to laurodnservation programs of livestock
biodiversity. In this regard, efficiem situandex situconservation strategies are obligatory
tools in order to implement an appropriate actian the conservation of livestock
biodiversity. Conservation of genetic diversity @3 and within farm animal breeds is an
insurance for the future. A broad genetic baserigial to deal with future changes in
environment, consumers demand for animal products animal production systems. A
wide genetic variation is also a safeguard agaasitary outbreak and natural disasters, in
the maintenance of agro-ecosystem diversity anderwation of rural cultural diversity.
The conservation of livestock variability is als@rcial element in order to preserve and
valorize specific nutritional and nutraceutical peaties of animal products.

In situ conservation strategies are effective in reachihghase objectives except for the
safeguard against emerging diseases, politicabiigy and natural disaster. In contrasg,
situ conservation strategy is the method of choice tegsmrd farm Animal Genetic
Resources (AnGRs) against natural calamities and @& valuable option when socio-
economic, cultural and ecological values linkea tareed, are missing or of no interest.
Therefore, the field ofex situ conservation is getting more attention with itsdevi
application in the field of AnGRs management andiseovation. To this aim, the
cryopreservation technique is commonly used instioeage of genetic resources including
oocytes, embryos, somatic cells, primordial gerdts g GCs) and sperm. This technique

offers important opportunities for the conservateomd utilization of farm animal genetic



resources by the creation of a cryobank supporieddvernment, institutional breeding
organizations and private breeders.
Some European countries such as France, The Naibderland others, outside of Europe
such as America and Japan, have been involved enifgp conservation programs for
AnGRs and include poultry (e.g. chicken and turkaay) rabbit breeds.
Currently also in Italy there is an urgent neednational actions aiming at specific
conservation programs for Italian poultry and rabioeéeds because of the limited number of
their individuals becoming in risk of extinctionn Ithe light of this, conservation and
valorization projects of Italian poultry and rabbreeds have been developing thanks to the
financial support of regional and local public ihgions. These projects are only based on
the in situ conservation strategy. While recognizing thatsitu strategy is a priority, the
ideal conservation plan should consist in the irgggn of both strategie) situandex situ
(FAO, 2008; FAO, 2012). Regarding thex situ in vitro technique, the semen
cryopreservation represents a valuable tool togsafiel the genetic animal resources by
cryobanks. This technology becomes particularlycipres in poultry species for the reason
that the semen cryopreservation in this speciéiseonly reproductive procedure currently
available because of the unique biological featuoésbirds and in rabbit because
cryopreserving sperm is easier and cheaper thaainif embryos (Moce and Vicente,
2009).
In this regard, the present doctoral thesis ainbeaitdentification of reference procedures
for the cryopreservation of poultry (turkey andadan) and rabbit semen according to the
“FAO guidelines Cryoconservation of animal genetic resoufog012).
The reference procedures will be implemented ferdbnstitution of a sperm cryobank of
Italian, turkey, chicken and rabbit breeds, thatrast available at national level right now.
The following specific aims of the present doctdlasis are reported in short below:
1. improvement of the cryopreservation success of ho#ey (study 1) and chicken

(study 2) semen packaged into straws;
2. development of effective protocol for rabbit sem@tudy 3) in order to reduce

cryoinjuries during the freezing procedure and iower the sperm integrity after

freezing/thawing
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Part I: Overview on current status of poultry and rabbit farming

and biodiversity conservation programs



Chapter 1

Analysis of poultry and rabbit farming

1.1 Analysis of poultry farming

Today poultry farming is one of the most propulsiypes of livestock production both in
the world and in our country. The market orientatid the poultry meat sector is reinforced
by the several advantages compared to others. Ath@sg different characteristics, we can
mention the affordability (price per kg of poultnyeat is cheaper than pork, beef or lamb
meat), convenience, absence of religious restristibealth image (low fat content and good
and balanced protein content). The most common ¢fpeoultry in intensive production
systems, is represented by the domestic chickatiys gallus domesticlsfollowed by the
turkey (Meleagris gallopavpand then, in a much smaller number, by ducksseegualils,
pigeons, etc. Among these species, chickens akdyirare the most common sources of
poultry meat and eggs. Taking a longer view betw2@t) and 2016, global poultry meat
production raised from 98.067 to 115.192 milliontneetonnes (mmt) reflecting on poultry
consumption (OECD-FAO, 2016). Asia has been thgelstrproducing country during 2016
with a production of 39.6 mmt, followed by North &nca (23.184 mmt), South America
(21.578 mmt) and China (18.035 mmt) (figure 1.1).

World Poultry production (million metric tonnes)

18.03

21.58

m Asia ® North America ® South America China

Figure 1.1. Global poultry meat production (Eurgs2816).



In European Union, poultry production correspontizd4.400 mmt. Indeed six countries
together, produced half of the EU’s poultry meaitalRd (23 %), United Kingdom (18 %),
France (16 %), closely followed by Germany and Sgab % for both) and Italy (14 %)
(Eurostat, 2016). In addition, poultry meat is nhostom chicken (81 %) and turkey (14,8
%) while ducks account for only 3,6 %. The remainin6 % is from other poultry species
(figure 1.2) (Eurostat, 2016).

Poultry production in EU by country (%) Poultry production in EU by species (%)

M chicken
turkey

® duck

M others

POLAND UNITED FRANCE SPAIN GERMANY ITALY
KINGDOM

Figure 1.2. European Union poultry production (%)dountry (on the left) and by species
(on the right) (Eurostat, 2016).

Italian poultry meat production achieved the amanfrit.389.000 t. (+5,1 % than 2015) with
an increase of +5,6 % for chicken meat (981.006espect to turkey meat production (+5,8
% or 331.000 t.) (Unaitalia, 2016).

World egg production reached a significant milestdwy achieving 70 mmt (equivalent to
1,338 bhillion eggs). China and the United StateSAVtop the list of world egg producers
despite the outbreak of avian influenza on USA fegms in 2015. In the European Union,
eggs production has been concentrated mainly iansewvuntries (Ukraine, France, Spain,
Germany, United Kingdom and Italy) that account 766 of whole production. While in
Italy the production achieved 12.900 billion eg#8,6% than 2015) (Unaitalia, 2016).



1.2 Analysis of rabbit farming

Rabbits are a quick-breeding source of low-fat,hipgotein meat and have long been
enjoyed as a food by people around the world. Thgins of the European rabbit
Oryctolagus cuniculusare difficult to pinpoint but date back 37 to 58liwn years ago in
Northern Spain (Dawson, 1967; Dalla Zotte, 2014)pddy, the rabbit is reared
systematically on a vast scale for meat productitmwever, rabbits can be produced also
for other different markets: for breeding stock,nasdical and educational lab animals, for
pet food, as pet and show animals, and for thewmlvaad skin. The four biggest world’'s
producers of rabbit meat are China, Italy, Spaith Brance that contributed to almost three
quarters of the world production (2.322.553 t)(fig 1.3) (Eurostat, 2015).

World's rabbit meat production

2322553

762627

Rabbit meat production (tons)

53292 7400 63790 268980 1271 34253

FRANCE HUNGARY SPAIN CHINA ITALY SWITZERLAND GERMANY WORLD

Figure 1.3. World’s rabbit meat production (Eurts2815)

The international trade of rabbit meat involves @60 thousands tons, equal to almost the
5% of the world production, to confirm that thermipal part of the world’s production is
destined to the domestic use. The major commezeidlvolume is exchanged among few
countries. In particular, the 50% of the importsneofrom 5 countries: France (1229.835 t),
Hungary (248.6 t), Spain (286.07 t), Germany (5)4&nd Belgium (31.284 t) (figure 1.4a)
(Ismea, 2016).



2 |

EU import of rabbit meat (tons)

545 31284

b

EU export of rabbit meat (tons)

122,169

26,631
46,013 31621
0,014

6,576
Aﬂ

= World ® Germany ® France u Greece u Switzerland

mWorld ®France ®Hungary =Spain ®Germany ® Belgium ® Hungary W Austria China ® Japan

Figure 1.4. EU import (a) and export (b) of rabbiat (Ismea, 2016)

Likewise, the exports are represented for the 8@%hk Japan, for the 4% from China
(211.477t), while Germany, France, Hungary, Greaee Austria contribute scarcely to
export network for rabbit meat (figure 1.4b) (Ism2@16). An important role in the import-
export is played by Belgium that is at the sameetiome of the principle countries that
exports and imports rabbit meat, importing from r@hand East Europe and exporting part

of its production in France and Germany (Ismea6201



Chapter 2

Animal Biodiversity

According to the Convention of Biodiversity placad 1992 at the United Nation
Conference on Environment and Development (UNCED)Rio de Janeiro, the term
“biodiversity” (or biological diversity) can be deéd as all forms of life including all
species and genetic variants within them and albgstems that contain and sustain diverse
forms of life including plants and animals. The ention was inspired by the growing
concern all over the world for sustainable develepmand established three main
objectives:

Conservation of the biological diversity

Sustainable use of its components

A fair and equitable sharing of its benefits

Increased global use of highly productive breed&wh animals has been associated with a
loss of genetic diversity in most species (Ozdeshial, 2013). Assessing the risk status of
livestock breeds is the first strategic prioritythre Global Plan of Action for AnGRs and
should be performed before the implementation gf@nservation actions or progrants,
situ, ex situor both.

The biodiversity is commonly considered at threecHfr levels including:

-Genetic diversityvhich is the total number of genetic characterssiincthe genetic makeup
of a species. It is distinguished from genetic afaitity, which describes the tendency of
genetic characteristics to vary and serve as a feayopulations to adapt to changing
environments. The accumulation of genetic diffeesnbetween breeds and populations in
domesticated animals, was strongly forced by fasmeolating and selecting them for
favourable traits (Lush, 1994). Genetic variatisnthe basic material in animal breeding.
However, diversity among breeds is probably reduheslto inter-crossing (Weigerd al,
2013). Moreover, its loss will globally limit optis for future genetic improvement
programs.

-Species diversityefers to the number of species within a speeifiea. Within species the
totality of all organisms of the same group, whiiele in a particular geographical area, and
have the capability of interbreeding, constitutegopulation. Populations contain genetic

variation within themselves (intra-species divgisdand between other populations (inter-



species diversity). The existence of the populabbra species in a geographically and
environmentally distinct areas, is considered irgodrin order to maintain diversity in the
gene pool and to protect the species against esantsas isolated epidemics of disease and
predators that could exterminate entire populations

-Ecosystems diversitg related to dynamic entities composed of thedgimal community
and the abiotic environment, named “ecosystemstlwhre composed of abiotic and biotic
components. The structure of each ecosystem isndieied by the state of a number of
interrelated environmental factors. Changes in afiythese factors such as nutrient
availability, temperature, light intensity, grazimgensity, and species population density,
may result in detrimental effect with the conseduess of biodiversity (Tacconi, 2000).

2.1. Risk status of animal breeds

Over the years, many animal breeds have been Nbstlern intensive agriculture has
encouraged many farmers to adopt uniform high ingldarieties of animal breeds (Pagiola
et al, 1997). The rapidly diminishing gene pool is a@&s concern at this point in history
due to climate change, urbanisation, changeseastiifes and also, in the food habits and the
emergence of new biology, notably biotechnology gedetic engineering (Florcet al,
2010). Moreover, with the increase of marginal areslease and the start of industrial
breeding, only a few breeds, have been selectedsedifor production.

As a consequence, many pure-breeds (including andnmammalian species), are now at
the risk of extinction. Since 2014, the percentayeational breed populations has increased
to 57% and 61% for avian and mammal species raspBc{FAO, 2015). A global total of
8822 breeds has been reported (FAO, 2015). 7761lcma breeds and 1061 are
transboundary breeds. While 499 are regional taunstary breeds which are present in
only one region and 562 are international transtdaon breeds living in more than one
region. Regional transboundary mammalian breedsedatively numerous (more than 5%
of the respective total number of breeds in théorégn Europe and the Caucasus region,
Africa, and North America. In addition, Europe atié Caucasus region possess a large
number of regional transboundary avian breeds.driqular among 1515 local chicken
breeds at global level, 909 inhabit Europe and @sug region in contrast with local turkey
breeds that are only 40 (figure 2.1). While as régdocal rabbit breeds, 257 are present in

the world, and only 197 are distributed in Europd &aucasus region (figure 2.2.).



Chicken 133 307 909 88 33 15 30 1515
Duck 15 92 107 22 3 1 12 252
Goose 10 a4 119 5 » 0 2 182
Muscovy duck 5 9 6 1 1 0 2 24
Ostrich 6 2 3 0 0 0 1 12
Partridge 2 8 2 0 0 0 0 12
Pheasant 0 7 5 6 0 0 0 18
Pi 7 13 35 7 8 1 2 73
ﬁ: 11 11 40 11 2 11 5 91 |
Others 39 30 31 12 z 14 0 128
Total 228 523 1257 152 51 42 54 2307

Figure 2.1. Number of reported local avian breedthe World including chicken (in red
box) and turkey (in blue box) breeds (FAO, 2015).

Ass 19 39 52 24 13 5 3 155
Bactrian camel 0 9 S 0 0 0 0 12
Buffalo 3 20 8 1 “ 1 2 120
Cattle 178 242 375 141 39 17 32 1024
Dromedary 46 13 1 0 23 0 2 85
Goat o7 183 221 28 33 6 1 579
Guinea pig 4 0 0 13 0 0 0 17
Horse 40 138 379 85 14 22 25 703
Pi 55 218 190 60 1 12 15 551
Rabbit 11 16 197 18 7 8 0 257 |
Sheep 117 262 617 51 50 22 38 1157
Yak 0 25 2 0 0 1 0 28
Others 8 16 76 15 0 4 8 127
Total 578 1251 2121 446 185 98 136 4815

Figure 2.2. Number of reported local mammalian tise@ the World including rabbits (in
green box) (FAO, 2015).

According to FAO (2015), there are seven differenitieria to establish the risk status of a
specific breed. Such criteria are summarized iaréd.3. According to FAO, (2015), a total
of 1500 breeds (17 % of all breeds including thibse are extinct), are classified as being at
risk. Among mammalian species, horse, sheep atle baive the largest numbers of breeds
at risk. However, rabbits (49 %) followed by hor§23%) and asses (22%) are the species
that have the largest overall proportions of bresdssk (FAO, 2015).



Moreover, there is a large number of breeds of whia risk-status data are available. This
lack of data, seriously limits the effective priaation and planning of the breed

conservation measure. Among avian species, chickaws by far the greatest number of
breeds at risk on a world scale. In addition, thepprtion of avian breeds of unknown risk

status, is even greater than for mammalian spée®®, 2015).

Extinct A breed is categorized as extinct if it is no longer possible to easily recreate the breed population. This situation becomes absolute
when there are both no breeding males (semen) and breeding females (oocytes) nor embryos remaining. In reality extinction may be
realized well before the loss of the last animal, gamete or embryo.

Critical The total number of breeding females is less than 100 or the total number of breeding males is less than or equal to 5; Or the overall
population size is close to, but slightly above 100 and decreasing and the percentage of females being bred pure is below 80%.

Critical-maintained As for Critical, but for which active conservation programmes are in place or populations are maintained by commercial companies
or research institutes.

Endangered A breed is categorized as endangered if: the total number of breeding females is between 100 and 1000 or the total number of
breeding males is less than or equal to 20 and greater than 5;or the overall population size is close to, but slightly below 100 and
increasing and the percentage of females being bred pure is above 80%; or the overall population size is close to, but slightly below
1000 and decreasing and the percentage of females being bred pure is below 80%.

Endangered-maintained As for Endangered, but for which active conservation programmes are in place or populations are maintained by commercial
companies or research institutes.

Not at risk A breeds is categorized as not at risk if: the total number of breeding females and males are greater than 1000 and 20, respectively,
Or If the population size approaches 1000 and the percentage of females being bred pure is close to 100%, and the overall
population size is increasing.

Unknown Self explanatory, but also a call to action: find out!
If categorization of a particular breed is borderline, further consideration should be given to factors such as:
- degree of crossbreedingin the population
- reproductive rate and generation interval of the population.
Populations with low reproductive rates are at relatively greater risk than populations of high reproductive capacity of comparable
size.
- special peculiarities and characteristics of the production
system (intensive, extensive, nomadic etc.)
- historicand current rates of decline in population numbers
- geographic isolation of the population or its concentration in one or a few locations that would place it at risk as a result of climatic,
economic or political changes or disease outbreak.

Figure 2.3.Criteria to establish the risk status bfeed: extinct, critical, critical-maintained,

endangered-maintained, not at risk and unknown (F20Q5).

The majority of extinct breeds have mainly beerorsggl among chickens whilst only a few
cases among ducks, geese, guinea fowls and tunkeeygsbeen reported (figure 2.4) (FAO,
2015). Among mammalians, rabbits have got onlylmeed that results as extinct in Europe
and Caucasus region (figure 2.5) (FAO, 2015).



Chicken 0 ] 57 0 0 0 0 62
Duck 0 0 15 0 0 0 0 15
Goose 0 0 0 0 0 0 3
Guinea fowl 2 0 0 0 0 0 0 2
Turkey 0 0 2 0 0 0 0 2
Total 2 5 77 0 0 0 0 84

Figure 2.4. Number of extinct avian breeds in whatticken (red box) represents the
majority of extinct breeds in contrast with duckopge, guinea fowl and turkey (yellow box)
(FAO, 2015).

Ass 1 0 3 0
0 0 1 0

1 0 0 0 5
Buffalo 0 0 0 0 1
Cattle 20 19 119 20 0 1 2 1 182
Goat 1 2 16 0 0 0 0 0 19
Horse 6 1 67 0 0 8 1 0 83
Pi 0 15 91 1 0 0 1 0 108

@m 0 0 1 0 0 0 0 0 1
Sheep 5 6 146 0 0 1 2 0 160
Total 33 43 444 21 1 10 6 1 559

Figure 2.5 Number of extinct mammalian breeds amehigh rabbits (green box) have the
lowest number of extinct breeds (FAO, 2015).
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The regions with the highest proportion of breddssified at risk, are Europe and Caucasus
region. In particular, avian species percentageris is slightly higher than that for
mammalian breeds (34% and 32% respectively). Abmitrisk status of the world’s avian
breeds in 2015, it has been reported that of 1388l chicken breeds, 1078 are classified as
unknown, 143 are considered critical and 143 armnel® as endangered (figure 2.6.).
Among turkeys, 2 breeds are considered as craitdl2 breeds result extinct, while 96 local
turkeys are defined “unknown”. In contrast, of 3b¢al rabbit breeds, 96 are considered
unknown, 84 are critical and 63 endangered (FAQB/2figure 2.7).

In opposition to the global trend, in Italy the lhggt proportion of breeds at risk of
extinction, is represented by chickens. Currentljtaly, there is a large number of chicken
breeds found to be in critical status. The onlyadatailable about this species, have been
reported by Zanon and Sabbioni, (2001) who evidenkat, 61% of Italian chicken breeds

are extinct, 13.3% are endangered and 6.7% aréveov@n conservation programs.

100%

80%

n

40%

20%

ME R -
Chicken Duck Goose

Guinea MUSCOW  Ostrich Partridge Pheasant Pigeon  Quail | Turkey | Other  Total
[ unknown 1078 194 137 49 23 14 12 17 52 44 96 20 1736
I critical 143 17 10 0 0 0 0 0 1 4 2 0 187
Critical-
maintained 8 1 2 0 0 0 0 0 0 1 0 0 12
M Endangered 143 19 17 1 1 0 0 0 10 0 2 1 194
Endangered-
maintained 69 14 19 0 0 0 0 0 0 2 3 1 108
Il Not at risk 230 3 20 3 1 1 0 i 1 9 1 1 31
[l Extinct 62 15 3 2 0 0 0 0 0 0 2 0 84
Total 1733 293 208 55 25 15 12 18 74 60 116 23 2632

Figure 2.6. Risk status of the World’s avian breiedtiding chicken (in red box) and turkey
(in blue box) breeds, expressed in percentage tjchad absolute (table) value (FAO,
2015).
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100%

80%
80%
40%

20%

0%

Bactrian
Alpaca Ass . Buffalo edary Llama Pig Rabbit | S| Yak Other Total
I Unknown 3 110 1 95 752 87 417 480 2 398 | 9 757 20 84 3337
Il Critical 1 1 0 3 a3 0 29 95 1 24 84 50 0 1 342
- Critical-
maintained 0 3 0 0 13 0 2 13 0 15 3 7 0 7 63
I Endangered 0 1 0 0 67 0 40 73 0 a1 63 85 1 18 399
Endangered-
maintained 0 14 0 0 61 1 17 27 0 24 5 43 0 3 195
Il Notatrisk a 20 3 37 204 1 160 140 3 108 | es 443 7 8 1295
Il Extinct 0 5 0 1 182 0 19 83 0 108 1 160 0 0 559
Total 8 174 14 136 1412 89 684 911 6 718 | 317 1545 28 121 619

Figure 2.7. Risk status of the World’s mammaliaeddis including rabbit breeds (in green
box), expressed in percentage (chart) and absg@alike) value (FAO, 2015).

2.2. Animal biodiversity conservation programs

Animal biodiversity conservation is recognized aseasential action and it has been widely
promoted by many international Organizations. Thed-and Agriculture Organization of
the United Nations (FAO) has been fostering variactsons since 1980; in 1992 the United
Nations ratified the importance of genetic animasaurces in Agenda 21 and in the
Convention on Biological Diversity (CBD). In 1998et report “State of the World’s Animal
Genetic Resources for food and agriculture” (SoWGAnwas drafted by FAO; European
Association for Animal Production (EAAP) funded tBaropean Farm Animal Biodiversity
Information System (EFABIS) with the aim to merge existing databases contributing to
DAD-IS development in its present structure. In 20danks to EFABIS project, the
Domestic Animal Diversity Information System (DAB) was created by FAO which
provided the access to online data-bank collecind displaying all information about
origin, consistency and conservation program ofuado14000 populations of different

animal species classified by country (http://dauldeg/).
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In 2013 in ltaly, the Minister of Agricultural, Fdoand Forestry Policies (Mipaaf),
published the “National Plan for the safeguard mdBersity in farm animals” (PNB), and
the “Guidelines for conservation and charactermatdf farm animal genetic resources”
(LGBAA). One of the purposes of PNB has been tgpsupthe introduction of a national
strategy for biodiversity conservation in the agitigral sector, and it is capable of
efficaciously reintroducing in the animal productigystem the majority of the native breeds
with the consequence of benefiting the environmenuistainable agriculture and rural
development.

In recent years, animal biodiversity management bexsome an important issue in the
international scientific community because of clem@f large-scale production systems
(FAO, 2007). In North America, Europe, and Chinagwa 50% of documented breeds are
classified as extinct, critical, or endangered #&whl breeds have often been diluted by
indiscriminate cross-breeding with imported stofk&80, 2007; Zanettet al, 2010).

In particular in China, many livestock genetic nes®@s even if under state protection
disappeared at high speed (bt al, 2002) and many indigenous breeds with low
productivity, were replaced by imported or hybriagdds which currently predominate in
almost all of the animal husbandry (Let al, 2014). As regards poultry breeds especially
chicken, highly productive commercial breeds wateoduced into China in recent decades
and crossbred with native breeds to meet local@oandemands. Therefore, the number of
locally adapted chicken breeds in China is dedjrdne to crossbreeding with commercial
strains (Jiset al, 2018).

A species or a population sample of a particulatt ph its genetic variation, can be
maintained through specific conservation stratedreprocedural terms, three strategies are
contemplated to carry on AGRs conservationsitu, ex situ in vivandex situ in vitro
(Woelderset al, 2006; Blesbois, 2007; FAO, 2008):

In situ conservatiortonsists in the utilisation of breeds within thpipduction systems in
the original and new diffusion areas. This methoeserves both the population and the
evolutionary processes that enable the populatcadapt by managing organisms in their
natural state or within their normal range. Formegke, large ecosystems may be left intact
as protected reserved areas with minimal intrusioalteration by humans. In Italy, am
situ conservation program was carried out by Venetaoregvhere, four Venetian sheep
breeds Alpagota (ALP), Brogna (BRO), Foza (FOZ)d ammon (LAM), that survived
extinction, were preserved in small farms locatedhbuntainous and hilly areas and today,

represent an important reservoir of genetic ressu(Dalvitet al, 2009).
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Ex situ in vivoconsists of the maintenance of the living animdishe breed outside its
production system (herds in protected areas, padss, experimental and show farms,
research centers, hobby breeder farm). An examplihi® strategy, is provided by the
National Center for the safeguard of Animal biodsity that was created in Italy in
Campania region, to preserve endangered local ®iaeliding ass, cattle, bull, goat, horse,
sheep and pig (Matassino, 2010).

Ex situ in vitrois based on the storage of genetic material iridiva of haploid (semen and
oocytes) or diploid cells (embryos, somatic ceby) cryoconservation, which allows an
almost endless storage period. The first animahgptasm collection launched in Italy was
the “Animal Germplasm Bank Giuseppe Roghowith the aim to preserve animal
biodiversity. Actually, the collection is constiéat by 30.445 semen doses collected in 10
years from 98 animal donors of 4 livestock speaatiie, sheep, goat and pig.

To date, management of farm AnGRs is focused amgtementary strategy deriving from
the combination ofn situ andex situconservation (FAO, 2012). The current trend dar
situ conservation is to establish national gene baikgse are currently operational in
different countries, including Brazil (Marian&t al, 2009), France (Danchin-Burgs al,
2006), USA (Blackburn, 2009) and the Netherlands€Werset al, 2006).
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Chapter 3

Conservation program for local avian breeds

3.1. Interest in local poultry

In birds, the safeguard of biodiversity is recoguizas an urgent need because the great level
of standardization and specialization achievedhea poultry sector, was based on the
exclusive global rearing of commercial strains (€nd et al, 2013). Poultry production
constitutes one of the main sources of animal prstm Italy and all over the world. The
modern intensive poultry production system is ct@rézed by very high bird performance
and low cost of production. Genetic selection hagioued to be one of the key elements in
the constant progressive increase of productiveopeance; however, commercial strains
require specific environmental conditions, bird mg@ment and feeding plans, and accurate
biosafety measures. Other than financial benefignetic selection has determined some
negative effects such as the reduction of animaldiersity, with the consequent
deterioration of animal wealth. Globally, many exti poultry breeds have been listed and
many others have been classified in different dategories, from critical to endangered.
Moreover, FAO has stressed the fact that in ruraas of developing countries the local
breeds are more fitting than the global modern dseé&AO, 2008). The genomic
sequencing in chickens (Franchamal, 2004) drew attention to the fact that commercial
lines have been losing 90% of their alleles thaiivaeachicken breeds. The reduced genetic
diversity in these lines limits the prospect of @idéion and produces new scenarios such as
re-emerging of unknown diseases.

In such context, fast growing birds are not recomaeel, while slow growing birds with a
high tendency to pasture, reveal a greater alhitgdaptation (Bokkers and Koene, 2003;
Lewis et al, 1997). Local breeds have adapted to specificrenments for thousands of
years, and their potential as foodmakers or thanetjc variability are still unexplored.
Therefore, many countries at global and Europeuel,la@are focusing on the preservation
and valorization of local poultry breeds includidgicken and turkey as reported in figure
3.1. In this regard, some Italian universities armggaged in safeguarding the poultry

biodiversity and also in the maintenance of theegjervariability through targeted actions.
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Local breeds will be maintained in genetic reseaeatiters where the genetic variability will
be ensured by specific mating plans in order toirmize inbreeding level of progeny. The
final goal is to carry out coordinated and integda@ctivities at a national level, thus
overcoming the present local fragmentation. Evew,na semen national cryobank for

poultry is not available yet.

3.2. Global plans for the conservation of avian gestic resources

In 1984 in North America, an international sympasiand Workshop on Genetic Resources
Conservation for California, made the recommendatior the establishment of the Genetic
Resources Conservation Program within the Universit California (UC/GRCP). These
recommendations recognized that the avian genetks developed in California, primarily
chicken and Coturnix quail, had been valuable seaech and in the commercial poultry
industry. Moreover, continued conservation of swatbcks, depended upon long-term
support for live-bird maintenance and further resleaon cryopreservation technology.
However, recognizing the drastic reductions in hanaad financial resources for avian
genetic resources management, the UC/ GRCP esimdblegscooperation with 5 countries of
USA (lllinois, New Hampshire, Wisconsin, MichigandaConnecticut) and 2 countries of
Canada (British Columbia and Ontario) conveningatiomal Task Force in 1995 to address
the problem. The Task Force included representafiaen the many public institutions that
reiceved poultry research programs, from privatmmanies, that utilized poultry genetic
stocks. In support of the Task Force’s work UC/GRe&Aducted an analysis of existing
genetic stocks in North America, providing a detitlatabase about all extant stocks in the
USA and Canada, including 268 chickens, 20 turkéys)apanese quails, and 8 waterfowls
or gamebird accessions. From this analysis, ithees evidenced that many avian genetic
stocks were lost and many others were at seri@ksafi extinction. Therefore an Avian
Genetic Resources System (AVGRS), with strong lesdule, but shared responsibility, was
proposed as the most efficient and secure way msezge genetic stocks and address the
concerns raised in this evaluation effort. The Avi@enetic Resources System has been
envisioned as a multilocational organization thextved the avian genetic resources needs
for the USA and Canada. The work of the Task Fandact, was accomplished thanks to
financial support from UC/GRCP and from grantslod National Science Foundation and
the Agricultural Research Service from the USA siddilst research and development

programs of AVGRS, were supported by Canadian 8sten Conservation methods
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employed in the AVGRS included live-bird mainten@anand cryopreservation. Such
methods provided a secure backup repository feaply owned lines or populations, either
live birds or cryopreserved germplasm at the céntraecondary centers on a fee basis. The
conservation emphasis of the AVGRS was accompliflyddze birds, gametes, DNA, and
tissues including chicken, turkey, and Japanesé gsidarget species which are worthy of
interest in agriculture for food production and B@sic biological and biomedical research
in USA and Canada. However, the AVGRS system censdlalso wild turkey, jungle fowl,

and game birds, which were commonly raised in gapt{Pisentiet al, 1999).

In Japan, the project for the Conservation and use of Anhigeaetic resources was initiated
in 1985 and coordinated by the Ministry of Agricuk, Forestry and Fisheries (MAFF). The
aim was to classify, identify and preserve a widege of native animal breeds including
chicken byin situ andex situconservation strategies. Indeed, the project wtended also

to other species such as cattle, horse, pig, galatit and honeybee (Obattal, 1992). The
activity was carried out at thélational Institute of Agro-biological Resources
collaboration with thd_aboratory of Animal Germplasm Evaluation and Prgagon in
Japan. The first step was to collect and maintaiimal genetic resources in a rearing
facility close to subsidiary gene bank. The majoot these resources was designated as
“natural monuments in Japan”, therefore they nedddoe protected. In total, 677 animal
genetic resources were collected. Subsequentlgdoas genetic and phenotypic analysis of
each species, a database was established accdaodimgrphological, physiological and
economic characteristics. Finally as part of #he situ conservation program, a semen
cryobank was established. The chicken semen cryoivatuded 4 breedsTpsa, Nagoya,
Toutenku and Koeyoghihowever cryopreservation protocol resulted &scéfe only for 2

of them (Obatat al, 1992).

In Africa the program Fowls for Africd for the conservation of local chickens in South
Africa was initiated in 1994 by the Agricultural s&arch Council and the Animal

Production Institute (API). The objectives of thimgram were to conserve native fowls as a
genetic resource and to promote their usage fosdtmld food security. The program was
structured to avoid inbreeding and conserve thembs phenotypic differences and genetic
variation within the different lines, including tiB#ack Australorp, Potchefstroom Koekoek,
New Hampshire, Ovambo, Lebova-Veradal Naked Neclchicken. Within the framework

of this program, modern molecular technologies jgted the opportunity to study genetic
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diversity within populations and to identify potetiy unique alleles for breed
characterization. Among the DNA markers availablerosatellite markers, resulted useful
for describing variation and genetic relationshipsarious farm animal species. In addition,
phenotypic characterization of the chickens keptthe ‘Fowls for Africd program,
indicated significant differences that contributedreed definition and production potential
of the various chicken lines. For conservation enefic resources of this program, it was
essential to be able to make informed decisionetas the parameters that described the

genetic diversity and population structure (Kogteal, 2008).

3.3. European plans for the conservation of avianemetic resources

The French National Cryobank was initiatedrirance in 2003 by INRA [nstitut national

de la recherche agronomiguat the Research Center of Tours, Nouzilly. Tagmtcies
were represented by three high genetically seleckecken lines (Y33, R and B4/B4)
together with the historic&bauloise doregone of the oldest free-range chickens in France.
The three chicken lines were selected for diffetaaits. The traits were chosen according to
their importance in poultry production and theirefusness in basic research (Blesbois,
2007).

In particular, Line Y33 was involved in various @asch programs dealing with metabolism
and muscle development (Ricaedl al, 1994; Le Bihan-Duvakt al, 1998; Berriet al,
2001; Guerneet al, 2003). Line Rwas a model for the study of feed intake and méi@bo
efficiency (Gabarrowet al, 1997; Bordas and Minvielle, 1999) characterizgddbfective
mitochondrial metabolism affecting the spermato@darissonet al, 1997). Line B4/ B4
belonged to a series of 12 lines that had differeaplotypes of the chicken major
histocompatibility complex (MHC) and was used asedel for research about diseases,
including sarcomas and coccidiosis (Plaehwl, 1989; Milleret al, 2004). The aim was to
construct a semen and blood cryobank under optquality and traceability conditions.
Indeed, INRA research center was associated to daperimental units including: 1) an
experimental unit specialized in avian diseddpite” Expérimentale-Physologie Aviaire et
Parasitologig, that organized the screening and remediatiordiséases of strains of
unknown health status; 2) an experimental unitafdan breeding where semen production
and treatment occurretlinite” Expérimentale- Station de Recherches Awc@lE-SRA);

3) a research unit specialized in avian biology {8/RA,) that managed the technical
procedures and ensures the freezing of samples tebitory storage;and 4) an
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experimental unit Wnite” Expérimentale-Genétique Factorielle Avigolevolved in
conservation of genetic diversity) that maintaiferaale flock of theGauloise dorédreed

for further characterization and fertility test. édmder to limit the possibility to loose the
frozen samples, two geographically separate logatiwere established for the long-term
storage of frozen semen. The first was closer ¢osite of semen collection and located at
the EFS (French Blood Institute) of Tours. The selcstorage site was located near Paris at
the primary site of the French National CryobankDafmestic Animals (ACSEDIATE,

Maisons-Alfort).

