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LIVESTOCK BIODIVERSITY AND HUMAN CULTURE
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LIVESTOCK BIODIVERSITY AND HUMAN CULTURE

Source: Zeder MA 2008. Domestication and early agriculture in the Mediterranean Basin: 

Origins, diffusion, and impact. PNAS  105 11597–11604
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Cattle diffusion in Europe
Source: Beja-Pereira et al. 2006. The origin of European cattle: evidence from modern and ancient DNA.

PNAS 23 103:8113-8.

LIVESTOCK BIODIVERSITY AND HUMAN CULTURE



• Livestock biodiversity is integral to human

culture, history, environment, and economy.

• Example: dairy cattle will be considered.

• Cheese was made 9000 years ago.

• Milk from domestic cows has been an important

food source for over 8000 years, especially in

lactose-tolerant human societies.

• Some human populations have the genetically

determined ability to digest lactose by persistent

lactase enzyme in adulthood, benefiting from the

rich food resources occurring in cows’ milk.
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LIVESTOCK BIODIVERSITY AND HUMAN CULTURE



Map of allele frequencies at the 

cattle milk protein genes

Map of lactase persistence allele in 

European human populations

Source: Beja-Pereira et al. 2003. Nature Genetics 35:311–313.
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LIVESTOCK BIODIVERSITY AND HUMAN CULTURE



• Thousands of livestock breeds have evolved to fit

particular environments and farming systems

• Biodiversity is a prerequisite for genetic

improvement and environmental adaptation
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LIVESTOCK    LOCAL   BREEDS 

Giant Italian Chianina reared 

from Roman times

Trypanosome tolerant 

African N’Dama



• However, diversity of Animal Genetic Resources

(AnGR) has been in a continual state of decline

• Main causes:

- trends in the livestock sector

- disasters and emergencies

- animal diseases, control measures

• Need for safeguard strategies
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LIVESTOCK    LOCAL   BREEDS 

Apulian livestock (by Elisa  Pieragostini) 



• AnGR  are managed by Global Plan of Action 

(Food and Agriculture Organisation, 2007)

• Strategic Priority Area 1: Characterization, 

inventory and monitoring of trends and 

associated risks

• World Watch List for Domestic

Animal Diversity (WWL-DAD):

information system (IS) to identify

and monitor  livestock breeds
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LIVESTOCK    LOCAL   BREEDS 

Apulian livestock: 

Murgese horse

(by Elisa  Pieragostini) 



6379 livestock breeds 

belonging to 30 different 

species reported in WWL-

DAD 3rd edition
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Source: FAO 2000  World Watch 

List for Domestic Animal 

Diversity. Scherf, B. (ed.)

LIVESTOCK    LOCAL   BREEDS 

DAD-IS: http://dad.fao.org
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In 2008, 48% of mammalian breeds and 53% of avian

breeds recorded in DAD-IS had no population data

recorded (Martyniuk et al., 2010)

LIVESTOCK    LOCAL   BREEDS 



Five projects funded by the European Community 

Program 2006-2011 for genetic resources
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LIVESTOCK    LOCAL   BREEDS 

Different actions in defense of AnGR are developed.



Conservation of AnGR relies on demographic

characterisation of breeds and definition of correct

breeding schemes.

Trends in level of inbreeding (F), average relatedness (AR) and

number of individuals by year of birth in the period 1929-2006.

R. Rizzi (2011): Monitoring of genetic diversity in the endangered Martina Franca donkey population. 

J. Anim. Sci. (in press)
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BREED CHARACTERISATION

Martina Franca donkey

Apulian livestock (by Elisa  Pieragostini) 
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BREED CHARACTERISATION

Source: Martini et al.  (2010). The Garfagnina goat: a zootechnical 

overview of a dairy local population. J. Dairy Sci. 93, 4659-4667.

Zootechnical characterisation is also a prerequisite

for safeguard.

Garfagnina goat (Tuscan breed at risk of extinction)

Data on:

• size of the breed

• zoometric measures

• breeding system

• milk quality



Molecular genetic studies: allow to identify and monitor

the genetic diversity within and across breeds and to

reconstruct their evolution history.
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BREED CHARACTERISATION



CLUSTERING OF CATTLE BREEDS FOR s2-CASEIN

Erhardt et al. (2009). 60th EAAP Annual Meeting, Barcelona, Spain.

Caroli et al. (2010). J. Dairy Sci. 93, 1260–1265. 17
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Source: Groeneveld et al. Genetic diversity in farm animals- a review. Anim Genet. 2010 41:6-31.

