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Sazetak

Diplomskog rada studentice Katarine Mari¢, naslova

VARIJABILNOST MITOGENOMA GOVEDA

Cijeli mitogenom goveda kroz analizu haplotipova/haplogrupa pruza uvide u evoluciju,
filogeografiju i geneti¢ku raznolikost razli¢itih pasmina. U ovom diplomskom radu analiziran
je set novodostupnih mitogenoma u GenBank repozitoriju koji se sastojao od 670 sekvenci
duZine 16338 parova baza zajedno s referentnim mitogenomom V00654 1 33 referenta
mitogenoma kao predstavnike Ti, T2, T3, T4, Ts, | ,P, R, Q haplogrupa. Set je obuhvatio 77
pasmina rasporedenih kroz 22 drzave od Cega su najzastupljenije Indija s 343, Kina s 271 i
Mongolija s 27 jedinki. Identificirano je ukupno 1433 varijabilna mjesta od ¢ega je 788 parsim
informativnih i 645 singleton mjesta te je izracunat 481 haplotip uz visoku raznolikost
haplotipova od 0.9966. Analiza p-distanci otkrila je vece razlike izmedu odredenih kineskih i
indijskih pasmina, kao i izmedu indijskih i europskih pasmina. Beast filogenetska analiza
klasificirala je 334 mitogenoma u haplogrupu 11, 119 u I2 i 176 mitogenoma u Tz haplogrupu
kao najfrekventnije, a filogeografska distribucija navedenih haplogrupa je pokazala da u Kini
110 mitogenoma pripada haplogrupi 1, 93 haplogrupi T3 i 11 hapogrupi I, u Indiji 219
haplogrupi Iz, 105 haplogrupi Iz i 17 haplogrupi T3 te u Mongoliji 12 mitogenoma haplogrupi
Ts, sedam haplogrupi T2, Sest haplogrupo T4 i dva haplogrupi l1. Takoder, analizom velikog
broja mitogenoma haplogrupe I u Beast filogenetskom stablu uofena je pojava Cetiri
subhaplogrupe koje su odvojene s posteriori vjerojatnos¢u 0.95 Sto bi moglo predstavljati
osnovu za reklasifikaciju 11 i I2 u vise subhaplogrupa. Ista podjela I haplogrupe na Cetiri
subhaplogrupe potvrdena je median-joining mrezom uz jasno odvajanje od ostalih haplogrupa.
Rezultati MJ mreZe i filogenetskog stabla ukazali su na znacajnu razliku izmedu haplogrupa I
i T3, potvrduju¢i da su pasmine haplogrupe I potekle od Bos indicusa, dok su pasmine
haplogrupe T3 potekle od Bos taurusa. Ova studija doprinos je razumijevanju geneticke
raznolikosti i evolucijske povijesti goveda, posebno u kontekstu njihove filogeografske
distribucije.

Kljuéne rije¢i: govedo, mitogenom, haplogrupa, genetska raznolikost



Summary

Of the master’s thesis — student Katarina Mari¢, entitled

VARIABILITY OF THE BOVINE MITOGENOME

The whole mitochondrial genome of cattle provides insights into the evolution,
phylogeography and genetic diversity of different breeds. In this thesis, a newly available set
of mitochondrial genomes from the GenBank repository consisting of 670 sequences with a
length of 16,338 base pairs, together with the mitochondrial reference genome V00654 and 33
mitochondrial reference genomes representing the haplogroups T1, T2, T3, T4, T5, I, P, R and
Q were analysed. The set comprised 77 breeds from 22 countries, with India being the most
represented with 343 individuals, followed by China with 271 and Mongolia with 27
individuals. A total of 1,433 variable sites were identified, of which 788 were parsimony
informative and 645 were singleton sites. A total of 481 haplotypes were calculated, with a
high haplotype diversity of 0.9966. Analysis of p-distances revealed major differences between
certain Chinese and Indian breeds and between Indian and European breeds. The BEAST
phylogenetic analysis classified 334 mitochondrial genomes in haplogroup 11, 119 in 12 and
176 in haplogroup T3, which is the most common. The phylogeographic distribution of these
haplogroups showed that in China 110 mitochondrial genomes belonged to haplogroup 11, 93
to haplogroup T3 and 11 to haplogroup 12; in India 219 to haplogroup 11, 105 to haplogroup
I2 and 17 to haplogroup T3; and in Mongolia 12 mitochondrial genomes belonged to
haplogroup T3, seven to haplogroup T2, six to haplogroup T4 and two to haplogroup 11. In
addition, analysis of a large number of mitochondrial genomes of haplogroup I in the BEAST
phylogenetic tree revealed the appearance of four subhaplogroups separated from each other
with a posterior probability of 0.95, which could form the basis for the reclassification of 11
and 12 into multiple subhaplogroups. This division of haplogroup I into four subhaplogroups
was also confirmed by a median-joining network, which shows a clear separation from other
haplogroups. The results of the MJ network and the phylogenetic tree indicated a significant
difference between haplogroups | and T3 and confirmed that the breeds of haplogroup I
descended from Bos indicus, while the breeds of haplogroup T3 descended from Bos taurus.
This study contributes to the understanding of the genetic diversity and evolutionary history of
cattle, especially in the context of their phylogeographic distribution.

Keywords: cattle, mitogenome, haplogroup, genetic diveristy



1. Uvod

Vjeruje se da je pripitomljavanje goveda pocelo prije 10.000 godina, oznacavajuéi jedan od
najranijih i najznacajnijih koraka u ljudskoj civilizaciji. Poznate su dvije glavne vrste goveda
Bos taurus i Bos indicus. Taurin goveda (Bos taurus) pripitomljena su od divljeg goveda Bos
primigenius primigenius oko 10,5 tisu¢a godina pr.Kr. u Plodnom polumjesecu (Helmer i sur.,
2005.). Zebu (Bos indicus) goveda pripitomljena su od Bos primigenius namadicusa, 1500
godina kasnije u dolini Inda u danasnjem Pakistanu (Meadow, 1993). Zebu govedo razlikuju
se od taurinskih goveda (Bos taurus) zbog svojih jedinstvenih fizi¢kih karakteristika, od kojih
su najistaknutije grba na ramenima i velike, spustene usi. Ove osobine su prilagodbe koje im
pomazu da prezive u vrué¢im i vlaznim klimama.

Moderna goveda, ukljucujuéi i taurin (Bos taurus) i zebu (Bos indicus) pasmine, imaju Siroku
geografsku rasprostranjenost na globalnoj razini. Taurin goveda potjecu iz Europe i trenutno
prevladavaju, uz Europu, i u Sjevernoj Americi, Juznoj Americi, Aziji i Australiji, gdje se
uzgajaju za proizvodnju mesnih i mlijecnih proizvoda. Zebu goveda, poznata po svojoj
otpornosti na vrucinu i prilagodenosti tropskim podru¢jima, uglavnom se nalaze u juznoj Aziji,
Africi i dijelovima jugoisto¢ne Azije. Zemlje poput Indije, Brazila, Nigerije i Pakistana imaju
znacajnu populaciju zebu goveda.

Rasprostranjenost modernog goveda pod utjecajem je povijesti pripitomljavanja, ljudskih
migracija, trgovine i Kklimatskih pogodnosti. Njihov znacaj u poljoprivredi i stocarskoj
proizvodnji doveo je do nastanka mnogih pasmina. Trenutno, u svijetu je poznato 1433
pasmine goveda od kojih je 174 izumrlo (CGRFA-18/21/10.2/Inf.6, 2020.).
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Slika 1. Broj goveda po kilometru kvadratnom u 2015. godini
izvor:https://www.fao.org/livestock-systems/global-distributions/cattle/en/ -

pristup 27.7.2023.
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Goveda imaju vrlo vaznu ulogu u danasnjem drustvu kao 1 kroz povijest. Znacajan su izvor
hrane, opskrbljuju visokokvalitetnim mesom i1 mlijeCnim proizvodima. Osim toga, uzgoj
goveda utjeCe na zivot milijuna ljudi stvarajuéi prihode i mogucnosti zapos$ljavanja u mesnoj i
mlije¢noj industriji. Nutritivne prednosti govedih proizvoda, ukljucujuéi proteine, vitamine i
minerale, doprinose uravnotezenoj i hranjivoj prehrani. Goveda, takoder, nude vrijedne
nusproizvode poput koZe i raznih materijala koji se koriste u razli¢itim industrijama. Stovise,
pravilno upravljana ispasa stoke igra ulogu u odrzivom upravljanju zemljiStem, odrzavanju
travnjaka i promicanju bioraznolikosti. Tijekom ljudske povijesti, goveda su postala duboko
ukorijenjena u kulturne tradicije dok su sluzila i kao predmet istrazivanja u medicinske i
znanstvene svrhe. Sve u svemu, goveda imaju viSestruk znacaj koji se proteze na razlicite
aspekte ljudskog zivota, podrzavajuci gospodarstvo, zdravlje i drustvenu dobrobit.

Ocuvanje genetske raznolikosti kod goveda usmjereno je na ocuvanje raznolikosti genetskih
svojstava unutar populacije. Time je omogucéena prilagodba goveda na razlic¢ita okruzenja i
uvjete, otpornost na bolesti i odrzavanje opéeg zdravlje populacije. To ukljucuje oCuvanje
tradicionalnih pasmina goveda, krioprezervaciju genetskog materijala, kontrolirano krizanje te
koriStenje genetskog testiranja i1 upravljanja podacima. Kod domacih Zivotinja i1 njihovih
bliskih srodnika, mtDNA sekvence su bile prvi izvor molekularnih informacija koristen u
pocecima analiza drevne DNA te se i danas koristi kao jedan od glavnih molekularnih markera
za proucavanje genetske raznolikosti.

Mitogenom je mala, kruzna molekula DNA koja kodira 37 gena, a prepoznatljiva je po druzini
otprilike 16000 bp. Osim toga, mitogenome se nasljeduje isklju¢ivo od majke, Sto omogucuje
istraziva¢ima da prate maj¢inu stranu i proucavaju protok gena. Raznolikost mitohondrijskog
genoma moze se opisati na tri razine: polozaj nukleotida, haplotipovi (jedinstveni nizovi
nukleotida) i haplogrupe (visa razina srodnih skupina medu haplotipovima) (Dorji i sur. 2022.).
Prouc¢avanje mtDNA ima Siroku daljnju primjenu u raznim podru¢jima npr. forenzika,
proucavanje demografske dinamike, genetske povijesti ili migracija. Kroz ovaj rad bit ¢e
prikazana varijabilnost mitogenoma te klasifikacija mitogenoma na haplogupe $to je uvelike
povezano sa geografskom distribucijom.



2. Cilj istrazivanja

Posljednjih nekoliko godina varijabilnost i filogeografska analiza mitogenoma goveda
prikazana je kroz metaanalize 802 sekvence mitogenoma rada Cubri¢ Curik i sur., (2022) i
1833 sekvence mitogenoma rada Dorji i sur., (2022). Preliminarnim pregledom repozitorija
GenBank (Clark i sur., 2016), utvrdena je prisutnost novih 670 mitogenoma koji nisu
analizirani kroz kontekst navedenih metaanaliza.

Ciljevi ovog radu su:

e Analiza varijabilnosti novih mitogenoma pasmina goveda dostupnih u GenBank (Clark
i sur., 2016) repozitoriju.

e Analiza filogenetskih odnosa haplotipova/haplogrupa novih mitogenoma usporedno s
utvrdenim predstavnicima haplogrupa kod goveda.

e Prikazati filogeografsku distribuciju haplogrupa mitogenoma analiziranih uzoraka.



3. Pregled literature

Pregledom dostupne literature odabrano je jedanaest vaznijih radova koji prikazuju
varijabilnost mitogenoma goveda (Tablica 1.). Radovi obuhvacaju interval od 2009. do 2022.
godine, a analizirane su cijele sekvence mitogenoma i D-loop kao molekularni markeri.
Ukupno je identificirano 19 haplogrupa kod goveda analizirajuéi varijabilnost mitohondrijske
DNA.

Tablica 1. Radovi koji prikazuju varijabilnost mitogenoma s osnovnim informacijama i
rezultatima

Rad Analizirana Broj Utvrdene haplogrupe
podrucja jedinki mitogenoma
Achilli i sur. (2008.), D- J Europa i Bliski 106 T, T1, Tla, T2, T1°2°3, T3, T3a,
loop Istok T4,T5,Q,P, I, 11,12
Achilli i sur. (2009.) Italija 619 T1,T2,T3,Q,R
mitogenom, D-loop
Francuska 50 T1,T2,T3
Svicarska 10 T3
Zhang (2013.) Kina 18 T1,T2,T3,T123,C
mitogenom
Olivieri i sur. (2015.) Delta Nila 31 T1,T2,T3,Q1
mitogenom
Chen i sur. (2018.) Kina 107 T2, T3, T4, lla
mitogenom
Afrika 12 T1
Eurpa 11
Iran 7 T2
Koreja 6 P, T2, T3
Zebu govedo 4
Xiaisur. (2018.) d-loop Kina 1105 T1a, T2, T3, T4, T5,11, 12
Xiaisur. (2019.) Kina 129 T,T1,T2,T3, T4, T5,11, 12
mitogenom
Verdugo i sur. (2019.) Plodni polumjesec 67 T,T1,T2,T3, 11,12
mitogenom
Xiaisur. (2021.) SilAzija 170 T3
mitogenom
Istocna Azija 6 T4,T3
Cubri¢ Curik i sur. JI Europa 802 I,R,P,T5,T2, T3, T1, T4, T6,
(2022.) mitogenom T7,P1, K
Dorji i sur. (2022.) Europa, Afrika, 1883 11,12, T1,T2,T3, T4, T5,T6, P,

mitogenom

Azija, Australija

Q1, Q2, I1a




Usporedbom D-loop regije mtDNA 56 mitogenoma sa podrucja juzne Europe i Bliskog Istoka
i 50 ranije objavljenih mitogenoma, Achilli i sur. (2008.) otkrili su da ve¢ina mitogenoma
pripada haplogrupama | i T koje su nastale od Bos indicusa i Bos primigeniusa. Takoder,
filogenetskom analizom otkrili su signifikantno odvajanje haplogrupa P i Q. Studija je
identificirala Sest glavnih haplogrupa (T1, T2, T3, T5, I1 i I2) koje obuhvacaju gotovo sve
mitogenome opazene u modernim taurinim i zebuinim pasminama.

U radu Achilli i sur. (2009.) provedeno je istrazivanje D-loop regije mtDNA (priblizno 840 bp)
na setu od 619 mitogenoma taurinih goveda, 26 europskih pasmina, te je utvrdeno da se
grupiraju unutar T haplogrupe (T1, T2, T3) bliskoisto¢nog porijekla. Najzastupljenija
haplogrupa bila je T3, koja je obuhvatila 89,2% svih analiziranih uzoraka. Haplogrupa T1 bila
je prisutna u 5,3% uzoraka, dok je haplogrupa T2 otkrivena u 3,8% uzoraka. Takoder,
identificirano je 8 mtDNA koje se ne uklapaju u T haplogrupu. Analizom cijelog mitogenoma
utvrdili su da su cetiri mitogenoma, od preostalih 8, pripadnici nedavno otkrivene haplogrupe
Q, sve 4 talijanske pasmine (1 s podruc¢ja Toskane, 1 s podru¢ja Friuli i 2 s podru¢ja Romanja.
Druga ¢etiri mitogenoma pripadaju novoj haplogrupi R, kako je i sugerirala analiza kontrolne
regije. Haplogrupa R predstavlja najstariju poznatu podjelu u mtDNA filogeniji Bos
primigeniusa, koji je predak modernih domacéih goveda. Ta podjela dogodila se nakon duboke
razdvojenosti koja je dala podrijetlo dvjema glavnim linijama, taurinskim govedima (Bos
taurus) i zebuinskim govedima (Bos indicus). Filogeografski podatci ukazuju da su R mtDNA
proizasli od Zenskih europskih goveda, vjerojatno s talijanskog poluotoka, dok suprotno tome
dostupni podaci sugeriraju da su Q mtDNA i T potgrupe (slika 2.) bile ukljuc¢ene u isti neoliticki
dogadaj domestikacije na Bliskom Istoku (Achilli i sur. 2009.).
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Slika 2. Filogenetski prikaz mitogenoma goveda
Izvor: Achilli A, Bonfiglio S, Olivieri A, Malusa™ A, Pala M, i sur. (2009) The Multifaceted Origin of Taurine Cattle
Reflected by the Mitochondrial Genome. PLoS
ONE 4(6): e5753. doi:10.1371/journal.pone.0005753 -pristup: 27.7.2023.
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Slika 3. Stablo kompletnih sekvenci mitohondrijske DNA kod goveda
Izvor: Achilli A, Bonfiglio S, Olivieri A, Malusa™ A, Pala M, et al. (2009) The Multifaceted Origin of Taurine Cattle
Reflected by the Mitochondrial Genome. PLoS
ONE 4(6): €5753. doi:10.1371/journal.pone.0005753 -pristup: 27.7.2023.