In Spain since 1975 different Spanish chicken breeds haee b&ised as part of a genetic
resources conservation program (Campo and Oro882; Campo, 1998). Given the risks
of epidemics such as avian influenza, the Spanishisiy for Science and Innovation
(MICINN), via the Spanish National Institute for Agricultural and FbdResearch and
Technology(INIA), recently supported the establishment cfpgrm cryobank to guarantee
the preservation of poultry breeds. In particutae project involved 12 Spanish chicken
breeds Black-Barred Andaluza, Black-Red Andaluza, Blue alurh, Black Castellana,
Buff Prat, White Prat, Red-Barred Vasca, Red Midafjuina, Birchen Leonesa, Blue
Leonesa, White-Faced Spanish, and Black Menaaod 2 Spanish quail€éstellanaand
Silver Castellang (Santiago-Morencet al, 2011). Semen donors were selected via the
preliminary assay of sperm variables predictivefedtility considering quantitative and
gualitative parameters such as sperm volume, comdem, motility, viability,
morphological abnormalities and acrosome intedBigntiago-Morenet al, 2009a).

Slovak Republicwas the first country belonging to the Council kdutual Economic Aid
(CMEA), which launched the preservation of locakc&kn breeds. With growing popularity
of international lines, hens traditionally managed backyards and farm yards were
recognised as genetic, cultural and historicalthge (Benkova, 2002). The project was
initiated in 1970 by the Research Institute of AainProduction in Nitra (NPPC) which
proposed to preserve the genetic resources of theag chicken straindNew Hampshire
Rhode Island Rednd White SussexThe projects were realized by the Poultry Breeding
Station in Ivanka at Danube (PRIID) where the fastsituconservation project in the form
of isolated DNA was set up in 1982 (Romareival, 1996). Currently the National gene
bank in the Slovak Republic includ€xravka hen, for which DNA only is available as
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genetic resource. The project is still ongoing hg NPPC Research Institute which is
actively involved in the construction of a gene banNitra.

In Poland, local breeds have been included in a conservatiogram byin situ strategy
since 1972. Conservation projects have been relabyethe National Research Institute of
Animal Production (Romanost al, 1996). Currently, all stocks of laying hens inxead in
the conservation program constitute a “gene pdolRoland, there is only one closed stock
of each breed or strain, except for “Green-Leggadriddge hen (Zk)”. The program was
carried out at the Experimental Farm in Chorzeldwl &gricultural University of Lublin
(Zk and Pb). Studies on local breeds have beerompeed in the areas of ecology,
physiology, molecular and quantitative geneticsj guoality of poultry products (Cywa-
Benko, 2002). Moreover, according to the Biodivgr§lonservation Program in the Kurpie
region, pure breed hens have been used. In pantjcekcently a growing interest, especially
in “Green-Legged Partridge hen”, has been notedhgrhobbyists.

Since 1950 irHungary, poultry conservation programs have been impleetefur several
indigenous, native or adapted poultry breeds, gholyilocal chicken breeds, colour varieties
of landrace turkey and guinea-fowl, local variet@sdomestic goose and duck. AnGRs
conservation has been supervised and partly fimhbgethe Ministry of Agriculture and
Rural Development and the Animal Breeding Diredm@ the Central Agricultural Office
(MGSzH). Hungarian poultry conservation has beeordioated and organized by the
Association of Hungarian Small Animal Breeders @ne Conservation (MGE) as a non-
governmental organization (NGO), founded in 199he Tmain result of the growing
conservation network, has been the stabilized numbbreeders in poultry elite stocks in
the recent years, conserved as officially registé@reeds. In 2005 MGE in cooperation with
Animal Breeding and Nutrition (ATK) started a projenamed HU-BA Klungaricum
poultry) for the conservation, management and controloofitpy production. Subsequently
between 2010 and 2013, MGE has been involved ifatetal project “CRYOBIRDS” with
French researchers. Conservation programs of stibeks, have been carried out by
breeding institutions having several decades oee&pce, includingDebrecen University
(Copper and Bronze Turkey; Mihok, 200¥yest-Hungarian University, Mosonmagyarovar
(Yellow Hungarian Chicken; Kovacsné Gaal, 2008zeged University of Science,
Hédmezvasarhely(Speckled Hungarian and Speckled Transylvaniarebadeck Chicken;
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Séfalvy, 2005), and last but not least tResearch Institute for Animal Breeding and
Nutrition, Division of Small Animal Resear¢@6dolls Poultry Gene Bank

The primary task of the Research Centre for FarrmA@hGene Conservation in Goddll
was then vivo maintenance of Hungarian indigenous poultry breedsicleus populations.
Then, in 2012 the project was expanded with theodhtction of “cold rooms” for the
preservation of poultry spermatozoa (300 sperm esfgpecies or varieties). Within the
frame of the project, all registered traditionaufiy breeds 7 chickens, 2 turkeys, 2 geese, 1
guinea-fowl and 1 duck breed with some colour tesewere included (Szalay, 2004). The
laboratory possesses two sets of deep freezersetisaw liquid nitrogen containers
supporting these devices and a storage unit equiipfte automatic filling system suitable

for long term keeping of around 4600 samples.

In The Netherlandsthe “Gene Bank Foundation for Farm Animals” wasakekshed in
1992. The project aimed to support increasing numbe&conomically important breed or
lines at critical risk through amm situ or ex situconservation program. The management
costs, were sponsored by the private sector, vehdeuctural contribution to the gene bank
activities, were provided by the Ministry of Agriture, Nature Management and Fisheries
in the Netherlands. The first point of this projeas the establishment of a programifor
situ conservation of genetic resources characteristithie Netherlands supported by Dutch
Government. The second step was to establish amgat@age a gene bank known as the
“Centre for genetic resources of The Netherlaf@$5N)”. The collections of farm animal
genetic resources Bx situconservation, included chicken, duck, goose foddvioy other
species such as cattle, sheep, goat, horse, abid tiadt has been introduced only in 2014.
Within the framework of this project, the main taology used forex situconservation
program for rare breeds of all species mentionedvebwas represented by semen
cryopreservation. The ongoing project of CGN hasu$ed on semen cryobank for avian
species, while genetic material of other sourcgseambryos and ovarian tissue, are going to
be added to the collections for other species.thind activity linked with this project, was
represented by the creation of a databank to ¢odidnformation relative to each rare
breed for each species. With respect to avian epecurrently the databank includes 27
local chickens, 3 local ducks and only 1 local godSver 100.000 doses of semen were
stored. The objectives of the cryopreservation gagin The Netherlands have been the
following: 1) to store a sufficient amount of genenaterial of all endangered breeds in the

gene bank to be able to re-establish the breedo Xtore a back-up of all (Dutch)
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commercial lines or breeds in the gene bank artd 8upport small/critical populations by
providing semen from the gene bank. Different stak#ers have played an important role
in the cryopreservation program and both governnaewl private sector have contributed
financially. Currently CGN is continuously lookinipr improvement of efficiency and
efficacy of conservation methods. In particulatats been focused on the improvement of
cryopreservation protocol for chicken semen, wlugbld give good opportunities for future

conservation of local breeds.

Recently, theEcole Polytechnique Federala Switzerland (Lausanne) in collaboration
with Argentina, Morocco, Egypt and Colombia andBiropean countries (France, Spain,
Portugal, Italy, Austria, Germany, Poland, Hungamhe Netherlands, Scotland and
Sweden), has been involved in a EU-funded projédt years, named IMAGE (innovative
Management of Animal Genetic Resources) (2016-204} project has received funding
from the European Union's Horizon 2020 researchiandvation programme under grant
agreement Rl 677353 and has been coordinated by INRA instispported by the
University of Natural Resources and Life Scienoegienna. The aim is to enhance the use
of genetic collections and to upgrade animal gearkbmanagement mapping genetic
collections all around Europe. For this purposgeimplasm collections covering biological
samples of reproductive material, and ii) genonmatlections covering other biological
samples (DNA, tissue) have been studied. The tasgeties include chicken, and in
particular cattle, sheep, goat, horse and pig. Agnitbem, chickens have been genetically
characterized in order to study the level of gentirogression of rare characteristics from

the chicken genebank.

In 2007 inltaly, under the coordination of the Catholic Universifysacred Hearth (UCSC)
(Piacenza), the GLOBALDIV project was funded by theropean Commission to improve
the conservation, characterisation, collection aridisation of genetic resources in
agriculture in EU byin situ management. The project was realized in collamratvith
Kenya, Brazil and three European partners The Methds, Germany and Switzerland.
Within the framework of this project, 505 differeatiropean animal breeds were described.
In particular, among poultry breeds: 26 chickensjugks, 3 turkeys and 7 geese were

included.
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Genetic resources

The project/ Institution Countries involved | Avian species involved Conservation program
involved Strategy

Global plan for the conservation of avian genetic resources

North America

Chicken
Turkey
Japanese quail

In situ

EXx situ in vivo

EXx situ in vitro

Living animals in native
environment

Living animals

Semen —DNA-Tissues

Fowls for Africa Chicken In situ Living animals in native
(API) environment

Ex situ in vivo Living animals
Conservation and use of Chicken In situ Living animals in native

Animal genetic resources in
Japan (MAFF)

The French national
cryobank (INRA)

Ex situ in vitro

European plan for the conservation of avian genetic resources

In situ

EXx situ in vivo

environment

Semen

Living animals in native
environment

Living animals

EXx situ in vitro Semen-DNA
Spanish National Institute K211 Chicken Ex situ in vivo Living animals
for Agricultural and Food Quail
Research and Technology Ex situ in vitro Semen
(INIA)
Research Institute of Slovak Republic Chicken EXx situ in vivo Living animals
Animal Production in Nitra
(NPPCO) Ex situ in vitro DNA
National Research Institute Chicken hen In situ Living animals in native
of Animal Production environment
G6dollé Poultry gene bank U1 2197 Chicken In situ Living animals in native
Turkey environment
Goose
Guinea-fowl Ex situ in vitro Semen

Duck

Center for genetic The Netherlands Chicken In situ Living animals in native
resources of The Duck environment
Netherlands (CGN) Goose
EXx situ in vivo Living animals
EXx situ in vitro Semen
IMAGE project Switzerland + Chicken Ex situ in vivo Living animals
11 European countries +
Morocco, Egypt and Ex situ in vitro Semen-DNA-Tissues
Colombia
GLOBALDIV project Italy + Chicken In situ Living animals in native
3 European partners + Turkey environment
Kenya and Brazil Duck
Goose

Figure 3.1. Summary table of global and Europeangfor the conservation of avian

genetic resources hy situ/ex situstrategy.
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Chapter 4

Conservation programs for local rabbit breeds

4.1. Interest in local rabbits

The knowledge of rabbit breeds is widespread thmougthe world and particularly in areas
where traditional methods of production are sotiinemon. The domestic rabbit, belonging to
the wild speciefryctolagus cuniculugEuropean rabbit), is one of a few domesticated
mammals of Western European origin. Since the lp@ginof domestication harbour, a
number of rabbit breeds created a huge diversitghSiversity is still not completely
known and represents a key to the deciphering di¥idual breed genesis. These breeds
constituted a unique reservoir of genetic varigbfior rabbits (Carneiret al, 2011), which

is important for dealing with future changes to ém¥ironment, evolving markets for animal
products and progress in animal production systémaddition, many native breeds have
been treated as a part of cultural heritage.

The role of rabbit breeds selected for meat pradncthas been dramatically reduced
(Jochovaet al, 2017). This is due to the fact that, the worlddurction of rabbit meat is
mainly based on commercial hybrid lines (mainly Négaland White and Californian) and
a few large breeds that were used for the developofepaternal lines (Magt al, 2009).
According to the FAO guidelines (FAO, 2007) mostaibbit breeds have been included in
the national programs of genetic resources consernvalhe value of these breeds has
encouraged many conservation programs (summarizédei figure 4.1), based on situ

andex situstrategies at global and European level as rephoeéow.
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4.2. Global plansfor the conservation of rabbit genetic resources

In 1989, theVietnam Government and scientists applied many efforthéoconservation of
animal genetic resources in Vietnam establishing tiction plan for sustainable
conservation of biological diversity. The aim wamimizing the risks in animal raising and
maintaining a gene pool to create new breeds andeet the demand for breeding new
animal races in the future (MAFF, 1995). This cawagon program included a wide range
of species. With respect to rabbit breeds, the nisénes were the rehabilitation and
maintenance of local breeds to prevent their disapgce. Some local breeds such as
Vietnam Black, Vietham Grey, New Zealand and Qali&p were involved in the
conservation program. The main goal was the impr@re ofin situ conservation in native
areas. However, this strategy resulted very commer delicate because of higher
susceptibility of rabbits to environmental conditsoespecially ambient temperature ($tic
al., 1996; Zeferineet al, 2011). The suitable temperature for rabbit podida in Vietnam

is 18-28 °C. Higher ambient temperatures can caufeegtility in breeding rabbits (low
sperm volume and concentration) and reduce feedkentvith the consequent decrease of
liveweight gain (Sucet al, 1996). Due to high sensitivity of rabbify situ conservation
program for small farmers in Vietnam, was supporésb byex situstrategy. For each
native breed a survey on physiology, genetic armh@wic related traits were used for
collecting informative data to develop alternatistocks with characteristics of native
breeds, for meeting a wide variety of market prdiduccondition. Moreover, to establish a
systematic conservation for rabbit genetic matesmnen, embryos, somatic cells and DNA

samples were collected in a gene bank.

In 1994, China Government enlisted genetic resources preservaititm the “National
Economical and Social Development Plan” encouragimigrprises and individuals to take
part in the conservation and scientific developmeaft animal genetic resources.
Subsequently, the State Council issued the "Regukt on Breeding Livestock
Administration”. The project focused on situ conservation program by the creation of
specific areas dedicated to livestock speciessat status. Additionally this program was
supported by complementary of modern biotechnoleggh as embryo, sperm, DNA and
other modern freezing conservation technologiesmaethods. The project covered a variety
of livestock species. Among them only two breedsative rabbit were included. The first

breed of interest for Chinese Government, was sgoted bySichuan whiterabbit

25



characterized by a strong abilities of adaptatientjlity and disease-restackhis breed
native of Sichuan Province, presented also the mnamxi lactation number per year (7) and
the largest litter size (11). The second nativeetiref great interest, wa#/anzairabbit
widespread in Wanzai countryanzairabbit presented a black wool for which it was
mentioned as “fire rabbit” or “wood rabbit”. The macharacteristic of this breed was
represented by the rapid growth capacity.

4.3. European plansfor the conservation of rabbit genetic resources

In France the first national cryobank was created in 1999&feguard the genetic diversity
of rabbit breeds (FAO 1998; ERFP 2003; Blackbufi94). The project has been funded by
the French Agricultural Ministry supported by tweldifferent organisations involved in
genetic resources management including not onlpitslbut also different mammalian
species cattle, goat, sheep and pig followed bgragpecies as reported previously. The
main partners involved, were the National AgrictétlResearch Institute (INRA), the
Institut francais de recherche pour I'exploitatéenla mer (IFREMER), the Fondation pour
la Recherche en Biodiversité (FRB), and five Livekt Institutes that deal with breeding
programs in different specidsistitut de I'Elevage for ruminantistitut Technique du Porc
— IFIP - for pig breedingnstitut Technique de I’Aviculture ITAVI - for poultry and rabbit
breeding, IFCE for horse and donkey breeding, SYBAAor poultry and fish breeding). In
addition the project was cofounded also by the éhefederation for domestic breeds
associations (Races de France), the federatioArfonal Insemination Production Centers
(Union Nationale des Coopératives d’Elevage et @mmation Animale UNCEIA) and
ultimately by a veterinary laboratoryssociation pour le Contréle Sanitaire, I'Etudelet
Développement de I'lnsémination Artificielle et @nsfert EmbryonnairéACSEDIATE).
Although the semen has been considered as theestrgodd cheapest material to collect in
the French national cryobank, for some species asdtabbits, the preservation of genetic
resources has been ensured also by embryo fredziogm a genetic point of view, three
main types of material to be preserved have beesidered:type | which includes rare
domestic breedgype Il which involves rabbits showing a particular genetypom high
selected population, that are of scientific intefes research especially in biomedical and
pharmaceutical fieldtype 11l which includes rabbits selected for meat and fopfeduction

of high economic value.
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The French national cryobank for rabbit consistsl®253 donors selected from 34 local
breeds. Individual data related to selected Frelmeeds, are managed by centralised

information systems under the supervision of stoeétling organizations.

In Germany the “National Programme for Conservation and Sogkde Use” was
approved by the Conference of Agricultural Ministen 2003. It was initiated by the
working group of the German Society for Animal Rrotion Deutsche Gesellschaft fuer
Zuechtungskund®GFZ) following the call of the Food and Agriauié Organisation of the
United Nations (FAQO) for National Reports on that8¢ of Animal Genetic Resources. The
program was established to promote ithesitu andex situconservation of different farm
animals that were in critical status. The aim @& tonservation program for animal genetic
resources in Germany, was to enhance attractiveaesmimal genetic resources for
sustainable animal production systems by meanssdrigption, evaluation, documentation
and breeding tests. This offered the opportunitgawotribute to the conservation and use of
agricultural grassland ecosystems and supportiegititisation of animal genetic resources
in nature and landscape protection areas, promatogeration at national, European and
international level and exploiting the resultingneygies. The actions of the National
Programme involved different species including rabiollowed by horses, cattle, pigs,
sheep, goats, and avian species. The program fausthe monitoring of population data
and the endangerment status of the indigenous $fr@édgek principal aim was to create a
database of all organised animal breeding assowogmtin Germany including approved
insemination centres for each animal species amdithtechnology institutions. Hence, the
database “Central documentation on animal geneasources in Germany’Zéntrale
Dokumentation Tiergenetischer Ressourcenin Dewiachl TGRDEU) was created,
however only rabbits were not included. Local réblaccounted numerous endangered
breeds in Germany. Moreover, most of them, wereetkat fancy farms managed by
numerous local breeding associations that are septed by the National Association of
German Rabbit Breeders (Zentralverband DeutschesséRianinchenzuechter e.V.,
ZDRK). Local rabbit breeds were included into figategories. Totally, German rabbit
breeds were 72 and were classified in accordirtgeo size, small (1.10-3.75 kg), medium
(3.25-5.50 kg), large (over 5.50 kg) and their Hzody, (short and long haired breeds).
Advancement of conservation methods for rabbit dsem Germany involved also the

storage of semen and embryos.

27



In Slovak Republicthe first “National gene bank'Genova BankKahas been realized by the
“Research Institute for Animal Production in Nitr@IPPC). The maintenance and use of
rabbit genetic resources are represented by cryepration of semen, embryos and DNA
(Makarevichet al, 2008). Currently, the project has given spediaraion to 5 local rabbit
breeds:Nitra rabbit, Zobor rabbit, Holic rabbit, Slovak Bl Rex, and Slovak Greyblue
Rex However, successful cryopreservation protocolehaeen designed for the first and
the second breed only, whilst further studies aeeded for finding optimal freezing
protocols for the remaining Slovak rabbit breedsleed, the project has been extended to
other species including also other mammalians spestich as cattle and sheep (Chrestek
al., 2017).

In Czech Republicthe conservation of rabbit genetic resources Wb the European

program RESGEN CT 95-060 which was coordinatedNgA institute. The aim was to

provide a more comprehensive description of loahbits and to evaluate ten of them at
levels of both genetic diversity and zootechnidaracteristics. The study of population and
reproduction of the Czech national rabbit breedss merformed on the base of the Central
Herd Book of rabbits registered by Czech Assoamtd Breeders since 2000. Within the
conservation program, each breed was identifiedrdony to three characteristics: the
population size, growth and fertility. The effe@iypopulation size was evaluated on a
number of rabbits in each breed according to tidita of Wright (1931). Whilst, fertility

analysis was performed based on specific charatitarisuch as number of litters, litter size,

number of weaned kits and number of registered kits

The first semen cryobank ihhe Netherlands for Dutch rabbit breeds was established in
2014 at the Netherlands Centre for Genetic Ressu(C&N). The project has been realized
in collaboration with the Dutch Federation of Rabkand Poultry (KLN) and the Dutch
Rare Breed Survival Trust (SZH). Rabbit gene baméiased eight rare breeds which are
part of a specific data basdeige, Deilenaar, Eksterkonijn, Gouwenaar, Havana,
Hulstlander konijn, Sallander and Thrianta konijgach breed has been testedirbyitro
andin vivo assay. As reported by artificial insemination ,téisé frozen semen resulted in
50% pregnancies respect to fresh semen (60-80%)anitean offspring of seven per litter.
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The project/ Countries involved Rabbit breeds involved/ Conservation program Genetic resources
Institution involved Type of material strategy

Global plan for the conservation of rabbit genetic resources

Conservation of Vietnam black
animal genetic Vietnam grey
resources in Vietnam New Zealand Semen

Living animals in original environment

California Ex situ in vitro DNA
Somatic cells
Embryos
National Economical Sichuan white In situ Living animals in original environment
and Social Wanzai
Development Plan Semen
Ex situ in vitro DNA

Embryos

European plan for the conservation of rabbit genetic resources

The French national I: Rare breeds Ex situ in vivo

cryobank (INRA)

Living animals

11: breeds of interest for Ex situinvitro Semen
research DNA
Embryos
1II: breeds selected for meat
and fur production
W ELLLER G ST Germany German national rabbit In situ Living animals in original environment
for Conservation and breeds, 5 categories:
Sustainable use Small
(DGFZ) Large Ex situ in vitro  Semen
Medium size Embryos
Short-haired
Long-haired
SR H AT & Slovak Republic Nitra rabbit Ex situin vivo  Living animals
Animal Production in Zobor rabbit
Ex situinvitro Semen
Embryos
RESGEN CT 95-060 Czech Republic + Czech national rabbit breeds In situ Living animals in original environment
INRA (France)
Center for genetic The Netherlands Beige Ex situinvivo  Living animals
resources of the Deilenaar
Netherlands (CGN) Eksterkonijn Ex situ in vitro Semen
Gouwenaar
Havana
Hulstlander konijn
Sallander
Thrianta konijn

Figure 4.1. Summary table of global and Europeamslfor the conservation of rabbit

genetic resources hiy situ/ ex situstrategy.
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Chapter 5

Conservation programs for Italian poultry and rabbit breeds

5.1. Poultry genetic resources conservation in ltaly

Out of 2000 reported avian breeds, 9% (83% of wldoh chickens), were reported as
extinct (FAO, 2007b). The majority of extinct breeatre reported from Europe.

The regions with a greatest proportion of aviaretiseclassified at risk are North America
(79%), and Europe and Caucasus (49%). The glokabdak indicates that 195 poultry
breeds (77% chickens, 9% ducks, 9% geese, 3% furkey enclosed in conservation
programmes. At global level the preservation of lpgubreeds, is ensured by 281
conservation programmes that inclugte vivo (194) andin vitro strategies (87). These
activities are mainly concentrated in Asia, Euraged Caucasus and North America
(Hoffmanet al, 2009).

As concerns Italy, the number of native poultrydoi® has suffered a dramatic decline. As
reported by Zanon and Sabbioni (2001) of 90 rucallipy breeds (9 ducks, 11 guinea fowls,
53 chickens, 5 geese and 12 turkeys): 61.0% ofeth@seds are extinct, 13.3% are
endangered and only 6.7% are involved in cons@wagtrogrammes (Ceccobebit al,
2013) that include onlyn situ strategy and are mainly concentrated in the Namtipart of
Italy.

In particular in Italy, birds safeguard biodiveysits recognized as an urgent need because
of the great level of standardization and spe@ébn achieved in the poultry sector which
is based on the exclusive global rearing of comrakstrains (Marelli, 2008). Local breeds
adapted to specific environments for thousandseafs;, and their potential as food makers
or their genetic variability are still unexplorddbcal poultry breeds may give an interesting
different option to commercial lines, supplying iguality products of great interest for
local and regional markets (De Marcki al, 2005). Poultry products, meat and eggs,
obtained from native breeds show specific feat(idesMarchiet al, 2005; Castellinet al,
2006; Zanettiet al, 2011), which distinguish them from standard omesreover, breeds
can be reared in outdoor free range systems and esed to reintroduce agricultural
activity in marginal rural areas. Chicken and tyrkeeeds still present in Italy, are reared

only in fancy farms and the number of birds is viaryted.
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The inclusion of these breeds in a conservatiognar is essential for their safeguard and
not loosing their peculiar traits, such as highpaaton to the environment and disease
resistance, that are closely related to the agogyestem resilience, both in biological and in
applied management system (Bittante, 2011; Galkal, 2011). The activities included in
conservation programs improve the characterizagioth the breeding management of the
breed, then the presence and diffusion of the bieethe rural areas is promoted.
Furthermore, the increased knowledge and sizeeobifd populations makes them suitable
for innovative poultry productions, according te timcreasing consumer demand for high
quality food products and niche markets. In 2014 Registro Anagrafico delle Razze
Avicole AutoctonéMipaaf -DM 19536, 1st October, 2014) was estaleltswith remarkable
delay compared to other domestic animals. The Regisllows the effort of the national
legislation in adopting international guidelinemad to preserve AGRs in avian species and
it includes 20 breeds of local chicken and 7 bred#dscal turkey (figure 5.1).

Conservation and valorization projects of ltaliaouiry breeds have been regionally
developed since 1990s thanks to the financial suippb regional and local public
institutions. These projects are only basedrositu conservation strategy and included the
Italian chicken breeds from Venetir(nellinata di RovigpPadovanaPolverarg Robusta
lionata, Robusta maculata, Pepoi and Millefiori ldbnigo), Piemonte Bianca di Saluzzo
and Bionda PiemontegeEmilia RomagnaModenese and Romagnplaarche Ancong
and ToscanaMaldarno, Livorno, Valdarnese Bianca and Mugel)edeew projects have
also considered turkey breeds suclEasellinato di Rovigafrom Veneto),Nero d’'ltalia
and Brianzolo(from Lombardia) (De Marchet al, 2005; Sabbionet al, 2006; Zanettet
al., 2010; Ceccobellet al, 2013; Moscat al, 2015). In general, the purpose has been to
promotein situ conservation of small populations at risk, or &fprm the genetic and/or
productive characterization of the breeds. In otdemplement thén situ strategy, both the
characterization of living population and the cateselection of breeders are essential
activities to control the erosion in genetic divigtsOf special interest is the conservation
program of theValdarnese Biancéreed from Toscana. The breed was included in the
“Repertorio Regionale delle Risorse Genetiche AatmctAnimali della Toscafia(LR
50/97) and is the only Italian breed which has hagoduced into theRegistro Anagrafico
delle razze avicole autoctone italidr@nce 2005 (Mammuccini, 2006).
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While, recognizingin situ strategy being the priority, the ideal conservatman should
consist in the integration of both strategiessituandex situ(FAO, 2008; FAO, 2012).
Regarding theex situ in vitrotechnique, semen cryopreservation is the onlyodpmtive
procedure currently available in avian species beeaf the unique biological features of
birds and DNA is stored in sperm cryobanks (Blesp@D07). Cryopreservation has been
studied in different poultry species since 1950ewklver, it is still a matter of research
studies because of the high cellular damage sdffdrg male gametes during the
freezing/thawing process and the consequent seedrection in fertility (Blesbois, 2007;
Blesboiset al, 2007, Cerolinet al, 2007; Santiago-Morenet al, 2011).

In Europe, (France, The Netherlands, Hungary amain}several semen cryobanks have
been created for local poultry breeds (Woelagral, 2006; Blesboigt al, 2007; Santiago-
Moreno et al, 2011). Recently, the most feasible cryopresesmaprocedure has been
implemented in order to identify the reference prhae to establish semen cryobank. In
fact in birds, semen cryopreservation is not adsesized procedure and its success is still
greatly variable and dependent on the speciest-imiaspecies variability anth vitro
processing. In light of this, the present docttinakis aims to find a reference procedure for
freezing turkey and chicken semen by implementadiotne first semen cryobank of Italian
poultry breeds for whicin situ conservation strategy only has been realizechighregard,
the semen cryopreservation is a valuable toollferdonservation of animal biodiversity by

facilitating the storage of gametes in a gene bpnéx situ in vitrostrategy.
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Italian chicken breeds

P e -+ - f
Padovana Robusta lata R

ﬁ

Mericanel della Brianza

Trentino Mugellese

S S

Valdarno Romagnolo

Italian turkey breeds

Tacchino di Parma e Romagnalo Ermellinato di Rovigo Castano d'ltalia
Piacenza

Bronzato comune Brianzolo

Figure 5.1. List of Italian chicken and turkey deéMipaaf, 2014).
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5.2. Rabbit genetic resources conservation in ltaly

A full sight of features of local rabbits in Italwas provided by TheRegistro Anagrafico
della specie cunicolacreated by “ltalian rabbit breeders associatigANCI), which
promotes institutional activities (Rabbit GeneatoBieference and Rabbit Directory), under
the supervision of MIPAAF, the development of Halirabbit raising and the technical
assistance to rabbit breeding farms. This docuneemiirected by ANCI Central Office
which is devoted to technical monitoring. The Igtte carried out through 36 Local Offices
present in different regions and in cooperatiorhiite Experts Directory in order to obtain
a morphologic assessment of reproducers eith@eatgistered breeding farms or at official
exhibitions. Local rabbit breeds registered by ANf¢ 43 and are classified according to
the wool structure and their weight (light, mediumeavy line) (figure 5.2). Although, local
rabbit breeds have been well identified by theofipr sheet provided by ANCI, in Italy,
there is a lack of data about their consistency.oAgnmammalian breeds, in fact, the
“ItANGRs” DAD-IS database, includes only cattle, atjo sheep, pig, ass and horse
(http://dad.fao.org/). At global-level, erosion fairm animal genetic resources (AnGRS) is
advancing at high speed and livestock genetic slityels decreasing. Italy is an example of
this decreasing trend. In order to counteract bigdity losses, solutions are needed, both at
global and local level (Piza#t al, 2016). Local breeds are old populations whickeaim the
past in specific geographical area characterizea ¢gmeat adaptation ability and high disease
resilience. According to Minister for Agriculturéarming and Forestry 2008 (Mipaaf), the
patrimony of local breeds has to be protected byaoational conservation programs. The
conservation program for local rabbit breeds w#l in line with the development of a
sustainable agriculture ensuring the safeguard esfetic resources and leading to the
increase of farmers income. Likewise to the pou#ipgcies, the Italian projects for rabbit
species are only based onsitu conservation strategy, whilst nothing has beeredadout
theex situ in vitrostrategy. In light of this, the ANCI in collaboi@t with the University of
Molise is going to create the first Italian semeyobank in order to promote combined use

of in situandex situconservation strategies for the safeguard of rdbbids.
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TALIAN RABBIT BREEDS

HEAVY

Gigante bianco Ariete

MEDIUM

fiigante ) Gigante pezzato

B Ar%eniﬁa lelaa Argentata Grande

ol i
Bianca di Vienna Blu di Vienna Macchiata italiana Rossa della Nuova Zelanda

Giapponese Lepre

LIGHT

Ariete Piccolo

o=

Martora . Nana Colorata Hotot Nano colarato Alaska

Fata Perlata Focata

Nano Colorato Olandese

Nano Colorato Nano Colorate Cincilla Oro di Sassonia Pezzata Inglese

Giarra Bianca o siamese

Pezzata Piccola

SPECIAL STRUCTURE FUR

Angora Satin

Figure 5.2. List of Italian rabbit breeds (ANCI,123).
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Chapter 6

EX situ in vitro conservation

6.1. Cryobank

Conservation is only one of the four strategic gtyoareas of the Global Plan of Action for
Animal Genetic Resources, and cryoconservatiomésamong several options available for
conserving AnGRs. Ideally, gene banks should babéshed within the framework of a
national strategy and action plan (NSAP) for AnGR gimilar national programme for
AnGR management). FAO has developed guidelinesherpteparation of NSAPs (FAO,
2009), which recommend that countries establismoNat Advisory Committees on AnGRs.
One common reason for establishing a cryobank @deide the possibility of recreating
breeds or breeding lines if they are lost as thmulreof natural calamity. Storage of
germplasm for this purpose, is typically long teand does not involve frequent use of the
stored material or necessitate regular updatinghef collection (FAO, 2012). When
reconstituting a breed from germplasm collectiamgnificant attention must be given to the
mating plan because it should be maintained higél lef genetic diversity minimizing the
consanguinity driven by mates relationship with anmon ancestor (Comizzoét al,
2010).

A second potential purpose is to supgortiivo conservation. Frozen semen, embryos and
other biological substrates, can be used to mir@nmbreeding and genetic drift in small
managed populations. Moreover, the combination ieé lanimals and cryopreserved
germplasm can be a powerful tool in conservatioeift$tra, 2011).