BREED CHARACTERISATION



Particular nutritional properties of animal products can be

characterised for local breed valorisation

Example: null alleles at goat caseins
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BREED CHARACTERISATION
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• Lower milk allergenic 

reaction observed for 

two milk samples (s1 

CN 00 and 0F) from 

local breeds

• Results confirmed by 

skin prick test on 6 

allergic children

Source: Ballabio et al. (2011). Goat milk allergenicity as a function of alphas1-casein genetic 

polymorphism. J. Dairy Sci., 94, 998-1004.

BREED CHARACTERISATION
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• In situ conservation strategy is very important to

conserve a breed within its natural habitat

IN SITU CONSERVATION STRATEGIES

Apulian local breeds (Courtesy of dott. Silvio Schito)



22

IN SITU CONSERVATION STRATEGIES

• In-situ conditions: conditions where genetic resources

exist within ecosystems and natural habitats, and, in the

case of domesticated or cultivated species, in the

surroundings where they have developed their distinctive

properties (Convention on Biological Diversity, 1992)

Apulian livestock (by Elisa  Pieragostinii) 



23

IN SITU CONSERVATION STRATEGIES

• The presence of local breeds on a farm can be

linked to a precise strategy, e.g. cultural

affection of farmers to breeds of their parents.

• Example: Italian Reggiana and Modenese

cattle kept by some successful Holstein farmers

Gandini et al. 2010. Motives and values in farming local cattle

breeds in Europe: a survey on 15 breeds. Animal Genetic

Resources, 47:45–58.
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IN SITU CONSERVATION STRATEGIES

Efficient in situ conservation strategies: based

on the self-sustainability of the breed

Gandini G., Maltecca C., Pizzi F., Bagnato A., Rizzi R. 2007. Comparing local and commercial breeds on functional traits and 
profitability: the case of Reggiana Dairy Cattle. J. Dairy Sci., 90: 2004–2011.
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Production of “Parmigiano Reggiano of Reggiana” 

IN SITU CONSERVATION STRATEGIES

Efficient in situ conservation strategy

http://www.razzareggiana.it/PaginaWeb.asp?TipoInclude=PRODUZIONE
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IN SITU CONSERVATION STRATEGIES
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IN SITU CONSERVATION STRATEGIES
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Cultural value of a local breed (safeguard of

landscape, preservation of ancient local traditions)

(Gandini and Villa, 2003, J. Anim. Breed. Genet. 120, 1–11)

IN SITU CONSERVATION STRATEGIES



IN SITU CONSERVATION STRATEGIES

Grazing Bionde dell’Adamello
Source: http://www.associazionerare.it/
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IN SITU CONSERVATION STRATEGIES

Battle of the Queens

Source: http://www.naturaosta.it/cultura.htm
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EX SITU in vitro refers to conservation external to living

animal in an artificial environment, under cryogenic

condition including, in alia, the cryoconservation of

embryos, semen, oocytes, somatic cells or tissue having

the potential to reconstitute live animal (including animal for

gene introgression and synthetic breeds) at a later date

(FAO, 2007)

EX SITU CONSERVATION STRATEGIES

When in situ conservation is not feasible, or as a 
support to in situ conservation:



National Cryobanks

National Cryobank planned for 2010-2011
http://www.fao.org/ag/againfo/programmes/en/genetics/documents/ITWG_AnGR_6/CGRFA_WG_AnGR_6_10_Inf10.pdf 

72%

EX SITU CONSERVATION STRATEGIES



Possibilities Limitations

• Carry the entire genome including  extra-
nuclear genetic material
•Allow the complete and immediate 
recovery of the breed in case of extinction

•Freezing not available for all species
•High cost
•In small population not enough embryos
donors

•Freezing technique routinely available in 
all species
•Low cost

•To reconstruct extinct breed  several  
backcrossing and high number of doses 
are needed 
•<100% genome recovered, cytoplasmatic
effect lost or altered

Semen

Embryos

Type of genetic material stored

Semen and embryos form the most common material

for the cryopreservation of farm AnGR

EX SITU CONSERVATION STRATEGIES
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Gandini G. , Pizzi F., Stella A. , Boettcher P.J. (2007). The costs of breed reconstruction from cryopreserved 
material in mammalian livestock species .Genetic, Selection, Evolution 39, 465-479
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Three strategies:
•Embryos,
•Embryos in combination with semen,
•Semen.