Slika 3. prikazuje filogenetsko stablo koje predstavlja genetske odnose izmedu razli¢itih
haplogrupa mtDNA. Ove haplogrupe su oznacene razli¢itim slovima i brojevima, a stablo
prikazuje njihovu evolucijsku divergenciju i vremenske procjene (u tisu¢ama godina, oznaceno
s "ky" $to znaci tisuca godina, ili "kilo years") kada su se te grupe odvojile jedna od druge.

Rad autora Zhang (2013.) donosi morfoloske i genetske dokaze o upravljanju taurin govedima
u sjeveroisto¢noj Kini tokom ranog holocena (slika 4). U radu su analizirani uzorci datirani
metodom ugljika, odredene su morfoloSke karakteristike, te je proucena drevna mitohondrijska
DNK (mtDNA). Sekvence drevne mtDNA kineskih uzoraka usporedene su s 26 javno



dostupnih mitogenoma modernih goveda, ukljucuju¢i 14 taurina, 3 zebu goveda, 3 jaka, 3
americka bizona i 3 europska bizona. Filogenetska analiza svrstava kineske uzorke zajedno s
taurin govedima, ali u nepoznatu haplogrupu. Jedna sekvenca se izdvaja od ostalih, a Zhang tu
haplogrupu naziva haplogrupa C.
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Slika 4. Lokacija centara domestikacije goveda u usporedbi s

distribucijom aurochsa
Izvor: Zhang, H., Paijmans, J. L., Chang, F., Wu, X., Chen, G,, Lei, C., ... & Hofreiter, M. (2013). Morphological and
genetic evidence for early Holocene cattle management in northeastern China. Nature communications, 4(1),
2755.0NE 4(6): 5753. doi:10.1371/journal.pone.0005753 -pristup: 27.7.2023.

Analizom 31 mitogenoma s podrucja Delte Nila, Olivieri i sur. (2015.) utvrdili su
prevladavanje T1 haplogrupe koja je karakteristicna za africka goveda. S neS$to manjom
frekvencijom pronadene su T2 i T3 haplogrupe. Navedene haplogrupe su prisutne kod obje
analizirane egipatske pasmine, Menofi i Domiaty. Dva mitogenoma pripadaju rijetkoj
haplogrupi Q1 koja je dotad pronadena samo kod talijanskih pasmina §to doprinosi boljem
poznavanju povijesti mijeSanja pasmina i razvoja modernih goveda. Slika 5. prikazuje
filogenetsko stablo haplogrupa mitogenoma s fokusom na haplogrupe Q i T i njezine podgrupe.
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Slika 5. Svjetska filogenija taurinskih haplogrupa T2 i Q
Izvor: Olivieri A, Gandini F, Achilli A, Fichera A, Rizzi E, Bonfiglio S, et al. (2015) Mitogenomes from
Egyptian Cattle Breeds: New Clues on the Origin of Haplogroup Q and the Early Spread of Bos taurus
from the Near East. PLoS ONE 10(10): e0141170. doi:10.1371/journal.pone.0141170

Rad Chen i sur. (2018.) piSu da su moderna taurinska goveda pokazala T haplogrupu i nekoliko
dodatnih manjih haplogrupa (Q, P i R), dok su zebu goveda nosila samo | haplogrupu. 147
mitogenoma imalo je pokrivenost ve¢u od 100 puta, ukljucujuéi 107 kineskih goveda, 12
africkih goveda, 11 europskih goveda, 7 iranskih goveda, 6 korejskih goveda 1 4 zebu goveda,
te su uskladeni s 24 referentna mitogenoma. Filogenetske analize pokazale su da su sva
isto¢noazijska taurinska goveda karakterizirana T haplogrupom, osim jednog korejskog
Hanwoo goveda, koje je pripadalo P haplogrupi tipi¢noj za europsko pragovedo i dva
tibetanska goveda, koja su nosila haplogrupe jaka, $to sugerira regrutiranje materinskog roda
pragoveda i jaka u isto¢noazijskih goveda (slika 6.). Isto¢noazijska taurinska goveda uglavnom
su pripadala T3 i T2 haplogrupama, goveda s Bliskog istoka pripadala su T2 haplogrupi, africka
goveda pripadala su T1 haplogrupi, a samo jedan tibetanski pojedinac pripadao je T4
haplogrupi. Unutar linije B. indicus, kineska zebu goveda uglavnom su pripadala 11a, novoj

podhaplogrupi unutar 11 koja se granala u obliku zvijezde, sugeriraju¢i njen brzi populacijski
rast 1z jedne pocetne sekvence.
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Slika 6. Ukorijenjeno filogenetsko stablo Maximum likelihood koje detaljno prikazuje odnose
medu svim dostupnim haplogrupama goveda I, P, Q, R i T mtDNA, ameri¢kim bizonom

mtDNA i tri mitogenoma jaka.
Izvor: Chen, N., Cai, Y., Chen, Q., Li, R., Wang, K., Huang, Y., ... & Lei, C. (2018). Whole-genome resequencing
reveals world-wide ancestry and adaptive introgression events of domesticated cattle in East Asia. Nature
Communications, 9(1), 2337.

U radu Xia i sur. (2019.) analizirana je genetska raznolikost Yunling goveda koja su nastala
krizanjem Brahman i Murray Grey goveda te lokalnim Yunnan govedima tijekom vise od 30
godina. Genetska raznolikost ove pasmine ispitivana je koriStenjem mitogenoma. Studija je
otkrila da Yunling goveda sadrze nekoliko haplogrupa, ukljucuju¢i glavne taurinske
haplogrupe T, T1, T2, T3, T4, T5 i indicinske haplogrupe 11 i 12. Ova raznolikost haplogrupa
ukazuje na sloZenu evolucijsku povijest i znacajnu genetsku raznolikost pasmine.

Verdugo i sur. (2019.) analizirali su 67 drevnih genomskih uzoraka goveda kako bi
rekonstruirali povijest i dinamiku populacija u Plodnom polumjesecu. Analiza haplogrupa
mtDNA otkrila je prisutnost nekoliko klju¢nih haplogrupa, ukljucujuéi taurinske haplogrupe
T, T1, T2 i T3, te indicinske haplogrupe 11 i 12. Ovi rezultati ukazuju na slozenu genetsku
povijest drevnih goveda u regiji Plodnog polumjeseca, uklju¢ujuéi mijeSanje i brze promjene
populacija. Takoder, rad otkriva da je regija Plodnog polumjeseca bila mjesto intenzivne
promjene genetickog sastava goveda tijekom vremena, $to ukazuje na brze promjene u
stoCarstvu 1 migracijama ljudi.
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Slika 7. mtDNA Maximum Likelihood Stablo.
Izvor: Verdugo, M. P., Mullin, V. E., Scheu, A., Mattiangeli, V., Daly, K. G., Maisano Delser, P., ... & Bradley, D. G.
(2019). Ancient cattle genomics, origins, and rapid turnover in the Fertile Crescent. Science, 365(6449), 173-176.

U radu Xia i sur. (2021.) analizirano je 170 mitogenoma s podrucja Sjeverne i Istocne Azije.
Uzorci su pripadali 10 modernih pasmina tauro-mongolskih goveda. Analiza je pokazala da svi
uzorci pripadaju dvjema podgrupama unutar haplogrupe T3. Kako bi istrazili odnos izmedu
modernog 1 drevnog istocnoazijskog goveda, usporedili su set sa Sest drevnih sekvenci.
Rezultati su pokazali da drevne sekvence takoder pripadaju, uz T4 haplogrupu, navedenim
podgrupama T3.

Kako bi detaljnije opisali klasifikaciju i demografske dogadaje koji su doveli do trenutne
distribucije haplogrupa, Cubri¢ Curik i sur. (2022.) proveli su istraZivanje nad 802 sekvence i
time pokrili 114 pasmina goveda. Glavni cilj bio pomnije opisati filogenetiku rijetkih
haplotipova, odnosno haplogrupu P. Velik broj uzoraka prikupljen je u jugoisto¢noj Europi.
Pronadeno je 1725 polimorfnih mjesta te 701 jedinstveni haplotip. Polimorfna mjesta su
ukljucivala 810 singleton i 853 parsinformativnih mjesta. Pronadene su sljedec¢e haplogrupe: 1
(10), R (10), P (6), Q (22), T5 (10), T2 (42), T3 (528), T1 (154), T4 (11), T6 (3) i T7 (1).
Dominantna haplogrupa je T3. Slika 10. prikazuje distribuciju analiziranih mitogenoma
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goveda. Po majé¢inskom rodu, identificirana je P1 haplogrupa, naslijedena od divljeg goveda
(Bos primigenius) kod jedinke austrijskog murbodnera $to predstavlja dokaz da su se divlja
goveda krizala s modernim govedima u Europi tokom domestikacije (Slika 8.b.). Slika 8.a.
prikazuje kompletno filogenetsko stablo koje je konstruirano na temelju 802 mitogenoma.
Stablo ilustrira evolucijski odnos izmedu razli¢itih haplogrupa koje su pronadene u
analiziranom setu. U prikazanom odnosu haplogrupa, jedna se zna¢ajno odvaja od
haplogrupe 1 te potencijalno predstavlja novu haplogrupu K koja je naslijedena od Bos
primigenius namadicusa. Slika 9. prikazuje demografsku povijest razli¢itih haplogrupa D-
loop regija mtDNA tijekom vremena. Grafikon prikazuje promjene u efektivnoj veli¢ini
zenske populacije za haplogrupe T2, T3, T1 i Q kroz vrijeme (u tisu¢ama godina prije
sada$njosti, oznac¢eno kao kyBP).

(@)

(b) POL =1500 yBP (JQ437479) ]
1 1 *Pa(P1—Pa)

DNK =600 yBP (MF169213) |

KOR (DQ124389)

DNK =600 yBP (MF169211) *Pa (Py— Py)

| DNK =600 yBP (MF169212) |

GBR =6738 yBP (GU985279) |

T4

=41 "Hugo family"(MZ901404-08) |

20 ky T

Slika 8. Bayesovski filogenetsko stablo izvedeno je na 802 potpune sekvence mitogenoma goveda.
(a) Kompletno filogenetsko stablo (b) Djelomi¢no filogenetsko stablo koje predstavlja P
haplotipove (DNK, Danska; GBR, Velika Britanija; KOR, Koreja; POL, Poljska).

Izvor: Cubric-Curik, V., Novosel, D., Brajkovic, V., Rota Stabelli, O., Krebs, S., S6lkner, J., ... & Medugorac, 1. (2022).
Large-scale mitogenome sequencing reveals consecutive expansions of domestic taurine cattle and supports sporadic
aurochs introgression. Evolutionary applications, 15(4), 663-678. -pristup: 28.7.2023.
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Slika 9. Bayesov grafikon prikazuje trend efektivne veli¢ine Zenske populacije tijekom posljednjih
15 tisu¢a godina za haplogrupe Q, T2, T3 i T1, izveden iz informacija o D-loop sekvenci (od np
16.042 do np 16.276).

Izvor: Cubric-Curik, V., Novosel, D., Brajkovic, V., Rota Stabelli, O., Krebs, S., S6lkner, J., ... & Medugorac, 1. (2022).
Large-scale mitogenome sequencing reveals consecutive expansions of domestic taurine cattle and supports sporadic
aurochs introgression. Evolutionary applications, 15(4), 663-678. -pristup: 28.7.2023.
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Slika 10. lustracija geografske distribucije analiziranih sekvenci mitogenoma europskih pasmina

modernih goveda s dodjeljenom haplogrupom prema Bayesovoj filogenetskoj analizi
Izvor: Cubric-Curik, V., Novosel, D., Brajkovic, V., Rota Stabelli, O., Krebs, S., Sélkner, J., ... & Medugorac, 1. (2022).
Large-scale mitogenome sequencing reveals consecutive expansions of domestic taurine cattle and supports sporadic
aurochs introgression. Evolutionary applications, 15(4), 663-678. -pristup: 28.7.2023.

13



Dorji i sur. (2022.) proveli su istrazivanje nad 1883 jedinke kako bi dokazali da se fenotipske
razlike mogu objasniti odredenom varijabilnos¢u na mitogenomu. Rezultati su pokazali da
unutar 156 istrazenih pasmina postoji 11 glavnih haplogrupa (11, 12, T1, T2, T3, T4, T5, T6,
P,Q1, Q2). T3 je dominantna haplogrupa kojoj pripadaju 1502 jedinke, a dijele se na 15
podgrupa. P2 i T4 haplogrupe se pojavljuju samo jednom (Korean Hanwoo i Wagyu govedo),
dok se haplogrupa T6 pojavljuje 7 puta kod jedinki koje potje¢u od Angus goveda. Africke
pasmine goveda bile su uniformno klasificirane pod haplogrupu T1, koja je fiksirana u africkim
taurinskim pasminama dok su moderna taurinska goveda bila uglavnom Klasificirana pod
haplogrupu T. Indicinska goveda uglavnom su pripadala haplogrupi 1. Unutar haplogrupe 11,
identificirana je podskupna I1a (slika 11.) koja ima dvije specifi¢ne mutacije karakteristi¢ne za
kineska goveda.

o _
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Subcluster 3 Subcluster 2 Subcluster 1
11b (5707 bp) I1a (1497 8648 bp) 11-Orig

Cluster 2 (12) Cluster 1 (1)

Slika 11.  Podgrupiranje jedinki haplogrupe | na I1 i 12 te podgrupiranje unutar I1a grupe
Izvor: Dorji, J., Vander Jagt, C.J., Chamberlain, A.J. et al. Recovery of mitogenomes from whole genome sequences to
infer maternal diversity in 1883 modern taurine and indicine cattle. Sci Rep 12, 5582 (2022).
https://doi.org/10.1038/s41598-022-09427-y -pristup: 30.7.2023.

Rad autora Xia i sur. (2018.) predstavlja temeljito istrazivanje genetske raznolikosti
mitogenoma u razli¢itim populacijama goveda u Kini. Tokom istrazivanja provedeno je
sekvenciranje cijele D-loop regije mtDNA kod 1105 pojedinaca, ukljucujuci taurinska i zebu
goveda. Identificirano je ukupno 250 taurinskih haplotipova i 88 zebu haplotipova §to
predstavlja pet glavnih haplogrupa kod Bos taurusa (T1la, T2, T3, T4 i T5) i dvije haplogrupe
kod Bos indicusa (11 i 12) sto je prikazano na slici 12. Haplogrupa T1a koncentrirana je
uglavnom u sjeveroistocnoj regiji Azije, a T2, T3 1 T4 bile su dominantne kod kineskih
goveda. Haplogrupa T5 povremeno je otkrivena kod mongolskih i Pingwu goveda.
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Haplogrupa I1 bila je Siroko prisutna, dok je 12 pronadena samo u odredenim regijama
jugozapadne Kine, ukljuc¢uju¢i Yunnan-Guizhou visoravan i autonomnu regiju Tibet, te
autonomnu regiju Xinjiang Uygur.