Material stored in a gene bank may also serve aack-up of a breed that has been
permanently lost. A fourth important use of cryosenved material, is for the development
of new lines or breeds, or for quickly modifyingreorienting the evolution or selection of a
population. For instance, storage of original dir&xe genotypes can provide the means to
redirect the genetic trend of a selected population

Finally, gene banks can serve as the primary soofrceaterial for scientists performing
DNA research. Storing isolated DNA along with gelasm in a gene bank, can allow
researchers to access genomic information morekiguand without potentially damaging
the valuable germplasm. It can also provide actegenetic material from common sets of

animals for genotyping research. Material stored icryobank includes embryos, oocytes,
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somatic cells, primordial germ cells, spermatogporsamen and epidydimal sperm as
follows.

Currently, the widespread useeahbryos cryopreservation is limited to cattle, sheep, goat
and rabbits (Prentice and Anzar, 2011). In conttast technology is not feasible for birds
(Nandi et al, 2016). The embryo cryopreservation has been & weseful tool for
embryology since 1972 when the first successfubgrgservation of mouse embryos was
performed (Whittinghanet al, 1972). This technology is the best method forltimg-term
preservation of valuable genetic resources froneexpental and livestock animals. The use
of cryopreservation is also essential for the widead use of embryo transfer, which allows
the exchange of genetics with reduced transponatist, avoiding animal welfare problems
and with a minimal risk of disease transmissionpfgsent, millions of offspring have been
born from cryopreserved embryos of more than 40 malan species (Saragusty and Arav,
2011). Embryo cryopreservation allows the consémadf the full genetic complement of
both dam and sire and has tremendous opporturidgiesaintaining heterozygosity and
population integrity, but it is more complex andsttp procedure than semen
cryopreservation (Moce and Vicente, 2009). Morepadarge number of embryos would be
required for complete reconstruction of a poputatamd are unlikely to be available from
donor females of endangered breeds (Boettehal, 2005). Two basic strategies have ruled
the embryo cryopreservation field: the traditionslow freezing, also referred as
conventional “equilibrium freezing” or “controlleslow freezing” and vitrification. In the
slow freezing process, the embryo is placed in @ehpnic solution, while during
vitrification is solidified in a water-based soluti forming a glass-like amorphous vitreous

state without ice crystal formation.

Oocytesare large cells, with a low surface to volumeaasurrounded by zona pellucida.
Oocytes collected bin vivo pickup or at slaughter, can be frozen for extenpledods of
time for subsequenh vitro fertilization (IVF) to produce embryos. In the tldsn years,
considerable progress has been made in the cryopat®n of oocytes. For a long time,
IVF rates with cryopreserved oocytes in humansiarather species, had been poor due to
release of cortical granules, which makes the zmilucida impenetrable to spermatozoa,
and to the disintegration of the metaphase Il dpintVF rates have improved since the
introduction of intracytoplasmic sperm injectiol©8l) (Palermcet al, 1992). In the most
recent years, both slow-freezing and vitrificatiprotocols, seem to be giving excellent

results in humans, and both techniques are comsidier work equally well (Porcu and
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Venturoli, 2006), although there may be more en#tmus lately for vitrified oocytes (Jain
and Paulson, 2006). Fewer data are available freestbck than from humans. This is due
to species-specific problems, but also to lessnitioe to develop and use cryopreservation
methods for oocytes in livestock species than imdms. Viable oocytes have been
recovered after freezing and thawing in a greatlemof animal species, i.e. cattle, pigs,
sheep, rabbits, mice, monkeys, humans (Cri¢eal, 1997), goats (Le Gal, 1996), horses
(Hochi et al, 1996) and buffaloes (Dhadit al, 2000). Successes have been reported with
post-thaw oocyte maturation, fertilization and eyabdevelopment in a number of species.
Live-born young from embryos produced from cryopreed oocytes, have been reported in
cattle (Otoiet al, 1995; Abeet al, 2005) and horses (Maclellat al, 2002) as well as in
several model species. Freezing the oocytes ofnasmiad fish species has not been
successful, mainly because of the large size, hijgd content and polar organization
(vegetal and animal pole) of bird and fish ova @lais, 2008). Oocyte banks would enlarge
the gene pool, facilitate several assisted reprideriprocedures, safeguard female genetics
after unexpected death, and avoid controversy sodiog the preservation of embryos
(Prentice and Anzar, 2011).

Cryopreservation protocols fasomatic cells are relatively simple and do not require
controlled-rate freezing equipment. This means #sééblishing the collection, is easy and
cheap, and can make somatic cells a very attraoptien for gene banking, especially for
countries with many breeds and/or limited resourt@stnam, for example, has adopted
cryoconservation of somatic cells as a primary comemt of its AnGR conservation
program (Thuiet al, 2013). However, the complexity and costs involuedising somatic
cells are much greater than those for other typesyopreserved material. Manipulation of
somatic cells involves cloning and culturing aftdrawing (or prior to freezing),
reprogramming the nuclei and collecting oocytesovym pick-up or from slaughtered
animals. This technology, was used for a numbdivestock species such as sheep, goats,
cattle, water buffaloes, pigs, horses, mules, canuter and rabbits (Mehrabagt al,
2016). After the maturation of the oocytes, andirtleucleation, somatic nucleus is
transferred into recipients of the same species. Ude of nuclear transfer, means that the
original mitochondrial genotype is lost. In additjocloning involves some ethical issues,
concerning about the welfare of cloned animals thedsafety of their food products. Many
countries in fact, have not yet approved the comtiom of products from cloned livestock

species. Somatic cells offer a convenient solutmncollection and long-term storage of
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AnGRs under adverse conditions with limited infrasture. As such, cryobanks of somatic
cells can serve as a back-up source of geneticriaater regenerating at-risk livestock

breeds.

Only recently the use gbrimordial germ cells (PGCs) as genetic resources, has been
experimented in fish and in birds (Bednarczyk, 20Rdenickaet al, 2015;). In chickens,
primordial germ cells usually migrate to the goraathye via the blood stream between four
and six days of incubation. During this migratidage PGCs, can be harvested from the
blood of a chick embryo, and then cultured and dfiexmed to other developing chick
embryos, resulting in germline transfers (Etchéxl(2 Nakamuraet al, 2016). In quall,
male or female primordial germ cells have been esgfully transferred into chick
embryonic gonads, subsequently replacing the hersh gells (Oncet al, 1996). Germline
chimeras have also been reported, with host gbail have subsequently produced live
offspring from the donor-quail germ cells (Kinet al, 2005). Using germline
transplantation, live offspring have been produtgdsurrogate birds from other avian
species (e.g. pheasant) (Kamg al, 2008). This research area is a promise for future
cryoconservation systems. However, this technologgds more time to be recognized as
conservation strategy for bird species for whicHyosemen has been considered for

establishing a cryobank.

Spermatogoniareside within the basal layer of the seminifertwisules of the testis and
have the capacity to give rise to spermatozoa. rBegy before puberty and continuing in
the adult animal, spermatogonia undergo continuepbcation, thereby, maintaining their
number in a process known as stem cell renewalvak shown in mice (Brinster and
Zimmermann, 1994) that these stem cells, whenteswl&om the testes of donor animals,
can be processed and used to repopulate another wathout evidence of immuno-
rejection. Kimura and Yanagimachi, (1995) repottteel development of normal mice from
oocytes injected with secondary spermatocyte nuEleizen—thawed testicular tissue from
day-old chicks, has been transplanted into hostkshiresulting in the production of live

offspring from the donor tissue sperm (Song andessides, 2007b).
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Spermatogonia transfer could potentially be usedp#ass genetic material from one
generation to the next, and together with cryopregmn, it offers a means of saving genes

from male animals for future generations.

The use okemenfor cryoconservation of genetic resources, is naoheantageous respect

to other substrates because its collection is senple.

In many countries semen is used for artificial ms®tion procedure (Al). For a number of
species such as cattle, small ruminants, horsespms there are many Al centres with
dedicated animal housing for semen collection amdgssing facilities. Such centres may
facilitate the acquisition, storage and future o$esemen. If dedicated facilities are not
available, field collection may be an option; it ynhe the only means available for
collecting material in areas where extensive livelstkeeping is practised. Relative to other
types of germplasm, semen has the disadvantage otiilgt a single complement of
chromosomes is preserved. If a breed is cryocoadeownly in the form of semen, and all
living animals belonging to the breed are lostntliee only means of reconstituting the
breed is to inseminate founder females from anotiteed of the same species (or the
female gamete in the case of other reproductivenigoes). A series of backcrossings is
then required to restore the breed to its (nearhginal genetic status. By using only the
conserved semen (i.e. from the breed that is bedwgvered) in each generation, the
percentage of genes from the founder breed desdagarithmically, while the percentage
of genes from the breed being recovered incred$es.means that enough semen must be
available to inseminate the required number of aisnn the series of consecutive crosses.
To restore the “original” genotype of the lost lmteat least four to five generations of
backcrossing are required, depending on the levepuwity desired in the restored

population (Ollivier and Renard, 1995).

In such cases, the collection epididymal sperm post-mortem, may be a good alternative
for preserving genetic diversity. Epididymal specan be collected from a number of
species, but species differ in terms of the numlzérsnsemination doses that can be
produced per male. For example, rams have quitghademen yield in terms of the number
of doses per animal (Ehlirgg al, 2006). In addition, epididymal ram sperm has b&ewn

to have good freezability and good fertilizing #ilin cervical and in laparoscopic

inseminations.
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6.2. Guidelinesfor establishing a sperm cryobank

When building a collection of cryopreserved mafetize following three principles should
be considered (FAO, 1984):

1. conserve small amounts of germplasm from many dananals rather than large
amounts from few donors;

2. choose donors that are as genetically and phemalijpidiverse as possible; and
store the breeds as pure lines rather than genks, paltowing the use of the unique
combinations of traits and the flexibility of stackombination.

3. duplicate the material and store the sets of sasrgileseparate locations in order to
reduce risks of loss.

The minimum number of donors to establish a cry&bian25. In most rare breeds, the
creation of a cryobank is used as a way to helpées to have their animals reproducing in
pure breed. In this case, it is assumed that adbcea be recreated just by using semen
issued from 25 males that are not related (in otdéteep inbreeding at a limited level).
According to species, the number of semen dosem$amination of females is variable.
For poultry and rabbit in particular, 40 doses efnsn are necessary to recreate a breed
within 6 generations .

According to FAO guidelines, before initiating aaition activities, gene bank managers
have to assess the various breeds and species aotmtry in order to establish their risk-
status and their prioritization for conservatiohisTevaluation can be made on the basis of
breeds’s population size, potential genetic uniggsneconomic importance and/or cultural
importance. In general, the decision about consgrai given breed, should be undertaken
by the National Advisory Committee on AnGR (FAO,120) or similar committee, in
consultation with the wider stakeholder communNgvertheless, gene bank managers and
curators should be able to initiate the collectidrgermplasm from breeds that are in an
extreme state of risk or critical to the countryigestock sector. Various quantitative
measures can be used for deciding which breedsldshi@u prioritized for inclusion in
collections. In general, two primary factors toatetine the conservation priority of a breed
have to be considered:

1. level of risk of extinction;

2. conservation value;
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1. The level of risk extinction of a given breed, is established according to the
qguantification of the current population size. Aspaorted by FAO, (2015), there are six
criteria (that have been previously described iaptér 2) to define an endangered breed.
Although many countries undertake periodic censo$disestock, even if it is possible to
obtain only a general overview of the national dieek industry, there is a lack of accurate
information about the status of breeds within sggdin this regard, national program for the
conservation of animal genetic resources, besmldseta national strategy and action plan
for their preservation, could be the best solutmhacking availability of data on national
breed populations. Gene bank managers in fact,omsudtation with relevant national
working groups on AnGRs, may initiate their own tpmls for surveying and monitoring
AnGRs in the same time, gaining information abbett¢onsistence of a specific breed.

2. The conservation value of a given breethstead, depends on specific characteristics. An
important criterion for establishing conservationiopties is the “genetic uniqueness”.
Understanding the genetic history of particularebiss or formally estimating genetic
distances among breeds, could assist in determbmi@gd uniqueness. In contrast, genetic
variation gives to AnGRs the capacity to adapt alfmvs for genetic response to selection.
Conserving the most genetically different breedghe most efficient way to conserve the
diversity of a species. The adaptation of breedspecific environments, is likely to be
under some genetic control. Thus, the conservatibrAnGRs that thrive in specific
environments (e.g. those that are in some way hamsy be important. Moreover, breeds
that perform valuable environmental services wiplecsal cultural or historic values, are
worthy of consideration for conservation. For eksélng a cryobank, donors have to be

subject to phenotypic and genotypic characterinad® described below.

6.3. Phenotypic characterization

Distinct breed is identified according to its ext@rand production characteristics within a

given production environment, taking in considenatnot only the natural environment but

also the management practice. According to the FA@elines, there are two phases or

levels of phenotypic characterization.
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The primary characterizatiorrefers to activities that can be carried out isirggle visit to
the field such as measurement of animals, morpdbteatures, interviews with livestock
keepers, observation and measurement of some aspkedhe production environment,
mapping of geographical distribution.

The secondary characterizatiois executed to describe activities that requipeated visits
including the measurement of the productive cajeacite.g. growth rate, milk, eggs and
meat production) and the adaptive capacities imatudesistance or tolerance to specific
diseases of breeds, measured by immunological tesspecific production environments.
There are different types of breed populations ¢thatbe identified:

Traditional populations mainly local; often exhibiting large phenotypigversity, are
managed by farmers and pastoralists at low seteatii@nsity, but may be subject to high
natural selection pressure; pedigree may be pgrkabwn; genetic structures are mainly
influenced by migration events and mutations; pafoih size is generally large (unless
subject to erosion).

Standardized breedderived from traditional populations by a comniymf breeders based
on a recognized list of “standard” breed descrgtexhibit less phenotypic diversity as they
are selected to meet minimum standards of phenppgiigree is partially known; genetic
structure may be influenced by important foundéeas$; population size may be large or
small.

Selected breeds or commercial linégrived from standardized breeds or from tradélo
populations through the application of an econosgtection and the use of quantitative
genetic methods; breeders are organized for pexligrel performance recording, and
selected animals are used across flocks or harbdegading increases as a consequence of
high selection intensity; molecular markers mayubed, for instance for parentage testing
and/or for the identification of genes controllipgrformance; population size is generally
large.

Derived lines arise from the use of specific breeding methastshsas close inbreeding;
highly specialized inbred lines exhibit low genet@riability; synthetic lines are derived
from crossing standardized breeds or selected, liaed exhibit a high level of genetic
variability; transgenic and experimental seleciedd fall within this category; population
size is generally limited, except for synthetiekn
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6.4. Genetic characterization

To establish the relationship between breeds anasune the level of genetic variation
(heterozigosity), phenotypic characterization,dscampanied by molecular genetic analysis.
Global program for characterization of AnGRs, imthg molecular genetic
characterization, was introduced in 1993 with teeosdary formulation of FAO guidelines
for measurement of domestic animal diversity (MoDABAO, 1993). So far, most studies
(Groenevelcet al, 2008) have analyzed highly polymorphic microsagemarkers, which
consist of repeated sequences of 1 to 6 base(pairsVariability is in terms of the number
of repeated sequences observed. Microsatellitesxatoencode proteins and are thus,
assumed to be selectively neutral. They are nowvilada for most livestock species and
have proven their value for studying variation witand across breeds. FAO and the ISAG—
FAO Advisory Group on Animal Genetic Diversity, lavproposed panels of 30
microsatellite markers for nine major livestock @ps (cattle, buffalo, sheep, goat, horse,
donk, camelid, pig and chicken). The many existidgtasets from completed
characterization studies that have used FAO markdmsv new data to be compared with
more breeds than any other microsatellite pan@allg, studies should characterize the
target populations using all 30 markers. This agginoyields more accurate data than using
a subset of the markers, and offers more oppoytunit comparisons with results from
previous studies undertaken with various subsetheoB0 markers. Microsatellite markers,
are particularly indicated for characterizing lobadeds considering their genetic variability
in a global context. However, the determinatioth& number of repeats has poor reliability
across laboratories and integration of data cas lleuproblematic.

A novel marker, is represented by single nucleofidymorphisms (SNPs). As the name
indicates, a SNP is a DNA sequence variation tbetis through a change in the nucleotide
at a single location within the genome of a speoiebreed. SNPs usually have only two
alleles. Generally, they can occur throughout ttieogne and may represent either neutral or
functional genetic diversity. A variety of methodan be used for assaying SNPs, including
approaches based on hybridization, selective paigaigon, and post-amplification
analysis. The large number of SNPs can allow argesn of individual and breed
relationships with unprecedented accuracy and lagatential to supplement or substitute
pedigree data. In addition, these markers aredggensive than microsatellites. However,
high density screen SNP requires an equipment ithakery expensive and this aspect

represents the limiting factor for full genome sexgeing.
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More recently, mitochondrial DNA (mtDNA) markersavye been introduced. These markers
are almost exclusively maternally inherited andwllassigning animals, to a precise
maternal lineage. They have been an importantftwatientifying wild ancestors, localizing
domestication centres and reconstructing colorinatind trading routes (Bruforet al,
2003; Ajmone-Marsaret al, 2010; Groenevel@t al, 2010). Although most studies have
been performed using the hypervariable controloe@D-loop) as mtDNA target, complete
MtDNA sequences resulted more advantageous prgvidore information by establishing
the relationship between haplogroups (Aclatlial, 2008). However, this technique is very
complex and sometimes, it requires the use of lange polymerase chain reaction (PCR)
amplifications and homologous primers complementaryheir target regions which are

very expensive.

6.5. Structural organization of a cryobank

The size and capacity of a cryobank varies subathnfrom country to country, and
depends upon the types and amount of equipmenede&tie quantities of germplasm to be
placed in a cryobank, are associated to the obgs;tthe range of species and breeds to be
conserved, and the financial resources availalbltheoconservation program.

At structural level, a cryobank for livestock spes;iis composed of a single- or multiple-use
facility, such as the laboratory for germplasm asigjon, processing and cryopreservation
that do not need to be necessarily located in #meesphysical place. The gene banking
process comprises three main activities: 1) collactf the germplasm; 2) processing and
freezing of the germplasm; and 3) storage of thenglasm. These operations can occur in
the same place but within separate facilities. @bléection is performed in animal holding
facility (figure 6.1) while germplasm processingldreezing, occurs in a specific laboratory
(figure 6.2). The repetition of these operationexecuted more times for each donor to
obtain sufficient amount of germplasm collected.

As first step, animals are transferred to the caybfor holding. Then, all incoming animals
are placed into quarantine systems based on all it policy to prevent the spread of
diseases among them. This is in accordance withdatds for holding facilities of
Organisation for Animal Health (OIE). Once the dqudme is lifted, the animals can

proceed back and forth to a separate collectiolipgj, after an accurate sanitization.
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In case of animals with questionable health, thesags must be housed separately from
healthy animals, avoiding direct contact with themcommon use of some spaces such as
the collection facility. As established by FAO gelides, the cryobank presents determinate
characteristics. First of all, it has to be locaite@d low animal density area and possess an
appropriate ventilation system to maintain thetrighkiel of humidity. In addition, the animal
holding building should be placed at the distant8 &m from other farms to prevent
biological risk and at 1 Km from railways or mawads, in order to safeguard animals.

The installation must have a perimeter fence tovgmethe entry of other non-authorized
persons or other domestic or wild animals and logday for donor animals, has to be
localized outside the perimeter fence. Moreovecheacility should be divided into two
areas: the clean area where laboratories, instrhati@ms rooms, germplasm storage
facilities are placed and the dirty area wherelacated the storage area for waste material
and feed, buildings animals and collection pens.

Regarding the staff, it should work exclusivelytire cryobank and not have contact with
other farms or facilities that house animal spef@ies which material is stored in the gene
bank. The clothes and footwear used in the laboestshould be stored in the changing
facilities and not used or otherwise taken outside.

The management of waste from the facility shoulatganized to reduce the risk of disease
transmission. Storage facilities from which wastdoaded and transported away, must be
outside the perimeter fence.

Carcasses of animals that accidentally die in #ledify, should be taken away as quickly as
possible and stored outside the perimeter fenaéthey are collected, keeping them away
from wild or stray birds. Moreover, to protect aamis from the risk of contamination, each
facility should be protected from the entry of atlspecies such as rodents and birds using

rodenticides or installing traps or bird-proofingsts for birds.
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Chapter 7

Semen cryopreservation

Cryopreservation is the freezing of sperm at subzemperatures, typically -196°C. This
temperature is the boiling point of liquid nitrogencommon agent using in the freezing and
storage process. At this temperature, all bioldgasivities are stopped or paused until
thawing. Sperm cryopreservation represents an itapbtool for the long-term storage of
sperm, and can provide a year-round supply of pategenetics from seasonal breeders.
This technique is useful for freezing semen fromagieally superior males for later use in
Al of a large number of females, to transport serfgnong distances, and for breeding
programs such as cross breeding, genetic studiesnserving endangered animal species.
Semen cryopreservation procedure consists of dewdtiaal steps such as semen dilution
and the addition of the cryoprotectant. Semen idiutis performed by using specific
extender whose composition is almost similar td tiaseminal plasma and it is important
because it provides nutrients and energy for spactivities. The extender should be
supplied with some nutrients needed for the metabolintenance of the sperm cell,
control of the pH and osmotic pressure of the mad{Gadea, 2003), and in some cases
with specific additives such as antibiotics (Morr@hd Wallgren, 2014) and antioxidants
(Bansal and Bilaspuri, 2011), which are able tohithmicrobial growth and oxidative stress
respectively. In addition, the extender has to upgpemented with specific cryoprotectants
(CPAs) which provide protection to spermatozoa amdimize the adverse effects of
cryopreservation (Lemma, 2011). Sperm cryopresienvas considered a secure method for
theex situpreservation of biodiversity in different animalesies (Blesboist al, 2007 a, b;
Leroyet al, 2011; laffaldancet al, 2011; Zanibonet al, 2014) by facilitating the storage
of their gametes in a gene bank. It can also bd tsassist reproduction in infertile men
and testicular tumors or prostate cancer patiekiarrhar, 1998; Pesch and Bergmann,
2006). Semen cryopreservation has been widely instb@ cattle industry, less used in other

livestock species, such as pigs or sheep.
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Generally, there are two freezing procedures: dl@ezing (conventional freezing) which
involves step-wise decrease in temperature and-tdpid freezing (vitrification or similar
vitrification state), accomplished through the w$diigh cooling that solidifies the sample
into a glass-like state, thus avoiding the fornratibice.

-Conventional freezingis the main technique to cryopreserve sperm tsllssing liquid
nitrogen vapours or programmable freezer and irebtep-wise decrease in temperature.
However, during this procedure the ice crystal fation could occur leading to deleterious
effects on cell that can be prevented by the useyolprotectants (CPAS).

Vitrification is a cryopreservation that solidifies the sampi® ia glass-like state, thus
avoiding the formation of ice. This is accomplisitbdough the use of high cooling rates
and high concentrations of CPAs (Liebermatml, 2002), that appeared not achievable on
male gametes, due to their cytotoxic effect indbgethe high concentration. However,
recent works on sperm cryobiology have demonstréhedl sperm of some species can
survive to a similar vitrification state achieveitiea ultra-rapid non-equilibrium freezing of
semen excluding permeable CPAs (CPA-free vitrifmmgtNawrothet al, 2002; Isachenko
et al, 2003, 2004).

Semen cryopreservationinvolves several steps, each one affecting spéractare and
function (Garneret al, 1999; Baileyet al, 2003): extension, cooling, CPA addition,
freezing, and thawing (Bailegt al, 2003). The semen cryopreservation process imposes
numerous damages related to cell membrane (plasthan@ochondrial), acrosome and, in
some cases to the nucleus also, with devastatingeqoiences for sperm survival. The ice
crystals formation inside of the cell, represehtsmain responsible of the injures of cellular
membrane. During the process of cooling, freezimdythawing, the spermatozoa are subject
to a series of drastic changes in their physicdl @mremical environment. The first change
on spermatozoa occurs during cooling from room eapire to the near freezing point of
water. A second change in the environment of spermoa takes place when liquid water is
converted into ice (commonly referred as ice ctystamation). Finally, there is a
spontaneous ice nucleation which usually occurer dfie solution is supercooled at a
temperature between -5°C and -15%%oreover, during cryopreservation, some metabolic
changes affect sperm capacity to maintain ATP Jewdlich is essential to support sperm
motility (Long, 2006). In particular, these damageslude loss of membrane selective

permeability and changes in head plasma membrangityl (Buhr et al, 1989; Canvin and
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Buhr, 1989), swelling and breakage (Hammaetehl, 1999), and severe impairment of sperm
motility and viability (Bailey and Buhr, 1994; Peg#t al, 2004, 2007).

The plasma membrane is the primary site of freeamgry to sperm and the principal
damage that takes place during the freeze/thave @{tammerstedet al, 1990; Parks and
Graham, 1992). As the temperature falls below GEE,crystals form in the extracellular
medium. Solute aggregates in the fluid portion aledates the osmolarity of this unfrozen
solution. Consequently, once the sperm are sulbjetihis osmotic gradient, intracellular
water diffuses out of the sperm, thus dehydratireggperm or undergoing intracellular ice
formation. The intensity of dehydration, depends many factors such as the cooling
velocity and membrane water permeability. At thayyithese processes occur in reverse as
the extracellular ice crystals melt and water diéfsi into the cell (Watson, 1995; Devireddy
et al, 2000; Baileyet al, 2003; Morriset al, 2006). Cells which have a severe loss of
intracellular water and/or undergoing intracelluiee formation, are rendered osmotically
inactive, due to the loss of cell membrane intggrithe ability of spermatic cells to
cryosurvive, is species-dependent and is relateébdedreezing procedure applied (speed of
freezing/warming, samples volumes, kind and comaénoh of CPA employed), the
structural composition of sperm (i.e. different kgsberol/phospholipids ratio of membrane
influencing membrane fluidity; different amounts @émotically inactive water bound to
several macromolecular structures such as DNA,omest, hyaluronidase; different
molecular weight components in spermatozoa whitdcathe viscosity and glass transition

temperature of the intracellular cytosol.
7.1. The cryoprotectants
One of the most critical point during sperm crygam@ation is the cryoprotectant (CPA)
addition. There are two types of cryoprotectanesnpeating (P-CPAs) and non permeating
ones (N-CPAs).
7.1.1. Permeating cryoprotectants
P-CPAs permeate the cell membrane increasing membraitgtyluDuring this process, the

CPA goes into the cell leading to water efflux goadtial cellular dehydration, lowering the

freezing point. This reduces the amount and siZetadcellular ice crystals.
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The paradox is that the permeating CPAs themsataeshave a toxic effect on sperm
(membrane destabilization, protein and enzymes tdeatgon) related directly to the
concentration used and the time of cell exposure.

The main P-CPA sused are: dimethyl sulfoxide, awita, dimethylacetamide, ethylene
glycol, formamide, methylformamide and dimethylf@mide.

Dimethyl sulfoxide (DM SO) is the most widely and successfully used low makacweight

or permeating CPA. It is an amphipatic moleculaiBld in both aqueous and organic media
and is commonly used as a solvent. The use of DsSEryoprotectant was first reported in
the literature in 1959 by Lovelock and Bishop (1P&8 an alternative to glycerol for the
cryopreservation of human and bovine red cells. ®pémal concentration for most
cryopreserved cells is 5-10%. The ability of DMS@® dcavenge oxygen free radicals
particularly the hidroxy radicals, may also conitdto its effectiveness as a CPA. Another
success factor is attributed to DMSO because afbiisty to preserve fluidity of plasma and
mitochondrial membranes at temperatures below Bt€sumably, this allows diffusion of
both solvents and solutes through cell membranecandteracts cell shrinking and swelling
due to osmotic pressure changes during freezingi(Band Smith, 2010).

Acetamide (acetic acid amide, ethanamide) was a componetiteofryoprotectant solution
utilized by Rall and Fahy (1985) in their pionegrimeport of embryo vitrification.
Permeability to acetamide in relation to other pngbectants has been examined in mouse
oocytes and various stages of mouse embryos whevas shown, that its permeability
increased sharply after the 8-cell stage.

Dimethylacetamide (DMA) is a derivative of acetamide, which has been tgcersed as
cryoprotectant for freezing sperm cell. Particylari hare and rabbit sperm,it showed a
cryoprotective effect that was lower than that obse using DMSO (Kodrowsket al,
2009; Hallet al, 2017). While recently, DMA achieved good resakscryoprotective agent
in frozen semen from chicken and (Glioetial, 2011; Madeddet al, 2016; Mosca e al.,
2016) turkey species (laffaldaebal, 2009; 2011; 2016a).

Ethylene glycol (EG) is the most often used CPA in embryo cryopresesaadis it has the
lowest toxic effect and it can rapidly diffuse intell through the zona pellucida and the
cellular membrane (Emiliaret al, 2000). Rapid permeation and removal of EG from th
cell and lower exposure time, increases protedtiom osmotic and toxic injury. Thanks to
these characteristics, EG has been successfully imsethe cryopreservation of equine

(Mantovaniet al, 2002) and chicken spermatozoa (Seigneetial, 2013; Mphaphathet
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al., 2016). In addition, in our recent work EG imprdviae post-thaw motility of rooster
semen compared to DMA, MA and DMF (Miranetiaal,, 2018).

Formamide is classified as amide, which is derivative of aomm, and it includes two
specific compoundsmethylformamide (MF) and dimethylformamide (DMF). These
compounds offer an alternative to more conventi@ngbprotectants such as glycerol and
may create less osmotic stress for sensitive spleeiés through their low molecular weight
and low viscosity.

Both MF and DMF, are reported as adequate altemnatiyoprotectants for use with goat
canine and stallion sperm (Bezeatal, 2011; Mota-Filhoet al, 2011; Gibbet al, 2013
respectively), yielding equivalent or better sualivo that seen with glycerol. However,
neither MF nor DMF provided efficient cryoprotectidor mouse (Szteiet al, 2001) and
rabbit (Hanada and Nagase, 1980) sperm comparédotrier amides tested. DMF has also
been used to successfully preserve sperm of diffeavian species including goose
(Lukascewicz, 2002), guinea fowl (Varaatial, 2013) and rooster (Hanzawgal, 2010).

7.1.2. Non permeating cryoprotectants

In order to mitigate the cryodamages caused by @ating CPAs which result toxic at high
concentration, non-permeating cryoprotective sufzgts (N-CPAs) such as proteins, or
amino acids and sugars, acting mainly as osmopeotes; could be added in freezing media
(Blanco et al, 2011). These substances are less toxic than FsC&Athe same
concentration, inhibit ice growth and help the spéo stabilize its concentration of internal
solutes under osmotic stress, reducing the amdyermeating CPAs needed (laffaldagto
al., 2016b).
The most common-CPAs used include:

- sugars

- macromolecules or polymers

- other molecules
Sugars such as mono-, oligo- and polysaccharides, are hgedarious animal species in
nature as a means for protection from cold clin{&tdler et al, 2004). Monosaccharides
dissolve in solution more readily than disaccharidsd vitrify at lower temperatures.
However, because monosaccharides are prone tonaymatic glycosylation which can
result in protein interactions, are less prefemespect to di-and polysaccharides in many

cryopreservation protocols.
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The most common sugars that have been used asenoegting CPAS in sperm freezing
protocols are: glucose, sucrose, trehalose anoslact

Glucoseis used as energy source by gametes and is thetiafduded in most culture media
in millimolar concentrations. As a result, glucaseresent in most cryopreservation media
as part of the basic solution though not commongntioned as a specific cryoprotective
agent. It has been mainly used for mammalian sdordyoar, rabbit and human species (De
Los Reyest al, 2002; laffaldancet al, 2014; Liuet al, 2016). Recently it has been used
also for semen of teleost fishes (Ciereekal, 2014; Nynceet al, 2014; laffaldancet al,
2016c).

Sucrose is naturally occurring sugar found in systems abllerate freezing in nature and
as a result, it has received great attention imlplogy and has been used extensively in
other cell systems because of its apparent unigapepies. Often it has been used in
combination with permeating CPA such as DMSO or DMAdifferent species. In avian
species in particular, it has been shown thatdatslination with DMA (6-10%) reported the
highest value of total motility in turkey sperm @boiset al, 2008).

Trehalose is a natural alpha-linked disaccharide formed byoar-1,1-glucoside bond
between twan-glucose units which modulates sperm membraneifjulny inserting itself
into membrane phospholipids bilayer, thus rendenrggnbrane more stable during freezing
process. Recently, it has been used in a numbanashmalian species such as boar
(Athurupanaet al, 2015), bull (EI-Sheshtavet al, 2015), ram (Doltet al, 2016), stallion
(Da El-Badriet al, 2017) and rabbit (Zhat al, 2017). Moreover, it has been tested for the
cryopreservation of chicken semen alone or in coatimn with sucrose (Moscet al,
2016; Mirandeaet al, 2018).

Lactose is the disaccharide commonly found in milk and mag of one molecule of
glucose and one of galactose. Lactose has beenassadcryoprotecting agent for bovine
sperm and proved no different to other disacchartdsted (sucrose or arabinose), though
all were better than the monosaccharides testetto@ was also used as a cryoprotectant
with hybrid mouse sperm; although it did not preeemotility post-thaw as well as sucrose
or trehalose, it did produce sperm with high femdition capability (Szteiret al, 2001).
Recently, this substance was used as cryoprotegismfor semen of boar, lama and teleost
fish (Silvaet al, 2015; Carreteret al, 2015a; Vasconcela al, 2015).
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Macromolecules or polymersare often included into semen extenders thoughatptired

as additional protective additives in cryopresaoratmedia. These compounds promote
vitrification of a solution and thus may help taluee toxicity allowing the concomitant
decrease in concentrations of potentially harmirimeating agents. Macromolecules tend
to increase viscosity of the cryoprotectant solutiand also, for interactions through
hydrogen bonding with water, thereby decreasingpttopensity for ice crystal formation.
Lipid solubility of the substance (which increaggsrmeability) and hydrogen bonding
(which decreases permeability) are the main clitfemtors. In general, permeability
decreases as the molecular size of the substao@asges (Best, 2015). Compounds that are
less viscous, interact more with water (less sgHraction), vitrify at higher temperatures,
reduce critical cooling rate by at least an ordemagnitude, and penetrate cell membranes
more readily (Wowlet al, 1999; Best, 2015). Among them, ficoll, polyetmgeglycol, and
polyvinilpyrrolidone are included.