Boettcher  P.J., Stella  A., Pizzi F., Gandini G. (2005). The Combined Use Of Embryos And Semen For 
Cryogenic Conservation Of Farm Mammal. Genetic Resources. Genetics, Selection, Evolution 37, 657-675

The costs of breed reconstruction from cryopreserved
material in mammalian livestock species

Three cost measures:
•time required for population reconstruction,
•cost for creation of the gene bank,
•number of years-keeping-female to reach 
reconstruction.



This project is aimed at assisting conservation, development and 
sustainable use of autochthon, local or regional cattle breeds. 
These breeds are recognized as important elements of agro-
biodiversity, of agro-ecosystems and of our cultural heritage 
in Europe. The most secure conservation strategy for those 
breeds is to promote measures which contribute to self-
sustainability of the breed.
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http://www.regionalcattlebreeds.eu/publications/document
s/9789086866977cattlebreeds.pdf



A detailed survey was carried out:

• to compare cryopreservation activities and policies in Finland,
France, Italy and the Netherlands.

• to detect similarities and differences between these 4 countries,

• to compare the countries’ strategies with the international
Guidelines,

• to formulate recommendations for initiating or strengthening
cryopreservation programmes.



For a total of 52 local breeds from Finland, the Netherlands, France and

Italy detailed information on 2,536 bulls was collected.

EX SITU CONSERVATION STRATEGIES



Meuse-Rhine-Yssel cattle 
(MRY)

N° of bulls N° of doses

Finland 223 351 981

France 563 1 307 166

Italy 1091 264 208

The Netherlands 659 1 095 162

Number of bulls and number of doses in storage

Reggiana Villard de Lans Breed

Western Finncattle breed

EX SITU CONSERVATION STRATEGIES
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EX SITU CONSERVATION STRATEGIES
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Sampling strategy
Distribution of semen doses per bull 

< 200 doses 

200-1000 doses 

>1000 doses 

EX SITU CONSERVATION STRATEGIES



Italy:

fragmented collections, 

lack of coordination

3%

97%

Reggiana
AI center (PI) AI center (MO)

84%

16%

Cabannina

AI center research

EX SITU CONSERVATION STRATEGIES

23%

39%

38%

Varzese

Centro FA research 1 research 2

Semen sample storage – sites /breed 



• Create a network of institutions involved in cryo-

preservation of local breeds.

Network of the Italian Animal Genetic 

Resources Cryobanks – CRIONET-IT 

Created in 2010 in collaboration with the Department of 

Veterinary Science and Technology for Food Safety (UNIMI) in 

order to:

• Share, through a virtual bank, the information

concerning cryo-preserved genetic material of

farm animals breeds

EX SITU CONSERVATION STRATEGIES



Partner 2

Partner 1

Partner 3 Partner 4

CryoWEB
software

Main features

• Single database

• Partners feeds the database 

with the information of their 

collection

• Partners are responsible for the 

information of the collection not 

necessary the owners of the 

materials

• Only dose stored as genetic 

reserve are recordered in the 

network

EX SITU CONSERVATION STRATEGIES

Network of the Italian Animal Genetic Resources Cryobanks  

CRIONET-IT 



44http://www.genrescryonet.unimi.it

Homepage Network

EX SITU CONSERVATION STRATEGIES



• Casertana
• Cinta Senese
• Mora Romagnola
• Nero Siciliano

• Burlina 
• Varzese
• Pezzata Rossa d’Oropa
• Cabannina

Brianzola

Verzaschese

4 species

10 breeds

4

4

1

1

Bovine

Pig

Sheep

Goat

Material stored: n of breeds for species

EX SITU CONSERVATION STRATEGIES
Network of the Italian Animal Genetic Resources Cryobanks  

CRIONET-IT 



N° doses / breed

38061 paillettes
Sheep: 207 paillettes

Bovine: 10837 paillettes

Pig: 26317 paillettes

Goat: 700 paillettes

1866 480

7269

1222

207

700
6785

10513

942 8077

Burlina

Cabannina

Reggiana

Varzese

Brianzola

Verzaschese

Casertana

Cinta Senese

Mora Romagnola

Nero Siciliano

EX SITU CONSERVATION STRATEGIES
Network of the Italian Animal Genetic Resources Cryobanks  

CRIONET-IT 



Material stored: n of donors for species

268 donatori

215

38

42

Bovini

Caprini

Ovini

Suini

EX SITU CONSERVATION STRATEGIES
Network of the Italian Animal Genetic Resources Cryobanks  

CRIONET-IT 
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Grazie per 

l’attenzione!