Slika 12. Geografska distribucija haplogrupa Bos taurusa i Bos indicusa unutar 57 Kineskih
pasmina goveda

Izvor: Xia, X., et al. "Comprehensive analysis of the mitochondrial DNA diversity in Chinese cattle." Animal genetics
50.1 (2019): 70-73. -pristup 28.7.2023.
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4. Materijal i metode

4.1. Materijal

Za potrebe ovog diplomskog rada koristila sam banku gena kao osnovni izvor podataka, a
okosnica mi je bio rad Cubri¢-Curik i sur. (2022.). Iz spomenutog rada preuzela sam 33
sekvence koje su mi sluzile kao predstavnici haplogrupa. Dodatno, iz repozitorija GenBank

(Clark i sur., 2016) preuzela sam 670 sekvenci (Tablica S1.) koje su doprinijele vecem setu
podataka kako bih vidjela kolika je njihova raznolikost. Takoder, u tablici S1 evidentirane su
sljedece informacije: pasmina, vrsta, drzava, geografska lokacija uzorkovanja te izvor.

Kao referentnu sekvencu mitogenoma koristila sam sekvencu pod pristupnim brojem V00654
(Anderson et al., 1982). U konacénici, skup podataka obuhvatio je 704 sekvence, a unutar njih
prisutno je 77 pasmina rasprostranjenih kroz 22 drzave. Broj jedinki svake haplogrupe po
drzavama prikazana je u tablici 2.

Tablica 2. Broj jedinki svake haplogrupe po drzavi

Haplogrupa Drzava Broj Bez
jedinki  predstavnika
11 Irak 1 328
Mongolija 2
Kina 110
Kazahstan 1
Indija 219
12 Indija 105 116
Sri Lanka 1
Irak 1
Iran 1
Kina 11
P1 Velika 1 0
Britanija
Poljska 1
Austrija 1
Q1 Italija 2 3
Kina 3
Grcka 1
R1 Italija 1
R2 Italija 2 0
Tl Etiopija 1 33
S. Koreja 1
J. Afrika 1
Egipat 1
Kina 32
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4.2. Metode

4.2.1. Preuzimanje i evidencija mitogenoma

GenBank (Clark i sur., 2016) je javno dostupna baza podataka koja sadrzi informacije o
nukleotidnim sekvencama. Za preuzimanje sekvenci iz banke gena pomocu racunalnog
okruzenja R (R Core Team, 2021) bilo je potrebno prvo stvoriti .txt datoteku sa popisom
pristupnih brojeva sekvenci koje Zelimo preuzeti. Prilikom pokretanje R skripte u RStudiu
(RStudio Team, 2020) bilo je potrebno instalirati paket ,,ape” (Paradis i Schliep, 2019), a
najbitnija funkcija kojom sam preuzela sekvence je ,,read.Genbank*.

4.2.2. Poravnavanje sekvenci

Nakon preuzimanja sekvenci iz banke gena, iste sam poravnala pomocu softvera Clustal
Omega (Chenna i sur., 2003). Clustal Omega (Chenna i sur., 2003) je popularan softver za
viSestruko poravnanje proteinskih ili nukleotidnih sekvenci. Razvijen je kao poboljSana verzija
prethodnih Clustal alata, nude¢i brzu i precizniju analizu poravnanja velikih skupova sekvenci
te pruza korisnicima visokokvalitetne rezultate koji su od velikog znacaja za proucavanje
evolucijskih odnosa medu sekvencama. Izlaznu datoteku s poravnanim setom sekvenci otvorila
sam u softveru MEGA7 (Molecular Evolutionary Genetics Analysis) (Kumar i sur ., 2016) radi
vizualizacije i daljnje obrade. MEGA7 (Kumar i sur ., 2016) je softver za molekularnu
evoluciju 1 geneticku analizu koji se koristi u istraZivanjima biologije, genetike, evolucije i
srodnih disciplina. Razvijen je kao alat za analizu filogenetskih odnosa, geneticke divergencije
1 evolucijskih procesa. Omogucuje korisnicima da provode razli¢ite vrste analiza, ukljucujuci
izgradnju filogenetskih stabala, procjenu evolucijskih udaljenosti, analizu molekularne
evolucije, rekonstrukciju filogenetskih mreza i identifikaciju genetskih markera. Osim toga,
podrzava razli¢ite formate ulaznih podataka, uklju¢uju¢i FASTA, NEXUS, PHYLIP i MEGA
format. Dodatno sam ru¢no poravnala i slozila sve sekvence prema referentnom mitogenomu
V00654. Prosjecna duzina sekvenci u poravnanom setu bila je 16.338 bp. Takav set sam
preimenovala na nacin da mi je radno ime sadrzavalo informaciju o pristupnom broju, drzavi
(1SO2 kod), pasmini i haplogrupi. Preimenovanje sekvenci, prema navedenom na¢inu, odradila
sam pomoc¢u RStudio (RStudio Team, 2020) skripte i paketa Tidyverse (Wickham i sur., 2019)
kako bih mogla lakse pratiti rezultate buducih analiza.

4.2.3. Odredivanje haplogrupa pomoc¢u MitoToolPy softvera

MitoToolPy (Peng i sur., 2017) je bioinformaticki alat za analizu mitohondrijske DNA
(mtDNA), dizajniran za potrebe geneticara i evolucijskih biologa. Pruza niz funkcionalnosti za
filogenetsku analizu, identifikaciju haplogrupa i analizu varijabilnosti mitogenoma. Klju¢ne
znafajke MitoToolPy-a ukljucuju sposobnost rukovanja velikim skupovima podataka,
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izvodenje obrade u serijama i1 generiranje grafiCkih prikaza visoke kvalitete za potrebe
publikacija (Zhang i sur., 2019). Program omogucuje analizu mitogenoma kod 8 razlicitih vrsta
domacih Zivotinja. MitoToolPy (Peng i sur., 2017) koristila sam za klasifikaciju haplogrupa na
kojima se bazirala deskriptivna statistika.

4.2.4. Deskriptivna statistika

U cilju detektiranja varijabilnih mjesta unutar seta, kroz softver MEGA7 (Kumar i sur ., 2016)
izracunala sam osnove deskriptivne statistike. Varijabilna mjesta su iste pozicije na DNA
sekvenci koje sadrze najmanje dva razli¢ita nukleotida izmedu vise razli¢itih organizama, a
dijele se na parsimonijska informativna mjesta i singleton mjesta. Parsimonijska informativna
mjesta su mjesta koja sadrze najmanje dva razlicita tipa nukleotida ili aminokiselina, pri cemu
se svaki od njih pojavljuje barem dva puta, a singleton mjesta sadrZze najmanje dva razli¢ita
tipa nukleotida ili aminokiselina, pri ¢emu se jedan od njih moZe pojaviti viSe puta. Takoder,
napravila sam tablicu u Excelu (Microsoft Corporation, 2018) sa popisom drzava i brojem
jedinki, te brojnosc¢u pojedine pasmine koja je uzorkovana, a prikazano je na tablici 3.
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Tablica 3. Brojnost pasmina po drzavama

Drzava I_3r0_j . BFOJ_ Pasmine
jedinki  pasmina

Albanija 1 1 Skodra busa

Austrija 3 2 g/lurbodner Fleckvieh

. Anxi Tibetan  Yunlig Weizhou Nandan Longlin Digin B. tau.

Kina 2rl 8 5 48 160 17 18 21 1 1

Hrvatska 1 1 S.s. Podolian

Egipat 1 1 Menofi

Etiopija 1 1 Arsi

Njemacka 26 1 Erman holstein

Grcéka 2 2 Katerini Gr. S. pindos

T 343 16 Q?hr; Bachaur  Badri Bargur Belahi Binjharpuri Dangi Deoni Gangatiri  Gaolao
9 5 5 9 12 4 6 5 6 5
Kangayam Kankrej  Kenkatha Khariar Kherigarh  Kosali K. kapila  Khillar Krishna  Lakhimi
4 20 6 6 6 6 5 4 valley 8 12
Motu Nagori Nellore Nimari Ponwar Ongole Punganur Pulikulam Rathi Sahiwal
6 8 2 6 6 6 6 6 7 18
Tharparkar Vechur Umblachery Thutho
4 3 6 7
Ghumusari  Gir Hallikar Hariana
6 28 5 11
Ladakhi Mewati Malvi Malnad
11 10 8 gidda 5
Red sindhi  Red Siri

kandhari ShV\_/eta

3 3 9 kapila 10

Iran 1 1 Iranian
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Irak 4 1 lraqi

Italija 5 4 ;:abannlna Cinisara  Romagnola  Marchigiana

Japan 1 1 Japanese black

Kazahstan 8 1 Kazakh

Mongolija 27 1 Mongolian

Nizozemska 1 1 Holstein

Poljska 1 Bos primigenius

J. Africa 1 1 Nguni

S. Koreja 2 2 Ko_rean Korean c.
native

Sri lanka 1 1 Zwergzebu

Turska 1 1 Anatolian black

Velika 2 Bostauru  B. prim.

Britanija
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4.2 5. P-distanca

P-distanca je proporcija nukleotidnih mjesta na kojima se dvije usporedene sekvence razlikuju,
a dobiva se dijeljenjem broja razlika u nukleotidima s ukupnim brojem usporedenih nukleotida.
Koristi se kao mjerilo geneticke udaljenosti izmedu jedinki, populacija ili skupina jedinki.
Racunanjem p-distance u MEGA7 (Kumar i sur ., 2016) dobijemo matricu udaljenosti svih
parova jedinki ili svih grupa. Da bismo dobili matricu udaljenosti, potrebno je pravilno
namjestiti parametre za izraun. Parametri koje sam ja koristila za izracun p-distance prikazani
su na slici 13. Raspon udaljenosti (p) se krece od 0 do 1. Ukoliko je udaljenost (p) jednaka nuli
to znaci da su sekvence iste uzimajuci sve nukleotide u obzir, a rezultat jednak 1 znaci suprotno,
da su sekvence razli¢ite prema svim nukleotidima. Dobivenu matricu p-distanci sam pomocu
koda u RStudiu (RStudio Team, 2020) pretvorila u tablicu s tri kolone radi preglednosti i
jednostavnijeg opisa rezultata.

m MT: Analysis Preferences — O X

Options Summary

Option | Selection
Analysis Distance Estimation
Scope Pairs of taxa

Estimate Variance

Variance Estimation Method None

Substitution Model

Substitutions Type Mucdlectide
Model/Method Kimura 2-parameter model
Substitutions to Include d: Transitions + Transversions

Rates and Patterns

Rates among Sites Uniform rates

Pattern among Lineages Same (Homogeneous)
Data Subset to Use

Gaps/Missing Data Treatment Complete delstion

? Help | / Cgmputel x Cancel

Slika 13. Parametri za izracun p-distance

4.2.6. BEAST analiza

Programski paket Bayesian Evolutionary Analysis by Sampling Trees (BEAST), koji sadrzi
programe Beast, Beauti, Loganalyser, Logcombiner, Treeannotator i Treestat, ¢vrsto se
afirmirao u raznolikim bioloskim podru¢jima, ukljucujuéi filogenetiku, paleontologiju,
dinamiku populacija, drevnu DNA, te filodinamiku i molekularnu epidemiologiju zaraznih
bolesti (Drummond et al., 2012). BEAST analiza je metoda koja se koristi u molekularnoj
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evoluciji za procjenu evolucijskih parametara, poput vremena podrijetla, stopa evolucije i
filogenetskih odnosa izmedu organizama, koriste¢i molekularne podatke, poput DNA sekvenci
ili aminokiselina. Specifi¢an fokus BEAST analize temelji se na vremenski skalirana stabla i
evolucijskim analizama koje su ovisne o njima (Suchard et al., 2018). BEAST (Drummond et
al., 2012) koristi Bayesovsku statistiku za procjenu parametara i stvaranje filogenetskih stabala.
Ova analiza omogucuje modeliranje razli¢itih aspekata evolucijskih procesa, ukljucujuci
vrijeme podrijetla vrsta, brzinu evolucije genetskog materijala i sl., koriste¢i vremenske
informacije. Takoder, BEAST (Drummond et al., 2012) pruza fleksibilnost u koristenju
razli¢itih modela evolucije 1 metoda procjene parametara, Sto omogucuje prilagodbu analize
specificnim znacajkama podataka i potrebama istrazivanja.

BEAUTI program (Bayesian Evolutionary Analysis Utility) (Suchard i sur., 2018), koji
ima graficko korisni¢ko sucelje, korisniku omogucuje uvoz podataka (sekvenci), odabir
modela, odabir prethodne distribucije, odredivanje postavki za Bayesov zakljucak i procjenu
grani¢ne vjerojatnosti te definirane parametre pohranjuje u .xml datoteku (Suchard et al.,
2018). Pomocu Beast programa se vrsi analiza pokretanjem prethodno kreirane .xml datoteke,
a po zavrSetku Beast analize (izlazne datoteke su .log i .trees), programom Tracer verzije 1.7.2
(Rambaut 1 sur., 2018) se otvara .log datoteka i provjeravaju vrijednosti efektivne veli¢ine
uzorka (ESS) koja daje uvid u statistiku odabranih parametara te potencijalnih problema s
konvergencijom parametara. Pomoc¢u programa TreeAnnotator iz .trees datoteke, koja sadrzi
izraCunata filogenetska stabla, sazima se jedno stablo s izraCunom posteriori vrijednosti te se
uklanja odredeni postotak stabala (,,burn in*) ovisno o konvergenciji i stabilizaciji paramatera
Sto se je prethodno provjerilo pomocu programa Tracer verzije 1.7.2 (Rambaut i sur., 2018).
Zavrs$no stablo s posteriori vrijednostima, koje oznacavaju vjerojatnost razdvajanja klastera na
filogenetskom stablu, vizualizira 1 ureduje se pomocu FigTree (Rambaut i sur., 2016)
programa.

Za potrebe analiza koristila sam BEAST programski paket (Bayesian Evolutionary
Analysis Sampling trees) verzije 1.10.5 (pre-release of ThorneyTreeLikelihood v0.1.2). Na
setu od 704 mitogenoma koristen je GTR (General Time-Reversible) supstitucijski model,
strogi model sata (engl. strict clock model), prior stabla Coalescent Bayesian Skyline Trees i
MCMC duZina lanca 100 000 000 s prikazom stanja i parametara svakih 10 000 iteracija. Kod
sazimanje stabla uklonilo se (,,burn-in“) 20% stabala koji su prvi u nizu konvergencije.

Pomocu FigTree (Rambaut i sur., 2016) vizualizirala sam i uredila filogenetsko stablo

te pod opcijom ,node labels* aktivirala posterior vjerojatnosti kako bih vidjela koji
klasteri/haplogrupe se znacajno odvajaju. Haplogrupe koje se znacajno odvajaju prema
posteriori vrijednosti obojala sam paletom boja kakva se koristi i u ostalim analizama
diplomskog rada kako bi se rezultati analiza mogli lakSe pratiti i usporedivati. U rezultatima ¢u
detaljnije opisati kakav odnos prikazuje filogenetsko stablo izmedu organizama i haplogrupa
na analiziranom setu te kolika je evolucijska udaljenost izmedu njih.

4.2.7. Izra¢un haplotipova i izrada median-joining mreZe

DnaSP (DNA Sequence Polymorphism) je softver za analizu DNA polimorfizama (Librado i
Rozas, 2009). Koristila sam ga za ra¢unanje haplotipova i njihove raznolikosti za svaku
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pasminu. Haplotip je specificna kombinacija nukleotidnih varijacija na jednom
kromosomu/mitogenomu koji se nasljeduje zajedno. Raznolikost haplotipova je mjera
geneticke varijabilnosti unutar odredene populacije ili skupine jedinki. Ova mjera se odnosi na
broj razlicitih haplotipova prisutnih u toj populaciji. Visoka raznolikost haplotipova ukazuje
na veéu genetsku varijabilnost unutar populacije $to moze implicirati razliite genetske
pozadine ili evolucijske putove. Analiza raznolikosti haplotipova omoguéuje dublji uvid u
genetsku strukturu populacije. Moze pruziti informacije o migracijama, udaljenostima izmedu
populacija, selekciji te drugim evolucijskim procesima koji su oblikovali genetsku raznolikost
unutar populacije. Takoder, raznolikost haplotipova moze biti korisna u istraZivanjima
populacijske dinamike, evolucijskih trendova te genetskih bolesti. Za izra¢un haplotipa, prvo
sam pripremila .meg file u MEGI 7 (Kumar i sur ., 2016), potom sam ga otvorila u DnaSP-u
(Librado i Rozas, 2009). Posto su bili prisutni nepoznati oblici nukleotida, pojavilo se
upozorenje ,error te je bilo potrebno ru¢no fazirati sekvence odnosno nepoznate nukleotide
zamijeniti s poznatim i frekvnetnijima. Takoder, spremila sam podatke o broju i brojnosti
haplotipova kao .nex format datoteku.