Ficoll is a non ionic synthetic polymer of sucrose andatld also be classified as a
polysaccharide. Ficoll is included as one of theesa ingredients in various vitrification
protocols for oocytes from several species inclgdimouse, cat, pig, cow, monkey, humans
(Jin and Mazur, 2014; Fernandez- Gonzalez and Jewg&017; Huang and Zhao, 2008;
Zhou et al, 2014; Yeomaret al, 2001; Saragustgt al, 2011 respectively). Further, it is
also used for rabbit and human embryos (Makareeickal, 2008; Koncet al, 2014).
Additionally, the use of ficoll as non permeatingaprotectant was extended also to sperm
cell, reporting good results in rabbit semen (KoNi& et al, 2015). Finally, in our recent
work ficoll improved thdan vitro post-thaw quality of rooster semen (Miraredal, 2018).
Poliethylen glycol (PEG) even if it is also an alcohol derivative, this caapd is a non
permeating CPA (Swain and Smith, 2010). It has hksen used to improve mouse oocytes
vitrification over DMSO alone (Neilet al, 1997) and in conjunction with other
cryoprotectants to successfully freeze human osdytiebermanret al, 2003). In addition,
mouse, bovine (Ohboskt al, 1997) and rat blastocysts (Koabal, 1988) have also been
cryopreserved using polyethylene glycol as a ptotgagent (Swain and Smith, 2010).
Polyvinilpirrolidone (PVP) was the first N-CPA used to successfully cryopnesesd-cell
mouse embryos at -79°C for 30 min giving subsedydn¢ first birth of mammal following
cryopreservation. It is a viscous solution thabwal for easier sperm micromanipulation by
slowing or decreasing the motility of sperm forrantytoplasmic sperm injection (ICSI).
However, in some reports PVP has been shown tecgsificant damage to human sperm

membranes that can be detected by transmissiotnagleunicroscopy.
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In addition, it has been associated with chromo$abaormalities in pregnancy derived
from ICSI embryos (Kato and Nagao, 2015). Recentlfjzas been successfully used for
cryopreservation protocol of wild red jungle fovddllus Gallus murghisemen (Rakhat
al., 2017).

Other moleculesused as N-CPAs are egg yolk and low density liptgon.

Egg yolk has been used as non P-CPA characterized by hpgiticato protect sperm cell
from cryodamage during freezing process. This ig ¢l the richness in low density
lipoprotein (LDL) that confer the best resistance&old shock and the best survival in sperm
storage. Egg yolk has been widely used in semesrifig extenders and has proved its
cryoprotective power especially for mammalian spgomoa including boar (Het al,
2006), dog (Benchariét al, 2008), buffalo (Akhteet al, 2011), ram (Moustacast al,
2011), horse (Morenet al, 2013) and rabbit (laffaldaret al, 2014) species. However, the
use of egg yolk as a CPA has several drawbacksldsedieing a source of bacterial
contamination (Morenet al, 2013) and some of its constituents could haveindental
effects on spermatozoa. Accordingly, the granutasnd in egg yolk were observed to
reduce the respiration and motility of bull sperozaia (Amirat-Briandet al, 2004), and
progesterone in egg yolk has been described ast@ilg responsible for the capacitation of
spermatozoa and thus harmful for the preservati@permatozoa during freezing (Bowden
et al, 2001; Morenoet al, 2013). Therefore, the problems described abowaldcbhe
overcome by adding extracted LDL to the extend#rerathan whole egg yolk (laffaldamb
al., 2014).

Low density lipoprotein (LDL) appears in the soluble fraction of egg yolk caldasma.
They are spherical molecules of about 35 nm in diamand consist of a lipid core of
triglycerides and cholesterol esters surroundea bgyer of phospholipid and apoprotein
film (Moussaet al, 2002) giving them a composition of about 87%d#i12% proteins
(Antoret al, 2003). The capacity of LDL to protect sperm aghaoryoinjury, is due to their
ability of forming a film at the interface betwe#éme fatty acids and water, leading to the
physical stabilization of the sperm membrane aedahie to adhere to the sperm membrane
causing influx of phospholipids and cholesterol. dddition, in some species such as
bovines, it has been shown that LDL binding to seinplasma proteins, inhibit sperm
membrane destabilization, enhancing spermatic dapiac and reducing the detrimental
effect of cholesterol and phospholipids, in spergllsc subject to cryopreservation
(Manjunathet al, 2002; Bergeroet al, 2004).
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Recently, LDL has been successfully used as cryeptant for sperm freezing protocols
including rabbit (laffaldancet al, 2014), dog (Prapaiwaat al,2015) and ram (Loaiza-
Echeverriet al, 2015) species. In addition, LDL has been assefsedffectiveness as a
cryoprotectant in the extender to improve the dquatif frozen-thawed rooster semen
(Shaverdet al, 2015).
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Chapter 8

Reproductive system notes, semen production and stge
in Gallus Gallus and Meleagris Gallopavo

8.1. Poultry male reproductive system

Male reproductive tract in poultry species conswdtthree components: testes, epididymis,
ductus deferens and phallus (figure 8.1). The $elteve two functions, to produce sperm
and the male hormone, testosterone. Grossly, #testare either oblong or cylindrical in
shape, smooth on the surface, and creaumye or without color, although they may be
partially or totally pigmented. The testes are vemyall and usually avascular. In a mature
bird, the testes can vary in size and greatly gelauring the breeding season. In birds with
distinct breeding cycles, the testes atrophy adteperiod of active sexual stimulation.
Microscopically, the testis consists almost enjiraf tubular structures known as
seminiferous tubules. Two types of cells line thedmiles, spermatogonia cells and Sertoli
cells (Ceroliniet al, 2008).

The spermatogonia cells proliferate and differgéattArough definite stages of development
to form sperm (figure 8.2). Spermatogonia initiatyltiply and grow to form considerably
enlarged cells called primary spermatocytes. TloeHie then start a period of maturation in
which the first maturation division forms secondaspermatocytes and the second
maturation division forms the spermatids. Each spéid develops into a spermatozoan.
Sertoli cells are large cells interspaced betwgmmmsatogonia which extend from the base
of the seminiferous epithelium to the interior lo¢ tubules. Spermatids attach themselves to
the Sertoli cells and some specific relationshipnse to exist between the two cell types
which cause the spermatids to change into actigensp

Seminiferous tubules of immature males are smailllened by a single layer of cells. The
mature testis has large irreguldraped tubules with a multiyered germinal epithelium
consisting of cells representing all stages of mpéngenesis. This is what causes the testis
to swell in size during the breeding season. Dutimg phase, interstitial Leydig cells
located between seminiferous tubules, produce sestme which is responsible for a

variety of secondary sex characteristics such ag wexual behaviour (including song),
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feather form and color (if different from the feragland the development of a comb and
wattles in some species.

The networks of seminiferous tubules (from theisg¢stinite in the epididymis and the
contents, flow into and through the ductules, emmgtynto the ductus deferens. In birds, no
capacitation of sperm is necessary for fertilizatio take place (sperm taken directly from
the ductus deferens can fertilize). No accessoxygtnds are present, so seminal fluids are
composed of secretions originating only from ths&tise epididymis, and ductus deferens.
During the erection an engorgement of the phatliecsures in the cloaca can be made to
pass through the epithelial lining and intermixhwtihe seminal fluid.

Due to the anatomical variation of the phallic cegin different birds, semen collection
techniques are variable. There are two main vasgetif phallus in male birds, the truly
“intromittent” organ as seen in ratites (ostrichflaanseriforms (swans, geese) and the “non
intromittent” type which is present in Galliformegluding chicken, turkey, quail and some
passeriforms (figure 8.3). Their non intromittemtapus consists of folds and bulges that

make contact with the female’s cloaca at matingt{(@oleset al, 2007).

Figure 8.1. lllustration (a) and live picture (d)wentral view of male reproductive system

of avian species.
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Figure 8.2. Development of spermatogonium into measpermatozoa.

Galliformes Anseriformes
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Non intromittent phallus
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Figure 8.3. Two varieties of phallus in male bir@hicken and Quail present the “non
intromittent phallus” consisting of folds and budgthat make contact with the female’s
cloaca at mating time in contrast with Anserifornfdack and goose) in which phallus is
more evident.
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8.2. Poultry femal e reproductive system

The female bird’s reproductive tract (figure 8.4pnsists of the left ovary and the left
oviduct because of the degeneration of the rightipambryonic stage after hatching.

The ovary has two functions, to produce the ovunh tlue female hormones, estrogen and
progesterone but also testosterone. The ovary stsnsl two parts, the medulla and cortex.
The medulla contains connective tissue, nerves,odmmuscle, and blood vessels. The
cortex covers the medulla and contains oogonia.o@@agare precursor cells which form
oocytes and eventually the ovum (counterpart tonspeBy the time of hatching, oogonia
stop multiplying and begin to enlarge. They are nmiled primary oocytes. Within the
ovarian cortex of the adult hen, several hundrétgmy oocytes may be visible to the naked
eye. About 12,000 are visible microscopically. Fewhese, start the stage of rapid growth.
Primary oocytes visible on the ovary are often ttrfollicles, which pertain to the primary
oocyte and its membranous covering. Grossly, inotrey of a very young, immature bird,
follicles are not evident. The ovary is flattenetlanay resemble a piece of fat. It may
contain smooth grooves or folds which make it séerain like” in appearance. The ovary
of an older immature female has a fine granulafaserwhich resembles cobblestone. This
is consistent with very early follicular developmeiihe ovary of a mature bird has a
grapelike cluster of small, but prominent follickkich are easy to identify. As the breeding
season approaches, several of the follicles enfanage of rapid growth and maturation,
becoming yolkfilled follicles just before ovulation. After sexluactivity, the ovary goes
into a resting phase where it becomes diminutiveize again. However, a large number of
follicles remain larger than as all appeared inghenuptial phase. Such ovary is described
as mature, but inactive. In those follicles whichdergo rapid growth during sexual
stimulation, yolk material accumulates and the prynoocyte gradually grows to full size.
The avian primary oocyte is the largest cell ind@nenal kingdom. In the domestic fowl, its
final weight is about 20 g. After reaching its fghowth, the primary oocyte completes two
maturation divisions, the first of which form thecendary oocyte and the first polar body
(figure 8.5). This occurs about two hours beforalatron. This division is meiotic division
which produces the secondary oocyte which has onky half the normal numbers of
chromosomes. Ovulation occurs next. This is whenfollicle splits at one end (this area is
called the stigma) and the secondary oocyte is lEtyby the oviduct. The second
maturation division, forming the ovum and secondapdody occurs in the oviduct.

Probably penetration by the spermatozoan befosedikiision can be completed.
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Penetration occurs about 15 minutes after ovulati®imce it must occur before the
secondary oocyte, it is covered by albumen and #tep presumably occurs in the
infundibulum. Fertilization is the actual fusion dhe male and female pronuclei
(chromosomes).

The oviduct of the mature hen comprises five molgdioally and functionally distinct
small segments, i.e infundibulum, magnum, isthmuterus and vagina (figure 8.6).
Furthermore there is a narrow band of utero-vagioalction (UVJ) located at the
cranial/anterior end of vagina, which is also maipgically distinct from the vagina and
uterus. It possesses a unique ability to storensger a prolonged period in the oviduct
inside sperm storage tubules (SST) located in W iafundibulum where sperm can be
stored and survive for few days to few weeks afiagle artificial insemination (Al) or
natural mating. Nowadays, the advantage of proldrggerm storage and survival in the
oviduct of laying hens has been fully exploited aritized in practical poultry production
systems. This unique feature of prolonged spermagéoin the SST, enables laying hens to
produce a series of fertile eggs following a singdpulation event. Sperm storage function
of SST is directly correlated with the fertility t#ying hens.
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Figure 8.4. lllustration (a) and live picture (d)wentral view of female reproductive system

of avian species
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8.3. Poultry Semen

Semen consists of two kinds of components: spermatozod seminal plasma. The
concentration of sperm into seminal plasma cormedpdo 3-8 and 8-14 billion sperm per
ml for chicken and turkey respectively (Ceroleti al, 2008). The colour is opaque and
white. The pH is neutral and osmotic pressure 5 B8sm/Kg. The volume is very
exiguous respect to mammalian semen because dddkimg accessory prostate glands in

male poultry reproductive system.

Generally, avian spermatozoa are specific cells devoted to the transfer of gene
information to the female gamete. The structurawidéin sperm (figure 8.6) is more common
to amphibians and reptile respect to mammaliannsg&aniboni and Cerolini, 2008). The
head is cylindrical with a diameter of 0.5 um andtains scarce amount of cytoplasm and a
little acrosomal region. The head is occupied kg tlncleus which is characterized by a
filiform and slightly elicoidal shape in which tH@NA is packaged through the chromatin
that is the major component of chromosomes. Chromesnumber (n) changes according

to the species. The number of chicken sperm, cosdpiar turkey sperm (n=41), is inferior
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(n=39). Acrosomal region (deriving from the invagfion of Golgi apparatus), is another
important component, that covers the sperm headcanthins hydrolytic enzymes which
play a key role during oocytes fertilization (Mc foand Williams, 1974; Morton, 1976;
Hafez, 1984). Indeed, this last process if favouadsb by acrosomal thorn similar to
perforatorium of mammalian sperm. The latter, arisem nuclear membrane invagination
and is penetrated by acrosome allowing the fusetwéen sperm cell and oocyte. There is
also an intermediate tract placed between sperrd hed the main tract of the tail. It
consists of a central portion formed by axonemdainimg 9+2 couples of microtubules and
about 30 mitochondria, which are involved in spenovement.

In particular, the microtubules are associatecheorhobility of cytoskeleton of sperm cell
while mitochondria provide the energy necessarfineince sperm moving.

The end portion is the tail which is long 90-100 |ftwo times respect to mammalian
sperm), and has a simple structure which makesnag@erm highly sensitive to

cryodamages.
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Figure 8.6. Structural components (a) and microscgpw of avian spermatozoa (b).
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Seminal plasmais the acellular component of semen and is compaxedifferent
substances that are important for the sustainingpefrm cell (figure 8.7). Among these
substances, sugars (glucose, fructose), aminofglagisamate), ions (calcium, magnesium)
and lipids, are included. Seminal plasma is produpartly by Sertoli cells within
seminiferous tubules of testis, and by epitheliuocasa from epididymis, deferent ductus

and lymphatic pliers (Sturkie, 1986).

Glucose 0,18
Chloride 46
Sodium 145
Potassium 13
Calcium 1,4
Glutamate 75
Lactate 3,7
Piruvate 0,3
Carnitine 3,2
Acetil- carnitine 0,5-2,0
Proteins (g/L) 8

Figure 8.7. The composition of seminal plasma afl{pp species

8.4. Semen collection

Semen collection is performed by “abdominal massagecedure described for the first
time by Burrows and Quinn (1937). The techniqueoines restraining the male and gently
stroking the back of the bird from behind the wing&ards the tail with firm rapid strokes.
The male responds with tumescence erection of tladys (figure 8.8a), at which time the
handler gently squeezes the cloaca expressing stmamgh the external papillae of the
ducti deferentisollecting the semen into a container (figure 8.8b

For turkeys, the technique is adapted by massatiiagarea around the cloaca before
milking the semen (Lake and Stewart, 1978). Adamtatof this method were also made for
species such as waterfowl which have penis-likeulaipry appendages (Cooper, 1977), and
non-domestic species which require additional agst(Gee, 1995).

The volume of semen in one ejaculate averagesril 25the turkey, 0.50 ml in the rooster.
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The proximity of the cloaca increases the likelithad obtaining semen contaminated with
feces, urates, and bacteria that are detrimentsrten quality. At the time of ejaculation in
fact, semen should be pearly white, viscous andncigithout contaminants (feces, urine
and blood residues). However, this operation iseeas turkey than rooster. This is due to
the fact that chicken semen is less viscous thakeyusemen depending on the
concentration (11 and 3-8 billion sperm per ml farkey and chicken respectively)
(Ceroliniet al, 2008; Donoghue and Wishart, 2000).

L 4
~—

Figure 8.8. Abdominal massage procedure: the ametstes the index finger of the right
hand to place pressure below the phallus (a); Bresgpplied determines the flow of semen

collected by aspiration (b).

8.5. Conservation methods for poultry semen

The technologies available for semen storage aengéally: 1) hypothermic-liquid storage
(refrigeration), which enables the storage of serf@nup to 24 or 48 h at chilling
temperatures around 5°C (Wishart, 2009); and 2)pmgservation, whereby semen can be
long-term stored at —196°C, the temperature ofdiauirogen.

Notice that the semen cryopreservation is the nsar@ble technology for thex situ in
vitro conservation of genetic resources by the estabésih of semen cryobanks.
Hypothermic-liquid storage enables the storage of semen at chilling tempestaround
5°C for brief time. This technology was applied tbe first time in avian species such as
chicken (Douardet al,2004; Kotlowskaet al, 2007) and turkey semen (Wishart, 2009).
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During liquid storage at reduced temperature, spagtabolism is not completely arrested.
Liquid storage at refrigerated temperatures alltmstore semen for up to 6 h in turkeys and

24 h in chickens resulting in fertility levels coarpble to freshly inseminated semen.

Sperm cryopreservation in birds has a great potential of application iffedent fields
including optimization of the artificial inseminati practice and selection, breeding at
different levels in the poultry industry, diseaseeyention and theex situ in vitro
conservation of genetic resources by the estabéshiof semen cryobanks. The application
in the last mentioned field is of particular intgrebecause sperm cryopreservation is the
most feasible method fagx situ management of avian genetic resources since nois
possible to cryopreserve embryos or oocytes mdiabause of their larger size, high lipid
content and polar organization (Bellagandiaal, 1993; Blesbois, 2007; Zaniboest al,
2014). The preservation of poultry semen in froz&te has been the subject of intense
scientific interest beginning approximately in 1994 Polge with the discovery of glycerol
as a good cryoprotective medium. Despite the faat this scientific breakthrough was
accomplished with rooster semen (Polge, 1951 )oveeall fertility rates with frozen/thawed
poultry semen are highly variable and not reliadneugh for use in commercial production
or preservation of genetic stocks.

However, despite the good progress made in thepoegervation of semen in cattle, this
preservation method has not been so successfulan apecies. This is because of the high
cost of preparing and storing frozen ejaculates paoed to the market price of day-old
chicks, and also low semen quality and consequeh#yfertility levels achievable with
frozen/thawed spermatozoa (Blesbois, 2007; laffeddzt al, 2011). The poor fertilization
rates obtained for avian as opposed to mammalianiesp are attributable to the unique
morphological characteristics of avian spermatozogh as their filiform shape, long tail
and condensed nucleus, which makes them more sildedp freezing damage (Donoghue
and Wishart, 2000; Long, 2006).

In addition, membrane damage induced by cryoprasery, results in impaired sperm
transport and survival in the female reproductivactt with the consequent decreased
duration of fertility that has been correlated wttte number of spermatozoa in sperm
storage tubules at the utero-vaginal junction @aieet al, 1988; Tajima, 2013).

Moreover, avian spermatozoa are generally recodgnite be more sensitive to

cryopreservation compared with mammalian spermatoddne fertility rates in fact of
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cryopreserved poultry sperm are dramatically loWen any of the domestic mammalian
species (Long, 2006; Zaniboest al, 2014; Santiago Moreret al, 2016).

In particular, chicken and turkey spermatozoa aeeacterized by very high proportions of
long chain polyunsaturated fatty acids (PUFA) maim6 and n-9 which make them more
susceptible to lipid peroxidation. Between the twpecies, turkeys sperm are more
susceptible than chicken spermatozoa accordingeadtio of polyunsaturated to saturated
fatty acids being 0.9 and 1.1 respectively (Ravie bake, 1985; Surai and Blesbois, 1998).
Indeed, high concentration of PUFA makes sperm mands highly sensitive to
peroxidative degradation which is considered toabmajor cause of fertility loss during
avian sperm storage (Ceroliet al, 1997; Zaniboni and Cerolini, 2009). During this
process, reactive oxygen species (ROS) are capablemically altering virtually all major
classes of bio-molecules (e.g. lipids, proteingleia acids) with concomitant changes in
structure and function (McCall and Freiz, 1999; iBani and Cerolini, 2009). Against these
molecules, avian semen, contains a complex anaoxidystem, including non-enzymatic
antioxidants vitamin E, vitamin C and glutathions well as antioxidant enzymes
glutathione peroxidase and superoxide dismutaseai(S1LO99). However, the antioxidant
activity level is variable among different speciesluding chickens, turkeys, guinea fowls,
geese and ducks. In particular, as reported byiSand Blesbois (1998), the lowest
antioxidant activity was recorded in turkey spewticived by chicken, guinea fowl, goose
and duck.

Over a number of years, the preservation of podéwen in a frozen state has been the
subject of much investigation. Moreover, the susftéscryopreservation of chicken sperm
could play an important role in preserving and gfarring valuable genes to future
generation and it will also assist in the conseovabf the male gametes of endangered
indigenous breeds (Makhafata al, 2009).

A variety of semen cryopreservation protocols inuay different cryoprotective agents
(CPAs), packing methods and freezing and thawitgsrdave been developed in different
poultry species. However, the quality of avian speifter freezing/thawing procedures and
relative fertilization rates remain highly variable

Semen cryopreservation involves several steps, eaehaffecting sperm structure and
function (Garneret al, 1999; Baileyet al, 2003): extension, cooling, CPA addition,
freezing, and thawing (Bailegt al, 2003). Deleterious effects are the result of dgmo

stress, and temperature changes produced duriningoéreezing and rewarming, ice
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crystal formation being one of the main biophysit&chanisms of sperm death (Swain and
Smith, 2010).

A principal challenge for the survival of cells thg cryopreservation, is the lethality of the
intermediate temperature zone (=15 to —60°C), wisatrossed twice during the cryogenic
cycle, as cells are cooled and rewarmed (Gao artde€r2000; Blanccet al, 2011;
laffaldano et al, 2016b). Thus, the cryopreservation process caoseserous negative
effects including damage to cell membranes (plasntimitochondrial) and, in some cases,
to the nucleus with devastating consequences fanspurvival (Blesbois, 2007). Following
cryopreservation, metabolic damage may affect vl adenosine triphosphate (ATP),
which is essential for sperm motility (Long, 200&ffaldanoet al, 2016b). For this reason,
many researchers turned their attention to develidgctive freezing protocols for the
cryopreservation of avian semen, to reduce celladg® induced by freezing and thawing
processes.

The cryopreservation and storage of germplasm tiag been valued for the indefinite
preservation of genetic material, especially inesasf high-risk populations. An immediate
need for this practice was identified for reseansing unique poultry lines (Long and
Kulkarni, 2004). Today however, semen cryopres@maseems to be the only effective
method of storing reproductive cells for e situmanagement of genetic diversity in birds
(Blesbois, 2011; Kowalczyk and tukaszewicz, 2015).

Therefore, successful semen cryopreservation halslegh the creation of semen banks for
several wild and some poultry species (Saint Jatrad, 2003; Blackburn, 2006; Woelders
et al, 2006; Blesbois, 2007; Blancet al, 2009; Kowalczyket al, 2012). However,

research efforts have not yet served to createkaytiand chicken semen cryobank in Italy.

8.6. Cryopreservation procedure

Semen cryopreservation involves several stepstaffesperm structure and function such
as extension, cooling, cryoprotectant additionkpgng system (pellets or straws), freezing
and thawing (Bailegt al,, 2003; laffaldanet al, 2016 a,b).

During cooling step avian spermatozoa are held at 5°C for a speciigod of time
depending on the extender and cryoprotectant usechicken the cooling time is around
20-45 min (Hanzawat al, 2010; Sasaket al, 2010; Santiago Morenet al, 2011).
However, as reported by Bakst and Sexton (1979) MptHaphathiet al. (2016), it is
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possible that the cooling step duration could iasesuntil 2 h. In other cases, the cooling
step is not taken in consideration (Shavetdil, 2013).

Extension is performed by addition of specific semen dilgeior extenders). Semen
diluents are based on the biochemical compositioohacken and turkey semen (Lake,
1995). Glutamic acid, the most prominent anioniastibuent of avian seminal plasma,
became a standard component of diluents (Getaehely 2016). There are many diluents
available for poultry semen, both published reciped commercially available products.
Recently, the research has focused on definingptienum diluent and improving storage
systems addressing to the composition of semiainph and sperm metabolic requirements
or through the use of antioxidant supplements (@amiand Cerolini, 2009; Rosast al,
2012).

One of the most critical point of semen cryopreaBon is thecryoprotectant (CPA)
addition which protects sperm from cryodamagesrdlee two kinds of CPAs: permeating
CPAs (P-CPAs) and non-permeating CPAs. P-CPAsdesta increase membrane fluidity
through rearrangement of membrane lipid and prosteid partially dehydrate the cell,
lowering the freezing point and thus reducing twnfation of intracellular ice crystals, one
of the main biophysical mechanism of sperm deatblt(F2000; Swain and Smith, 2010,
laffaldanoet al, 2016; Mosceet al, 2016). P-CPAs (DMA, DMSO, Ethylene glycol etc)
could paradoxically have a toxic effect relatedit® concentration and the time of cell
exposure causing sperm membrane destabilizationpaoigin denaturation (Swain and
Smith, 2010; laffaldancet al, 2016b; Moscaet al, 2016). N-CPAs (sugars, proteins,
aminoacids) instead are generally large hydrophiaecules without toxicity and able to
act as osmoprotectants (Blanebal, 2011; Rosato and laffaldano, 2013; laffaldehal,
2016b). They lower freezing temperature of the medand decrease the extracellular ice
crystal formation. Moreover, the addition of N-CPtaghe freezing medium serves to offset
the cryodamage caused by P-CPAs, which are toxXagatconcentration (laffaldanet al,
2016b; Moscat al, 2016).

The particularity of sperm from poultry species luaing chicken and turkey, is that
freezing protocols developed for chicken are nfgative on turkey semen. This is probably
due to the difference in lipid composition of spgslasma membrane.

Many research efforts have focused on developiegzing protocols for the improved

cryopreservation of turkey semen reducing thedathage caused by freezing and thawing.
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The permeating CPAs mainly used in freezing prdtodor turkey but also for chicken
semen are: glycerol, DMSO and DMA at different camtcations. In particular, DMA and
DMSO have been used as alternatives to glycerolhtha to be removed before artificial
insemination because of its contraceptive effeeinffherstedt and Graham, 1992).

With respect to turkey semen, early studies exaththe use of DMSO concentrations of
4% (Bakst and Sexton, 1979; Sexton, 1981). Howewmesur recent work, laffaldanet al.
(2016a) reported that 10% DMSO was better than Whiile DMA concentration of 8%
worked better than 6% when cells were frozen ah lngoling rates, by direct plunging of
semen droplets into liquid nitrogen.

However, using 6% DMA in combination with trehalaséand sucrose at a concentration of
0.1 M, Moscaet al(2016) reported that trehalose had a positive efbecfrozen-thawed
rooster semen respect to sucrose and sucroseasehabmbination. These results are in
contrast with Blanceet al. (2011) who observed that the combined effect ef ghcrose-
trehalose on frozen turkey semen associated to D@R4%), was better respect to
trehalose alone (Blancst al, 2011).

In addition, other cryoprotectants have been ssfalyg used for the cryopreservation of
rooster semen. MA has been successful used toageeeprocedure for freezing chicken
sperm in Japanese and Korean breeds as well as @dPOMA (Hanzaweet al, 2010;
Choi et al, 2013), while EG and DMSO were found to be suédbk Venda cock semen
from South Africa (Mphaphattst al, 2016).

Among thefreezing systemsassessed for the cryopreservation of avian spenoat the
pellet procedure is cheap, easily adaptable td iehditions, takes only a few seconds for
cooling and warming. However, straws as a packagystem have benefits such as sperm
traceability, and the safe transport of semen feething or storage in gene bank (laffaldano
et al, 2016a,b).

Once CPA added to a sperm suspension, a periodni@eged for the CPA to permeate the
cells is theequilibration time. It varies according to the nature and concewtnatf the
CPA and to the animal species (Fuliral, 2004) and occurs at low temperature (4-5°C).
The optimal equilibration time depends on the CRBAcentration in the freezing medium,
its characteristics (i.e., molecular weight, atimbf chemical groups toward the sperm
membrane), the temperature of the sperm when thei€Bdded, as well as the structural
composition of the sperm membrane, which influensgsrm permeability and fluidity.
Equilibration time for avian semen is highly vataaccording to different extenders and

CPAs. As reported by Shavereti al. (2015), chicken semen was successfully frozen by
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equilibration for 30 min at 5°C while laffaldaret al, 2016a, equilibrated turkey semen at
4°C for 20 min.

In our recent work, chicken semen has been eqaiédrat 5°C for 45 min (Mirands al,
2018). Moreover, in some cases this step is natired| during freezing procedure for avian
semen especially for chicken semen (Hanzeina, 2010; Sasaket al, 2010; Choyet al,
2013).

With regard tofreezing rate, this parameter is intended as the distance dfgumd semen
from liquid nitrogen vapour. The liquid nitrogenpaurs used in conventional freezing
produce a step-wise decrease in temperature, whatga-rapid freezing rapidly solidifies
the semen sample avoiding ice crystal formationodn recent work conducted in turkey,
semen was frozen by exposure to liquid nitrogerouagt different heights above the liquid
nitrogen surface (1, 5 and 10 cm) for 10 min tcegiwee different freezing rates (laffaldano
et al, 2016a). As result of this experiment, exposureudéey semen at 10 cm returned the
better post-thaw semen quality respect to the dtbghts.

The sementhawing procedure (temperature and time), is also crucial for thetgoeezing
quality of semen. During slow thawing (low temparat long time), the small ice crystals
formed during freezing start to melt, turning inéwge crystals (recrystallization) that are
harmful to the spermatozoa (Watson, 1995). Duremg thawing (high temperature, short
time) the time for recrystallization to occur imlted and this increases the survivability of
spermatozoa. Using the pellet procedure for frephinkey semen, laffaldaret al. (2011),
observed that thawing at a temperature of 75°CL@osec was better than 60°C for 12 sec,
while when straws were used, thawing condition&@fC/10 s were more efficient than
4°C/5 min (laffaldanoet al, 2016 a). With respect to chicken semen instetdyais
demonstrated that thawing temperature of 5°C f&+2lmin reported an increase of fertility
nearly 80% (Sasaldt al., 2010) in contrast with the thawing performed &t@G for 30 s that
produced a fertility rate of 33% (Santiago Morestal, 2011).
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8.7. Assessment of fresh and frozen semen quality in vitro and in vivo

Evaluation of fresh and frozen semen quality iSgrered byin vitro andin vivo essay.

In vitro assessment considers some specific parametersasuaiotility, viability, osmotic
resistance, apoptosis, membrane integrity, ultiagire. These settings will be illustrated in
the chapter 10 in detail.

Evaluation of semen qualiiy vivo is performed by Atrtificial insemination (Al). Akithe
manual transfer of semen into the female’s vaddaaically, it is a two step procedure: first,
collecting semen from the male; and second, insatinig the semen into the female.

In poultry, depending on the objectives and go&lthe farm or laboratory, there may be
intervening steps such as semen dilution, storagd, evaluation (Bakst and Dymond,
2013). Al is the most widely used reproductive teslbgy in the livestock industry. Its
adoption in poultry species has increased in pojylaspecially in turkeys that depend
entirely on this procedure. Prior to semen coltetcticocks need to be trained and this is
achieved through abdominal and back massage fart @bminute for 3 days, consecutively.
The abdominal massage method is the most commaely since it is non-invasive and has
minimal stress on the cock. Vaginal inseminatiooasimonly used for semen deposition as
there are less risks of injury the hen. Preliminstrpking and massaging of the back and
abdomen is required to stimulate the hen. Thisliswed by applying pressure to the left
side of the hen’s abdomen around the vent causiagien of the cloaca hence protrusion of
the vaginal orifice. An inseminator containing temen, is inserted 2.5 cm deep into this
opening for semen to be deposited (figure 8.9 ajs).the semen is expelled by the
inseminator, pressure around the vent is releatsd,oviduct can return to its normal
position and draw the semen inwards to the utegirah junction. Inseminators such as
straws, syringes or plastic tubes may be used.nQurisemination, the volume of semen
required per hen is about 0.1ml containing abow@ 0200 million sperms (Bakst and
Dymond, 2013).
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Figure 8.9. Artificial insemination in turkey (afé chicken (b) hen.
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Chapter 9

Reproductive system notes, semen production and sage in

Oryctolagus cuniculus

9.1. Rabbit male reproductive system

The reproductive organs of the rabbit male inclteites, accessory sex glands, ducts and
external genitalia (figure 9.1). Thestesare the primary organs of male reproduction; they
produce spermatozoa and hormones (androgens), vaffiett reproductive function and
behaviour. The paired testes are ovoid structuregsaring about 30-35 x 10-15 mm and
weighing approximately 1.5-2 grams (g) (Cerolgtial, 2008). The testes are essentially
sacs of coiled tubules where the sperm are forified. process, known as spermatogenesis,
involves changes from a rather normal looking spidait cell, into the highly specialized
spermatozoon, devoted to the transmission of genetormation to the ovum. Sperm
development begins in the walls of the tubules, asnthe spermatozoa develop, they move
toward the center or lumen of the tubule (McNital, 2013).

In embryonic stage, testes lie in the abdominaltgawear the kidneys. They descend into
scrotal sacs before birth through inguinal can@ilsstes are maintained in their original
position by spermatic cords. A spermatic cord cgissof an artery, a vein and a nerve
embedded in connective tissue. Testis, is covered bonnective tissue coat, known as
tunica albugineaOutside this tunica. there is thenica vaginaliswhich is formed by two
layers. Parietal layer lines the scrotum and veddawer lines the tunica albuginea. Around
the testis, between the two layers of tunica vdgintgnere is a narrow coelomic cavity filled
with coelomic fluid. It allows sliding movements @éstis. Tunica albugineaprojects
inwards as septa and divides the testis into mabylés. These lobules contain long,
convoluted seminiferous tubules which are linedtbg germinal epithelium. Germinal
epithelial cells produce sperms by process of sprgenesis.

Among the germinal epithelial cells, there &ertoli (sustentacular) cellsvhich nourish
the developing spermatozoa. Once the sperm reazhuthen of the tubule, they are
transported through the tubule by fluid pressufas Transport takes the sperm to the top of
the testis and out into the epididymis (Mchittal, 2013).
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Connective tissue among seminiferous tubules coritalydig (interstitial) cells They
secrete testosterone (male sex hormone) which asrdecondary sexual characters. The
Leyding cells are under the control of hormonesiftbe anterior pituitary, which is located
at the base of the brain. These controlling horrapregulate the levels of the androgens in
the blood, which, in turn, control spermatogenasid sexual activity of the buck (McNegt

al., 2013). The seminiferous tubules of a testis opena network calledete testisit opens
into many fine ducts, callechsa efferentianerging into the epididymis.

The ducts through which the sperm move after lgpthe testes, include the epididymides,
deferent ducts, and urethra. Tégididymidedie close to the top of the testes and function
as a place for maturation of the spermatozoa. Sggerna that have not undergone a period
of maturation in the epididymides are incapabldeofilizing eggs. The epididymides also
serve as a place for storage of spermatozoa; efesfilermatozoa are recovered from
epididymides after eight weeks of storage. The mbtime required for movement of sperm
through the epididymides is 8 to 10 days.

The epididymis is a long, narrow and highly convetutubule along the inner surface of the
testis divided into three distinct parts:

1) caput epididymisthe anterior part of epididymis, is connectedtéstis through vasa
efferentia. Caput epididymis is connected alscheodorsal abdominal wall by a spermatic
cord;

2) corpus epididymisthe middle part of the epididymis, connecting utagpididymis and
cauda epididymis;

3) cauda epididymisthe posterior part of the epididymis. The caupi@idymis is joined to
scrotal sac by a short, thick, elastic cord knowgubernaculum

The deferent ductconvey the spermatozoa from the epididymis to ubethra and also
function to some extent in sperm storage. The aorgssex glands normally add their
secretions to the semen at or near the junctidheofleferent ducts and the urethra.

The urethra is the common passage for both semen and urir@arites semen from the
junction with the deferent ducts to the end of pleais, from which the semen is ejaculated
into the female vagina. The bladder empties int® thnethra just beyond the point of
junction of the urethra and deferent ducts.

The external genitalia of the male include the pethie scrotum and the prepuce.

The penis(copulatory organ) is an erectile organ that isdufor insertion of the ejaculate
into the female tract. It is normally flaccid anests in the prepuce. It becomes rigid from

constriction of the penile veins at the time ofdatieg. Since arterial blood continues to flow
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into the organ, it becomes turgid and can thus tpateethe vulva and vagina of the doe. The
erect penis is held forward along the abdomen. & i®ea sensitive tip on the penis, known
as theglans penis Stimulation of the glans penis by the vagina leé female (or by a
properly prepared artificial vagina) results incgjtion. This is due to a reflex contraction
of the duct system that forces out spermatozoadtor the deferent ducts and the last third
of the epididymis. Fluids from the accessory glafid& into the deferent ducts and the
urethra during ejaculation. After subsidence ofcgoa, the penis is pulled back into the
prepuce by muscular contraction. The penis is @/éy a loose sheath of skin, the skin
that hangs over the tip of the penis is knowrpeepuce The tip of the penis covered by
prepuce is called glans penis. The penis is congpokthree longitudinal columns, namely,
two columns ofcorpora cavernosgupper) and one column abrpus spongiosurfiower)
made by spongy tissue.

The scrotumconsists of two relatively hairless sacs that aonthe testicles. These function
to protect the testes and to provide an area wltwar temperature than that of the body
cavity, because spermatogenesis cannot occur rtahbdody temperature. Testes can move
freely in and out of the abdomen and are not alvimyed in the scrotal sacs (McNét al,
2013).Associated with the male reproductive systémabbit, there are thaccessory sex
glands they include the prostate gland, bulbo-urethtahds (Cowper’'s glands), perineal
glands and rectal glands. Their secretions areorssiple for the production of seminal
plasma. The functions of these secretes, incluadingdfluid volume to the ejaculate to
facilitate sperm movement through the male and femaproductive tracts, providing
nutrient substances, and buffers for rabbit spevrwat. These secretions produce also a
gelatinous plug to seal the female tract, and ssutstances that stimulate contractions of
the vagina and uterus of the female facilitatingspsmovement through the tract.

Around the base of uterus masculinus, therprastate glandit opens into the urethra
through many ducts and it secretes an alkalined flactivating the spermatozoa and
contributing to the main bulk of semen. Moreovaspate gland secretes citric acid that
enters in the Kreb’s cycle to produce ATP. Posteonahe prostate gland, there is a pair of
Cowper’s glandsvhose secretions neutralize the urinary residdevaginal acidity.

Behind the Cowper’s glands, there are pasineal glandsthey open into hairless perineal
depressions, one on either side of the anus. Heeietions give a characteristic smell to
rabbit. Two rectal glands are at the sides of #um. However, their function is still

unknown.
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Figure 9.1. Rabbit male reproductive system

9.2. Rabbit female reproductive system

The organs of female reproduction system inclube:dvaries, oviducts, uterus, cervices,
vagina, and external genitalia (Figure 9.2a).

The ovaries the primary organs of reproduction, produce eggspva, and hormones

(primarily estrogens and progestins). They lie witine abdominal cavity, with one on each
side, near the kidneys. The ovaries are ovoid tstres with an extent of about 15 x 10 mm
and a weight between 300 and 500 mg (Ceretiral, 2008), depending on the activity of
the ovarian components. The middle portion, or riedof each ovary, is composed of
connective tissue containing nerves and blood \&s$ke outer layer, or cortex, contains
the ova in various stages of development, as veebither types of tissue, including blood
vessels, nerves, and muscle fibers. At the tima dbe’s birth, thousands of undeveloped
ova, are contained in the germinal epithelium layfethe cortex. From the time of puberty

until death or the end of the reproductive lifetloé female, groups of these immature ova

78



undergo development and are shed (ovulated), grdbgenerate. The oviduct is the site of
fertilization, functions in a maturation processspermatozoa known as capacitation, and is
the location where early embryonic development mc@viducts are thin tubes,
characterized by willowy trend, of about 10-16 emeangth (Cerolinet al, 2008).

The upper end of the oviduct is spread into thaumstubae, which partially surrounds the
ovary. On the edges of the ostium, tubae are numeroadl pnojections knowrfimbria.
These nearly cover the ovary. Beating of the fimbdauses fluid movement toward the
opening of the oviduct and, during ovulation, swetye ova into the oviduct (McNit al,
2013).

The uterusis the organ in which the embryo and foetus ndyradgvelop and grow. It also
provides muscular force for expulsion of the fetusg birth. The uterus of the rabbit
consists of two distinct horns, which are not canteé to form entire body. Each horn of the
uterus connects into an individual cervical candhich opens into the common vagina
(figure 9.2b). The cervices function as musculargpl to keep the uterine horns closed
except at the time of mating and parturition (highkindling) (McNittet al, 2013).
Thevaginais the site of sperm deposition at mating and asta channel for the young at
parturition. It is long between 6-8 cm and presdotgitudinal mucosal folds (Cerolimt
al., 2008).Theexternal genitaliaof the doe include the urogenital sinus, whichastmuous
with the vagina and is the chamber into which trethra empties urine. Thexternal lipsof

the urogenital sinus form the vulva, that can beduss an indicator of sexual receptivity of
the doe. A doe with a moist red or pink vulva isamumore likely to accept service than a
doe with a pale, dry vulva. Thditoris is within the urogenital sinus, with the sensitive
portion, the glans clitoris, projecting into theogenital opening. Because the urethra opens
into vaginal sinus posterior toward the place whsperm are layed, urination by the doe

following breeding, does not necessarily interferth fertilization.
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9.3. Semen cryopreservation

As previously illustratedsemenis generally composed of spermatozoa and semiasina.
Rabbit semen is characterized by an opalesceneveppearance. During the collection,
semen contains a gel plug (deriving from accespargtate glands) that has to be removed.
The ejaculate volume usually ranges from 0.19 1® InL, but on average is about 0.6 mL

while the concentration is 600 million sperm per ml

Rabbit spermatozoon has a head that carries the genetic informatiosh @antail that
provides propulsion by its whip-like movements. Tiabbit spermatozoan is about 50-60
um long, it has a wide, flattened head and a lamg, and cylindrical segment composed by
a neck, an intermediate part and a flagellum otgmlasmic tail (figure 9.3). The whole
sperm cell is enveloped by the plasma membranesevhanction is to contain organelles
and intracellular components. Thanks to its semmeability, it maintains the chemical
gradient of ions and of the other soluble compandavibreover, specific membrane proteins
facilitate the transport of fructose and glucosanfrthe extracellular environment to the
inside of the cell, thus providing the energetibdtates required for the cell metabolism.
The head includes two structures of fundamentabiance: the acrosome and the nucleus.
The acrosome is a structure derived from the Gafgparatus and it is delimited by a
trilaminar membrane: it covers two thirds of thenfr part of the sperm head. Above the
acrosome, another structure covers the remainog frart of the head: it is the head cap,
composed by sulphur- and fibrous proteins confgrgreat resistance. Its biological role, in
effect, is to protect the acrosomal content: th@dudes enzymes with a high proteolytic and
glycolytic power, which allow the spermatozoon tenptrate through the zona pellucida
during the fecundation of the egg cell. The mogtantant enzyme is acrosin, followed by
hyaluronidase, collagenase, acid phosphatase, pblgsgse A, arylsulfatase. Inside the
head, in the central part, it is possible to fihd hucleus, whose function is to transport and
transmit the chromosomes, i.e. the genetic infamnmaiThe nucleus of a ripe spermatozoon
is very dense, as it is composed by tightly pack@matin. The segment adjacent to the
head is called neck: this region contains centiolehich give the impulse for the meiotic
cell division. This is also the starting point dfet axoneme, a thigh bundle of axial
contractile fibres, which continues in the follogiparts as well.

The segment after the neck, in rabbits, is abd&iud long. It is called intermediate piece

and it contains mitochondria, organized in a lagarrounding the axoneme. This part,
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therefore, constitutes the main energy reservaitie cell. The long tail segment (4@n)
following the intermediate piece is called maingeieit is not surrounded by any coat of
mitochondria but it contains arginine, leucine atider essential amino acids. This segment
is composed by bundles of parallel contractileefowhich end in thin fibrils constituting
the final segment. These filaments are projectethénliquid medium like a helix, thus
determining the helical movement of the spermatokéareover, they are able to change
their descent energy into ascent energy, therebsarmihg against the gravity force

following the liquid currents of the female geniéglparatus.
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Figure 9.3. The structural components of rabbitrs#ozoon and its microscopic view

The biochemical composition of rabbeminal plasmais very complex and variable among
species. Advances in reproductive technologies alegeminal plasma as a nutritive-
protective medium in which sperm cells are suspen&aminal plasma is composed of
some components such as proteins and enzymes,hatipsgs, aminoacids, ions, which are
very important for sperm metabolism, as well agrspRinction, survival, and transport in

the female reproductive tract.
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9.4. Semen collection

Semen collection from rabbit male occurs througécsp artificial vagina (Morrell, 1995).
The artificial vagina is composed of a rubber dexatube, open on both sides, which is
placed in a glass or plastic container. It mustilesl with a warmed water at about 50°C in
order to create the vaginal natural environment itheesults be of 40°C. One side of the
tube is needed for the ejaculation of the male,levthe other one is connected to a
graduated test tube for the collection of the senidm® test tube has to be maintained at
about 38°C before its use, and changed after enadigction. If the temperature of artificial
vagina decreases below 40°C, the male refusesatmulaje. During the collection, it is
necessary with one hand to hold the artificial wagplaced under the abdomen of the fake
female rabbit, while the other hand, holds the fia#bit female in front of the male. At the
moment of the jump of the male, the opening ofatidicial vagina is held between a thumb
and an index finger to facilitate the insertion thie erect penis (figure 9.4a,b). The
ejaculation is then helped with a light push baakiseof the artificial vagina. Ejaculation
usually takes place immediately following the appaae of the doe. During the collection,
a good hygienic level of manipulation is essenttalminimize the contamination of the

semen sample.

Figure 9.4. Semen collection from rabbit male penied by use of a specific artificial
vaginaplaced under the abdomen of the fake fenaddbit; while the other hand holds the
fake rabbit female in front of the male (a); senwecollected into a plastic tube connected to

artificial vagina (b).
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9.5. Conservation methods for rabbit semen

Since 60’s a large number of protocols for the prgservation of rabbit semen have been
developed by many researchers and their results haen reviewed (Mocé and Vicente,
2009). Each of these protocols has involved instindy of some aspects that can affect the
success of the rabbit sperm cryopreservation, sschihe composition of the freezing
medium, nature of CPA and its concentration, fregzionditions and cooling and warming
temperatures (Mocé and Vicente, 2009). The senweage technologies available for rabbit

semen are two: hypothermic-liquid storage and secngpreservation.

The hypothermic-liquid storage enables the storage of semen for up to 24 or 48 h
chilling temperatures around 5-15°C. The sememaisaal in a tube containing the extender,
previously incubated at 37-38°C. Subsequently, diiated semen is transferred in a
refrigerator set at specific temperature (see ahoneorder to induce its gradual decrease,
and to avoid thermic shock which would affect tiperen survival.After this procedure,
resulting semen (chilled semen) has to be appbedutificial insemination within 24-36 h.
The key factors for the success of the semen saraghe liquid phase are the choice of
extender, the dilution ratio and the storage teaipee. To perform its function, the
extender should supply the nutrients needed fomébolic maintenance of the sperm cell,
control the pH and osmotic pressure of the mediamd inhibit microbial growth
(antibiotics) (Gadea, 2003).

The extenders should have an osmotic pressureasitoilseminal plasma (approximately
300-320 mOsm/kg). Hypotonic or hypertonic solutionay cause transient or permanent
loss of sperm motility, although it seems that Wygac solutions are better tolerated in
rabbit sperm than hypotonic ones (Costantini, 1989)

The diluent must also contain buffer substancet dhaw to maintain the pH neutral and
invariable. The optimum pH value is 7, but consadbde fluctuations are tolerated (Watson,
1990). Generally, motility and metabolic procesaressuppressed at low pH and stimulated
at higher values (Bruet al, 2002). The buffer substances mainly used foptkearation of
diluents are citrates, phosphates, sulfates, argailecules such as the zwitterionic Tris-
hydroxymethyl amino-methane (Tris) or Tes and etdgtic solutions of sodium or
magnesium (Foote, 1972). In particular, the buff@ased organic Tris seems more
appropriate for storage in the liquid phase (Maertend Luzi, 1995; Castellini, 1996; Roca
et al, 2000).
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To avoid bacterial contamination of the semen &edrtfluence of pathogens that can affect
fertility in the female, the addition of antibiogién the semen is required. The most used are
kanamycin, penicillin, streptomycin or gentamicahone or in each other combination. The
sources of energy most commonly used in rabbit seex¢enders are glucose or fructose
(Watson, 1990; Rocat al, 2000), although it has been observed that thaliiaof rabbit
sperm is higher when glucose is used (Costan®d9;1Roceet al, 2000).

The dilution ratio for semen storage is relatedthtl® sperm concentration, viability and
motility. Generally, it is preferred to use a didut rate of 1:10, in order to obtain a number
of sperm at least 20-30 million/dose (Alvariébal, 1996). Some authors have also shown
that high dilution rates (greater than 1: 100) eaeatdetrimental effect on motility due to high
dilution of seminal plasma, which appears to plakeg role in preserving the quality of
spermatozoa (Castelliet al, 2000; Minelliet al, 2001).

The storage temperature is another important fabtdraffects the semen quality, although
the optimum temperature may depend on the exter@tadies conducted on extenders
based on the use of Tris, showed a strong decfisparm motility after 48 h of storage at
5°C (El-Gaafary, 1994), while Rocet al. (2000) at a temperature of 15°C, observed a
motility which was still acceptable at the sameediwf conservation. According to the
guidelines of the International Rabbit Reproduct®roup (2005), 15-18°C is an optimal
temperature for rabbit semen storage up to 48 baRaand laffaldano (2011), reported that
a temperature of 5°C proved to be more benefibah t15°C in retaining the overall semen
quality during long-term storage.

Different studies were performed to identify a ahie extender for long-term survival of
rabbit spermatozoa (Castellini, 1996; Retal, 2000; Carluccicet al, 2004; El-Kelawyet

al., 2012).

However, there are still limitedh vivo studies conducted to assess the levels of fertilit
achieved with chilled semen. The most encouragasylts, were observed by Alvariigb

al. (1996), who observed a fertility rate of 77% in laparous rabbit does using semen
stored for 24 h at 18°C with a commercial dilueviA(24, Laboratorios Ovejero, Spain).
While, Rocaet al. (2000), reported 78% fertility in multiparous doeseminated with
semen diluted in a TCG (Tris-citrate-glucose) atodesl for 48 h at 15°C.

Recently, Di lorioet al, 2014 observed that Cortalap® with TCG preselivedtro rabbit
semen quality better than Merk IlI® and Lepus® dgrv2 h of storage.
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Then the use of Cortalap® in Al trial evidencedt tfeatility and prolificacy obtained with
chilled semen were significantly lower respect tose of fresh semen (20% and 2.2 vs.

93.3% and 10.1).Therefore, Cortalap® use is naimesended in Al programs.

Semen cryopreservation allows long-term storage at -196°C (the tempeeatf liquid
nitrogen). The method of slow freezing involvesraefpre-equilibration of cells in CPA
solutions followed by slow, gradual, controlled tog at rates optimized for the type of
cells to be cryopreserved. The whole process, rsiedaout with the use of special
programmable cell freezing equipment or exposudsfgrent heights above liquid nitrogen
level (between 2 and 10 cm) (Mocé and Vicente, 2008 requires 3-6 h.

CPAs are used to protect the cells from damagetalumtracellular ice crystal formation.
The temperature of the cells is lowered to a suwopeted state and ice crystal growth is
initiated within the extra-cellular solution by aopess called seeding. During ice crystals
extension, water in the solution is converted frogmid state to solid state. This increases
the concentration of solute in the extracelluladm which draws water out of the cell. As
a result, the cell dehydrates with consequent asman intracellular solute concentration,
which further lowers the freezing point of the dellapproximately -35°C. The cell is almost
devoid of any water at this point and therefore, acystal formation is negligible when the
cell ultimately freezes at this temperature. Rate/lsich water leaves the cell, depends on
the rate of cooling. When the cells are cooledaptd rate, water present inside the cell, is
not able to move out fast enough, leading to thm&bion of intracellular ice crystals which
are lethal for the cell. If the cells are cooled &owly, there is severe volume shrinkage
leading to high intracellular solute concentratianjch has deleterious effects on the lipid-
protein complexes of cell membranes. Hence, the oatcooling and CPA concentration
employed in the protocol, should be optimized imleorto avoid the intracellular ice
crystallization and high solute concentration, tihe main events involved in cellular injury
during cryopreservation. The success of slow cgotiepends on achieving this optimal
balance between the rate at which water can |daedll and the rate at which it is cooled
before it is converted into ice.

Effective semen freezing protocols for rabbit aesdd on using slow freezing in liquid
nitrogen vapour (Mocé and Vicente, 2009) whilst f@ports regarding the use of ultrarapid
freezing techniques (vitrification) (Hoagland andhd®is, 1942; Liet al, 2010; Rosato and
laffaldano, 2013).
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Although cooled semen recorded high fertility anmdlificacy rates, there is a need of
reliable methods for rabbit sperm cryopreservatitwnstore rabbit semen for indefinite
period of time. At present, cryopreserved spermoisused for commercial purposes but it
represents the main instrument for rabbit spernouee banking, especially if it is
considered that this species is a valuable labgraaaimal (Moce and Vincente 2009).
Several protocols developed for the cryopresermatiorabbit semen resulted unsatisfactory
because of lower fertility and prolificacy rate thiiesh semen (Mocé and Vincénte 2009).
For this reason, many researchers turned theintaiteto optimize the cryopreservation
protocol for rabbit semen to find the best freeziognditions without affecting its
fertilization ability. Moreover, the combination & and cryopreservation of rabbit semen
can be useful technique contributing to an enhaeo¢wf productivity and reduction of the

number of rabbits for colony maintenance.

9.6. Cryopreservation procedure

The cooling stepis an important phase during which semen is stibjex decrease of
temperature before CPA addition. Tipically, rald@tmen cooling occurs at 5° C for 45 min
in the fastest protocols. Although more recent asde indicated that this step can be
reduced to 10 min (Moce e al., 2010), there areynmntocols in which cooling step is
longer (Moce and Vicente 2009; laffaldaed al, 2011). As reported by laffaldanet
al.(2011) for example, rabbit semen cooled at 5°C9@rmin recorded high fertility and
prolificacy rates. During cooling time, spermatozaya subject to cold shock inducing an
irreversible loss of motility upon re-warming. Cing alters the cellular membrane,
changing it from a crystalline-liquid phase to d gbase (lipid phase transition) and
inducing lipid packaging faults, affecting plasmambrane fluidity.

Indeed, depending on different membrane constisuerluding cholesterol/phospholipid
ratio, the effect of cooling differs among diffetespecies. Although mammalian
spermatozoa are very sensitive to cooling from biedyperature to near the freezing point
(about 4°C), rabbit spermatozoa are not so suddepilhis is due to the composition of
their plasma membrane which is characterized bldrigholesterol/phospholipid ratio that
increases membrane fluidity. Due to this charastieri reducing cooling time for rabbit
sperm was possible. This permitted to simplify @trgopreservation process allowing
preservation of more ejaculates in a given timenattempts were performed to reduce

cooling time required for equilibrium phases in bbspermatozoa (Maedet al, 2012;
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Moceéet al, 2010; 2014;) and also in other species such askeayDonget al, 2008) wolf
(Zindl, 2009) and stallion (Torrest al, 2015). However, cooling step reduction has been
made only for canine and buck spermatozoa (Du B889; Ahmacet al, 2015). Attempts

to reduce time for cooling step involved in freeginabbit sperm have not yet been

performed.

After cooling, semen is diluted by use of speciégtenders In general, Tris-based
extenders (Tris, citric acid and fructose or gl®)aare the base of the extenders commonly
used for rabbit sperm cryopreservation (Mocé andeilie, 2009). Moreover, other
extenders for rabbit sperm cryopreservation suchs@dium citrate, lllinois Variable
Temperature (IVT), MIll have been tested. Nonehafh offered better results than the Tris-
based extender (Rohloff and Laiblin, 1976; Coreltl Viudes de Castro, 2008).

Cryoprotective agents are essential for sperm defense against freezamgade, but
nowadays there is no a universal CPA or an apmtpriCPA concentration for
cryopreservation of rabbit sperm.

In general, results ah vitro quality and fertility obtained with rabbit spermozen with
glycerol, are lower than those obtained with sp&omen with other CPAs (EG, DMSO or
amides) (Mocé and Vicente, 2009). Therefore, glyicer not the CPA of choice for rabbit
sperm. Fertility problems associated with rabbierap frozen with glycerol are due to its
effect on sperm after cryopreservation, and nat tmntraceptive effect of this CPA on the
female reproductive tract or on the fresh spermiftsand Polge, 1950; Griffiet al, 1974).
Unlike sperm from other species, rabbit sperm preadow water permeability coefficient
and a high activation energy (Curey al, 1995). This low water permeability value is
consistent with the need to use CPAs with loweranwalar weight and higher permeability
(such as DMSO or amides) than glycerol for rabp#rs cryopreservation (Curmst al,
1995).

Most of the freezing extenders used for rabbit speryopreservation include one P-CPA in
combination (or not) with N-CPAs (Mocé and Vicen2)09). However, two P-CPAs
(usually DMSO and glycerol) were used also for rapperm cryopreservation (Rohloff and
Laiblin, 1976; Weitzeet al, 1976; Go6tze and Paufler, 1976; Bamba and Adag#))1

The reduction in the concentration of CPAs hasgeneral, a beneficial effect on sperm

quality after cryopreservation process.
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As reported by Fox and Burdick (1963), they obseérileat sperm quality improved when
the concentration of glycerol or EG in the extendes lowered to 4% (instead of 8%),
which was also confirmed in later studies (Hsie®9€). Nevertheless high DMSO
concentrations, can be used in some extenders%l®&wvada and Chang, 1964; 12.4%
Vicente and Viudes de Castro, 1996; Mocé and Ve&eB002; Mocéet al, 2003a,b,c;
2005), avoiding the inclusion of egg yolk or skinlkmHowever, a detrimental effect of
DMSO on sperm acrosomes (Hellemaginal, 1979a; Martin-Bilbao, 1993) and vivo
fertility (Hellemannet al, 1979b), has been confirmed in some studies asatheentration
of this CPA increased above 4.5-5% in extendergagung egg yolk, although sperm
motility increased as DMSO level increased.

Since 1980, amides have also been used for rapéitnscryopreservation, thanks to the
studies performed by Hanada and Nagase (1980). ésmpdesent lower molecular weight
than glycerol, and cause less osmotic damage tepien cells. These authors reported that
CPAs containing hydroxyl groups seemed to be |défectere cryoprotective agents for
rabbit sperm than those containing amide or metirgups. From all P-CPAs tested
(different amides, alcohols and DMSO), the ones tbifered the best results were
lactamide, acetamide or DMSO at a concentration th Mhe extender. These results were
confirmed in later studies conducted by Kashiwaz=dlal. (2006), comparing in vitro 1 M
glycerol, lactamide, acetamide and DMSO. Glyceftdred the worst results, lactamide and
acetamide offered the best results and DMSO gaeeniediate results. These results were
also observed when lower concentrations of CPAsewesed (2% acetamide vs. 2%
glycerol; Okudaet al, 2007). Other studies revealed that both spernsp@t and fertility
decreased when acetamide exceeded 0.83 M in tenfinture (Arriola and Foote, 2001).
Some studies were performed to compare DMSO andragde as P-CPAs, but none of
them, were conclusive about the optimal CPA forbialsperm (Castellinet al, 1992;
Martin- Bilbao, 1993; Dalimata and Graham, 1997etamide remains as one of the CPAs
of choice for rabbit sperm cryopreservation (Parasd Foote, 1986; Chest al, 1989a;
Chen and Foote, 1994; Courtens, 1995; Fargeas,; ID8kmata and Graham, 1997).
Unfortunately, neither extenders containing a mixtiglycerol-DMSO nor extenders
containing DMSO as the only CPA, provided repe&abkults or results similar to those
obtained with fresh sperm.
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Although the combination of P-CPAs most commonlhediss DMSO-glycerol, other
combinations have been tested. Thus, Castedtiral. (1992) tested the combination 1 M
acetamide with 0%, 2% or 5% glycerol. However, iti@dusion of glycerol in the extenders
did not improve the results after cryopreservation.

In light of what has been said before, it is evidéat two types of P-CPAs seem to offer the
best results for rabbit sperm cryopreservationséhree DMSO (in combination or not with
glycerol) and acetamide. Unfortunately, none oséhextenders provided repeatable results
therefore, none of them has excelled as the P-GRAaice for rabbit semen.

The most common N-CPAs used, for cryopreservatioralaobit semen are egg yolk, sugar
(disaccharides) and skin milk.

Egg yolk is usually used in extenders for rabbierap freezing at concentration varying
from 10% to 20% (Fox, 1961; Stranzingetr al, 1971; Weitzeet al, 1976; Gotze and
Paufler, 1976; TheaGlémentet al, 1996; Siet al, 2006; Liuet al, 2007). Skim milk (at a
final concentration of 8-10%) has also been usexbme extenders for rabbit sperm (Wales
and O’Shea, 1968; O’'Shea and Wales, 1969), althdsglse is less common than the use
of egg yolk. Some authors even observed that skilk on Laciphos (commercial skim-
milk based extender) did not offer such good resast egg yolk for rabbit sperm (Rohloff
and Laiblin, 1976).

The main disaccharides used as N-CPAs are lacdossse, maltose, raffinose or trehalose
(Hanada and Nagase, 1980; Liu, 1985; Vicente analdd de Castro, 1996; Dalimata and
Graham, 1997). They have been used in combinatitim B+CPAs (DMSO, glycerol or
acetamide) in rabbit cryopreservation extendersthant concentrations varying from 0.05
to 0.08 M. These disaccharides in general intesdttt the polar head groups of membrane
phospholipids, and stabilize the membrane durinygpreservation process (Dalimata and
Graham, 1997).

Moreover, some macromolecules (methyl-cellulos&tge surfactants) have been tested, as
N-CPAs for rabbit sperm cryopreservation. The ismn of methyl-cellulose (0.5%) to the
freezing extender (Dalimata and Graham, 1997) aswd the percentage of motile sperm
and live sperm after cryopreservation.

Gelatin provides protection to sperm during fregzny modifying or inhibiting ice crystal
formation, due to its property to form gel with watNevertheless, addition of gelatin (1%
final concentration, w/v) to the extender, did moiprove rabbit sperm quality or sperm
fertility (Olivareset al, 2005; Cortell and Viudes de Castro, 2008).
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Detergent inclusion (triethanolamine lauryl sulfatesodium lauryl sulfate) has been tested
in several works. Surfactants act as emulsifiersegfy yolk granules and favor the
interaction between egg yolk and sperm (Arriola ambte, 2001), offering acrosome

protection (Hellemanet al, 1979a; Hellemann and Gigoux, 1988).

After CPA addition, semen igackagedin specific devices. Although in recent years, the
most widely used devices are the straws (0.25 Brnfl. capacity) (Mocé and Vicente,
2009), some other devices (such as glass ampous) used in the first studies (O’Shea
and Wales, 1969). Other ways of sperm freezing Inasladed pellets, plastic ampoules, or
polyvinylchloride tubing (Stranzingest al, 1971). Recently a new device which allows
freezing large volumes of sperm (2 mL) was usedrdbbit sperm cryopreservation (&i
al., 2006).

Equilibration time is the period during which cryoprotectants areedbl penetrate sperm
cells. The longest part of the cryopreservationcess is cooling the sperm to 5 °C and
equilibrating the sperm. These steps require 45utes in the fastest protocols for
cryopreserving rabbit sperm, but for many protodblsse steps may take 90 minutes or
longer (Moceé and Vicente, 2009) and account foaigrethan 80% of the total time required
to cryopreserve the sperm. Reducing the time reduor cooling and equilibration, could
considerably reduce the time required to cryopkesemabbit sperm and permit more

ejaculates to be preserved in a given time (Mzic, 2014).

Finally, semen igrozen in liquid nitrogen. In 1942 Hoagland and Pincus (1942), observed
that rabbit sperm could scarcely survive followingnersion in liquid nitrogen after various
plasmolytic pre-treatments, contrary to human spe#dmch remained highly active after
freezing and thawing (Sawada and Chang, 1964; MoceVicente, 2009). However, over
the years many reaserchers turned their attentodetvelop effective freezing protocol
finding a number of suitable extenders and cryamtaints with the final goal of
improvingthe survivability of rabbit spermatozoaridg cryopreservation. In particular, to
reduce the impact of sperm cells with liquid niegag(at -196°C), the best strategy was
represented by exposure of semen on liquid nitraggour prior to its plunging into liquid
nitrogen. This procedure, was successfully used rdybit semen using DMSO as
cryoprotectant placing semen at 5cm from liquidagien vapour compared to vitrification
(Rosato and laffaldano, 2013).
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The thawing procedure (temperature and time) is also crucial for thetyf@®ezing quality

of semen. When frozen samples are returned to teamperature, a reversal of the freezing
process takes place. The rate of thawing dependieofteezing rate. During slow thawing
(low temperature, long time), the small ice crystidrmed during freezing start to melt,
turning into large crystals (recrystallization) treae harmful to the spermatozoa (Watson,
1995). During fast thawing (high temperature, shione) the time for recrystallization to
occur, is limited and this increases the survivgbdf spermatozoa.

Thawing, in general, is performed in water bath8&t39°C or at 50°C for 102 s (Mocé
and Vicente, 2009). Chen and Foote (1994) compdiiéerent thawing rates for 0.5mL
straws (25°C, 1 min vs. 45°C, 30 s vs 65°C, 7 g) @vserved that sperm quality improved
when the slow thawing rate was used.

Moce et al. (2003b) compared two thawing rates for 0.5 mLvesr&50 or 70°C, 10-12 s)
and observed similar kindling rates for both of th@wing protocols (67% and 68%),
although sperm prolificacy was higher for spermatba at 50°C (7.1 live born) than sperm
thawed at 70°C (5 live born).

9.7. Assessment of semen quality in vitro and in vivo

In vitro assessment of fresh and frozen quality of rabdhes) is performed taking in
consideration specific macroscopic parameters daty volume, color, smell, density,
presence or absence of gel plug, pH and microsqmiameters such as sperm motility,
viability, osmotic resistance, acrosome integribNA integrity that will be described in

detail in chapter 10.