Za izradu legende, koja sluzi za prikaz Median Joining mreze (Bandelt i sur., 1999) potrebno
je bilo izraditi matricu frekvencija haplotipova po definiranim grupama. Za izradu matrice,
koristila sam program Arlequin verzije 3.5 (An Integrated Software for Population Genetics
Data Analysis) (Excoffier i sur., 2010), a generiranu izlaznu datoteku otvorila sam u TexPad-
u. Nakon §to sam prilagodila matricu kako bi odgovarala formatu kodiranja .nex datoteke,
integrirala sam je na kraj ve¢ postojece koja je generirana iz programa DnaSP (Librado i Rozas,
2009). Takva datoteka je bila potrebna za izradu Median Joining mreze (Bandelt i sur., 1999)
u PopART programu (Population Analysis with Reticulate Trees) (Leigh i Bryant, 2015), a
matrica je omogucila bojanje haplotipova u skladu s legendom.

I

Input Data File: C:\...\set_704_popart_haplotipovi.nex
Number of sequences: 704 Number of sequences used: 704
Selected region: 1-1340 Number of sites: 1340

Total number of sites (excluding sites with gaps / missing data): 1340

Stes with alignment gaps: not considered
Number of varable sites: 1340

=========== Haplotype Distribution ===========

Number of haplotypes, h: 481
Haplotype diversity, Hd: 0.9966

Slika 14. haplotip datoteka u .nex formatu generirana u DnaSP-u

4.2.8. Distribucija haplogrupa po drzavama

Sljedeca analiza koju sam provela ukljucuje izracun frekvencije haplogrupa mitogenoma,
odredenih putem BEAST analize (Drummond et al., 2012), po drzavama koriste¢i R (R Core
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Team, 2021), RStudio (RStudio Team, 2020) i paket ,,ggplot2* (Wickham, 2016). Kako bih
dobila usporedive podatke, prikazala sam i distribuciju haplogrupa iz rada Cubri¢ Curik i sur.
(2022), sto mi je omogucilo analizu doprinosa novih mitogenoma u kontekstu geografske
distribucije haplogrupa (Tablica 4.). Izradu karte svijeta s oznacenim jedinkama takoder sam
napravila u RStudiu (RStudio Team, 2020). Excel tablicu sam ucitala u RStudio (RStudio
Team, 2020), a pomoc¢u funkcije ,,ggplot” (Wickham, 2016) izradila Sam mapu. Varijable
Longitude X i Latitude Y sadrzavale su potrebne koordinate za pojedine jedinke, koje su
prikazane na kartama, dok je varijabla beast haplogrupa sadrzavala informacije o haplogrupi
kojoj pripada svaka jedinka prema BEAST analizi (Drummond et al., 2012). Uz to, frekvenciju
haplogrupa na karti prikazala sam pomocu kruznog grafa, ¢ime sam dodatno ilustrirala
geografsku distribuciju haplogrupa.

Tablica 4. Brojnost pojedine haplogrupe mitogenoma analiziranih u radu Cubrié¢ Curik i sur.
(2022) te doprinos novih mitogenoma

Haplogrupa Broj jedinki Doprinos novih
mitogenoma

I 9 1

P 10 3

Q 27 6

R 11 3
Tl 155 35
T2 42 24
T3 549 176

11 - 334

12 - 119
T5 - 3
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5. Rezultati

5.1. Varijabilna mjesta

U analizi varijabilnih mjesta 704 mitogenoma, ustanovljeno je ukupno 1433 varijabilnih
mjesta. Od tog broja, identificirano je 788 parsimonijskih informativnih mjesta i 645 singleton
mjesta korisnih za rekonstrukciju filogenetskog stabla U radu Cubri¢ Curik i sur. (2022)
obuhvaceno je 804 mitogenoma, na kojim je ustanovljeno 1725 varijabilnih mjesta iliti 853
parsimonijskih informativnih mjesta i 810 singleton mjesta,$to prikazuje tablica 5. Ovi rezultati
pruzaju uvid u geneticku varijabilnost unutar ovog seta mitogenoma te su od vaznosti za daljnje
filogenetske i populacijske analize.

Tablica 5. Varijabilna mjesta 704 mitogenoma u usporedbi sa setom iz rada Cubrié¢ Curik i
sur. (2022)

C V Pi S
Moj set 14905 1433 788 645
Cubri¢ Curiki 14551 1725 853 810

sur. (2022)

5.2. P-distanca

Rezultati prikazani u tablici P2. daju nam uvid u sli¢nost odnosno razliku izmedu pojedinih
pasmina analiziranih tokom ovog istrazivanja. Prema rezultatima, identi¢ni mitogenom imaju
talijanske pasmine romagnola i marchigiana. P distanca jednaka im je 0.00 $to ukazuje na vrlo
blisku geografsku i genetsku povezanost ili mogué¢i nedavni zajednicki predak. Takoder,
medusobno indijske pasmine imaju p distance 0.00 kao $to su nellore i gir, belahi i nagori §to
su sve indicina goveda. Ako usporedujemo indijske pasmine s europskim, p distance su veée
zato §to su europske pasmine taurin goveda. Na primjer, p distanca izmedu indijskog goveda
vechur i austrijskog goveda murbodner iznosi 0.02. Isti iznos p distance izraunat je i izmedu
nekoliko azijskih taurin goveda i indijskih, a to su korejsko domace govedo i thutho. Nesto
manju p distancu imaju egipatski menofi i indijski malvi, a ona iznosi 0.1. Najvece p distance
zabiljezene su izmedu kineske pasmine diqin i nekoliko pasmina iz razli¢itih regija Europe i
Azije, te izmedu indijskih pasmina.
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5.3. Filogenetska analiza

U filogenetskoj analizi, koristenjem programa BEAST (Drummond et al., 2012), analizirani su
mitogenomi kako bi se dobila dublja spoznaja o njihovoj evolucijskoj povijesti i medusobnim
genetickim odnosima. Rezultati ove analize pokazali su poneke razlike u odredivanju
haplogrupa izmedu prethodno dobivene klasifikacije pomo¢u MitoToolPy-a (Peng i sur., 2017)
i onih dobivenih kroz BEAST analizu (Drummond et al., 2012). Od 704 analiziranih
mitogenoma, njih 24 je preklasificirano u drugu haplogrupu. Tablica 6. prikazuje popis
mitogenoma i njihovu haplogrupu odredenu MitoToolPy-em te haplogrupu dodijeljenu
BEAST analizom (Drummond et al., 2012). Ova razlika u klasifikaciji haplogrupa sugerira
mogucu potrebu za azuriranjem prethodnih taksonomskih klasifikacija ili mozda ukazuje na
specifi¢nosti evolucijskih putova ovih mitogenoma koje BEAST metoda (Drummond et al.,
2012) moze bolje detektirati. Primjerice, mitogenom s radnim nazivom AY 126697 IN NI T3,
koji je prethodno bio klasificiran u haplogrupu T3, nakon BEAST analize (Drummond et al.,
2012) je klasificiran u haplogrupu I1. Svi ostali navedeni mitogenomi preklasificirani u T3
haplogrupu, a pripadaju japanskim (apanese black), sjeverno korejskim (Korean native i
Korean cattle), kineskim (Yunglin, Longlin i Tibetan), kazahstanskim (Kazakh) i mongolskim
pasminama (Mongolian). Slika 15. prikazuje filogenetsko stablo izradeno u programu Fig Tree
(Rambaut i sur., 2016). Grane stabla obojane su prema posterior vrijednostima prate¢i podjelu
na haplogrupe. gdje se vrijednosti veée od 0.95 smatraju znac¢ajnima i time potvrduju podjelu
izmedu haplogrupa. Haplogrupe I i T3 jasno se izdvajaju, dok unutar haplogrupe | postoji
dodatna podjela na Cetiri podgrupe §to je naznaceno Cetirima nijansama ljubicaste boje (Slika
15).

Tablica 6. Mitogenomi s razli¢itim haplogrupama nakon BEAST analize

RADNI NAZIV HAP.LOGRUPA BEAST HAPLOGRUPA
MitoToolPy
ABO074964 JP_Jb T4 T4 T3
AY126697 IN_NI_T3 T3 11
AY526085 KR _Nk_T1 T1 T3
DQ124375_KR_Kc_T4 T4 T3
MN200795_CN_Yu_T4 T4 T3
MN200841_CN_Yu_T4 T4 T3
MN200842_CN_Yu_T4 T4 T3
MN200846_CN_Yu_T6 T6 T3
MN200848 CN_Yu T4 T4 T3
MN200860 CN_Yu_ T4 T4 T3
MN200876_CN_Yu_T4 T4 T3
MN200896_CN_Yu_T6 T6 T3
MN200937_CN_Yu_T4 T4 T3
MN714182 CN_Lg_ T4 T4 T3
MN714183 CN_Lg T4 T4 T3
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MT576741_CN_Tb_T4 T4 T3
MT576752_CN_Tb_T4 T4 T3
MT576761_KZ_Kz_T1 T1 T3
MT576769 MN_Mn_T4 T4 T3
MT576774_MN_Mn_T4 T4 T3
MT576820_ MN_Mn_T4 T4 T3
MT576821_MN_Mn_T4 T4 T3
MT576822_ MN_Mn_T4 T4 T3
MT576828_MN_Mn_T4 T4 T3
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Slika 15. Filogenetsko stablo analiziranog seta
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5.4. Prikaz haplotipova median-joining mreZom

U analizi 704 mitogenoma, ukupno je identificirano 481 haplotip unutar analiziranog seta
podataka. Raznolikost haplotipova, izrazena kao 0.9966, ukazuje na visok stupanj geneticke
varijabilnosti izmedu haplotipova, S§to sugerira Sirok spektar genetickih profila unutar
analiziranog seta. Takvi rezultati naglasavaju bogatstvo genetickih informacija koje se mogu
dobiti analizom haplotipova. Najfrekventniji je haplotip 39 u kojeg je svrstan 31 mitogenom
kineskih pasmina (yunling, longlin, nandan, weizhou), a svi su pripadnici 11 haplogrupe.
Haplotip 41 broji 12 mitogenoma kineske pasmine yunling (T3) te haplotip 281 s 8
mitogenoma indijskih pasmina, takoder I1. Tablica 7. prikazuje navedeni rezultat. Svim ostalim
haplotipovima su pripadali izmedu jednog i pet mitogenoma.

Tablica 7. Haplotipovi s najviSe pripadajuc¢ih mitogenoma

Hap_39

Hap 41

Hap 281

MN200780_CN_Yu_I1
MN200797_CN_Yu_I1
MN200801_CN_Yu_I1
MN200802_CN_Yu_I1
MN200805_CN_Yu_I1
MN200807_CN_Yu_I1
MN200844_CN_Yu_I1
MN200849_CN_Yu_I1
MN200853_CN_Yu_I1
MN200861_CN_Yu_I1
MN200871_CN_Yu_I1
MN200902_CN_Yu_I1
MN200908_CN_Yu_I1
MN200920_CN_Yu_I1
MN200926_CN_Yu_I1
MN200933_CN_Yu_I1
MN200935_CN_Yu_I1
MN714167 CN_Lg_I1
MN714171 CN_Lg_I1
MN714172_CN_Lg_I1
MN714175 CN_Lg_I1
MN714176_CN_Lg_I1
MN714181 CN_Lg_I1
MN714186_CN_Nd_I1
MN714187 _CN_Nd_I1
MN714188_CN_Nd_I1
MN714198 CN_Nd_I1
MN714200 CN_Nd_I1

MN200782_CN_Yu_T3
MN200787 CN_Yu_T3
MN200847 CN_Yu_T3
MN200852_CN_Yu_T3
MN200859 CN_Yu_T3
MN200864_CN_Yu_T3
MN200873_CN_Yu_T3
MN200880 CN_Yu_T3
MN200915 CN_Yu_T3
MN200917 CN_Yu_T3
MN200927 CN_Yu_T3
MN200934 CN_Yu_T3

OM868367_IN_HI_I1
OM868433_IN_Ko_I1
OM868450 IN_Ld_I1
OM868489 IN_Mw_11
OM868541_IN_Rt_I1
OM868558_IN_Sw_I1
OM868598_IN_Um_I1
OM868600_IN_Um_I1
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MN714201_CN_Nd_I1
MN714207_CN_We_I1
MN714217_CN_We_I1

Zbog nemogucnosti prikaza 481 haplotipa dobivenih na setu 704 sekvence na median-joining
mrezi, smanjila sam set na 120 sekvenci tako $to sam za svaku haplogrupu iz BEAST analize
(Drummond et al., 2012), koja je odvojena s posteriori vrijednosti 0.95, nasumi¢no odabrala
13 ili 14 sekvenci te po dvije sekvence kao referentni predstavnici za svaku haplogrupu iz rada
Cubri¢ Curik i sur. (2022.). Takoder, za Getiri podskupa haplogrupe I koji se zna¢ajno odvajaju
S(posterior vrijednost ve¢a od 0.95) samisto sam nasumi¢no odabrala po 14 sekvenci kao
predstavnike. Analizom 120 sekvenci dobiveno je108 haplotipova, podijeljenih u 9 haplogrupa
¢iji je filogenetski odnos prikazan median joining mrezom na slici 16.. Boja kruzi¢a je u skladu
s legendom, a oznacava haplogrupu kojoj pripadaju. Brojevi na granama prikazuju broj
varijabilnih mjesta koja se nalaze izmedu pojedinih haplotipova. Zbog toga je jasno vidljivo da
se najvise odvaja haplogrupa I koja je od najsli¢nije jedinke haplogrupe R udaljena 216
varijabilna mjesta. Takoder, haplogrupa I je podijeljena u Cetiri manje skupine koje se jasno
odvajaju na slici 16. Na drugi kraj median-joining mreze, grupirale su se T1, T2, T3, T4 1 T5
haplogrupe ¢iji su haplotipovi medusobno udaljeni svega nekoliko varijabilnih. Haplotipovi
pripadnici T haplogrupa su u prosjeku udaljeni 300 varijabilnih mjesta od haplotipova |
haplogrupe.
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5.5. Distribucija haplogrupa

Rezultati analize distribucije haplogrupa na karti svijeta ukazuju na geografski specifi¢ne
koncentracije odredenih haplogrupa u razli¢itim regijama. Primjerice, u istocnoj Africi
prevladava haplogrupa T1, dok se u Europi moze primijetiti prisutnost razli¢itih haplogrupa,
ukljucujuéi T3, T5, R2, Q1, P11 I1. Haplogrupe 11 i 12 pokazuju visoku koncentraciju u Indiji
i Kini. Nadalje, haplogrupa T3 identificirana je kao dominantna u regijama Kine i Mongolije,
naglaSavajuéi geografski specificne geneticke obrasce koji odrazavaju povijesne migracije ili
lokalne populacijske dinamike. Slika 17. prikazuje distribuciju haplogrupa na karti Euroazije.

Latitude

I I I I I I I b
0= 20°E 40°E 60°E 80°E 100°E 120°E 140°E
Longitude

Slika 17. Distribucija haplogrupa.

Na slici 18. prikazana je distribucija haplogrupa iz rada Cubri¢ Curik i sur. (2022). Sa slike je
vidljivo da je u radu analizirana znatna koli¢ina haplogrupe T3 koja je Siroko rasprostranjena.
PonajviSe je koncentrirana u Rusiji, Mongoliji i isto¢noj Kini. T1 haplogrupa, osim u Africi,
prisutna je i u Europi, na Bliskom Istoku i u juznoj Aziji, a T2 haplogrupa samo u Aziji.
Haplogrupa I nije znatno analizirana, prisutan je samo jedan predstavnik u srediSnjoj Africi.
Usporedba slike 17. i 18. pokazuje kako se rezultati iz oba rada mogu medusobno
nadopunjavati. Dok slika 17. naglasava prisutnost haplogrupe I u Indiji, rad prikazan na slici
18. pruza Siri kontekst 1 ukazuje na genetske raznolikosti u drugim regijama te potencijalne
migracijske obrasce. Kombiniranjem ovih podataka mozemo dobiti cjelovitiji uvid u genetsku
povijest i dinamiku populacija. Istri rezultati prikazani su i pomocu kruznog grafa na slikama
19. i 20. predstavljajué¢i usporedbu distribucije haplogrupa 704 sekvence po drzavama ovog
rada i rada Cubri¢ Curik i sur. (2022.).
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33



200

150

100

-100

apniien

Longitude

Cubri¢ Curik 1 sur.