In vivo assessment of semen quality is performed by Aidifinsemination (Al) procedure
(figure 9.5). The latter, has become a routine tpragn rabbit production (Alvarifio, 2000).
The technique offers significant benefits, inclugligenetic selection, prolonged fertility
even during unfavourable times of the year, cy@sedl production, more efficient breeding
programmes and last, but certainly not least, imgadhealth monitoring (Bergonzoei al,
1994). Al in rabbits is generally performed witlb @nl of extended semen by use of a 25 cm
cannula that is introduced into vagina (figure 9'H)eoretically it is possible to obtain 30-
40 doses per ejaculate, but in everyday practicepteferable to have a dilution rate from
1:5 to 1:10, meaning approximately 10-15 doseslégée, to ensure that there are at least 10

million viable, non damaged spermatozoa (Paufl®851 Facchinet al, 1991; Facchin,
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1995; Viudes de castro and Vicente, 1997; Castela Lattaioli, 1999). After extension,
insemination must take place within 24-48 hounms¢aithe sperm survival strongly decrease
after 36 hours and its fertilizing capacity tendsdiminish after about 16 hours of storage
(Paufler, 1985; Facchiet al, 1991).

However, independently of semen dilution, it shobkl kept in mind that the type of
extender used will have an impact on the reprodoatate (Kiprianidis and Facchin, 1994).

Figure 9.5. Artificial insemination practice on kabfemale by use of 25 cm cannula

contained extended semen
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Chapter 10

Methods for evaluation of fresh and frozen semen ality in

poultry and rabbit species

10.1. Evaluation of macroscopic and microscopic parametersin vitro

The numerous effects that cryopreservation cancedn spermatozoa, range from lethal
injuries to those which merely impair their subsagufunction. In the last few years, the
considerable increase in our understanding of khthcell physiology of spermatozoa, and
the stress of cryopreservation, have contributec teenewed interest in improving the
performance of cryopreserved semen. Despite thaifis@nt progress, the post-thaw
viability and fertility of the cryopreserved sperane still reduced, as a consequence of
accumulated cellular injuries that arise throughthg cryopreservation process. Many
laboratory tests have already carried out experisnenverify these detrimental effects and
their origin (Partykaet al, 2012). For evaluating fresh and frozen semen itgual

macroscopic and microscopic parameters can be tat@account.

Macroscopic parametersinclude volume, viscosity, visual appearence and qiHhe
ejaculate. These parameters depend on semen dehsityis determined by sperm
concentration, composition of seminal plasma asdcdntents. Semen pH usually has a
specific range. The visual appearance is basedeoodlour. In particular it should be milky,
white evenly turbid but without clots and residwésirine, feces or blood residues that can
affect its quality. The viscosity varies with deaseng sperm number from creamy, milky to

watery and is regarded as an indication of redspedm concentration.

According to FAO guidelines, the evaluation of fresnd frozen semen quality can be
performed based on thregicroscopic parameterse.g. sperm concentration, motility, and
morphology (FAO, 2012). However, there are someerotddditional parameters that can
improve the assessment of semen quality such asspability, acrosome integrity, DNA

integrity, osmotic resistance, apoptosis and utlwature as follows.
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Sperm concentrationis traditionally determined by means of cell-congtchamber known
as Neubauer chamber or hemacytometer (figure 1Bdmacytometer was developed for
counting blood cells, but can also be used to cepatmatozoa. It consists of two chambers
and each chamber has a microscopic grid etchedemlass surface. The chambers are
overlaid with a glass coverslip that rests on mllexactly 0.1 mm above the chamber floor.
Thus, the volume of fluid above each square ofgtiek is known with precision. The semen
must be killed to prevent movement and diluted teefloading into the hemacytometer.
This, can be done by diluting the semen into adsufbntaining a small quantity of sodium
chloride. The dilution factor must be recorded Hove calculating the concentration taking
in consideration the number of sperm cell withivefiof the 16 smaller squares (thickness
1mm), that compose the central counting area of hbmacytometer. Currently, more
feasible techniques, to determine sperm conceotratie represented by spectrophotometer,
electronic particle counter. However, because efdisadvantage of missing differentiation
between sperm and other cells in the semen sahgde procedures are not really preferred
respect to traditional method. Additional possipiarises out of the integration of computer
assisted sperm analysis (CASA) that measures spawotility and concentration

simultaneously.
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Figure 10.1. The Neubauer chamber

Sperm motility is an important semen parameter in predicting mpfartility as it is
indicative of a decrease in the functional competenf spermatozoa and is directly related
to the quality of spermatozoa. Motility, can be sidered as a physiologycal variable as it is
indicative of the spermatogenesis process. Motibtyclassified according to a grading
system. Any tipe of motility with an absence of gmession is defined as total motility (TM)
or non progressive motility (NP), while active laxly spermatozoa moving is known as
progressive motility (PR). The percentage of pregnee motility in the ejaculate is critical

to ensure adequate sperm transport and fertilizéhNagyet al, 2012)
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Immotile sperm are the cells that are not able twven Motility is assessed by visual
extimation of a wet-mount slide (20 mm deep) urlease contrast microscope at x 200 or
400 magnification. In some cases, it is possiblag® also the Leja counting chamber slide
that is disposable created for sperm motility asiglyAfter the sample has stopped drifting,
approximately 200 spermatozoa should be scoredpideedure can be performed at room
temperature or at 37°C. For each sample analyseatiributed a percentage score. Semen
samples showing less than 70% motility are disahrdieerefore they are not taken in
consideration forin vivo trials. Traditional semen analysis by subjectivealgsis, is
associated to the experience of the operator, tethad of sample preparation and the
number of cells evaluated. Variation in the resoltonventional evaluation of the same
samples by different observers and laboratories atdyeve up to 30-60% (Coetee al,
1999). Alternatively, to subjective motility, themputer assisted sperm analysis (CASA) is
currently becoming very popular for assessing spawotility. CASA system is functionally
able to project successive images of a sperm ssgpeonto a detector array and to detect
objects based on intensity of pixels in a framdégit scatter (Amann and Waberski, 2014).
The system is supplemented by special softwarattac desired information and produce
the desired output. Motion of each sperm is reabrde changes in centroid location in
successive frames (Figure 10.2). The computatimmsjide output measures describing the
motion through different specific parameters: climear velocity (VCL) calculated as the
time- average velocity of a sperm head along itaacurvilinear path as perceived in two
dimensions in the microscope (um/s), average palbcity (VAP) corresponding to the
time-average velocity of a sperm head along itsagee path that is computed by smoothing
the actual path (um/s), straight line velocity (ySithich is the measure of time-average
velocity of a sperm head along the straight linevieen its first detected position and its last
position (um/s), amplitude of lateral head disphaeet (ALH) measuring the sperm head
oscillation (um), linearity of the curvilinear pathIN) calculates the departure from linear
progression as VSL/VCL x 100 (%), straightnesshefdverage path (STR) measured as the
departure of the cell path from a straight line aefined as VSL/VAP x100 (um/s), and
beat-cross frequency (BCF) that is the frequencgpeirm head crossing the sperm average

path in either direction (Hz).
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Figure 10.2. lllustration showing CASA terminologwpitial image processing provides a
centroid for each spermatozoon in the first frarha scene, and for each cell location of the
most probable centroid in successive frames is atluConnecting the centroids for a
spermatozoon provides its actual trajectory, terraedvilinear path. The time-averaged
velocity along this trajectory is termed curvilimeeelocity (VCL; mm/s). The average path
iIs computed, and time-averaged velocity along thégectory is termed average path
velocity (VAP; mm/s). A straight-line path from tlfiest to last position of a sperm head is
plotted, and velocity along this trajectory is tedrstraight line velocity (VSL; mm/s). For
each centroid location there is a deviation frora #verage path, and this is termed the
amplitude of lateral head displacement (ALH; mmjnigrly, there are points where the
curvilinear path intersects the average path, aachumber of such intersections is termed
beat-cross frequency (BCF; number per second) (Anaad Waberski, 2014).

Sperm morphology provides vital information on the quality of the esm sample.
Morphology has been considered to be an essemtiahpeter when establishing the fertility
of the species of interest. During the maturatibrsgermatozoa the morphogenic process
can result in imperfections and anomalies which lbanseen in routine semen analysis.
Mammalian spermatozoa abnormalities can be dividdd primary and secondary
abnormalities or in some classification systems mgajor and minor abnormalities. Primary
sperm defects occur during spermatogenesis, arahday defects are assumed to occur
during maturation in the epididymis and the tratisibugh the ductal system and specimen
preparation (Partykat al, 2012). It must be considered that several faatarsinfluence
the spermatogenesis process such as chemical aindnenental factors, which could result
in anomalies in the morphology of spermatozoa. Megports have shown the common
classification system for the morphology of spewwrat from different species. However,
classification categories are different for theimas species and the adoption of uniform

system within each species is needed (Pamyled, 2012).
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Sperm from different species vary in size and sh8pd and human sperm, for example,
have paddle-shaped heads, rodent sperm have hapkelheads, and the heads of chicken
sperm are spindle-shaped and almost difficult &timtjuish from the midpiece. Various
types of sperm abnormalities, which result in arelase in fertility and can lead to
infertility, have been identified in mammals, inding humans, and detailed descriptions of
the defects including their ultrastructure havenbdecumented (Plessis and Soley, 2011).
The most common sperm abnormalities in mammaliarnsp are related to abnormal
acrosomal regions/heads, detached head, proxinaleds, distal droplets, abnormal
midpieces, bent/coiled tails. Acrosome defectsudel knobbed, roughed, and detached
acrosomes. In ddition, there are a number of repmrtthe incidence of sperm abnormalities
in birds, particularly in domestic poultry such the fowl (Siudzinska and Lukascewivz,
2008), turkey (Alkaret al, 2002), duck (Penfoldt al, 2000) and goose (Ferdinand, 1992).
Spermatozoa within the fraction of live cells werlassified as morphologically normal
(spindle-shaped head with well-marked acrosomevasitle tail) or with a swollen head,
bent neck, defective midpiece, or other deformityiléd tail, lack of tail, spermatides, etc.)
(Siudzinska and Lukascewicz, 2008). Vital dye iimbination with different stains, are
commonly utilised to assess the spermatozoa mavgia@nd the viability together. For this
purpose, India ink, William’s, Karras, Spermac, fBfuick, Papanicolaou, Fuelgen or
combination: Trypan blue and Giemsa, Trypan blusmarck Brown and Rose Bengal, and
finally eosin-nigrosin have been used in birds ammmmals including human to analyze

sperm morphology (Partylet al, 2012).

Sperm viability is a key determinant of sperm quality and a prassg for successful
fertilization. The principle of the test, is based the exclusion of the dye by the sperm
membrane. In living cells, the membrane remairascindnd therefore excludes the dye from
penetrating. However, in dead sperm the membranggrity is compromised and hence
cellular staining by the dye occurs. The most comrataining method used for viability
assessment is the one-step eosin- nigrosin statasimique have been used in birds and
mammals including humans (Siutigka and Lukascewicz 2008; Haldt al, 2014). When
stained smears are viewed under the oil immersigjectve of light microscope, the
percentage of viable, live, properly formed speomaf, nonviable and also partially-
damaged spermatozoa can be determined. In eosipsmgstain under the microscope, live
spermatozoa appear white, unstained against thpbeplosckground of nigrosin.
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Dead and damaged spermatozoa having a permealdmglemembrane are pink. The
evaluation of the percentage of live and dead spEoa and the percentage of
morphology defects can be performed on the sanmesiigeosin stained slides.

Membrane integrity of mammalian and avian spern@anay be assessed by using many
fluorescent probe combinations including: carbaxgfescein diacetate (CFDA) in
combination with propidium iodide (Pl), SYBR-14 wiPI, carboxy-seminaphthorhodfluor
(Carboxy-SNARF) with PI, calcein-AM with ethidiunomodimer (EthD-1) and Hoechst
33258 (Partykat al, 2012).

SYBR-14 and CFDA, usually used as detectors of beds, are membrane-permeant
compounds, which are immediately deacylated and ttapidly converted into high
fluorescent compounds by intracellular esteraseBesd@ green fluorochromes, are
maintained intracellular by intact membranes. Aaspla membrane deteriorates at cell
death, cells loose their ability to resist theumfbf red fluorescent PI. The latter, replaces or
guenches green fluorochromes (Garner and John868).1Live, viable, intact spermatozoa
show a green fluorescence (CFDA, SYBR-14, calcdifi-Avhile dead sperm showa red
fluorescence (Pl). Carboxy-SNARF is pH indicatorietthstains live spermatozoa orange,
while bisbenzimide stain Hoechst 33258 labels dga&tmatozoa bright blue (Hewitt and
England, 1998).

Indeed SYBR-14/PI fluorochromes are more sensitivecomparison with conventional
method of live-dead cell assessment. The advarwédkee use of fluorochromes, is the
possibility to assess the semen without the inteniee of fat particles and others material
present in the extended semen (Rijsselaead, 2005). Sperm viability can be assessed by
numerous methods, some manual and other autontdtasddinet al, 2011).

The most automated technology to assess sperniityiabirepresented by flow citometry
(FC). Today, FC is a recognized methodology witliiimal spermatology, and has moved
from being a research tool to become routine inafeessment of animal semen destined to
breeding. An FC is an instrument that can measurgsigal, as well as multicolor
fluorescence properties of particles of cells flogviin a flowing stream. It is basically
composed of four main systems, fluidics, opticecebnics and software handling. Cells
analyzed, are centrifuged sufficiently before se spernatant fluid can be removed with
little loss of cells. After centrifugation, the sples are marked using the fluorescent probes
described above, and resuspended. When the cqberssion is introduced into this
instrument for analysis, it flows through a tubudgistem and is exposed to laser (or mercury

arc lamp in some older instruments) illumination patrticular spots. The emission is
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recorded from the cells as a result of this illuation and is digitized and computer-handled
to provide understandable results. A fluid thatiisving under a laminar flow specifies the
movement and velocities that cells possess whesingasicross the detector. During this
transport, cell properties like fluorescence, abance and light scattering can be detected,
making use of one or several illumination souredsch might differently excite uploaded
markers. In this way, FC detects labeling by midtifluorochromes associated with
individual spermatozoa, so that more than one spatinbute, can be assessed
simultaneously, increasing our capacity to coreethese attributes to, for instance, potential
fertilizing capacity.

Data analysis consists of displaying the data feohst-mode file in a plot, then measuring
the distribution of the events within the plots.idt possible to make a single-parameter
histogram plot with histogram markers, a two par@nsedot plot with a quadrant marker, a
two-parameter dot plot with regions, and three-dism@nal plots. A dot plot provides a two-
parameter display of data. Each dot represent®on®re events or particles present within
cell suspension. Each dot plot is divided into faactions (quadrants) that allow to
distinguish populations in negative (lower-righs)jngle positive (upper-right), or double
positive (upper-left). The lower-left quadrant desys events that are negative for both

parameters and corresponds to debris (figure 10.3).
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Figure 10.3. Flow cytometric dot plot of Canada gg¢{Branta canadensis) sperm analyzed
for both SYBR-14 and propidium iodide (PI) fluoreace. PI- SYBR- quadrant contains
debris; PI- SYBR+ quadrant contains live spermaap®i+ SYBR- quadrant contains dead
spermatozoa; and Pl+ SYBR+ quadrant contains dsiegmatozoa (Partylet al, 2011a).
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Sperm acrosome integrityis a key factor for successful fertilization. Therosome is
located in front of the sperm head and it is forrbgdwo membranes that contain inside
glycoproteins, sugars and enzymes such as hyatlasmiand acrosin (Harrison, 1983).
These enzymes help in the fertilization procespdnyicipating in the digestion of the zona
pellucida (in mammals) and egg envelope (in biais] allowing the entry of the genetic
material of the sperm into the oocyte. Numeroud@socan be used to evaluate acrosome
status. Particularly acrosome integrity may be messusing conjugated lectins because of
its glycoprotein environment.

Conjugated lectins bind to glucose, mannose, gaactN-acetylglucosamine and other
carbohydrate-specific glycoproteins that are exceklg located in the acrosome. The most
commonly used lectins are PSRigum sativum agglutin)ror PNA (peanut agglutinin from
Arachis hypogaea depending on the mammal species (Carrettral, 2015b). These
agglutinins should be conjugated to fluoresceinshsas FITC (Fluorescein isothiocyanate)
(Bakeret al, 2004) or RPE (R-phycoerythrin), for microscopgualization (Cunhat al,
2015). Lectins are impermeable to intact acrosorbas,reacted or damaged acrosomes
allow the entry of these macromolecules. PNA bitedglycoproteins of the outer acrosome
membrane, and PSA identifies binds to matrix enzgmeomponents of the acrosome
lumen by binding specifically to the-mannosidase sugar in the acrosome content. The
presence of a green color region, indicates a edaecrosome in non-fixed cells. A
fluorescent acrosome, is considered intact in spixed and permeabilized sperm. No
difference, was found using PSA or PNA alternagiv8iimilar results, were obtained using
different lectins (Chunat al, 2015).

Sperm DNA consists of a complex of macromolecules withinl@aiccompartment named
chromatin. The evaluation of chromatin damage isnamortant aspect of sperm analysis
because some sperm with chromatin abnormalitiedeséifize the oocyte, but impairing the
embryo development leading to a high rate of emtuirydleath (Kato and Nagao, 2015).
Changes in chromatin may occur due to various factacluding, toxic and pathogenic
agents, gene mutations, chromosomal abnormalliigh, levels of oxidative stress and the

loss of testicular thermoregulation (Karabimtsl, 1997).

101



All of these factors can result in DNA damage, sashstrand breaks or fragmented DNA.
Sperm DNA fragmentation is assessed using the matndeoxynucleotidyl transferase
mediated dUDP Nick end labeling (TUNEL) test (Cagiaal, 2007) and the single cell gel
electrophoresis (COMET) test (Mynetial, 2012).

The TUNEL test consists of the incorporation of nucleotithdseled with FITC at the free
region (3'OH) of all free breaks in the DNA strand$e level of labeling in each sperm is
guantified using flow cytometry to indicate the dmsg of strand breakage within the sperm
head. The incorporation of fluorochrome conjugatedxyribonucleotide on the free breaks
regions of DNA is amplified using a secondary enagimreaction. The labeling of sperm
with green fluorescence indicates the presence WA Dragmentation, and sperm that
exhibit blue fluorescence are negative for fragragoi.

The COMET assay or single-cell gel electrophoresis, is atiradly simple and sensitive
method for measuring strand breaks in DNA in indiixl sperm. is based on the principle
that when sperm DNA breaks, the region where thsus, becomes negatively charged.
Therefore, exposure of the DNA fragment to an eledield results in the migration of the
DNA fragment out of the nucleus and migration te gositive pole. During this procedure
sperm cells are embedded in a thin layer of agavasa microscope slide and lysed with
detergent under high salt conditions. This processves protamines and histones allowing
the nucleus to form a nucleoid-like structure comtey supercoiled loops of DNA.

Alkaline pH conditions result in unwinding of doebstranded DNA, and subsequent
electrophoresis, results in the migration of brolstrands towards the anode, forming a
comet tail, when observed under fluorescence ntogs The amount of DNA in the head
and tail, is reflected by its fluorescent intensifyhe relative fluorescence in the talil
compared with its head serves as a measure oévieedf DNA damage evaluated based on
the fluorescence intensity and the length of tiestd@ension (Faralet al, 2013).

Another test to evaluate chromatin structuradddine orange(AO) dye. This fluorophore
assesses DNA stability to acid or heat denaturafidre fluorochrome intercalates the
double-stranded DNA as a full monomer and fluoregpeen. The fluorochrome binds to
the single-stranded DNA in the form of aggregated emits a red/orange fluorescence if
the DNA is damaged. Therefore, sperm with normalAD&mit green fluorescence, and
sperm with abnormal DNA, emit a color ranging frg@llow to red color (Faralet al,
2013).

102



The hypo osmotic swelling test (HOST) is a simpledratory test is used for the assessment
of osmotic resistanceassociated to the functional sperm membrane ityedris test, is
based on the principal of semi-permeability of gnéé cell membrane of spermatozoa. This
ability helps the sperm to swell under the hypo astnsituations. Under the exposure of
hypo osmotic conditions, swelling of the sperm tadicates the movement of water across
the membranes to get the equilibrium. When themspae put in hypo osmotic solution,
water moves within cell membrane leading to its IBmage If the membrane is already
damaged,the swelling of membrane does not occue.pEincentage of swollen spermatozoa
is the measure of intact membrane. Living spermmoamtain an osmotic gradient under
hypo-osmotic conditions whereas a dead cell catuhetate this stress.

In a normal sample more than 60% of spermatozoet teahypo-osmotic challenge. The
evaluation of membrane integrity and motility, potdthe good fertility rate of an
individual. Due to high importance of plasma memileran the process of fertilization, the
evaluation of plasma membrane integrity receivesl glgnificant attention in the semen
evaluation of male animal. The process of fertilma which comprises the certain
physiological events (union of sperm to egg, resctf acrosome and capacitation) require
the active plasma membrane of sperm and it is ossiple for the occurrence of fertilization
with inactive plasma membrane (Zubair al, 2013). Sometimes, HOST is used as vital
marker in combination with fluorescent dyes. Asarted in laffaldancet al. (2011, 2016a)

in fact, the combination SYBR-PI has been usedudtey sperm cell under hypo-osmotic
conditions. As result, viable thawed spermatozad# witact membranes developed a green
fluorescence conferred by SYBR and excluded PI. v€mely, damaged membranes
permitted the passage of PI, staining spermatdza@have lost their functional integrity

red.

Apoptosis is the programmed cell death that occurs becatisbeoDNA fragmentation.
Some of the earliest detectable apoptotic eventdue sperm plasma membrane, including
changes in membrane asymmetry and permeability. fifbie step is represented by the
disruption of sperm membrane phospholipid throughe t destabilization of
Phosphatidylserine (PS), which is a component efd#ll membrane. Early apoptosis and
late apoptosis can be detected using two diffédfeatochromes: Annexin-V and YO-PRO-
1 respectively. During early apoptosis, sperm memdiis subject to its early destabilization

induced by the translocation of PS detectable leyafig\nnexin-V.
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The latter, is able to produce highly fluoresceomjagates with PS which is translocated
from the inner to the outer leaflet of the membramel asymmetrically exposed to the
external cellular environment in early apoptotidlceSpermatozoa with disordered PS
asymmetry exhibit green fluorescence whilst insgrmatozoa remain unstained.

The evaluation of late apoptotic sperm insteadeidgpmed using fluorescein YO-PRO-1
which is unpermeable nuclear dye crossing seldgtplasma membrane of apoptotic cells
and labeling them with moderate green fluorescence.

In contrast with apoptosis, the necrosis is a fofroell injury which results in the premature
death of cells in living tissue by autolysis. Neé@sperm cells can be detected by use of
Propidium iodide (Pl) which is a popular red-fluscent nuclear and chromosome
counterstain. Since it is not permeant to lives;atl is also commonly used to detect dead
cells in a population. Pl binds to DNA by interdalg between the bases with little or no
sequence preference and stains the nuclei of meedol@maged cells red. All samples
analyzed for apoptosis have to be centrifuged dreh tstained after the removal of
surnatant. Annexin-V and YO-PRO-1 and PI are ofteed in combination with DAPI
(4',6-diamidino-2-phenylindole) that is a fluoreststain which strongly binds to A-T rich
regions in DNA. Resulting cells are observed by use fluorescence microscope
(magnification 400 x) using 488nm, 560nm and 420iters for annexin-V/YO-PRO-1, PI
and DAPI, respectively.

The study ofultrastructure allows to analyse the level of damage caused dszing and
thawing. It is possible to evaluate sperm structardetail, verifying the integrity of their
components including mitochondria, mid-piece, nusleand perforatorium. The procedure
known as “ultrastructure analysis” is able to pcediperm fertilization ability through the
study of sperm abnormalities. Therefore, it repmese feasible method to establish the
complete integrity of sperm cell. Indeed, for dgepbserving spermatozoa by microscope,
staining methods should be used. However, thisniqok is unable to detect interior
organelles of sperm cell with high definition. Thienits of light microscopy can be
overcome by the use of transmission electron miog (TEM) which permits the
exploration of the ultrastructural organelles rmesly, which are characterizing sperm
abnormalities. The ultrastructural organizationspérm organelles plays a significant role

for cell function and, therefore, for the reproduetprocess.
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10.2. Assessment of fresh/frozen semen quality in vivo

The most valid assessment of semen quatityivo is to obtain viable pregnancies and
normal offspring followingartificial insemination (Al) . Over the past twenty years, the
assisted reproduction techniques reached a rapignad in domestic species of economic
interest. By the time, the male gamete has provideoe the most successful tool used to
improve animal breeding programs. Freezing andkstdcsemen is a safe procedure to
preserve reproductive potential of animals with esigr genetic heritage. The fertilizing
capacity of frozen semen is influenced by sevaaeltdrs including: semen characteristics,
freezing technique, insemination dose, as weltasis and management of the females.

Al programs have developed in response to a vaokeheeds in avian propagation (Smyth,
1968; Martin, 1975; Cooper 1977; Gee and Templeé8L9rhe most obvious need was to
reduce or eliminate infertility (Szumowskt al. 1976, Lake, 1978; Sexton, 1979). In some
mated pairs, natural copulation can be difficultdese of differences in body size, injury, or
deformity, and in some, natural copulation mayliehbited by behavioral difficulties.

In other situations, some females may be maintaimedseparate pens because of
incompatibility or the lack of a mate. Occasionalyproductive female may be in a distant
location separate from the male, where transfaeafen is the only alternative to infertility.
In addition, poor fertility in a mated pair, can ingproved through insemination with semen

from another male. Al is useful in carrying out thaals of special breeding programs.
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PREFACE

The alarming decline in biological diversity, padiarly in local poultry and rabbit breeds,
due to the introduction of modern intensive productmethods associated to increasing
income, human population and urbanization, promgt@uservation biologists to develop
strategies to conserve and maintain genetic diyerdi these breeds. Local poultry and
rabbit breeds consist of locally adapted stockst thave been evolved to specific
environments for thousands of years. Moreover thaye been considered particularly
precious because of their disease resistance tapauil their major robustness against
pathogen threats. Thanks to these characteridtics| breeds can result specifically
adequate for agroecological production systemsethiee they need to be preserved.

Many countries as illustrated above, have beenlwedoin specific conservation programs
for poultry and rabbit breeds. However, the mayooit these programs, were accomplished
by onlyin situ conservation strategy that is going on a relayiwbw pace because of the
complexity of maintaining live animals. Therefoethough the Convention on Biological
Diversity considere@x situconservation to be an essential complementaryigotif in situ
conservation strategy (FAO, 2012), the developreerd operation of a gene bank for
cryoconservation of animal genetic resources inolyghoultry and rabbit breeds, occurred
only in few countries in the World. Currently alisoltaly, there is an urgent need of national
actions aiming at specific conservation programs Ifalian rabbit and poultry breeds
because of the limited number of their individuddecoming in risk of extinction.
Conservation and valorisation projects of Italiaoulpry and rabbit breeds have been
developing thanks to the financial support of regicand local public institutions.

However, Italian projects for poultry and rabbieeds are only based onsitu conservation
strategy, whilst nothing has been done aboutethsitu in vitrostrategy based on endless
storage of genetic material in the form of hapl@men and oocytes) or diploid cells
(embryos, somatic cells) by cryoconservation.

Regarding theex situ in vitromanagement of poultry breeds including turkey anidken,
and rabbit breeds, the semen cryopreservation gepte a valuable tool to safeguard the
genetic animal resources by cryobanks.

This technology becomes particularly precious inlfpg species including turkey and
chicken, since it is the only reproductive techgglavhich is currently available for these

species because of the inability to freeze embayab oocytes (Gee, 1995; Hammerstedt,
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1995; Blesboiset al, 2008; Moscaet al, 2016). In many countries, successful semen
cryopreservation has enabled the creation of sdyaeks for several wild and some poultry
species (Saint Jalmet al, 2003; Blackburn, 2006; Woeldees al, 2006; Blesbois, 2007,
Blancoet al, 2009; Santiago-Morenet al, 2011; Kowalczyket al, 2012). However, the
conservation of poultry genetic resources in Italgs accomplished only bin situ
strategies.

In light of this, the principal aim of the presdhesis is to find a reference procedure for
freezing turkey (study 1) and chicken (study 2) seray implementation of the first semen
cryobank of Italian poultry breeds.

Regarding theex situ in vitromanagement of local rabbit breeds, semen cryomatsen
has been more studied and the results are morgasabiry respect to those of poultry
species (laffaldanet al, 2014; Safaset al, 2014;Moceet al, 2014; Zhuet al, 2015).
Moreover, the semen cryopreservation results easied cheaper than embryos
cryoconservation (Moce and Vicente, 2009). Howewsfinition of optimal freezing
protocols is still needed for rabbit semen andniprbve the sperm management of rabbit
breeds (Rosatt al, 2007). Currently in Italy there are 43 local raldireeds which have
been enclosed in a specific registRegistro Anagrafico della specie cunicola, AN@hd
three of them (Bianca Italiana, Macchiata Italiana Argentata Italiana), have been already
involved in genetic improvement programs.

The present doctoral thesis is part of a more egnproject realized by some Italian
universities including the University of Molise,nang to preserve and valorize Italian
poultry and rabbit breeds by a lot of actions idahg even the construction of a national

semen cryobank.

My research activity during my PhD period includkeeee studies whose aims and results
are reported in short below :

The first study was designed to identify a suitgietocol for freezing turkey semen in
straws exposed to nitrogen vapour by examiningtfexts of dimethylacetamide (DMA) or
dimethylsulfoxide (DMSO) as cryoprotectant (CPARA concentration, freezing rate and
thawing rate orin vitro post-thaw semen quality. Cryosurvival of turkegsp was affected
by DMSO concentration. Freezing rate affected ttuility of sperm cryopreserved using
both CPAs, while thawing rates showed an effecth@nmotility of sperm cryopreserved
using DMA and on the viability of sperm cryopresshwsing DMSO.
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Significant interactions between freezing rate awtimg rate on sperm viability in the DMA
protocol were found.

The most effective freezing protocol was the us&8%% DMA or 10% DMSO with freezing
10 cm above the LNsurface and a thawing temperature of 50°C. Arciefiit protocol for
turkey semen would improve prospects for sperm lmapé&s and the commercial use of

frozen turkey semen.

The second study aimed to compare effect of foffierdint permeating cryoprotectants and
two thawing temperatures (37 vs. 5°C) on sperm -fj@av motility and to analyse
combined effect of the best permeating cryoprotec(®-CPA) with one of four non-
permeating cryoprotectants (N-CPA) on post-thawliyuaf rooster semen evaluated
vitro. Our results indicate that the combination of Bl @ahe thawing at 5°C improves
sperm post-thaw motility. Moreover, ficoll additiom EG-based freezing extender, provided
additional beneficial effect on progressive movet@rd apoptosis incidence. Further work
should evaluate different N-CPA concentrationsmpriove freezing protocol. In addition,
fertility evaluation and testing on different chésklines, are needed, in order to contribute

to animal genetic resources bank.

The third study intends to investigate the effeictwa cooling times at 5°C (45 min vs 90
min) in order to improve the post-thaw quality abbit semenn vitro andin vivo. Our
results indicate that the 90 min cooling incubatmior to dilution with cryoprotectants
improves the post-thaw sperm viability, motilitydafertility when compared to 45 min.

In fact, reproductive performance obtained with eemcooled for 90 min before
cryopreservation and with fresh semen were simiance, the present research provides an
effective freezing protocol for rabbit semen thall aillow for the introduction of a sperm
cryobank for the conservation of Italian rabbit g&n resources, as well as for the use of

frozen semen doses in commercial farms.
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Chapter 11
STUDY1

Cryopreserving turkey semen in straws and nitrogervapour using DMSO or DMA:
effects of cryoprotectant concentration, freezingate and thawing rate on post-thaw
semen quality

http://dx.doi.org/10.1080/00071668.2016.1148261

11.1. AIM

The cryopreservation and storage of germplasm g been valued for the indefinite
preservation of genetic material, especially inesasf high-risk populations. An immediate
need for this practice was identified for reseansing unique poultry lines (Long and
Kulkarni, 2004). Today, however, semen cryopredemaseems to be the only effective
method of storing reproductive cells for the ex sitanagement of genetic diversity in birds
(Blesbois, 2011; Kowalczyk and tukaszewicz, 201&)ccessful semen cryopreservation
has enabled the creation of semen banks for sewddadnd some domestic chicken species
and breeds (Saint Jalnet al, 2003; Blackburn, 2006; Woeldeet al, 2006; Blesbois,
2007; Blanccet al, 2009; Kowalczylket al, 2012). However, research has not yet advanced
sufficiently to facilitate a turkey semen cryobaiilhe possibility of using turkey semen in
frozen form for artificial insemination (Al), begd maintaining and ensuring the long-term
conservation of this bird’s genetic diversity, wduhave practical benefits for turkey
production. Turkeys are the only commercial livektepecies that depend entirely upon Al
for fertile egg production. Hence, the turkey intysvould greatly benefit if semen could
be cryopreserved soon after its collection and desedubsequent Al (Rosattd al, 2012).
Protocols for cryopreserving turkey semen are usfaatory, leading to poor post-thaw
sperm quality with obvious consequences on fert{Blesbois, 2007; laffaldanet al,
2011). Due to their different biophysical and bl characteristics, turkey spermatozoa
are much more sensitive to damage caused by codteeging and thawing than chicken
semen (Blancet al, 2000, 2008; Blesbois, 2007; laffaldagioal, 2011). Thus the freezing
and thawing procedures developed for chickens berobirds are inefficient for turkey

spermatozoa.
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Researchers have turned their attention to devedofseezing protocols for the improved
cryopreservation of turkey semen by reducing thik damage caused by freezing and
thawing. Among the procedures tested, the pellethote has shown some promise.
Recently, we optimised the pellet procedure by emag the effects of different
combinations of critical steps (laffaldaret al, 2011). However, unlike straws, as a
packaging system, pellets do not ensure spermatbditg or the safe transport of semen for
breeding and the identification of each sample,ctvhis required in cryobanks. Each
cryopreservation procedure has its own particutarables influencing sperm cryosurvival.
Numerous factors may affect the success of turleyes cryopreservation, although a
decisive role is played by combinations of factush as the cryoprotectant (CPA) used and
its concentration, the speed of freezing and thekgging system (Tselutiet al, 1995;
Blancoet al, 2011, 2012; laffaldanet al, 2011; Longet al, 2014). Optimal freezing and
thawing rates minimise the damage caused by inludeneice formation, cell shrinkage and
exposure to multiple osmotic gradients; these factwe critical for developing successful
semen cryopreservation protocols. The effects akeZing rates on the quality of
cryopreserved chicken sperm have been establigdiaddp et al, 2000; Woelder®t al,
2006) though some of these data are still lackangurkey sperm (Blancet al, 2012). The
most important factors for an effective freezingtpcol are the choice of CPA and its
concentration. The CPAs mainly involved in freezipgptocols for turkey semen are
glycerol, dimethylsulfoxide (DMSO), ethylene glycoand dimethylacetamide (DMA)
(Blesbois, 2007; laffaldano, 2015). DMA and DMSQrvédeen used as alternative CPA to
glycerol because of its contraceptive effect (Hamsteelt and Graham, 1992; Blanebal,
2000). DMA was largely adopted as CPA for turkesnee cryopreservation using rapid or
low freezing-thawing procedures and pellets or pgelg in straws (Blancet al, 2011,
2012; laffaldancet al, 2011; Longet al, 2014), whereas little is known about the use of
DMSO.There is a clear need to standardise the @mfleezing and thawing process to
improve the post-thaw quality of turkey semen andimmise variability in results. This
study aimed to identify a suitable protocol for thestraw freezing in nitrogen vapour of
turkey semen using DMA or DMSO as CPA without apgaal freezing equipment. We
tested the effects of two concentrations of DMARWISO and different freezing and

thawing rates on in vitro post-thaw semen quality.
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11.2. MATERIALS AND METHODS

11.2.1. Experimental design

The model used for the cryopreservation of the eyurkemen for both CPAs (DMA or
DMSO) was a 2 x 3 x 2 design: CPA concentration @4 18% DMA, 4% and 10%
DMSO), freezing rate (three different heights, larsl 10 cm, above the liquid nitrogen
level) and thawing rate (4°C for 5 min and 50°C 16rs). Samples of pooled turkey semen

were processed for freezing using the full combomest of these factors.

11.2.2. Chemicals

The LIVE/DEAD Sperm Viability Kit was purchased froMolecular Probes, Inc. (Eugene,
OR, USA). DMSO, DMA and all the other chemicals dise this study were purchased
from Sigma Chemical Co. (Milan, Italy).

11.2.3. Birds

A total of 50 turkey males of the Hybrid Large Whiine were supplied by Agricola Santo
Stefano (Amadori Group, TE, Italy). Turkeys weraresl in a poultry house in a controlled
environment with artificial lighting (14 h light-GLh dark cycle) and given free access to a
standard commercial feed and water. The 7-weekliegan when the birds were 45 weeks

of age.

11.3. SEMEN PROCESSING

Semen was collected once a week by abdominal masyajow and abnormal semen
samples were discarded. Ejaculates were poolega¢iilate/ male; 4-6 ejaculates/pool) to
avoid the effects of individual differences among@les. Seven pools were used, each
containing at least 4 ml of semen and an averageerdration of 10.12 + 0.32 x 10

spermatozoa (spz)/ml.
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The quality of the fresh semen was assessed itiquoataken from each pool as described
below and the remaining undiluted semen pool wasledoat 4°C for 25 min before
freezing.After cooling, the pools were diluted {viv) with a pre-cooled freezing extender
composed of Tselutin diluent (Tselutet al, 1995) containing DMA or DMSO (as
permeable CPASs) to give final concentrations of 826l 18% DMA, and 4% and 10%
DMSO. The extended semen was packaged in 0.25astiplstraws sealed with polyvinyl
chloride powder. The straws were grouped by treatrard equilibrated at 4°C for 20 min
(equilibration time). Semen was frozen by expodordéiquid nitrogen vapour at different
heights above the liquid nitrogen surface (1, 5 &dam) for 10 min to give three different
freezing rates. During these 10 min, the tempeeatdrstraws at 1 cm fell from +4°C to
—-140°C, at 5 cm from +4°C to —-125°C and at 10 comfr+4°C to —-90°C, indicating a
slower freezing rate as the distance from the diquirogen increases. Temperatures were
monitored by a temperature sensor (Ascon M1). Sulesdly, the straws were plunged into
liquid nitrogen for storage at —196°C. Sperm samplere thawed by immersion of the
straws in a water bath: (1) at 4°C for 5 min; grg250°C for 10 s.

11.4. SPERMATOZOA QUALITY

In both the fresh and thawed semen samples, spezaamotility, viability and osmotic
tolerance were determined in duplicate. Spermatozatdity was subjectively evaluated by
visual estimation. A fl-drop was diluted in 4&l of Tselutin extender, and 8 of extended
semen was deposited on a clean glass slide predatme38°C and covered with a
coverslip. The mounted slides were observed on anvate at x400 using a phase-
contrast microscope (Leica Aristoplan; Leitz Wetzldeidelberg, Germany). Percentage
motility was estimated in 5 microscopy fields. Spatozoa viability was determined as
described previously by Rosaa al. (2012) using the fluorescent stains SYBR-14 and
propidium iodide (PI). This procedure was performeadsul of semen, which was added to
80 ul of extender containing gl SYBR-14 (diluted 1:100 in DMSO). The extended sem
was incubated at 38°C for 10 min, andu5PI (diluted 1:100 in PBS) added followed by

incubation at 38°C for a further 5 min.
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Next, 10ul of the suspension were placed on microscope sslidevered with a coverslip
and viable/nonviable spermatozoa were determinedlunyrescence microscopy (Leica
Aristoplan; Leitz Wetzlar, Heidelberg, Germany; dlexcitation filterx = 488 nm; x100 oil
immersion objective; total magnification x1000). BRY- 14 is a membrane-permeable DNA
stain for live spermatozoa producing bright grdenrescence of nuclei. Pl stains the nuclei
of membrane damaged cells red, so that spermatskoaing green fluorescence are
recorded as live and those fluorescing red as d&fdet. counting at least 200 spermatozoa,
percentages of viable spermatozoa were calculatedratio: green cells/(green cells + red
cells) x 100. To determine the osmotic toleranceéhef sperm membrane, a hypo-osmotic
swelling test (HOST) was used (laffaldaebal, 2011). Aliquots of ful of diluted semen
were added to 8@l of distiled H20 and stained with SYBR and Pl aocdunted as
described for sperm viability. This test is effeetifor assessing the percentage of viable
spermatozoa that are capable of withstanding hygmoetic stress in vitro. Under hypo-
osmotic conditions, viable thawed spermatozoa withct membranes will fluoresce green
(SYBR) and exclude PI. Conversely, damaged membrpeenit the passage of P, staining

spermatozoa that have lost their functional intggad.

11.5. STATISTICAL ANALYSIS

To compare the different treatments, we used aorais®ed block design in a 2 x 3 x 2
factorial arrangement (2 CPA concentrations x 8Zmeg rates x 2 thawing rates), with 7
replicates per treatment. Sperm variables (matikigbility and osmotic tolerance) were
compared among by ANOVA followed by Duncan’s teAt.generalised linear model

procedure was used to determine the fixed effeEt€RA concentration, freezing rate,
thawing rate and their interactions on the speralityuvariables. Significance was set at P
< 0.05. All tests were performed using SPSS softW&RSS 15.0 for Windows, 2006;
SPSS, Chicago, IL, USA).

11.6. RESULTS
Spermatozoa motility in fresh semen was 77.2 = 2.986rm viability and sperm osmotic
tolerance were 78.8 + 1.3% and 58.9 + 2.2%, regpdgt Semen quality variables assessed

after thawing were moaotility, viability and osmotalerance (Tables 11.1 and 11.2).
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The fixed effects of CPA concentration, freezintgrahawing rate and their interactions on
spermatozoa quality variables for the DMA freezimgptocol are shown in Table 11.1.
Effects of freezing and thawing rates £P0.05) were detected on spermatozoa maotility,
while there was a significant interaction betweepeting rate x thawing rate on
spermatozoa viability. Regarding the remainingttresnts, the greatest motile spermatozoa
percentages (P < 0.05) were recorded for semeerfra® cm above the liquid nitrogen in
the presence of 18% DMA and thawed at 50°C (18% DIMAmM/50°C) with the exception
of the treatment combination 8% DMA/10 cm/50°C. lesiv motile spermatozoa
percentages were observed for the treatments 8% /Bl#/4°C and 8% DMA/5 cm/50°C.
Higher spermatozoa viability percentageswere oleskfor the combinations 18% DMA/10
cm/50°C or 4°C with no significant differencebetwabe two or with respect to the other
treatments except 8% DMA/5 cm/50°C. The fixed d@Beaf CPA concentration, freezing
rate, thawing rate and their interactions obsemwedhe spermatozoa quality variables for
the DMSO freezing protocols are in Table 11. 2. éffect of CPAconcentration was
observed on all sperm quality variables examined.adldition, freezing rate affected
spermatozoa motility, while thawing rateaffectedbuiity. Better post-thaw spermatozoa
motility was recorded for semen frozen using tleattment combination 10% DMSO/10
cm/50°Cwith respect to all the other treatment ciovaiiions (P < 0.05). The best treatment
combination in terms of effects on viability was@l10% DMSO/10 cm/50°C and showed
significance with respect to all other treatmentmbmations with the exceptions 10%
DMSO/10 cm/4°C and 10% DMSO/5 cm/50°C. Higher ratésspermatozoa osmotic
tolerance were also observed for 10% DMSO/10 cn@5@8rsus 4% DMSO/1 cm/4 and
50°C or 4% DMSO/5 cm/4 and 50°C.
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Table 11.1. Sperm quality variable (mean + SE) need for semen frozen using DMA as

cryoprotectant according to CPA concentration,Zieg rate and thawing rate (N = 7).

Semen treatment Sperriatite (%)

DMA Freezing rate  Thawing rate  Motility Viability Osmotic
concentration resistance
%) (cmabove LN) (°C x min or s)
8 1 4 10.71+1.57 22.28+1.51 12,22 +1.22
8 1 50 15.07 +2.46 24.65+1.70 10.01 + 1.64
8 5 4 10.21+155 2251+1.91 12.31+1.90
8 5 50 10.28 +1.49 17.08 + 1.49 10.06 + 0.98
8 10 4 13.14+ 187 2258+1.00  14.76+2.08
8 10 50 16.93+1.39 20.97+08%  13.24+1.3%
18 1 4 11.71+1.8 20.72+1.0¥  13.32+2.19
18 1 50 13.57+2.20 24.09 +1.59 15.12+2.21
18 5 4 1050 + 1.74 22.22 +1.60 12.61+1.32
18 5 50 12.92+3.4 2226 +1.68 12.19+1.53
18 10 4 14.78 +2.70 25.48 +2.91 13.84 +1.11
18 10 50 21.28+2.65 24.12+1.17 1540+ 1.71
Concentration effect R0.223 P<0.122 P<0.089
Freezing rate effect £0.001 P<0.111 P<0.099
Thawing rate effect R 0.007 P<0.642 P<0.595
Concentration x freezing rate effect <P.512 P<0.165 P<0.544
Concentration x thawing rate effect <M@.709 P<0.236 P<0.124
Freezing rate x thawing rate effect <P.385 P<0.045 P<0.826
Concentration x freezing rate x thawing rate effect P<0.584 P<0.474 P<0.896

“Different superscript letter within the same coluimdicates a significant difference (P < 0.05).

CPA: cryoprotectant; DMA: dimethylacetamide; £Nquid nitrogen.
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Table 11.2. Sperm quality variable (mean = SE) réed for semen frozen using DMSO as

cryoprotectant according to CPA concentration,Zieg rate and thawing rate (N = 7).

Semen treatment

Spearable (%)

DMSO Freezing rate Thawing rate  Motility Viability Osmotic
concentration resistance
(cmabove LN) (°C x min or s)
(%)
4 1 4 14.36 + 1.63 25.16 +2.78 14.68 + 1.97
4 1 50 17.93 + 1.56 27.52 + 2.4Y° 15.81 + 2.4%1
4 5 4 20.14 + 1.3% 25.85 + 2.5% 16.34 + 1.38
4 5 50 17.71 + 2.7% 30.90+2.99%° 17.40+2.78
4 10 4 22.00+ 1.9 25.75 + 3.0 18.78 + 1.4%
4 10 50 23.57 + 3.66 31.09+4.9%5° 1936 +2.6%
10 1 4 21.35+2.38%  30.52+2.0% 1792+21%
10 1 50 24.78 + 2.8% 33.31+25% 1950 + 1.6&
10 5 4 26.57 + 3.1% 31.61+2.18°  20.31+2.2¥
10 5 50 28.50 + 3.20 36.83 + 3.48 21.93 +2.68
10 10 4 28.57 +2.58 34.91+2.0%  20.21+2.2¢
10 10 50 36.57+1.78 42.10+1.59 25.15+2.68
Concentration effect R 0.000 P< 0.000 P<0.004
Freezing rate effect £0.000 P<0.102 P<0.053
Thawing rate effect R 0.056 P< 0.006 P<0.162
Concentration x freezing rate effect <P.699 P<0.452 P<0.965
Concentration x thawing rate effect <m®.203 P<0.804 P<0.488
Freezing rate x thawing rate effect <P.308 P<0.640 P<0.875
Concentration x freezing rate x thawing rate effect P<0.613 P<0.975 P<0.780

““Different superscript letter within the same coluimdicates a significant difference (P < 0.05).

CPA: cryoprotectant; DMSO: dimethylsulfoxide; kNiquid nitrogen.

117



11.7. DISCUSSION

This study sought to identify effective freezingfarcols for the cryopreservation of turkey
semen using straws and nitrogen vapour, and DMBMEO as the CPA. The treatment
combinations that were most effective for the DMdtpcol were: a CPA concentration of
18% DMA, sample freezing 10 cm above the liquidagen (LN2) surface and a thawing
temperature of 50°C. This combination (18% DMA/ d@/50°C) returned recovery rates
(value in frozen semen/value in fresh semen x Iff0Opbout 30.5% for spermatozoa
viability, 27.5% for motility and 26% for osmotiolerance. For DMSO, the best treatment
combination was 10% DMSO/10 cm/50°C which yieldedovery rates of 47% viability,
53% motility and 42% osmotic tolerance. As previgugported, many factors affect the
success of semen cryopreservation including frgemedium, CPA and its concentration,
along with freezing and thawing conditions (laffabd, 2015), all of which affect the
structure and function of spermatozoa (Gaeteal, 1999; Baileyet al, 2003). In particular,
the combination of these factors plays an impontalet (Tselutinet al, 1995; Blanccet al,
2011, 2012;

laffaldanoet al, 2011; Longet al, 2014). The choice of CPA is among the most ingrart
factors for an effective turkey semen freezing @eot. In this study, DMA and DMSO were
used as an alternative to glycerol because thigpoonmd has to be removed from the semen
before insemination due to its contraceptive effetammerstedt and Graham, 1992). Both
DMSO and DMA are penetrating CPAs. Such CPAs arminane-permeable solutes that
act intra- and extracellularly, dehydrating spewnat by an osmotically driven flow of
water, which varies according to CPA compositionr@®, 2006). Penetrating CPAs also
cause membrane lipid and protein reorganisatiors ifipproves membrane fluidity causing
greater dehydration at lower temperatures, and twusincreased ability to survive
cryopreservation (Holt, 2000). Permeable CPAs maagoxically have a toxic effect on
sperm, causing membrane destabilisation and prateirenzyme denaturation. This toxicity
is directly related to the CPA concentration used the time of cell exposure (Swain and
Smith, 2010; laffaldanet al, 2014). In the present study, an effect of CPAceottration on
post-thaw semen quality was observed althoughwhis significant only for DMSO. Thus,
concentrations of 18% DMA and 10% DMSO better pted the spermatozoa from
cryodamage. It is assumed that these CPA concemsatvere, on one hand, able to
increase osmolarity to suitably dehydrate the callsiding ice crystal formation during
cryopreservation and, on the other, produced na teftects. Blanccet al. (2011) using
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cryovials as the packaging system also reported D84 out of different concentrations
tested (6%, 10%, 18%, 24%, 26%) as the most effedti protecting in vitro post-thaw
semen quality. Compared with the present resutinglet al. (2014) recorded higher intact
sperm-membrane and similar motility rates using B¥A, although work conditions
differed. Little is known about the use of DMSO a<CPA for freezing turkey semen.
Published results only exist for studies performr@dund the 1980s and the semen
processing conditions and in vitro sperm qualityravaot always specified (Bakst and
Sexton, 1979; Sexton, 1981). The best DMSO freepigocol in the present study gave
rise to a better quality of semen than the DMA Zreg protocol previously identified as
best. Although both DMA and DMSO are permeable CRAd8 share many physical-
chemical properties, their different molecular stanes confer different permeabilities in a
given phospholipid bilayer. This could account fariation in these CPAs in relative
permeabilities through the turkey sperm membrand #ms explain their relative
cryoprotection efficiencies as reported for theopmgservation of rabbit semen (laffaldano
et al, 2012). Although it was observed that DMSO perforoetter than DMA (data not
shown), there is still a need to further improvestgthaw semen quality by including non-
permeable CPAs in semen freezing protocols anestdoibth DMSO and DMAn vivo.
Another step that emerged as critical for semempmmgservation was freezing rate. The
present results revealed an effect of freezing oalg on sperm motility for both CPAs
tested. Loaded straws frozen 10 cm above the ligittrdgen surface returned better post-
thaw sperm motility results compared to other hisight is hypothesised that the slower
freezing rate (10 cm) led to reduction of ice aaydbrmation owing to better cellular
dehydration and adequate cell shrinkage. Thisriigis consistent with previous reports that
the cooling rate is crucial and that inaccuratelingorates can negatively affect sperm
survival, motility, plasma membrane integrity andtaohondrial function (Henryet al,
1993). A sulfficiently slow cooling rate means thexeufficient time for intracellular water
efflux and balanced dehydration. However, if coglis too slow, damage may occur due to
exposure of cells to high concentrations of intlata solutes. Extreme cellular
dehydration leads to shrinkage of cells below thaimmum cell volume necessary to
maintain their cytoskeletons, genomic structures @timately cell viability (Mazur, 1984).
Conversely, if cooling rates are too fast, exteinalcan induce intracellular ice formation
and potential rupture of the plasma membrane, tmmaging intracellular organelles. In
addition, mechanical damage to cells is possibke tduextracellular ice compression and

close proximity of frozen cells can lead to celiutleformation and membrane damage
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(Fujikawa and Miura, 1986). Blancet al. (2012) using cryovials and a programmable
freezer observed better semen quality when turleyes was frozen via a moderate
(5°C/min from +4°C to -70°C) or slow (1°C/min from4°C to —20°C) cooling rate
compared to rapid cooling (plunging directly iniguid nitrogen). Conversely, the best
results using 10 cm above liquid nitrogen (sloweeting rate) were poorer than those of
Long et al. (2014) using a height above liquid nitrogen of5ldn (faster freezing rate)
though their experimental conditions differed frdmse of the present study.

A further factor that emerged as critical was waigniemperature; a higher warming
temperature (50°C) over a shorter period (10 sews) lvetter than longer exposure to a cooler
temperature (4°C for 5 min). During thawing, spesetis suffer additional damage due to
recrystallization.Recrystallization refers to theowth of large ice crystals from small
crystals. This process exerts additional tensioertrapped proteins and causes further cell
damage (Caet al, 2003). Rapid thawing improves survival (Farrelf80) by avoiding
recrystallization, while slow thawing is more danmggbecause of a longer total exposure
time to sub-zero ice temperatures (Mazur, 2004).

Many factors may affect the success of turkey semrgopreservation, while a given
combination of factors is important, such as thé&@Bed and its concentration, the freezing
and thawing rate and freezing vehicle (Tselatiral, 1995; laffaldancet al, 2011). In the
present study, a significant interaction effect ggerm viability was only observed for

freezing rate x thawing rate when DMA was pressrtha CPA.
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Chapter 12

STUDY 2

Effect of cryoprotectants and thawing temperatures

on chicken sperm quality

https://doi.orq/10.1111/rda.13070

12.1 AIM

To date, semen cryopreservation is the only effeathethod of storing reproductive cells
for the ex situmanagement of genetic diversity in birds ensutimg creation of semen
cryobanks (laffaldano, Di lorio, Mirandat al, 2016; Kowalczyk & tukaszewicz, 2015).

In this regard, following the international agreenseon animal biodiversity, the need to
improve and standardize germplasm cryopreservaéonnology has been emphasized by
the demand oéx situ in vitroconservation programs. In birds, semen cryopreservis the
only technology currently available to developx situ conservation programs;
cryopreservation of oocytes cannot be used dulketcharacteristic of the megalecithal egg
(Blesbois, 2007). Despite a number of reports aealidg with chicken semen
cryopreservation (Moscet al, 2016; Mphaphathi, Luseba, Sutherland, & Nedaml24&2;
Mphaphathi, Seshoka, Luseba, Sutherland, & Nedamhb2016; Zaniboni, Cassinelli,
Mangiagalli, Gliozzi, & Cerolini, 2014), this prodere cannot still be successfully used due
to cryopreservation-induced damages. Consequéattiity rate with frozen-thawed semen
is highly variable and not reliable enough for us&€ommercial productionor preservation
of genetic stocks (Kowalczyk & tukaszewicz, 201Bnly, 2006; Mphaphattat al, 2016).

In this regard, literature surveys in chicken shinat the average fertility after artificial
insemination of frozen-thawed semen is ranging @ to 90% (Abouelezet al, 2015;
laffaldano, Di lorio, Cerolini, & Manchisi, 2016]herefore, analysis of different processing
conditions on the post-thaw sperm quality is stdtual. Semen cryopreservation involves
several steps affecting sperm structure and fumctsnch as extension, cooling,
cryoprotectant addition, packaging system (pelbetstraws), freezing and thawing (Bailey,
Morrier, & Cormier, 2003).
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Moreover, their interaction can also influence #ffectiveness of sperm cryopreservation
(Abouelezzet al, 2015; laffaldano, Di lorio, Mirandagt al, 2017; laffaldano, Di lorio,
Cerolini, et al, 2016; Tselutin, Seigneurin, & Blesbois, 1999). daie, dimethylsulphoxide
(DMSO), dimethylacetamide (DMA), dimethylformami{leMF), ethylene glycol (EG) and
methylacetamide (MA; Hanzawa, Niinomi, Miyata, Tsuit & Tajima, 2010; Moscat al,
2016; Mphaphathet al, 2012, 2016; Sasalat al, 2010) were tested for rooster semen
cryopreservation as alternatives to glycerol thets aas contraceptive (Hammerstedt &
Graham, 1992; Long & Kulkarni, 2004). The use of ®®and EG resulted in higher sperm
motility rates than the propanediol-treated groMpliaphathiet al, 2016). In ann vivo
study, Sasaket al. (2010) recorded higher fertility rates (81.7%)ngsiMA compared to
DMA (40.7%; Santiago-Morenet al, 2011). Moreover, Hanzawet al. (2010) reported
higher fertility results of MA (60.8%) in contrast DMF, DMA and DMSO (47.6%, 32.9%,
41.3% respectively). Moreover, the addition of mpmmmeating substances such as proteins
(mainly albumin), amino acid (glycine) or carbohguhs (trehalose, sucrose etc.) has been
reported to improve the cryosurvival of mammaliish and avian spermatozoa (Blanco,
Long, Gee, Wildt, & Donoghue, 2012; He & Woods, 20Moscaet al, 2016). As
described by Blanco, Long, Gee, Wildt, and Donog{@d.1), the inclusion of sucrose and
trehalose in the cryodiluent-containing DMA as peatmng cryoprotectant improved post-
thaw motility of turkey sperm. In a recent study Mgscaet al. (2016), it was shown that
trehalose at concentration of 0.1 mol/L, but nairese at the same concentration, plays a
positive protective action during the cryopreseaorabf chicken sperm. Glycine is known to
be beneficial for the cryosurvival of sperm. Intparar in rooster sperm, the inclusion of
glycine into the diluent may improve sperm integrdy direct interaction with plasma
membrane phospholipids (Cerolini, Zaniboni, Mangiag & Gliozzi, 2007; Gliozzi,
Zaniboni, & Cerolini, 2011). In addition, there litle information available in literature
regarding use of Ficoll (polysaccharide polymerhas-permeating cryoprotectant for avian
species. Nevertheless, addition of Ficoll 70 in tfeezing extender improved the rabbit
sperm post-thaw quality (Kulikowt al, 2015).

Apart from the type of cryoprotectant (CPA), alb@awing procedure is crucial for avian
post-thaw semen quality (laffaldano, Di lorio, Qe et al, 2016). Lower semen quality
values were observed using a thawing rate of 38t1@G0 s (Santiago-Morenet al, 2011;
Choiet al, 2013; Madeddet al, 2016) when compared to 5°C for 2 min (Hanzawal,
2010; Mphaphathet al, 2016; Sasalet al, 2010).
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Therefore, due to need for minimizing variabilityresults and standardization of freezing—
thawing protocol, our study was aimed to (i) conepaifect of DMA, DMF, MA and EG as
permeating cryoprotectant(P-CPA) and two thawingperatures (37 vs. 5°C) on sperm
post-thaw motility; (ii) analyse combined effecttbe best P-CPA with sucrose, trehalose,
glycine or ficoll as non-permeating cryoprotectddtCPA) on post-thaw quality of rooster

semen.

12.2. MATERIALS AND METHODS

12.2.1. Animals

Twelve sexually mature males of Ross PM3 heavy (k#-18 months) kept at a private
breeding facility (Liaharensky podnik Nitra Ltd.,d%enok, Slovakia) were used in our
study. All chickens were housed in individual cagesaintained under an artificial
photoperiod (14 hr of light at 10 lux and 10 hrdairk) and were fed a commercial standard
diet (TEKRO Nitra, s.r.o., Slovakia) with water givad libitum The experiments have
been carried out in accordance with The Code ockthf the EU Directive 2010/63/EU for

animal experiments.

12.2.2. Chemicals

Unless stated otherwise, all chemicals were pusthitem Sigma-Aldrich (Germany).

12.3. Experiment 1: Effect of different permeatingcryoprotectants and thawing rates

on frozen-thawed rooster sperm motility

Semen was collected from 12 roosters three timgsek by dorso-abdominal massage and
pooled to avoid intermale differences. Altogeth&k replicates of pooled samples were
used. An aliquot taken from each pool (3—4 ml) wamediately used in the experiments on
fresh semen, as described below, whereas thefrdst pool was divided into five aliquots.
Pooled semen was pre-extended (1:1; v/v) with Kibbidxtender (Landata Cobiporc,
France). Although Kobidil extender is widely used for diluting boar semea, decided to
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test this extender for freezing rooster semen @uogrto positive results provided by
Mphaphathet al. (2016).

These authors used Kobidil extender for freezingdéechicken sperm. Furthermore, in our
preliminary work, we have found that Kobidishowed better motility results when
compared to Beltsville poultry semen extender IPEE; Continental Plastic Corp., USA,
data not shown). Once pre-extended at room temperatemen was cooled at 5°C for 30
min.

Thereafter, the pre-extended semen was diluted;, (/) with the freezing extender
Kobidil* supplemented with 12% of DMA, 15% DMF, 16% EG &4 MA to reach the
final concentration of 6%, 7.5%, 8% or 9%, respaiyi. Permeating cryoprotectant
concentrations used in our study were selectedrdicgpto available literature (Hanzawa
al., 2010; Mphaphathet al, 2016; Santiago-Morenet al, 2011; Sasaket al, 2010). After
the second dilution, semen was loaded into 0.25pthaktic straws and equilibrated at 5°C
for 45 min.

Then, the straws were frozen by exposure to liguitbgen vapours (5 cm above) for 15
min and plunged into liquid nitrogen for storagpeB8n samples were thawed by immersing

the straws in a water bath at 5 or 37°C for 2 miB®s, respectively.

12.4. Experiment 2: Effect of different non-permeang cryoprotectants on quality of

frozen/ thawed rooster sperm

Semen was collected from 12 roosters three timgsek by dorso-abdominal massage and
pooled to avoid intermale differences. Each senwah (six replicates) was diluted (1:1 v/v)
with Kobidil" extender at room temperature and then cooled af&@°80 min. Afterwards,
semen was diluted to 1:1 (v/v) with the freezingeexler composed dfobidil” extender
containing the best P-CPA identified in experimgr{l6% of EG) in the combination with
one of the following N-CPAs: 1.5 mol/L ficoll (KEG), 0.4 mol/L sucrose (KEG-S), 0.4
mol/L trehalose (KEG-T) or 0.1 mol/L glycine (KEG)® reach the final concentration of
0.75 mol/L ficoll, 0.2 mol/L sucrose, 0.2 mol/L h@&ose and 0.05 mol/L glycine. The
control without N-CPA was KEG containing onKobidil® extender supplemented with
16% of EG. Non-permeating cryoprotectants concéatra used in our study were selected
according to the available literature (Blaneb al, 2011; Gliozziet al, 2011). Ficoll

concentration was chosen according to post-thavlitpoesults in our previous experiment
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(data not shown). After dilution and equilibratipfb min at 5°C), samples were frozen as
stated above.

Three days later, frozen samples were thawed. Aougito results obtained in experiment
1, only thawing at 5°C was used as it showed higlost-thaw motility when compared to

thawing at 37°C. Sperm motility (as above) and Nitgowas determined in duplicate in

both fresh and frozen-thawed semen samples.

12.5. MOTILITY ANALYSIS

For CASA analysis, fresh and frozen-thawed semendilated in a saline 1:100 (v/v) and
1:25 (v/v), respectively, to give a final concetita of 25 x 16/ml and loaded into Leja
Standard Counting Analysis Chamber (depth ofu®Q MiniTlbe, Tiefenbach, Germany).
Each sample was evaluated under a Zeiss Axio Sédpenicroscope using the CASA
system (Sperm Vision™; MiniTube, Tiefenbach, Gerg)dor total motility (motility > 5
um/s), progressive movement (motility > aén/s), VCL (curvilinear velocityum/s) and
VSL (straight-line velocityum/s) considering seven microscopic fields and teicates
for each sample. For each sample chamber, 800 spawcks were evaluated. Image

acquisition was obtained at 60 Hz (correspondingdrames/s).

12.6. VIABILITY ANALYSIS

12.6.1. Fluorescence analysis

Plasma membrane destabilization, apoptosis anasieanf fresh and frozen-thawed sperm
were evaluated using Annexin V-Fluos, YO-PRO-1 prapidium iodide (PI), respectively.
Semen samples (3 x ®6perm) were washed in a binding buffer (Annexirs\fpplied with

a kit) or in phosphate-buffered saline (PBS; YO-PROPI staining) and centrifuged at 500
g for 6 min. The semen pellet was resuspended imQ(jjl of working solution of Annexin
V-Fluos (4ul of Annexin V in a 20Qul of binding buffer), (ii) 50ul of YO-PRO- 1 staining
solution (1ul of YO-PRO- 1 in 39l of PBS) or in (iii) 50ul of PI staining solution (4l

of Pl in 200ul of PBS). Following 15 min of incubation in a dadperm was washed in a
binding buffer (Annexin V) or in PBS (YO-PRO- 1/)RInd centrifuged (50Q x 6 min).
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Subsequently, 4 of the stained sample was placed on a microdide 4 ul of the
Vectashield antifade medium containing DAPI fluaesst dye (total sperm number).

All the sperm samples were observed under a Ldigarelscence microscope or laser
scanning microscope (LSM 700; ZEISS) equipped waithAxio Imager Z2 scanning unit, at
magnification 400x using 488, 560 and 420 nm #lteEr Annexin V, YO-PRO- 1, Pl and
DAPI, respectively. Spermatozoa with disordered sphatidylserine (PS) asymmetry
(Annexin V) and apoptotic spermatozoa (YO-PRO- X)ileted green fluorescence, whilst

necrotic spermatozoa (PI1) exhibited red fluoreseenc

12.6.2. Flow cytometry

Sperm viability of fresh and frozen sperm was deteed using fluorescein SYBR-14 and
PI. Approximately 3 x 1Dsperm were added to 40 of PBS containing 2l of SYBR-14
(diluted first in DMSO (1: 100; v/v) and then in BR1:1,000; v/v) and incubated at 37°C
for 10 min in dark. Afterwards, pl of Pl were added and incubated at 37°C for 5 faach
sample was then diluted with 2Q0of WBFB buffer (special buffer for flow cytometry.5

g of BSA, 0.5 g of Nail 50 ml of 10x PBS and 450 ml of distilled watendaanalysed
using BD FACSCalibur flow cytometry analyser. Aage, 10,000 events were analysed for
each sample. The emitted green fluorescence of S¥BRoositive cells and red
fluorescence of Pl positive cells were recordethenFL-1 and FL-3 channels, respectively.
The different labelling patterns in bivariate SYPBR/analysis identified three different
sperm populations (Figure 12.1). Spermatozoa wessified as viable (SYBR+/PI-), dying
(SYBR+/PI+) or dead (SYBR-/ PI+).
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Figure 12.1.Representative flow cytometry dot plots for fregimen (a) and KEG-F (KEG

and 0.75 mol/L ficoll) (b). Regions R1, R2 and R&pnesent viable, dying and dead
spermatozoa, respectively.
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12.7. MORPHOLOGICAL ANALYSIS

To detect the proportion of normal and abnormakmpeells in fresh and frozen-thawed
semen, slides which were prepared for fluorescanedysis (YO-PRO-1/PI staining) were
used for evaluation of morphology observed by atrestrphase microscope at 630x
magnification. Spermatozoa with spindle-shaped haad visible tail were regarded as
normal whilst spermatozoa with structural defectshsas swollen head, bent neck, coiled

tail, lacking tail and others were considered abrair

12.8. ULTRASTRUCTURE ANALYSIS

For a more comprehensive overview of changes caogdteezing, transmission electron
microscopy was used to compare fresh and frozemedthaperm ultrastructure. Sperm was
fixed in Karnovsky fixative solution (2% paraforrdahyde and 2.5% glutaraldehyde in 0.15
mol/L sodium cacodylate buffer, pH 7.1-7.3) duribdpr at 4°C. Subsequently, the sperm
was washed three times in cacodylate buffer fomira Sperm pellets were embedded into
2% agar and post-fixed in 1% osmium tetroxide inockylate buffer during 1 hr. Samples
were then dehydrated by passing them through atorazeseries and embedded into
Durcupan ACM (Fluka). Semithin sections f(in) were stained with methylene blue.
Ultrathin sections (70 nm) were placed on nickedlgrcontrasted with uranyl acetate and
lead citrate and examined on a transmission electicroscope (JEM100CXIl, Jeol, Japan)
operating at 80 kV. For each group, electronogravese made at the magnification x
10,000.