.

(2022).

Slika 20. Distribucija haplogrupa prikazana kruznim grafom iz rada

34



6. Rasprava

U ovom istrazivanju analizirala sam set od 704 sekvence mitogenoma goveda §to je omogucilo
detaljnu analizu genetske raznolikosti 1 divergencije medu razli¢itim pasminama i
haplogrupama. Analizom je otkriveno 1433 varijabilna mjesta §to ukazuje na znacajnu
genetsku raznolikost unutar proucavanih uzoraka. Identificirano je 11 razlicitih haplogrupa: I1,
12, P1, Q1, R1, R2, T1, T2, T3, T4 i T5. NajvisSe analiziranih mitogenoma pripada indijskim
pasminama koje su iskljuéivo klasificirane kao haplogrupe 11 i 12. Osim indijskih pasmina, |
haplogrupe prisutne su 1 u Kini, no medu kineskim pasminama dominira haplogrupa T3. Ova
distribucija haplogrupa pokazuje geografske 1 povijesne obrasce Sirenja i mijeSanja goveda,
posebno u Aziji.

Izracunom p distance medu razli¢itim pasminama dobili smo vazne uvide u njihove genetske
odnose. Najmanje vrijednosti p distance pronadene su izmedu talijanskih pasmina romagnola
I marchigian (0.00) §to zna¢i da nema genetskih razlika izmedu sekvenci mitogenoma ovih
dviju pasmina, ukazujuéi na izuzetno blisku geneticku sli¢nost, vjerojatno zbog zajednickog
pretka ili intenzivnog krizanja. Takoder, niske vrijednosti p distance zabiljezene su izmedu
indijskih pasmina sto je u skladu s domestikacijom Bos indicusa na podruéju doline Inda. Malu
p distancu imaju Iransko govedo i Zwergzebu. lako su geografski udaljeni, vjerojatno je tokom
povijesti doSlo do mijeSanja tih dviju pasmina. Mala vrijednost p distance, vjerojatno zbog
geografske blizine, dobivena je izmedu slavonsko-srijemskog podolca i skodre buse. S druge
strane, najvece genetske udaljenosti izracunate su izmedu taurin i indicinih goveda. Na primjer,
indijsko govedo vechur i austrijsko govedo murbodner imaju p distancu 0.02. Ovi rezultati
ukazuju na sloZenu evolucijsku povijest 1 raznolikost medu govedima iz razli¢itih regija.
Rezultati p distance pruzaju dubok uvid u genetic¢ku sli¢nost i divergenciju medu razli¢itim
pasminama goveda.

Koriste¢i DnaSP analizu, identificirano je 481 haplotipova u setu od 704 sekvenci, koji su
podijeljeni u 9 haplogrupa. Haplogrupa 1 se najviSe izdvaja, s 216 varijabilnih mjesta
udaljenosti od najsli¢nije jedinke haplogrupe R. Takoder, haplogrupa I se dijeli na Cetiri manje
skupine koje su odvojene po posterior vrijednosti (ve¢a od 0,95) u filogenetskoj analizi. S druge
strane, haplogrupe T1, T2, T3, T4 i T5 su medusobno vrlo sli¢ne. Haplotipovi haplogrupa T su
u prosjeku udaljeni 300 varijabilnih mjesta od haplotipova haplogrupe I, Sto ukazuje na njihovu
znacajnu genetsku razliku te potkrjepljuje ¢injenicu da su domestikacije taurin i indicinih
goveda dva zasebna dogadaja, geografski udaljena.

U ovom istrazivanju provedena je filogenetska analiza koriste¢i BEAST softver, koja je
obuhvatila ukupno 704 mitogenoma. Rezultati analize pokazali su da je 24 od tih mitogenoma
preklasificirano u drugu haplogrupu. Ova preklasifikacija ukazuje na dinami¢nu prirodu
genetske varijacije medu govedima. Preklasifikacija mitogenoma moze biti rezultat nekoliko
faktora. Jedan od klju¢nih razloga moze biti povijesne migracije. Preklasifikacija haplogrupa
ukazuje na potrebu za daljnjim istrazivanjima kako bi se bolje razumjela evolucijska povijest
goveda. Analize poput ove mogu pruziti vrijedne uvide u migracijske puteve i genetske
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adaptacije, Sto je od klju¢ne vaznosti za o¢uvanje genetske raznolikosti 1 za buduce uzgojne
programe.

Tijekom povijesti, goveda su migrirala iz jednog podrucja u drugo, $to je dovelo do mijeSanja
razli¢itih genetskih linija. Ove migracije su mogle biti uzrokovane promjenama u okoliSu,
potrebom za novim pasnjacima ili ljudskim aktivnostima kao §to su trgovina i uzgoj. Genetska
varijacija medu govedima takoder moze biti rezultat prirodne selekcije i genetskog drifta.
Razlicite populacije goveda su bile izloZzene razli¢itim selekcijskim pritiscima, Sto je moglo
dovesti do adaptacija koje su zabiljezene u mitogenomima. Genetski drift, kao nasumicni
proces promjene ucestalosti alela u populaciji, takoder je mogao doprinijeti ovoj dinamici.
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7. Zakljucak

Na temelju pregleda literature te rezultata analiza provedenih na uzorku od 670 novodostupnih
mitogenoma u Genbank repozitoriju, zakljucuje se sljedece:

Na uzorku duzine 16338 parova baza identificirano je ukupno 1433 varijabilna mjesta
od Cega je 788 parsim informativnih i 645 singleton mjesta te je izraCunat 481 haplotip
uz visoku raznolikost haplotipova od 0.9966.

Beast filogenetska analiza klasificirala je 334 mitogenoma u haplogrupu 11, 119 u Iz i
176 mitogenoma u Tz haplogrupu kao najfrekventnije.

Beast filogenetskim stablom s posteriori vjerojatnoS¢u izmedu 0.95 1 1 uudilo se
razdvajanjaje Cetiri subhaplogrupe unutar haplogrupe I Sto bi moglo predstavljati
osnovu za reklasifikaciju subhaplogrupa Iz i I2 u vise subhaplogrupa.

Beast filogenetskom analizom korigirana je klasifikacija 24 mitogenoma u haplogrupe
prethodno provedene MitoToolpy programom S§to naglaSava vaznost koriStenja
naprednih filogenetskih alata za detaljno razumijevanje genetske strukture populacija.
19 mitogenoma T4 haplogrupe preklasificirano je u T3, jedna haplogrupa T3 u 11, dvije
haplogrupe T1 u T3 i dvije haplogrupe T6 u T3.

Analiza p-distanci otkrila je veée razlike izmedu odredenih kineskih i indijskih
pasmina, kao i izmedu indijskih i europskih pasmina. Niske vrijednosti p distance
ukazuju na blisku geneticku povezanost, moguce zbog zajednickog porijekla,
povijesnih migracija ili uzgojnih praksi. S druge strane, vece vrijednosti p distance
ukazuju na veéu geneticku razliku, $to moze biti rezultat dugotrajne geografske
izolacije ili razlic¢itih evolucijskih puteva.

Filogeografska distribucija navedenih haplogrupa pokazala je da su uzorci porijeklom
iz Indije, njih 219 pripada haplogrupi 11, 105 haplogrupi Iz i 17 haplogrupi T3, a uzorci
porijeklom iz Kine, njih 110 pripada haplogrupi 1, 93 haplogrupi Tz i 11 hapogrupi I2.

Ovi rezultati pruzaju vrijedan uvid 1 doprinos u filogeografsku strukturu mitogenoma

goveda, naglaSavajuci vaznost daljnjih istrazivanja kako bi se bolje ocuvala geneticka
raznolikost te razumjela evolucijska povijesti goveda, migracijski putevi i adaptacije.
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Tablica P1. Popis analiziranih mitogenoma

Fasta_name Beast haplogrupa pasmina vrsta drzava lokacija Latitude Y Longitude X autor godina
AB074964_JP_Jb T4 T3 Japanese Black BT Japan / 36.20482 138.25292 Mannen,H. /
AF492350 LK Zw_I2 12 Zwergzebu BT Sri Lanka / 7.87305 80.77179 Hiendleder,S. 2008
AY126697_IN_NI_T3 11 Nellore BT India / 20.59368 78.96288  Miretti,M.M. /
AY526085 KR_Nk T1 T3 Korean native BT South Korea / 35.90775 127.76692 Chung,H.Y. /
DQ124375 KR_Kc T4 T3 Korean cattle BT South Korea / 35.90775 127.76692  Shin,H.D. /
DQ124403_NL_Ho_lI | Holstein BT Netherlands / 52.13263 5.29126  Shin,H.D. /
EU177856_1Q _Iq_T2 T2 Iraqi BT Iraq / 33.22319 43.67929  Achilli,A. 2008
EU177864_1Q _Iq_T5 T5 Iraqi BT Iraq / 33.22319 43.67929  Achilli,A. 2008
EU177866_IT_Cbh_Q1 Q1 Cabannina BT Italia / 41.87194 12.56738  Achilli,A. 2008
EU177868_1Q_Iq_I1 11 Iraqi BT Iraq / 33.22319 43.67929  Achilli,A. 2008
EU177869_1Q_Iq_I2 12 Iraqi BT Iraq / 33.22319 43.67929  Achilli,A. 2008
EU177870_IR_In_I2 12 Iranian BT Iran / 32.4279 53.68804  Achilli,A. 2008
FJ971085_IT_Ci_R1 R1 Cinisara BT Italia / 41.87194 12.56738  Achilli,A. 2008
FJ971087_IT_Rm_R2 R2 Romagnola BT Italia / 41.87194 12.56738  Achilli,A. 2008
FJ971088_MN_Mn_I1 11 Mongolian BT Mongolia / 46.86249 103.84665  Achilli,A. 2008
GU256940_ CN_Dg_lI1 11 Digin BT China / 35.86166 104.19539 Wang,Z. /
GU985279 GB_ Bp P1  P1 BP United Kingdom / 55.37805 -3.43597 Edwards,C.J. 2010
HQ184038 IT_Cb_Q1 Q1 Cabannina BT Italia / 41.87194 12.56738 Bonfiglio,S. 2010
HQ184045_IT_Mc_R2 R2 Marchigiana BT Italia / 41.87194 12.56738 Bonfiglio,S. 2010
JN817304_ET_As_T1 T1 Arsi BT Ethiopia / 9.145 40.48967 Bonfiglio,S. 2010
JQ437479_PL_Bp_P1 P1 BP Poland / 51.91943 19.14513 Lipinski,D. 2012
KF163083_ZA Ng_T1 T1 Nguni BT South Africa / -30.55948 22.9375 Horsburgh,K.A. 2013
KP143771_CN_Bt_I1 11 BT China / 35.86166 104.19539 Liu,D.H. /
KT184464 EG_ Mf T1 T1 Menofi BT Egypt / 26.82055 30.80249 Olivieri,A. 2015
MKO028725 DE_Gh T3 T3 German Holstein BT Germany / 51.16569 10.45152 Kinoshita,A. /
MKO028726 DE_Gh T3 T3 German Holstein BT Germany / 51.16569 10.45152 Kinoshita,A. /
MKO028727 DE_Gh T3 T3 German Holstein BT Germany / 51.16569 10.45152 Kinoshita,A. /
MKO028728 DE_Gh T3 T3 German Holstein BT Germany / 51.16569 10.45152 Kinoshita,A. /
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MKO028729 DE_Gh_T3
MKO028730_DE_Gh_T3
MKO028731_DE_Gh_T3
MKO028732_DE_Gh_T3
MKO028733_DE_Gh_T3
MKO028734_DE_Gh_T3
MKO028735_DE_Gh_T3
MKO028736_DE_Gh_T3
MKO028737_DE_Gh_T3
MKO028738_DE_Gh_T3
MKO028739_DE_Gh_T3
MKO028740_DE_Gh_T3
MKO028741_DE_Gh_T3
MKO028742_DE_Gh_T3
MKO028743_DE_Gh_T3
MKO028744_DE_Gh_T3
MKO028745_DE_Gh_T3
MKO028746_DE_Gh_T3
MKO028747_DE_Gh_T3
MKO028748_DE_Gh_T3
MKO028749_DE_Gh_T3
MKO028750_DE_Gh_T3
MN200779_CN_Yu_I1
MN200780_CN_Yu_I1
MN200781_CN_Yu_T1
MN200782_CN_Yu_T3
MN200783_CN_Yu_I1
MN200784_CN_Yu_T3
MN200785_CN_Yu_I2
MN200786_CN_Yu_T1
MN200787_CN_Yu_T3

German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
German Holstein
Yunling

Yunling

Yunling

Yunling

Yunling

Yunling

Yunling

Yunling

Yunling

BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
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BT
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Germany
Germany
Germany
Germany
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Germany
Germany
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Germany
Germany
Germany
Germany
Germany
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Germany
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Germany
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Germany
China

China

China

China

China

China

China

China

China
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Yunnan
Yunnan
Yunnan
Yunnan
Yunnan
Yunnan
Yunnan
Yunnan
Yunnan

51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
51.16569
25.04529
25.04529
25.04529
25.04529
25.04529
25.04529
25.04529
25.04529
25.04529

10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
10.45152
102.70972
102.70972
102.70972
102.70972
102.70972
102.70972
102.70972
102.70972
102.70972

Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.
Kinoshita,A.

Xia,X
Xia,X
Xia,X
Xia, X
Xia, X
Xia, X
Xia, X
Xia,X
Xia,X
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2019
2019
2019
2019
2019
2019
2019
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MN200788_CN_Yu_T3
MN200789_CN_Yu_T3
MN200790_CN_Yu_T1
MN200791_CN_Yu_I1
MN200792_CN_Yu_T1
MN200793_CN_Yu_T3
MN200794_CN_Yu_T2
MN200795_CN_Yu_T4
MN200796_CN_Yu_T1
MN200797_CN_Yu_I1
MN200798_CN_Yu_I1
MN200799 CN_Yu_T3
MN200800_CN_Yu_T3
MN200801_CN_Yu_I1
MN200802_CN_Yu_I1
MN200803_CN_Yu_I1
MN200804_CN_Yu_T1
MN200805_CN_Yu_I1
MN200806_CN_Yu_T1
MN200807_CN_Yu_I1
MN200808_CN_Yu_I2
MN200809_CN_Yu_I2
MN200810_CN_Yu_T1
MN200811_CN_Yu_I1
MN200812_CN_Yu_I1
MN200813_CN_Yu_T1
MN200814_CN_Yu_I1
MN200815_CN_Yu_I1
MN200816_CN_Yu_T1
MN200817_CN_Yu_T1
MN200818_CN_Yu_T3

Yunling
Yunling
Yunling
Yunling
Yunling
Yunling
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Xia,X
Xia,X
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MN200819_CN_Yu_T3
MN200820_CN_Yu_I1
MN200821_CN_Yu_T1
MN200822_CN_Yu_T3
MN200823_CN_Yu_I2
MN200824_CN_Yu_T1
MN200825_CN_Yu_I2
MN200826_CN_Yu_T3
MN200827_CN_Yu_T3
MN200828_CN_Yu_T1
MN200829_CN_Yu_T3
MN200830_CN_Yu_T3
MN200831_CN_Yu_T3
MN200832_CN_Yu_T1
MN200833_CN_Yu_T1
MN200834_CN_Yu_T1
MN200835_CN_Yu_I2
MN200836_CN_Yu_T3
MN200837_CN_Yu_T3
MN200838_CN_Yu_I1
MN200839_CN_Yu_T2
MN200840_CN_Yu_I1
MN200841_CN_Yu_T4
MN200842_CN_Yu_T4
MN200843_CN_Yu_T3
MN200844_CN_Yu_I1
MN200845_CN_Yu_T2
MN200846_CN_Yu_T6
MN200847_CN_Yu_T3
MN200848_CN_Yu_T4
MN200849_CN_Yu_I1
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Xia,X
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MN200850_CN_Yu_I1
MN200851_CN_Yu_T3
MN200852_CN_Yu_T3
MN200853_CN_Yu_I1
MN200854_CN_Yu_I1
MN200855_CN_Yu_I1
MN200856_CN_Yu_T1
MN200857_CN_Yu_T1
MN200858_CN_Yu_T3
MN200859 CN_Yu_T3
MN200860_CN_Yu_T4
MN200861_CN_Yu_I1
MN200862_CN_Yu_I1
MN200863_CN_Yu_T3
MN200864_CN_Yu_T3
MN200865_CN_Yu_I1
MN200866_CN_Yu_I1
MN200867_CN_Yu_T1
MN200868_CN_Yu_T1
MN200869_CN_Yu_T3
MN200870_CN_Yu_I2
MN200871_CN_Yu_I1
MN200872_CN_Yu_T3
MN200873_CN_Yu_T3
MN200874_CN_Yu_I1
MN200875_CN_Yu_I2
MN200876_CN_Yu_T4
MN200877_CN_Yu_I1
MN200878_CN_Yu_I1
MN200879_CN_Yu_I1
MN200880_CN_Yu_T3
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Yunling
Yunling
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Yunling
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MN200881_CN_Yu_I1
MN200882_CN_Yu_T3
MN200883 CN_Yu_T3
MN200884 CN_Yu_T1
MN200885_CN_Yu_T3
MN200886_CN_Yu_I1
MN200887 CN_Yu_I1
MN200888_CN_Yu_T3
MN200889_CN_Yu_T1
MN200890_CN_Yu_I2
MN200891_CN_Yu_I1
MN200892_CN_Yu_I1
MN200893_CN_Yu_I1
MN200894_CN_Yu_I1
MN200895_CN_Yu_T1
MN200896_CN_Yu_T6
MN200897_CN_Yu_T1
MN200898_CN_Yu_I1
MN200899_CN_Yu_T1
MN200900_CN_Yu_I1
MN200901_CN_Yu_I1
MN200902_CN_Yu_I1
MN200903_CN_Yu_T3
MN200904_CN_Yu_I1
MN200905_CN_Yu_I1
MN200906_CN_Yu_I1
MN200907_CN_Yu_I1
MN200908_CN_Yu_I1
MN200909_CN_Yu_I1
MN200910_CN_Yu_T1
MN200911_CN_Yu_I1
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MN200912_CN_Yu_T2
MN200913_CN_Yu_I1
MN200914 CN_Yu_T3
MN200915_CN_Yu_T3
MN200916_CN_Yu_I1
MN200917_CN_Yu_T3
MN200918_CN_Yu_T3
MN200919 CN_Yu_T3
MN200920_CN_Yu_I1
MN200921_CN_Yu_T1
MN200922_CN_Yu_I1
MN200923_CN_Yu_T3
MN200924_CN_Yu_I2
MN200925_CN_Yu_I1
MN200926_CN_Yu_I1
MN200927_CN_Yu_T3
MN200928_CN_Yu_T1
MN200929 CN_Yu_T1
MN200930_CN_Yu_T2
MN200931_CN_Yu_I1
MN200932_CN_Yu_I1
MN200933_CN_Yu_I1
MN200934_CN_Yu_T3
MN200935_CN_Yu_I1
MN200936_CN_Yu_T3
MN200937_CN_Yu_T4
MN200938_CN_Yu_T3
MN714163_CN_Lg_I1
MN714164 CN_Lg_I1
MN714165_CN_Lg_I1
MN714166_CN_Lg_I1

Yunling
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Xia,X

Xia,X.
Xia,X.
Xia,X.
Xia,X.

2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
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MN714167 CN_Lg_I1
MN714168_CN_Lg_I1
MN714169 CN_Lg_I1
MN714170 CN_Lg_I1
MN714171_CN_Lg_I1
MN714172_CN_Lg_I1
MN714173_CN_Lg_I1
MN714174 CN_Lg_I1
MN714175_CN_Lg_I1
MN714176_CN_Lg_I1
MN714177 CN_Lg_T3
MN714178_CN_Lg_I1
MN714179 CN_Lg_I1
MN714180 CN_Lg_I1
MN714181_CN_Lg_I1
MN714182_CN_Lg_T4
MN714183_CN_Lg_T4
MN714184 CN_Nd_T3
MN714185_CN_Nd_I1
MN714186_CN_Nd_I1
MN714187_CN_Nd_I1
MN714188_CN_Nd_I1
MN714189 CN_Nd_I1
MN714190 CN_Nd_T3
MN714191 CN_Nd_I1
MN714192_CN_Nd_I1
MN714193_CN_Nd_T3
MN714194 CN_Nd_T3
MN714195_CN_Nd_T3
MN714196_CN_Nd_I1
MN714197 CN_Nd_I1

11
11

Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Longlin
Nandan
Nandan
Nandan
Nandan
Nandan
Nandan
Nandan
Nandan
Nandan
Nandan
Nandan
Nandan
Nandan
Nandan

BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT

China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China

~ — — — — —— o~ — o — o — g ——— g — — — — — — — — — ~— ~—~

35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166

104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539

Xia, X.
Xia, X.
Xia, X.
Xia, X.
Xia, X.
Xia, X.
Xia, X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia, X.

2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
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MN714198_CN_Nd_I1
MN714199 CN_Nd_I2
MN714200_CN_Nd_I1
MN714201_CN_Nd_I1
MN714202_CN_We 11
MN714203_CN_We 11
MN714204 CN_We 11
MN714205_CN_We _I1
MN714206_CN_We 11
MN714207_CN_We _I1
MN714208_CN_We _I1
MN714209 CN_We |1
MN714210 CN_We _I1
MN714211_CN_We _I1
MN714212_CN_We _I1
MN714213_CN_We _I1
MN714214 CN_We _I1
MN714215_CN_We _I1
MN714216_CN_We _I1
MN714217_CN_We _I1
MN714218_CN_We _I1
MT576712_CN_AX_T2
MT576713_CN_AX_T2
MT576714 CN_AX_T2
MT576715_CN_Ax_T3
MT576716_CN_Ax_T3
MT576726_CN_Tb_T3
MT576727_CN_Tb_T3
MT576728_CN_Tb_T3
MT576729_CN_Tb_T3
MT576730_CN_Tb_T3

Nandan
Nandan
Nandan
Nandan
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Weizhou
Anxi
Anxi
Anxi
Anxi
Anxi
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan

BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT

China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
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Gansu province
Gansu province
Gansu province
Gansu province
Gansu province
Tibet
Tibet
Tibet
Tibet
Tibet

35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
35.86166
36.05941
36.05941
36.05941
36.05941
36.05941
29.64723
29.64723
29.64723
29.64723
29.64723

104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
104.19539
103.82634
103.82634
103.82634
103.82634
103.82634

91.11745

91.11745

91.11745

91.11745

91.11745

Xia, X.
Xia, X.
Xia, X.
Xia, X.
Xia, X.
Xia, X.
Xia, X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,

2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
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MT576731_CN_Tb_T3
MT576732_CN_Tb_T3
MT576733_CN_Tb_T3
MT576734_CN_Tb_T3
MT576735_CN_Tb_T3
MT576736_CN_Tb_T3
MT576737_CN_Tb_T3
MT576738_CN_Tb_T3
MT576739_CN_Tb_T3
MT576740_CN_Tb_T2
MT576741_CN_Tb_T4
MT576742_CN_Tb_Q1
MT576743_CN_Tb_T3
MT576744 CN_Tb_T3
MT576745_CN_Tb_T3
MT576746_CN_Tb_T3
MT576747_CN_Tb_T3
MT576748_CN_Tb_T3
MT576749_CN_Tb_T3
MT576750_CN_Tb_T3
MT576751_CN_Tb_T3
MT576752_CN_Tb_T4
MT576753_CN_Tb_T3
MT576754 CN_Tb_T3
MT576755_CN_Tb_T3
MT576761_KZ_Kz_T1
MT576762_KZ_Kz_T?2
MT576763_KZ_Kz_T2
MT576764_KZ_Kz_T3
MT576765_KZ_Kz_T3
MT576766_KZ_Kz_T3

T3
T3
T3
T3
T3
T3
T3
T3
T3
T2
T3
Q1
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T2
T2
T3
T3
T3

Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Kazakh
Kazakh
Kazakh
Kazakh
Kazakh
Kazakh

BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT

China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
Kazakhstan
Kazakhstan
Kazakhstan
Kazakhstan
Kazakhstan
Kazakhstan

Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
Tibet
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29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
48.01957
48.01957
48.01957
48.01957
48.01957
48.01957

91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
66.92368
66.92368
66.92368
66.92368
66.92368
66.92368

Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xig,X.T.,
Xig,X.T.,
Xig,X.T.,
Xig,X.T.,
Xia,X.T.,
Xia,X.T.,

2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
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MT576767_KZ_Kz_T2
MT576768_KZ_Kz_I1
MT576769_MN_Mn_T4
MT576770_MN_Mn_T3
MT576771_MN_Mn_T3
MT576772_MN_Mn_I1
MT576773_MN_Mn_T2
MT576774_MN_Mn_T4
MT576775_MN_Mn_T2
MT576776_MN_Mn_T3
MT576777_MN_Mn_T2
MT576778_MN_Mn_T3
MT576779_MN_Mn_T3
MT576780_MN_Mn_T2
MT576781_MN_Mn_T2
MT576790_CN_Tb_Q1
MT576791_CN_Tb_T3
MT576792_CN_Tb_T3
MT576793_CN_Tb_T3
MT576794 CN_Tb_T3
MT576795_CN_Tb_T3
MT576796_CN_Tb_T1
MT576797_CN_Tb_T1
MT576798_CN_Tb_T3
MT576811_CN_Tb_T3
MT576812_CN_Tb_Q1
MT576813_CN_Tb_T3
MT576814 CN_Tb_T3
MT576815_CN_Tb_T3
MT576816_CN_Tb_T3
MT576817_CN_Tb_T3

T2
11

T3
T3
T3

T2
T3
T2
T3
T2
T3
T3
T2
T2
Q1
T3
T3
T3
T3
T3
T1
T1
T3
T3
Q1
T3
T3
T3
T3
T3

Kazakh
Kazakh
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan

BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT

Kazakhstan
Kazakhstan
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China

48.01957
48.01957
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723
29.64723

66.92368
66.92368
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745
91.11745

Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xig,X.T.,
Xig,X.T.,
Xig,X.T.,
Xig,X.T.,
Xia,X.T.,
Xia,X.T.,

2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
2021
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MT576818_CN_Tb_T3
MT576819 CN_Tb_T3
MT576820_MN_Mn_T4
MT576821_MN_Mn_T4
MT576822_MN_Mn_T4
MT576823_MN_Mn_T2
MT576824_MN_Mn_T3
MT576825_MN_Mn_T2
MT576826_MN_Mn_T3
MT576827_MN_Mn_T3
MT576828_MN_Mn_T4
MT576829_ MN_Mn_T3
MT576830_MN_Mn_T3
MT576831_MN_Mn_T3
MT576832_MN_Mn_T3
MZ901377_TR_Ab_T2
MZ901408_AT_Mu_P1
MZ901409 AT Mu_T3
MZ901420_AT FI_T3
MZ901623_HR_Ss_T5
MZ901640_GR_Kt_T2
MZ901648_GR_Gs_Q1
MZ901743_AL_Sb_T5
NC_005971_IN_NI_I1
OM868266_IN_Am_I2
OM868267_IN_Am_I2
OM868268_IN_Am_I2
OM868269_IN_Am_T3
OM868270_IN_Am_T3
OM868271_IN_Am_I1
OM868272_IN_Am_I1

11
11

Tibetan
Tibetan
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Mongolian
Anatolian Black
Murbodner
Murbodner
Fleckvieh

Slavonian Syrmian Podolian

Katerini
Greece Shorthorn Pindos
Skodra Busa
Nellore
Amrit_Mahal
Amrit_Mahal
Amrit_Mahal
Amrit_Mahal
Amrit_Mahal
Amrit_Mahal
Amrit_Mahal

BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT

BT
BT
BT
BT
Bl
Bl
Bl
Bl
Bl
Bl
Bl

China
China
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Mongolia
Turkey
Austria
Austria
Austria
Croatia
Greece
Greece
Albania
India
India
India
India
India
India
India
India

Tibet
Tibet
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Karnataka
Karnataka
Karnataka
Karnataka
Karnataka
Karnataka
Karnataka

29.64723
29.64723
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
46.86249
38.96374
4751623
4751623
4751623
451
39.0742
39.0742
41.15333
20.59368
15.31727
15.31727
15.31727
15.31727
15.31727
15.31727
15.31727

91.11745
91.11745
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
103.84665
35.24332
14.55007
14.55007
14.55007
15.2
21.82431
21.82431
20.16833
78.96288
75.71388
75.71388
75.71388
75.71388
75.71388
75.71388
75.71388

Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,
Xia,X.T.,

Cubric-Curik,V.
Cubric-Curik,V.
Cubric-Curik,V.
Cubric-Curik,V.
Cubric-Curik,V.
Cubric-Curik,V.
Cubric-Curik,V.
Cubric-Curik,V.

Miretti,M.M.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
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2021
2021
2021
2021
2021
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2021
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2021
2021
2022
2022
2022
2022
2022
2022
2022
2022
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OM868273_IN_Am_I2
OM868274_IN_Am_I1
OM868275_IN_Bh_I1
OM868276_IN_Bh_I1
OM868277_IN_Bh_I2
OM868278_IN_Bh_I1
OM868279_IN_Bh_I1
OM868280_IN_Ba_I1
OM868281_IN_Ba_I1
OM868282_IN_Ba_I1
OM868283_IN_Ba_I1
OM868284_IN_Ba_T3
OM868285_IN_Br_I1
OM868286_IN_Br_I1
OM868287_IN_Br_I1
OM868288_IN_Br_I2
OM868289_IN_Br_I2
OM868290_IN_Br_I2
OM868291_IN_Br_I1
OM868292_IN_Br_I1
OM868293_IN_Br_I1
OM868294_IN_BI_I1
OM868295_IN_BI_I2
OM868296_IN_BI_I1
OM868297_IN_BI_I2
OM868298_IN_BI_I2
OM868299_IN_BI_I1
OM868300_IN_BI_I2
OM868301_IN_BI_I1
OM868302_IN_BI_I1
OM868303_IN_BI_I2

Amrit_Mahal
Amrit_Mahal
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Badri
Badri
Badri
Badri
Badri
Bargur
Bargur
Bargur
Bargur
Bargur
Bargur
Bargur
Bargur
Bargur
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl

India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Karnataka
Karnataka
Bihar

Bihar

Bihar

Bihar
Uttarakhand
Uttarakhand
Uttarakhand
Uttarakhand
Uttarakhand
Uttarakhand
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Haryana
Haryana
Haryana
Haryana
Haryana
Haryana
Haryana
Haryana
Chandigarh
Chandigarh

15.31727
15.31727
25.96444
25.96444
25.96444
25.96444
30.06675
30.06675
30.06675
30.06675
30.06675
30.06675
11.12712
11.12712
11.12712
11.12712
11.12712
11.12712
11.12712
11.12712
11.12712
29.05877
29.05877
29.05877
29.05877
29.05877
29.05877
29.05877
29.05877
30.73331
30.73331

75.71388
75.71388
85.27224
85.27224
85.27224
85.27224
79.01929
79.01929
79.01929
79.01929
79.01929
79.01929
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689

76.0856

76.0856

76.0856

76.0856

76.0856

76.0856

76.0856

76.0856
76.77941
76.77941

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
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OM868304_IN_BI_I1