12.9. STATISTICAL ANALYSIS

Sperm variables with a skewed distribution (as meteed by the Shapiro—Wilk’s tegph: <
.05) were arcsine-transformed before statisticallyems. In experiment 1, to compare the
different treatments, we used a randomized blockigdein a four x two factorial
arrangement (four P-CPAs x two thawing rates) witreplicates per treatment.

Sperm variables (total motility and progressive praent) were compared among the

treatments by Analysis of variance (ANOVA) followbg Duncan comparison test.
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A generalized linear model procedure (GLM) was usedetermine the fixed effects of type
of CPA, thawing rate and their interactions on sherm quality variables. In experiment 2,
four different N-CPAs were tested in combinationthMeG. The Duncan post hoc test was
applied when significant differences within spermality parameters were observed by
ANOVA. All statistical tests were performed usingetSPSS software package (SPSS 15.0
for Windows, 2006; SPSS, Chicago, IL, USA). Sigrafice was set at< .05.

12.10. RESULTS

12.10.1. Experiment 1. Effect of different P-CPAs and thawing rates on frozen/thawed
rooster sperm motility

The total motility and progressive movement in lfiresemen were 60.7% and 45.3%,
respectively. The fixed effect of the kind of CP#hawing rate and their interaction on
sperm quality are shown in Table 12.1. Significaeffect of thawing rate was detected on
total and progressive movement, VCL and VSL, whilst significant effect of the CPA

excluding VSL, was observed. A significant interaict between CPA and the thawing
temperature was observed for all sperm paramexeepeVSL. Significantly higher values

of total maotility, progressive movement, VCL and V®ere obtained in semen frozen in
the presence of 8% EG and thawed at 5°C for 2 nmermcompared to all other treatments

except for DMF/5°C treatment.
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Table12.1.Effect of four P-CPAs and two thawing rates ontgbaw motility of rooster semen.

Semen treatment

Semen quality

Cryoprotectant Thawing rate  Total Motility Progressive VCL VSL
(37°C x 30 sor Movement
5°C x 2 min)
DMAG6 % 37 32.3+41 16.9+298 736+1.8 25815
DMF 7.5 % 37 28.6+3" 13.6+28 721+24 26.9%1.2
MA 9 % 37 30.7+1% 17.2+1.6° 67.8+3.6 259#1.9
EG 8 % 37 279+21 121+098 706+28 33.3%0.7
DMA6 % 5 31.1+31 149+1.9 816+28 281+0.7
DMF 7.5 % 5 39.8+1% 19.7+068 81.6+2F% 329+1.3
MA 9 % 5 31.3+10% 146+1.% 848+27F 285+15
EG 8 % 5 466+1°8 259+158 91.9+1.6 39.8+1.8
CPA effect R0.070 R0.229 R0.218 R0.000
Thawing rate effect $0.000 0.003 F0.000 F0.000
CPA x Thawing rate effect <®.001 0.000 F0.037 Fx0.285

CPA, cryoprotectants; DMA, dimethylacetamide; DMlimethylformamide; MA, methylacetamide;

EG, ethylene glycol.

Different superscripts within the column indicaignsficant difference§ < .05).
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12.10.2. Experiment 2: Effect of different N-CPAs on the quality of frozen/thawed rooster
sperm

The results obtained showed that cryopreservationgss impaired the motility of sperm

when compared to fresh semen. However, the motfityozen semen was affected by the
N-CPAs used (Table 12.2). In fact, significantlglmer value of progressive movement was
found in KEG-F, whilst higher total motility wasaerded in the KEG treatment and in

KEG-F treatment. Fluorescence analysis showed eedge |§ < .05) in the percentage of

apoptotic sperm (YO-PRO-1) in KEG-F and KEG-G wlwampared to other treatments.
No significant difference was observed in the petage of necrotic sperm among the
treatments (Figure 12.2). According to fluorescemesults, flow cytometric analysis

showed no significant differences in numbers obldadying and dead sperm among the
treatments (Table 12.3).

Morphological analysis showed significant decrdasthe percentage of normal sperm with
spindle-shaped head and visible tail together wigimificant increase in the percentage of
abnormal cells showing structural defects (swolead, bent neck, coiled tail, lacking tail

and others) in frozen semen, when compared toréshfcounterparts (Figure 3). No

difference was observed among treatments of crgepved semen. A further overview of

the comparison between fresh and frozen semen wdsrimed by ultrastructure analysis

(Figure 12.4). Fresh sperm (Figure 12.4a) showslibhtly waved plasma membrane (PM)
on the sperm head surface followed by intact acnesmembrane (A). Perforatorium (P)

and nucleus (N) are well visible. In contrast, Bonzsample represents markedly swollen
plasma membrane (PM) mitochondria (M), proximal YR@d distal (DC) centriole in fresh

semen (Figure 12.4c), whilst evidenced the disamptif plasma (PM) and nuclear (NM)

membrane accompanied by damaged mitochondria withiolpiece of a frozen sperm

(Figure 12.4d).
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Table 12.2.Effect of various combinations of KEG and four ¥-&s on post-thaw motility

of rooster sperm

Sperm treatment

Sperm quality (mean + SE)

P-CPA+N-CPA Total Motility Progressive Movement VCL VSL
Fresh 62.5 +3% 50.1+4.2 94.1+24 386+19
KEG 444 +24 23.3+1.8 844+34 255+0.9
KEG-F 0.75 mol/L 48.8 +1%6 30.1+1.3 91.6+17 30.8+0.8
KEG-S 0.2 mol/L 23.6 +2'7 98 +14 525+31%1 274+18
KEG-T 0.2 mol/L 30.7 +1°% 16.8+1.8 67.0+38 295+19
KEG-G 0.05 mol/L 31.2 +2°1 17.5+1.6 60.1+4.8 266+22

CPA, cryoprotectant; KEG, Kobidil + EG; KEG-F, Kalili+EG +Ficoll; KEG-S, Kobidil + EG+
Sucrose; KEG-T, Kobidil +EG + Trehalose; KEG-G, kdib+ EG+ Glycine. Different superscripts
within the column indicate significant differenqe<(.05).

Figure 12.2. Effect of various combinations of EG and four erént N-CPAs on sperm
viability.
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Different superscripts indicate a significant diffiece among groups £.05)
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Table 12.3. Percentage of viable, dying and dead sperm offr@sd frozen semen,

determined by flow cytometry

Sperm quality (mean + SE)

Sperm Sperm treatment SYBR+/PI- SYBR+/PI+ SYBR-/PI-
P-CPA+ N-CPA Live Dying Dead

Fresh - 67.9+1.9 13.9+0.7 3.0 +0.7

Frozen KEG 475+ 15 34.1+51 91 +23
KEG-F  0.75 M 45.1 +1°5 33.6+5.7 94 +2i
KEG-S 02 M 41.9 + 37 38.8+49 12.1+2%
KEG-T 02 M 47.1 + 3% 37.5+43 105+2.0
KEG-G 0.05 M 48.2 + 2°7 33.3+458 10.4+1.9

CPA, cryoprotectant; KEG, Kobidil + EG.
Different superscripts within the column indicaignsficant difference (p< .05).

Figure 12.3.Morphological analysis of fresh and frozen-thawethen by contrast-phase

microscope.
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Figure 12.4.Longitudinal and diagonal section of fresh (a—a)l &rozen sperm cell (b—d)
obtained by ultrastructural analysis. PM, plasmanim@ne; M, mitochondria; PC and DC,
proximal and distal centrioles; NM, nuclear memleraR, perforatorium; A, acrosome; N,
nucleus. Magnification x 10,000.
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12.11. DISCUSSION

A variety of permeating cryoprotectants, such as 30M DMA, DMF, MA and EG
(Hanzawaet al, 2010; Mosceet al, 2016; Mphaphathet al, 2012, 2016; Sasakit al,
2010), were tested for rooster sperm cryopresenvatNevertheless, due to differences
among conditions used, results reported in a titeea are very variable. Here, the
standardizedin vitro comparison of four permeable cryoprotectants amd thawing
temperatures showed that according to post-thawitpoEG as P-CPA and thawing at 5°C
demonstrated as the best option for rooster sgdioreover, significant interaction between
the P-CPA and thawing temperature for all spermampeters except VSL was found.
Surprisingly, the type of P-CPA itself did not sigrantly affect the rooster semen quality
except VSL.
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As was reported in various papers, the succespearfrs cryopreservation procedure may
also depend on the interaction among the type pbprotectant, the semen freezing,
thawing conditions and packaging system used, eaeh affecting sperm structure and
function (laffaldano, Di lorio, Ceroliniet al, 2016; Longet al, 2014). In this regard, an
interesting point emerging from our study was thatthawing temperature at 5°C affected
significantly the cryoprotective effect of EG and/B, when compared to 37°C. However,
these findings are in disagreement with those éltdano, Di lorio, Ceroliniet al, 2016;
that thawing conditions of 50°C/10 s were morecefit than 4°C/5 min for turkey sperm.
On the other hand, Mphaphatt al, 2016; showed that EG as well as DMSO are more
suitable CPAs than propanediol for freezing of adigenous Venda cock sperm using a
thawing temperature of 5°C. According to our data,hypothesize that EG because of the
affinity of its chemical groups towards the spernenmmbrane, its low molecular weight
(62.07 g/mol) and greater membrane permeabilitys dmttter when a lower thawing
temperature is used. Moreover, lower temperatughtrhave better preserved avian sperm
membrane due to its high sensitivity to lipoperation, compared to mammalian species
(Fujihara & Howarth,1978). Addition of N-CPAs toeizing medium serves to offset the
cryodamage caused by P-CPAs. At similar concentrafithese substances are less toxic
than P-CPAs and they have multiple protective radeigh as inhibiting ice crystal growth
and helping the sperm to stabilize internal solobmcentrations under osmotic stress
(laffaldano, Di lorio, Cerolinigt al, 2016; Moscat al, 2016). In chicken, carbohydrates
(sucrose and/or trehalose) and glycine with DMADMSO (Moscaet al, 2016) were
already tested; however, no information on the afspolymers (such as ficoll) for avian
species is available. In our study, addition obllicesulted in significantly higher post-thaw
motility compared to trehalose, sucrose or glycikreover, even though significantly
higher percentage of dead sperm was detected Zerfreemen when compared to its fresh
counterparts, numbers of apoptotic sperm in KEGefevsimilar to fresh sperm in contrast
to other treatments. This finding is consistenthwaiur previous report in rabbit sperm
freezing (Kulikovaet al, 2015). Effectiveness of Ficoll was attributed nhaito its
capability of affecting solution viscosity, enswgina greater stability of the sperm
membrane, reducing mechanical stress and ice t¥ystanation, therefore, increasing the
ability to survive cryopreservation. In additioncdll was successfully used also in
vitrification solution for embryos of different anal species (Lagarest al, 2009;
Makarevichet al, 2008). Another interesting point emerging fronr study is that the

addition of trehalose, sucrose and glycine dectea®st-thaw motility compared to EG
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alone. This could be due to increased osmolarityhef extender resulting in deleterious
effects to sperm. Beneficial effect of sugar supmetation varies among species and
depends on their concentration (El-Sheshtawy, Sisil-Nattat, 2015). In literature, 0.2
mol/L trehalose was successfully used for turkemese cryopreservation(Blancet al,
2011); however, it was deleterious for Thai natithecken semen (Thananurak, Vongpralup,
Sittikasamkit, & Sakwiwatkul, 2016). Nevertheledswer trehalose concentration (0.1
mol/L) might play a positive protective action dwgi chicken sperm cryopreservation
(Mosca et al, 2016). Even though other studies are needed @mifgpan optimal
concentration of N-CPA in a freezing extender, phesent study showed only 20%-30%
decrease in motility and 20% decrease in viabdityrozen-thawed semen when compared
to its fresh counterpart. With regard to relativedw motility of fresh semen in this study
(60.7%), which might be attributed to interbreedfedences (Kuzelova, Va%k, &
Chrenek, 2015), such decrease is not dramatic. €fterbunderstand changes caused by
freezing—thawing, sperm morphology and ultrastmectuere analysed. Our study revealed
increased incidence of abnormal sperm in frozerwdlda semen. Accordingly, sperm
ultrastructure was markedly altered by cryopres@maThe plasmalemma was the primary
site of damage. These changes were attributedversel osmotic conditions. It is already
known that cryopreservation causes numerous negafifects including damage to cell
membranes (plasma and mitochondrial) and, in sases; to the nucleus with devastating
consequences for sperm survival (Blesbois, 2007).

In conclusion, our findings indicate that the conation of EG and the thawing at 5°C
improves sperm post-thaw motility. Moreover, aduitiof ficoll to EG-based freezing
extender provided additional beneficial effect orgoessive movement and apoptosis
incidence.

These results contribute to the finding of an dffec chicken semen cryopreservation
procedure that might be implemented in nationalcladm breedex situ conservation
programs. Further work should seek optimal conegintn of N-CPA to obtain an effective
freezing protocol. In addition, fertility evaluaticaand testing on different chicken lines are

needed in order to contribute to a bank of aninealegic resources.
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Chapter 13

STUDY 3

The initial cooling time before freezing affects tk post-thaw quality and

reproductive performance of rabbit semen

13.1. AIM

The aim of this study was to investigate the eftdalifferent cooling times, 45 and 90 min,
at 5°C on the post-thaw quality and reproductiveiguenance of rabbit semen. The low
survival of rabbit sperm after cryopreservatiormimajor drawback for the widespread use
of frozen semen in artificial insemination (Al) grams and also for the safeguard of
genetic resources through the creation of spernobemyk. Therefore, researchers have
turned their attention to develop protocols for ittn@rovement of cryopreservation in rabbit
semen (Mocé & Vicente, 2009; laffaldasbal, 2012, 2014; Rosato & laffaldano, 2013).
Many factors affecting the success of cryopresamahave been considered in different
studies: the composition of the freezing mediumg ttryoprotectant (CPA) and its
concentration, the freezing conditions, the coolangd warming temperatures, and the
individual animal variation also (Mocé & VicenteQ@). So far, most of the studies have
focused on the identification of CPAs and theiriropl concentrations (Mocé & Vicente,
2009; Rosato & laffaldano, 2013; Viudes-de-Castral, 2014; Kulikovaet al, 2015). In
particular, we developed an effective freezing @eot for rabbit semen based on the use of
the permeant CPA DMSO in combination with the nempeant CPA sucrose (laffaldaab
al., 2012; 2014). This protocol includes a first coglitime of 90 min at 5°C before the
addition of the CPAs, followed by an equilibratime, needed for the CPA to permeate the
sperm cells, of 45 min at 5°C.The 90 min coolingdirepresents the majority of the time
required to process semen samples for freezing, ttiel time reduction of this step could
considerably reduce the whole time required for esenprocessing and allow more
ejaculates to be stored in a given time. In thgard, also Mocé et al (2014) performed a
study on the equilibration time in order to shortke semen cryopreservation process for
rabbit semen.
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Up to now, to the best of our knowledge no papesgelreported results about the effect of

the initial cooling time on the quality and fetyliof cryopreserved rabbit semen.

13.2. MATERIALS AND METHODS

13.2.1.Chemical agents

All chemicals used were of the highest commerciaiailable purity. Unless stated

otherwise, all the chemicals were purchased frogm&j Chemical Co. (Milan, Italy).

13.2.2. Animals

Forty adult bucks (8 months old) and one hundretl fity does (8-9 months old) of the
Bianca ltaliana breed were used. Animals were lkgphe ANCI-AIA Breeding Center
(Volturara Appula, FG, ltaly), housed in individuidét-deck cages, provided with a 16 h
light/8 h dark photoperiod and fed a commerciahdtad breeder diet. Water was given ad
libitum. The experiments were carried out in acamk with the Code of Ethics of the EU

Directive 2010/63/EU for animal experiments.

13.2.3. Semen collection
Semen samples were collected using a pre-heatédiarivagina. Ejaculates were pooled
(4 ejaculates/pool) to avoid the effects of induadl differences among males. Ejaculates

with undesired color (not plain white) and contagqiurine and/or cell debris were

discarded, whereas gel plugs were removed. In, ®faboled semen samples were used.
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13.3. Experiment 1. Effect of different cooling tine on post-thaw semen quality

13.3.1. Semen processing

Semen samples were processed and frozen by the Swazing method described by
laffaldanoet al. (2012). Semen samples were transferred from tira fa the laboratory
after 40 min in a water bath at 30°C in order tantan semen at a temperature that was
closer to that of male reproductive system. Oncthénlaboratory, an aliquot of semen was
immediately taken from each pool for the evaluatdrfresh semen quality, as described
below.

Each pool was divided into two subsamples and doale5°C for 45 or 90 min before
freezing to minimize cold-shock damage. The tentpezaof semen was measured at the
end of each cooling time by a temperature sensecd@ M1). After the cooling period,
semen samples were diluted to a ratio 1:1 (v:vhwifreezing extender composed of Tris-
citrate-glucose (TCG; 250 mmol/L Tris-hydroxymetylinomethane, 88 mmol/L citric
acid, and 47 mmol/L glucose) containing 16% DMS®,permeable CPA, and 0.1 M
sucrose, as non-permeable CPA. The diluted semesnaspirated into 0.25 mL plastic
straws, equilibrated at 5°C for 45 min (equiliboatitime) and frozen by exposure to liquid
nitrogen vapour 5 cm above the liquid nitrogen acef (temperature was approximately -
125/-130°C) for 10 min. Finally, the straws werarged into liquid nitrogen for storage at -
196°C. Semen samples were thawed by immersioneddtilaws in a water bath at 50°C for
10 seconds.

13.3.2. Analysis of semen parameters

Semen quality was assessed in both fresh and thaamgles and the following sperm
quality parameters were measured: total motilitM)Tand forward progressive motility
(FPM), viability, osmotic resistance, acrosome BINA integrity.

Rabbit sperm motility was subjectively evaluatedvisual estimation. Briefly, al10 pL-drop
of semen was transferred on a clean glass slidemidunted slides were then observed on a
warm-plate at x400 magnification using a phasefashtmicroscope (Leica Aristoplan;
Leitz Wetzlar, Heidelberg, Germany). PercentagéMf(spermatozoa showing any type of
sperm head movement) and FPM (spermatozoa showiegr Imovement) were measured

in five microscopy fields (Di lori@t al. 2014; laffaldancet al. 2014).
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Sperm viability was assessed using the LIVE/DEACer8p Viability Kit containing two
fluorescent stains SYBR-14 and propidium iodide.(RIdrop of 5 uL of semen was added
to 39 pL of TCG containing 1 pL SYBR-14 (dilutedl@0 in DMSO; final concentration
0.01 mM). The extended semen was then incubate&Va& for 10 min, next 5 puL PI
(diluted 1:100 in the TCG,; final concentration G0&M) were added and incubated for
further 5 min at 37°C. Subsequently, 10 pL of $uspension were placed on microscope
slides, covered with coverslips and examined atagmtfication x1000 using a x100 oll
immersion objective under epifluorescence illumioat For each sample, approximately
200 spermatozoa were examined in duplicate aliq@®¥8R-14, is a membrane permeant
DNA stain that binds DNA of all the sperm and labkie sperm with green fluorescence,
only stains live spermatozoa producing green flsiweace of the nuclei (live spermatozoa).
PI1 stains the nuclei of membrane-damaged cell{dedd spermatozoa). The percentage of
viable spermatozoa was determined as the numbgneeh cells x 100 divided by the total
number of sperm counted.

To assess sperm osmotic resistance, a hypoosmadlting test (HOS) was used. An
aliquot of 10 puL semen was mixed with 80 pL of ilesdt water, incubating for 5 min at
37°C, then 10 pL of this mixture were depositecaatiean glass slide and observed under a
phase-contrast microscope (magnification x800). fypecal sperm osmotic “coiled tail”
reaction was detected and the number of HOS testigo cells was recorded by counting
spermatozoa showing this feature among 200 celis ligast five fields.

To determine acrosome integrity, duplicate smeagsevprepared using a drop of semen
from each sample and air-dried. After fixation iretmanol for 30 min, the slides were
washed with water and air-dried and incubated whih Pisum sativum agglutinin FITC
conjugate (FITC-PSA) for 30 min at room temperatUiee slides were then mounted with
50% glycerol (vol/vol) and cover slipped. In eadmple, assessment was made of 200
sperm at a magnification x1000 using an oil imnwersobjective under epifluorescence
illumination. This stain intensely labels the acnmsl region of acrosome-intact sperm,
which emit a uniform apple-green fluorescence, svhacrosome-damaged spermatozoa
show scarce or no green fluorescence in the antpad of the head. The percentage of
acrosome-intact spermatozoa was calculated astsofraf the total.

Sperm DNA integrity was evaluated using acridinange (AO) following the method
described by Gandimt al. (2006).
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AO is a cationic fluorescent cytochemical staint tsi@ins cell nuclei, specifically, DNA.
Acridine orange fluoresces green when incorporatexnative DNA (double-stranded and
normal) as a monomer, and orange-red when it imdgnatured (single-stranded DNA) as
an aggregate. From each sample, 10 uL of semenswerared onto a microscope slide, air-
dried and fixed overnight in a 3:1 methanol:gla@aétic acid solution and air-dried once
more. Slides were washed with distilled water. Ssmesere then stained with an AO
solution (0.2 mg/mL in water) in the dark at rooamperature for 5 min. Next, each smear
was washed with distilled water and mounted withoaerslip followed by examination
using a fluorescence microscope with a 490 nm atoit light and 530 nm barrier filter.
Nuclei in at least 200 spermatozoa per slide weaengned and scored as green or yellow-
orange-red fluorescing (intact DNA or damaged DMéspectively) and the percentage of

normal and abnormal chromatin condensation calkedlat

13.4. Experiment 2. In vivo reproductive performane of rabbit does inseminated with

semen cryopreserved using the different cooling ties

An Al trial was performed to assess in vivo thecsify of semen frozen after 45 and 90 min
cooling times. One hundred and fifty multiparou% (&ys postpartum) receptive rabbit does
were randomly assigned to three treatment grodpEQ does inseminated with fresh semen
(control group); (2) 50 does inseminated with sefneren after 45 min cooling time; (3) 50
does inseminated with semen frozen after 90 mitirmptme.

All does were subjected to the following biostintida protocol to synchronize the oestrus:
flushing by increasing feed amount/doe from 180ag/do ad libitum (3 days before
insemination), changing cage (3 days before insatioin), and increasing the photoperiod
from 16 to 24 hours of light (2 days before inseation). Does in the control group were
inseminated with a 0.5 mL dose of fresh semen etllut:10 (approximately 35 million
sperm) in a commercial extender. Does in group® Zamwere inseminated with a 0.25 mL
dose of thawed semen within 10 min after thawingth& time of insemination, each female
received an intramuscular injection of buserelietate to induce ovulation (1 pg/doe).
Fertility rate (number of pregnant does/numbernskeminations), kindling rate (number of
does giving births/number of inseminations), profity (total born/kindling) and number of

kids born alive (total live-born/kindling) were tieproductive performances considered.

148



Fertility rate (number of pregnant does/number mdeminations) was determined by
abdominal palpation performed in each doe 17 détgs Al. At parturition, the factors:
kindling rate (number of does giving birth/numbdr inseminations), prolificacy (total
born/fertility), and the number of kids born aliftetal live-born/fertility) the above factors

were determined.

13.5. STATISTICAL ANALYSIS

The effect of the cooling time on sperm quality gmeters (motility, viability, osmotic
resistance, acrosome and DNA integrity) was tedbgd independent-samples t-test.
Reproductive performance (fertility rate, kindliqgplificacy and number of kits born alive)
was compared among treatments by ANOVA, followedDmncan’s comparison test. All
statistical tests were performed using the softypaekage SPSS (SPSS 15.0 for Windows,
2006; SPSS, Chicago, IL, USA). Significance wasasBk0.05.

13.6. RESULTS

13.6.1. Effect of two cooling times on post-thaw semen quality

Over 80% of the fresh sperm population was viaB&g7 = 1.85), motile (85.41 £ 1.36),
and 73.75% (SEM=1.90) showed FPM. Acrosome and DiNégrity were observed in the
87.25% (SEM=0.85) and 99.01% (SEM=0.12) of sperspeetively and osmotic resistance
in the 74.84% (SEM=1.12).

The temperatures of semen measured at the endcbf aling time by a temperature
sensor (Ascon M1), after cooling time of 45 or 9 mesulted as 9°C after 45 min and 5°C
after 90 min, respectively. Sperm quality paransetescorded in frozen-thawed semen
samples are reported in Table 13.1. According eor#sults of the independent t-test, the
initial cooling equilibration time at 5°C signifintly affected sperm TM, FPM and viability,
whereas no significant effect was found on acrosand DNA integrity and sperm
membrane osmotic resistance. As expected, cryapedsm caused sperm damages and a
consequent great reduction in sperm quality. Speowling for 90 min at 5°C before
cryoprotectant addition improved their ability targive cryopreservation when compared to
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45 min incubation. Significantly higher proportiof viability, TM and FPM was found in
sperm cooled for 90 min (Table 13.1).
In contrast, the longer cooling time did not affélse percentage of sperm with intact

acrosome, DNA and plasma membrane (osmotic resistan
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Table 13.1. Probability of t-test and means (x SEM3perm quality parameters recorded in
thawed rabbit semen samples (n=6) frozen aftend®8& min cooling time at 5 °C (n = 6)

Sperm parameters (%) 45 min 90 min P value
Viability 36.77+1.78 42.49 +1.01 0.024
Total motility 3050 +1.02 37.34+1.13 0.001
Forward progressive motility 22.42 +0°72 27.83+1.08 0.003
Osmotic resistance 31.68 + 0°%67 34.80+1.29 0.067
Acrosome integrity 35.64+1.34 37.31+0.91 0.280
DNA integrity 97.44+0.19 98.83+0.12 0.117
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13.6.2. Artificial insemination

The reproductive performances recorded after Aldoés with fresh semen and semen
frozen after the two different cooling treatmerdseéported in Table 13.2. Similar fertility

and kindling rate were recorded after Al with freshfrozen-thawed semen cooled for 90
min at 5°C before freezing. In contrast, the Alhwitozen-thawed semen cooled for 45 min
before freezing, caused a significant decreas®ih fertility and kindling (Table 13.2). As

a consequence, a similar number of young rabbiiern, were obtained from the does
inseminated with treatment 1 (fresh semen) and3{h) (296 and 291, respectively), and
in contrast only 220 young rabbits born from thesimseminated with treatment 2 (45 min)
semen. No significant differences were found betwieatments for prolificacy and the

number of kits born alive (Table 13.2).
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Table 13.2. Reproductive performance outcomes recorded initraties after artificial

insemination with fresh semen and frozen-thawedeseaooled for 45 and 90 min at 5°C
before freezing.

Reproductive performance Semen treatment

Fresh semen 45 min 90 min
% Fertility rate (n) 72(37) 64 (32) 76 (38)
% Kindling rate (n) 63(34) 54 (27) 76 (35)
Prolificacy (mean + SEM) 8.7+06 8.2+ 0.6 8.3+0.6
Live born (mean + SEM) 8+ (7 7.8+0.6 7.8+0.6

Values with different superscript letters on theneaow are significantly different (P<0.05).
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13.7. DISCUSSION

The goal of our study was to find out if reducedlogy time from 90 to 45 min affects
rabbit sperm quality or not. The present resukaity show that semen cooled at 5°C for 90
min before freezing showed better post-thaw qualitg fertility compared to semen cooled
for 45 min. Thus, we hypothesize that 90 min of lcmptime prepares much better the
sperm to the addition of the CPAs (DMSO and sugroskhough the cooling step before
the addition of the CPAs is not used (when an @demwith high DMSO level is used), in
our previous experiment (data not published), weeoled that DMSO added at room
temperature (20°C) decreased the post-thaw quallitabbit semen. Therefore we cooled
spermatozoa before CPA addition. Moreover, we foimditerature that different works
about rabbit sperm freezing without cooling steghi@ved lower results than ours (Mo
al. 2010, 2014; Viudes-de-Castebal. 2014).

Fuller (2004) reported that, when the CPA is adoethe sperm held at room temperature, it
permeates quickly because of a higher permealilitghe sperm membrane with the
consequence of a greater toxic effect of the CPateld, the sperm membrane at 5°C
shows a lower permeability and the CPA permeatesiugily inside the sperm, thus
reducing its toxic effect.

It is generally accepted that the toxicity of peamieCPAs depends on their concentration,
and temperature and time exposure (Holt 2000; |tdfeoet al. 2012).

Therefore, in accordance with Fuller (2004), we sappose that longer cooling time at 5°C
for 90 min allows the sperm plasma membrane to cmin 5°C and to reduce its
permeability, therefore DMSO permeates gradualigugh the sperm decreasing its toxic
effect. In contrast, the shorter cooling time a€C5br 45 min allows the sperm plasma
membrane to cool down 9°C and then to maintain drigiermeability, therefore DMSO
could play a greater toxic effect.

The reproductive performances obtained by Al of eemprocessed for cryopreservation
after a longer cooling phase confirms our previdaga collected in similar experimental
protocols (laffaldancet al. 2012, 2014; Rosato & laffaldano 2013). The cryepreation
protocol studied for rabbit semen and includingnd@ initial equilibration time at 5°C is
very efficient and able to preserve the full féztilg ability of fresh sperm. In fact, very
similar fertility and kindling rates were recordedith both fresh and 90 min
cooled/cryopreserved semen, whereas a great sgnifidecrease in kindling rate was

recorded for the 45 cooled/cryopreserved semeneda@r, the prolificacy and the number
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of kits born alive were similar in all treatmentsespective of semen storage and processing.
This result suggests that sperm resilient to tleezing/thawing process preserve their
functional integrity and are able to give the samamber of viable embryos as fresh semen.
Moreover, our in vitro (motility and viability) anoh vivo results were higher than those
obtained by authors (Mot al. 2010, 2014; Viudes-de-Casted al. 2014) who diluted the
semen with freezing extender (containing CPA) atwmdemperature i.e. without a cooling
phase, while results similar to ours were obtaibgdvocéet al. (2003) and Maedat al.
(2012).

In conclusion, our findings aimed to obtain an efifee semen freezing protocol whilst they
also tried to reduce the cryopreservation semeoegsing. The results clearly show that the
cryosurvival of rabbit sperm is affected by thetiali cooling time of 5°C. In fact, fresh
semen and semen frozen/thawed after 90 min cotihmg performed similar reproductive
performances, whereas semen frozen/thawed afterid®ooling showed a 20% reduction
in fertility. Therefore, reducing cooling time t& 4nin had a negative effect on rabbit sperm
quality in vitro and in vivo. Thus the best semesefing protocol (90 min cooling time)
will allow the introduction of a sperm cryobank fible conservation of Italian rabbit genetic
resources. However, further optimization work skowdeek to address the sperm
concentration/inseminating dose as well as confignithe efficacy of the semen
cryopreservation protocol in intensive rabbit regrsystems. By the optimization of this
protocol the intensive rabbit farm may take advgesaof the opportunities offered by

extensive use of frozen semen doses.
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Chapter 14

CONCLUSION

The research activities performed during the dattperiod have provided an important
contribution in the optimization of the referenaegedures of poultry (turkey and chicken)
and rabbit semen cryopreservation. This will allihe take off of the first national semen
cryobank for local poultry (turkey and chicken) aafbit breeds.

The ex situ in vitroconservation strategy by semen cryobank,will pre\ad important tool
for managing poultry and rabbit genetic resoureggpserting breeders associations involved
in the management of small populations of theseedseenclosed into the register of
autochtonous lItalian breeds. Moreover, the constnu®f a national semen cryobank for
local poultry and rabbit breeds, will provide alsdackup of populations stor&d situ in
case of genetic problems (inbreeding, genetic)diiitl health epidemics.

As it has been previously said, the national seorgabank is a part of a more extended
project realized by the some Italian universitiesluding the University of Molise, aiming
to preserve and valorize Italian poultry and ralilvséeds and also in maintaining of their
genetic variability. The safeguard of the poultnydarabbit breeds represents also an
important tool for preserving historical breedshah genetic value and supporting the rural
economy in some marginal agricultural areas anddcalso have a relevant role in

developing new high quality products for niche nedsk
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