OM868305_IN_BI_I1

OM868306_IN_Bn_I2
OM868307_IN_Bn_I1
OM868308_IN_Bn_I1
OM868309_IN_Bn_I1
OM868310_IN_Dn_I1
OM868311_IN_Dn_I1
OM868312_IN_Dn_I2
OM868313_IN_Dn_I1
OM868314_IN_Dn_I2
OM868315_IN_Dn_I2
OM868316_IN_De_T2
OM868317_IN_De_I1
OM868318_IN_De_I1
OM868319_IN_De_I1
OM868320_IN_De_I1
OM868321_IN_Gg_I2
OM868322_IN_Gg_I1
OM868323_IN_Gg_I2
OM868324_IN_Gg_I1
OM868325_IN_Gg_I1
OM868326_IN_Gg_I2
OM868327_IN_GI_I1

OM868328_IN_GI_I2

OM868329_IN_GI_T3
OM868330_IN_GI_I2

OM868331_IN_GI_I2

OM868332_IN_Gu_I1
OM868333_IN_Gu_I1
OM868334_IN_Gu_I1

Belahi
Belahi
Binjharpuri
Binjharpuri
Binjharpuri
Binjharpuri
Dangi
Dangi
Dangi
Dangi
Dangi
Dangi
Deoni
Deoni
Deoni
Deoni
Deoni
Gangatiri
Gangatiri
Gangatiri
Gangatiri
Gangatiri
Gangatiri
Gaolao
Gaolao
Gaolao
Gaolao
Gaolao
Ghumusari
Ghumusari
Ghumusari

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl

India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Chandigarh
Chandigarh
Orissa

Orissa

Orissa

Orissa
Maharashtra
Maharashtra
Maharashtra
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Maharashtra
Maharashtra
Karnataka
Karnataka
Karnataka
Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Bihar

Bihar

Bihar
Maharashtra
Maharashtra
Maharashtra
Madhya_Pradesh
Madhya_Pradesh
Orissa

Orissa

Orissa

30.73331
30.73331
20.23755
20.23755
20.23755
20.23755
19.75147
19.75147
19.75147
22.97342
22.97342
22.97342
19.75147
19.75147
15.31727
15.31727
15.31727
27.57058
27.57058
27.57058
25.96444
25.96444
25.96444
19.75147
19.75147
19.75147
22.97342
22.97342
20.23755
20.23755
20.23755

76.77941
76.77941
84.27001
84.27001
84.27001
84.27001
75.71388
75.71388
75.71388
78.65689
78.65689
78.65689
75.71388
75.71388
75.71388
75.71388
75.71388
80.09818
80.09818
80.09818
85.27224
85.27224
85.27224
75.71388
75.71388
75.71388
78.65689
78.65689
84.27001
84.27001
84.27001

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
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OM868335_IN_Gu_I1
OM868336_IN_Gu_I2
OM868337_IN_Gu_I2
OM868338_IN_Gr_I2
OM868339_IN_Gr_I1
OM868340_IN_Gr_I1
OM868341_IN_Gr_I1
OM868342_IN_Gr_I1
OM868343_IN_Gr_I1
OM868344_IN_Gr_I1
OM868345_IN_Gr_I1
OM868346_IN_Gr_I2
OM868347_IN_Gr_I2
OM868348_IN_Gr_I1
OM868349_IN_Gr_I2
OM868350_IN_Gr_I1
OM868351_IN_Gr_I1
OM868352_IN_Gr_I1
OM868353_IN_Gr_I1
OM868354_IN_Gr_I1
OM868355_IN_Gr_I1
OM868356_IN_Gr_I1
OM868357_IN_Gr_I1
OM868358_IN_Gr_I1
OM868359_IN_Gr_I2
OM868360_IN_Gr_I1
OM868361_IN_Gr_I2
OM868362_IN_Gr_I1
OM868363_IN_Gr_I1
OM868364_IN_Gr_I1
OM868365_IN_Gr_I1

Ghumusari
Ghumusari
Ghumusari
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
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India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Orissa

Orissa

Orissa

Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat

20.23755
20.23755
20.23755
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083

84.27001
84.27001
84.27001
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
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OM868366_IN_HI_I1
OM868367_IN_HI_I1
OM868368_IN_HI_I1
OM868369_IN_HI_I2
OM868370_IN_HI_I1
OM868371_IN_Ha_I1
OM868372_IN_Ha_I1
OM868373_IN_Ha_I1
OM868374_IN_Ha_I2
OM868375_IN_Ha_I1
OM868376_IN_Ha_I1
OM868377_IN_Ha_I1
OM868378_IN_Ha_I1
OM868379_IN_Ha_I1
OM868380_IN_Ha_I2
OM868381_IN_Ha_I2
OM868382_IN_Ky_I1
OM868383_IN_Ky_12
OM868384_IN_Ky_I1
OM868385_IN_Ky T3
OM868386_IN_Kj_I1
OM868387_IN_Kj_I1
OM868388_IN_Kj_I1
OM868389_IN_Kj_I1
OM868390_IN_Kj_I1
OM868391_IN_Kj_I2
OM868392_IN_Kj_I1
OM868393_IN_Kj_I1
OM868394_IN_Kj_I1
OM868395_IN_Kj_I1
OM868396_IN_Kj_I1

Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Kangayam
Kangayam
Kangayam
Kangayam
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
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Bl

India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Karnataka
Karnataka
Karnataka
Karnataka
Karnataka
Haryana
Haryana
Haryana
Haryana
Haryana
Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Rajasthan
Rajasthan
Rajasthan
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Gujarat
Rajasthan
Rajasthan

15.31727
15.31727
15.31727
15.31727
15.31727
29.05877
29.05877
29.05877
29.05877
29.05877
27.57058
27.57058
27.57058

27.0238

27.0238

27.0238
11.12712
11.12712
11.12712
11.12712
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083
22.67083

27.0238

27.0238

75.71388
75.71388
75.71388
75.71388
75.71388

76.0856

76.0856

76.0856

76.0856

76.0856
80.09818
80.09818
80.09818
74.21793
74.21793
74.21793
78.65689
78.65689
78.65689
78.65689
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
71.57239
74.21793
74.21793

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
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OM868397_IN_Kj_I1
OM868398_IN_Kj_I1
OM868399_IN_Kj_I1
OMB868400_IN_Kj_I1
OM868401_IN_Kj_I1
OM868402_IN_Kj_I1
OM868403_IN_Kj_I1
OM868404_IN_Kj_I1
OM868405_IN_Kj_I1
OMB868406_IN_Kn_I2
OMB868407_IN_Kn_I1
OMB868408_IN_Kn_I2
OM868409_IN_Kn_I1
OM868410_IN_Kn_I1
OM868411_IN_Kn_I1
OM868412_IN_Ka_I1
OM868413_IN_Ka_I2
OM868414_IN_Ka_I2
OM868415_IN_Ka_I2
OM868416_IN_Ka_I1
OM868417_IN_Ka_I1
OM868418_IN_Kr_I1
OM868419_IN_Kr_I2
OM868420_IN_Kr_T3
OM868421_IN_Kr_I1
OM868422_IN_Kr_I1
OM868423_IN_Kr_T3
OM868424_IN_KI_I1
OM868425_IN_KI_I1
OM868426_IN_KI_I2
OM868427_IN_KI_I2

Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kenkatha
Kenkatha
Kenkatha
Kenkatha
Kenkatha
Kenkatha
Khariar
Khariar
Khariar
Khariar
Khariar
Khariar
Kherigarh
Kherigarh
Kherigarh
Kherigarh
Kherigarh
Kherigarh
Khillar
Khillar
Khillar
Khillar

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl

India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Orissa

Orissa

Orissa

Orissa

Orissa

Orissa
Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Maharashtra
Maharashtra
Karnataka
Karnataka

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238
27.57058
27.57058
27.57058
22.97342
22.97342
22.97342
20.23755
20.23755
20.23755
20.23755
20.23755
20.23755
27.57058
27.57058
27.57058
27.57058
27.57058
27.57058
19.75147
19.75147
15.31727
15.31727

74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
80.09818
80.09818
80.09818
78.65689
78.65689
78.65689
84.27001
84.27001
84.27001
84.27001
84.27001
84.27001
80.09818
80.09818
80.09818
80.09818
80.09818
80.09818
75.71388
75.71388
75.71388
75.71388

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
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OM868428_IN_KK_I12
OM868429_IN_KK_I1
OM868430_IN_KK_I12
OM868431_IN_KK_I1
OM868432_IN_KK_I12
OM868433_IN_Ko_I1
OM868434_IN_Ko_I1
OM868435_IN_Ko_I2
OM868436_IN_Ko_I1
OM868437_IN_Ko_I1
OM868438_IN_Ko_I2
OM868439_IN_Kv_I1
OMB868440_IN_Kv_I2
OM868441_IN_Kv_I1
OM868442_IN_Kv_I1
OM868443_IN_Kv_I1
OM868444_IN_Kv_I1
OM868445_IN_Kv_I1
OMB868446_IN_Kv_I2
OM868447_IN_Ld_I1
OM868448_IN_Ld_I1
OM868449_IN_Ld_I1
OM868450_IN_Ld_I1
OM868451_IN_Ld_I1
OM868452_IN_Ld_I2
OM868453_IN_Ld_I2
OM868454_IN_Ld_I2
OM868455_IN_Ld_T3
OM868456_IN_Ld_I2
OM868457_IN_Ld_I2
OM868458_IN_Lk_I1

12
11

Konkan_Kapila
Konkan_Kapila
Konkan_Kapila
Konkan_Kapila
Konkan_Kapila
Kosali

Kosali

Kosali

Kosali

Kosali

Kosali
Krishna_Valley
Krishna_Valley
Krishna_Valley
Krishna_Valley
Krishna_Valley
Krishna_Valley
Krishna_Valley
Krishna_Valley
Ladakhi
Ladakhi
Ladakhi
Ladakhi
Ladakhi
Ladakhi
Ladakhi
Ladakhi
Ladakhi
Ladakhi
Ladakhi
Lakhimi

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
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India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Maharashtra
Maharashtra
Maharashtra
Goa

Goa
Chhattisgarh
Chhattisgarh
Chhattisgarh
Chhattisgarh
Chhattisgarh
Chhattisgarh
Karnataka
Karnataka
Karnataka
Karnataka
Karnataka
Karnataka
Karnataka
Karnataka
Jammu
Jammu
Jammu
Jammu
Jammu
Jammu
Jammu
Kashmir
Kashmir
Kashmir
Kashmir
Assam

19.75147
19.75147
19.75147
15.29932
15.29932
21.27865
21.27865
21.27865
21.27865
21.27865
21.27865
15.31727
15.31727
15.31727
15.31727
15.31727
15.31727
15.31727
15.31727

32.7266

32.7266

32.7266

32.7266

32.7266

32.7266

32.7266
33.27783
33.27783
33.27783
33.27783

26.2006

75.71388
75.71388
75.71388
74.12399
74.12399
81.86614
81.86614
81.86614
81.86614
81.86614
81.86614
75.71388
75.71388
75.71388
75.71388
75.71388
75.71388
75.71388
75.71388
74.85702
74.85702
74.85702
74.85702
74.85702
74.85702
74.85702
75.34121
75.34121
75.34121
75.34121
92.93757

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
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OM868459_IN_LKk_I2
OM868460_IN_LKk_I1
OM868461_IN_Lk_I1
OM868462_IN_LK_T3
OMB868463_IN_LK_T3
OM868464_IN_Lk_I1
OM868465_IN_Lk_I1
OM868466_IN_Lk_I1
OM868467_IN_Lk_I1
OM868468_IN_Lk_I1
OM868469_IN_Lk_I1
OM868470_IN_Mg_I1
OM868471_IN_Mg_I2
OM868472_IN_Mg_I1
OM868473_IN_Mg_I1
OM868474_IN_Mg_I1
OM868475_IN_MI_I1
OM868476_IN_MI_I1
OM868477_IN_MI_I1
OM868478_IN_MI_I1
OM868479_IN_MI_I1
OM868480_IN_MI_I2
OM868481_IN_MI_I1
OM868482_IN_MI_I2
OM868483_IN_Mw_I2
OM868484_IN_Mw_I2
OM868485_IN_Mw_I1
OM868486_IN_Mw_I2
OM868487_IN_Mw_I2
OM868488_IN_Mw_I1
OM868489_IN_Mw_I1

12
11
11

Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Malnad_Gidda
Malnad_Gidda
Malnad_Gidda
Malnad_Gidda
Malnad_Gidda
Malvi

Malvi

Malvi

Malvi

Malvi

Malvi

Malvi

Malvi

Mewati
Mewati
Mewati
Mewati
Mewati
Mewati
Mewati

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
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Bl
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India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Assam

Assam

Assam

Assam

Assam

Assam

Assam

Assam

Assam

Assam

Assam
Karnataka
Karnataka
Karnataka
Karnataka
Karnataka
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Rajasthan
Rajasthan
Rajasthan
Haryana
Haryana
Haryana
Haryana

26.2006
26.2006
26.2006
26.2006
26.2006
26.2006
26.2006
26.2006
26.2006
26.2006
26.2006
15.31727
15.31727
15.31727
15.31727
15.31727
22.97342
22.97342
22.97342
22.97342
22.97342
22.97342
22.97342
22.97342
27.0238
27.0238
27.0238
29.05877
29.05877
29.05877
29.05877

92.93757
92.93757
92.93757
92.93757
92.93757
92.93757
92.93757
92.93757
92.93757
92.93757
92.93757
75.71388
75.71388
75.71388
75.71388
75.71388
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689
74.21793
74.21793
74.21793

76.0856

76.0856

76.0856

76.0856

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.

~ O~ N~ N~ N~ N~ N N N N N N N N N N N N N N S S N s s -~
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OM868490_IN_Mw_I2
OM868491_IN_Mw_I2
OM868492_IN_Mw_I1
OM868493_IN_Mo_I1
OM868494_IN_Mo_I1
OM868495_IN_Mo_I2
OM868496_IN_Mo_I2
OM868497_IN_Mo_I1
OM868498_IN_Mo_I2
OM868499_IN_Na_I1
OM868500_IN_Na_I1
OM868501_IN_Na_I2
OM868502_IN_Na_I2
OM868503_IN_Na_I2
OM868504_IN_Na_I2
OM868505_IN_Na_I1
OM868506_IN_Na_I2
OM868507_IN_Ni_I2
OM868508_IN_Ni_I2
OM868509_IN_Ni_I1
OM868510_IN_Ni_I2
OM868511_IN_Ni_I2
OM868512_IN_Ni_I1
OM868513_IN_On_I1
OM868514_IN_On_I1
OM868515_IN_On_I1
OM868516_IN_On_I1
OM868517_IN_On_I1
OM868518_IN_On_I1
OM868519_IN_Pw_I1
OM868520_IN_Pw_I1

Mewati
Mewati
Mewati
Motu
Motu
Motu
Motu
Motu
Motu
Nagori
Nagori
Nagori
Nagori
Nagori
Nagori
Nagori
Nagori
Nimari
Nimari
Nimari
Nimari
Nimari
Nimari
Ongole
Ongole
Ongole
Ongole
Ongole
Ongole
Ponwar
Ponwar

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl

India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Orissa

Orissa
Chhattisgarh
Chhattisgarh
Andhra_Pradesh
Andhra_Pradesh
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Madhya_Pradesh
Andhra_Pradesh
Andhra_Pradesh
Andhra_Pradesh
Andhra_Pradesh
Andhra_Pradesh
Andhra_Pradesh
Uttar_Pradesh
Uttar_Pradesh

27.57058
27.57058
27.57058
20.23755
20.23755
21.27865
21.27865
15.91289
15.91289

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238
22.97342
22.97342
22.97342
22.97342
22.97342
22.97342
15.91289
15.91289
15.91289
15.91289
15.91289
15.91289
27.57058
27.57058

80.09818
80.09818
80.09818
84.27001
84.27001
81.86614
81.86614
79.73998
79.73998
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689
79.73998
79.73998
79.73998
79.73998
79.73998
79.73998
80.09818
80.09818

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.

~ O~ N~ N~ N~ N~ N N N N N N N N N N N N N N S S N s s -~
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OM868521_IN_Pw_I2
OM868522_IN_Pw_I2
OM868523_IN_Pw_T3
OM868524_IN_Pw_I2
OM868525_IN_PI_I2
OM868526_IN_PI_I2
OM868527_IN_PI_I1
OM868528_IN_PI_I2
OM868529_IN_PI_I1
OM868530_IN_PI_I1
OM868531_IN_Pn_I1
OM868532_IN_Pn_I1
OM868533_IN_Pn_I1
OM868534_IN_Pn_I2
OM868535_IN_Pn_I1
OM868536_IN_Pn_I1
OM868537_IN_Rt_I1
OM868538_IN_Rt_I1
OM868539_IN_Rt_I2
OM868540_IN_Rt_I1
OM868541_IN_Rt_I1
OM868542_IN_Rt_I1
OM868543_IN_Rt_I1
OM868544_IN_RK_I2
OM868545_IN_RK_I2
OM868546_IN_Rk_I1
OM868547_IN_Rs_I1
OM868548_IN_Rs_I2
OM868549_IN_Rs_I1
OM868550_IN_Sw_I1
OM868551_IN_Sw_I1

12
12

Ponwar
Ponwar
Ponwar
Ponwar
Pulikulam
Pulikulam
Pulikulam
Pulikulam
Pulikulam
Pulikulam
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Rathi

Rathi

Rathi

Rathi

Rathi

Rathi

Rathi
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Sindhi
Red_Sindhi
Red_Sindhi
Sahiwal
Sahiwal

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl

India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Uttar_Pradesh
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Andhra_Pradesh
Andhra_Pradesh
Andhra_Pradesh
Andhra_Pradesh
Andhra_Pradesh
Andhra_Pradesh
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Maharashtra
Maharashtra
Maharashtra

/

/

/

Punjab

Punjab

27.57058
27.57058
27.57058
27.57058
11.12712
11.12712
11.12712
11.12712
11.12712
11.12712
15.91289
15.91289
15.91289
15.91289
15.91289
15.91289

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238
19.75147
19.75147
19.75147
20.59368
20.59368
20.59368
31.14713
31.14713

80.09818
80.09818
80.09818
80.09818
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689
79.73998
79.73998
79.73998
79.73998
79.73998
79.73998
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
75.71388
75.71388
75.71388
78.96288
78.96288
78.96288
75.34121
75.34121

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
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OM868552_IN_Sw_I1
OM868553_IN_Sw_I1
OM868554_IN_Sw_I2
OM868555_IN_Sw_I2
OM868556_IN_Sw_I1
OM868557_IN_Sw_I2
OM868558_IN_Sw_I1
OM868559_IN_Sw_I1
OM868560_IN_Sw_I1
OM868561_IN_Sw_T3
OM868562_IN_Sw_I1
OM868563_IN_Sw_I2
OM868564_IN_Sw_I2
OM868565_IN_Sw_I1
OM868566_IN_Sw_I2
OM868567_IN_Sw_I1
OM868568_IN_Sk_T3
OM868569_IN_Sk_I1
OM868570_IN_Sk_I1
OM868571_IN_Sk_I1
OM868572_IN_Sk_I2
OM868573_IN_Sk_I2
OM868574_IN_Sk_T?2
OM868575_IN_Sk_I1
OM868576_IN_Sk_I1
OM868577_IN_Sk_I1
OM868578_IN_Si_I1
OM868579_IN_Si_I2
OM868580_IN_Si_I1
OM868581_IN_Si_I1
OM868582_IN_Si_I2

Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Siri

Siri

Siri

Siri

Siri

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl

India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India

Punjab
Punjab
Punjab
Punjab
Punjab
Punjab
Punjab
Punjab
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Goa

Goa

Goa

Goa

Goa

Goa

Goa

Goa

Goa

Goa
Sikkim
Sikkim
Sikkim
Sikkim
Sikkim

31.14713
31.14713
31.14713
31.14713
31.14713
31.14713
31.14713
31.14713

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238

27.0238
15.29932
15.29932
15.29932
15.29932
15.29932
15.29932
15.29932
15.29932
15.29932
15.29932
27.35164
27.35164
27.35164
27.35164
27.35164

75.34121
75.34121
75.34121
75.34121
75.34121
75.34121
75.34121
75.34121
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
74.21793
74.12399
74.12399
74.12399
74.12399
74.12399
74.12399
74.12399
74.12399
74.12399
74.12399
88.32393
88.32393
88.32393
88.32393
88.32393

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
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OM868583 IN_Si T3 T3
OM868584 IN_Si T3 T3
OM868585 IN_Si_ T3 T3
OM868586_IN_Si_I1 11
OM868587_IN_Tr 12 12
OM868588_IN_Tr 11 11
OM868589_IN_Tr 11 11
OM868590_IN_Tr 11 11
OM868591 IN_ Tt 11 11
OM868592_IN_Tt 11 11
OM868593_IN_Tt 11 11
OM868594 IN_Tt 11 11
OM868595_IN_ Tt [2 12
OM868596_IN_Tt 11 11
OM868597_IN_ Tt 12 12
OM868598_IN_Um_I1 11
OM868599_IN_Um_I1 11
OM868600_IN_Um_I1 11
OM868601_IN_Um_I1 11
OM868602_IN_Um_12 12
OM868603_IN_Um_[2 12
OM868604_IN_Ve 11 11
OM868605_IN_Ve 11 11
OM868606_IN_Ve 11 11
V00654 GB_Bt T3 T3

Siri

Siri

Siri

Siri
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Vechur
Vechur
Vechur

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
BT

India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
India
United Kingdom

Sikkim
Bengal
Bengal
Bengal
Rajasthan
Rajasthan
Rajasthan
Rajasthan
Nagaland
Nagaland
Nagaland
Nagaland
Nagaland
Nagaland
Nagaland
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Tamil_Nadu
Kerala
Kerala
Kerala

/

27.35164
22.98675
22.98675
22.98675

27.0238

27.0238

27.0238

27.0238
26.15843
26.15843
26.15843
26.15843
26.15843
26.15843
26.15843
11.12712
11.12712
11.12712
11.12712
11.12712
11.12712
10.16315
10.16315
10.16315
55.37805

88.32393
87.85497
87.85497
87.85497
74.21793
74.21793
74.21793
74.21793
94.56244
94.56244
94.56244
94.56244
94.56244
94.56244
94.56244
78.65689
78.65689
78.65689
78.65689
78.65689
78.65689
76.64127
76.64127
76.64127
-3.43597

Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Manisha,S.
Anderson,S.

~ O~ ~ N~ N~ N~ N~ N N N N N N N N N N N N N N N~ ~

1982

e Fasta ime = GenBank pristupni broj_drzava pasmina_haplogrupa

Bl = Bos indicus

BP = Bos primigenius

BT = Bos taurus
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Tablica P2. P-distance izmedu svih pasmina unutar analiziranog seta

distanc distanc distanc
pair_1 pair_2 e pair_1 pair_2 e pair_1 pair_2 e
Hariana Nellore 0.00  Siri Belahi 0.01  Shweta_Kapila Pulikulam 0.00
Hallikar Nellore 0.00  Shweta_Kapila Belahi 0.00  Lakhimi Pulikulam 0.00
Kangayam Nellore 0.00  Lakhimi Belahi 0.00  Ladakhi Pulikulam 0.00
Kankrej Nellore 0.00  Ladakhi Belahi 0.00 Malnad_Gidda Pulikulam 0.00
Gir Nellore 0.00  Malnad_Gidda Belahi 0.00  Malvi Pulikulam 0.00
Khariar Nellore 0.00 Malvi Belahi 0.00  Krishna_Valley  Pulikulam 0.00
Kherigarh Nellore 0.01  Krishna_Valley Belahi 0.00  Yunglin Pulikulam 0.01
Kenkatha Nellore 0.00  Yunglin Belahi 0.01  Kosali Pulikulam 0.00
Konkan_Kapila Nellore 0.00 Kosali Belahi 0.00  Nagori Pulikulam 0.00
Khillar Nellore 0.00  Nagori Belahi 0.00  Nimari Pulikulam 0.00
Bargur Nellore 0.00  Nimari Belahi 0.00 Ongole Pulikulam 0.00
Badri Nellore 0.00  Ongole Belahi 0.00  Motu Pulikulam 0.00
Bachaur Nellore 0.00  Motu Belahi 0.00  Mewati Pulikulam 0.00
Belahi Nellore 0.00  Mewati Belahi 0.00  Mongolian Pulikulam 0.01
Greece_S_Pindos Nellore 0.01  Mongolian Belahi 0.01  G_Holstein Pulikulam 0.01
Katerini Nellore 0.02  G_Holstein Belahi 0.01  Menofi Pulikulam 0.01
Skodra_Bu~°a Nellore 0.01  Menofi Belahi 0.01 Iraqgi Pulikulam 0.01
Amritmahal Nellore 0.00 Iraqi Belahi 0.01  Cabannina Pulikulam 0.01
Murbodner Nellore 0.02  Cabannina Belahi 0.01  Zwergzebu Pulikulam 0.00
Anatolian_Black Nellore 0.01  Zwergzebu Belahi 0.00  Japanese_black Pulikulam 0.01
Slavonian_S_Podolia
n Nellore 0.01  Japanese_black Belahi 0.01  Korean_native Pulikulam 0.01
Fleckvvieh Nellore 0.01  Korean_native Belahi 0.02  Holstein Pulikulam 0.00
Gaolao Nellore 0.00  Holstein Belahi 0.00  Korean_cattle Pulikulam 0.01
Ghhumusari Nellore 0.00  Korean_cattle Belahi 0.01  Iranian Pulikulam 0.00
Gangatiri Nellore 0.00 lIranian Belahi 0.00  Marhigiana Pulikulam 0.01
Binjharpuri Nellore 0.00  Marhigiana Belahi 0.01  Arsi Pulikulam 0.01
Dangi Nellore 0.00  Arsi Belahi 0.01  Nguni Pulikulam 0.01

bos_primigeniu
Deoni Nellore 0.00  Nguni Belahi 001 s Pulikulam 0.01
Red_Sindhi Nellore 0.00  bos_primigenius Belahi 0.01  Romagnola Pulikulam 0.01
Sahiwal Nellore 0.00  Romagnola Belahi 0.01  Cinisara Pulikulam 0.01
Red_Kandhari Nellore 0.00  Cinisara Belahi 0.01  Digin Pulikulam 0.00
Rathi Nellore 0.00 Digin Belahi 0.00  Tibetan Pulikulam 0.01
Pulikulam Nellore 0.00  Tibetan Belahi 0.01  Kazakh Pulikulam 0.01
Ponwar Nellore 0.00 Kazakh Belahi 0.01  Anxi Pulikulam 0.01
Punganur Nellore 0.00  Anxi Belahi 0.01  Weizhou Pulikulam 0.00
Thutho Nellore 0.00  Weizhou Belahi 0.00 Longlin Pulikulam 0.00
Tharparkar Nellore 0.00  Longlin Belahi 0.00  Nandan Pulikulam 0.00
Vechur Nellore 0.00  Nandan Belahi 0.01  Punganur Ponwar 0.00
Umblachery Nellore 0.00  Katerini Greece_S_Pindos 0.00  Thutho Ponwar 0.00
bos_taurus Nellore 0.01  Skodra_Bu~°fa Greece_S_Pindos 0.00  Tharparkar Ponwar 0.00
Siri Nellore 0.01  Amritmahal Greece_S_Pindos 0.01  Vechur Ponwar 0.00
Shweta_Kapila Nellore 0.00  Murbodner Greece_S_Pindos 0.00  Umblachery Ponwar 0.00
Lakhimi Nellore 0.00  Anatolian_Black Greece_S_Pindos 0.00  bos_taurus Ponwar 0.01
Slavonian_S_Podolia

Ladakhi Nellore 000 n Greece_S_Pindos 0.00  Siri Ponwar 0.01
Malnad_Gidda Nellore 0.00  Fleckvvieh Greece_S_Pindos 0.00  Shweta_Kapila Ponwar 0.01
Malvi Nellore 0.00 Gaolao Greece_S_Pindos 0.01  Lakhimi Ponwar 0.00
Krishna_Valley Nellore 0.00  Ghhumusari Greece_S_Pindos 0.01  Ladakhi Ponwar 0.00
Yunglin Nellore 0.01  Gangatiri Greece_S_Pindos 0.01  Malnad_Gidda Ponwar 0.00
Kosali Nellore 0.00  Binjharpuri Greece_S_Pindos 0.01  Malvi Ponwar 0.00
Nagori Nellore 0.00  Dangi Greece_S_Pindos 0.01  Krishna_Valley = Ponwar 0.00
Nimari Nellore 0.00  Deoni Greece_S_Pindos 0.01  Yunglin Ponwar 0.01
Ongole Nellore 0.00  Red_Sindhi Greece_S_Pindos 0.01  Kosali Ponwar 0.00
Motu Nellore 0.00  Sahiwal Greece_S_Pindos 0.01  Nagori Ponwar 0.00
Mewati Nellore 0.00  Red_Kandhari Greece_S_Pindos 0.01  Nimari Ponwar 0.00
Mongolian Nellore 0.01  Rathi Greece_S_Pindos 0.01  Ongole Ponwar 0.00
G_Holstein Nellore 0.01  Pulikulam Greece_S_Pindos 0.01  Motu Ponwar 0.00
Menofi Nellore 0.01  Ponwar Greece_S_Pindos 0.01  Mewati Ponwar 0.00
Iraqi Nellore 0.01  Punganur Greece_S_Pindos 0.01  Mongolian Ponwar 0.01
Cabannina Nellore 0.01  Thutho Greece_S_Pindos 0.01  G_Holstein Ponwar 0.01
Zwergzebu Nellore 0.00  Tharparkar Greece_S_Pindos 0.01  Menofi Ponwar 0.01
Japanese_black Nellore 0.01  Vechur Greece_S_Pindos 0.01 Iraqgi Ponwar 0.01
Korean_native Nellore 0.02  Umblachery Greece_S_Pindos 0.01  Cabannina Ponwar 0.01
Holstein Nellore 0.00  bos_taurus Greece_S_Pindos 0.01  Zwergzebu Ponwar 0.00
Korean_cattle Nellore 0.01  Siri Greece_S_Pindos 0.01  Japanese_black Ponwar 0.01
Iranian Nellore 0.00  Shweta_Kapila Greece_S_Pindos 0.01  Korean_native Ponwar 0.01
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Marhigiana

Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Diqin

Tibetan

Kazakh

Anxi

Weizhou
Longlin
Nandan
Hallikar
Kangayam
Kankrej

Gir

Khariar
Kherigarh
Kenkatha
Konkan_Kapila
Khillar

Bargur

Badri

Bachaur

Belahi
Greece_S_Pindos
Katerini
Skodra_Bu=°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni

Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar

Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi

Nellore
Nellore
Nellore
Nellore
Nellore
Nellore

Nellore
Nellore
Nellore
Nellore
Nellore
Nellore
Nellore
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana

Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana

Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana

Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana

0.01
0.01
0.02
0.01
0.01
0.01

0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.00
0.01
0.01

0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01

Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari
Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin

Nandan
Skodra_Bu~°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi

Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos

Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos

Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Greece_S_Pindos
Katerini
Katerini
Katerini
Katerini

Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini

Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini

0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.01
0.00
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.00
0.00
0.00
0.01
0.01
0.02
0.00
0.00

0.00
0.01
0.01
0.01
0.00
0.01
0.00
0.00

0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole
Motu
Mewati
Mongolian
G_Holstein
Menofi
Iraqi
Cabannina

Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley

Ponwar
Ponwar
Ponwar
Ponwar
Ponwar
Ponwar

Ponwar
Ponwar
Ponwar
Ponwar
Ponwar
Ponwar
Ponwar
Ponwar
Ponwar
Ponwar
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur

Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur

Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur

Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Punganur
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho

0.01
0.01
0.00
0.01
0.01
0.01

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01

0.00
0.01
0.02
0.00
0.01
0.00
0.01
0.01
0.01

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00

66



Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Diqin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Kangayam

Kankrej

Gir

Khariar
Kherigarh
Kenkatha
Konkan_Kapila
Khillar

Bargur

Badri

Bachaur

Belahi
Greece_S_Pindos
Katerini
Skodra_Bu=°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi

Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hariana
Hallikar

Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar

Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar

Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar

Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar

0.01
0.00
0.01
0.02
0.00
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.01
0.01
0.01
0.00
0.01
0.01

0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00

Nimari
Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Digin

Tibetan

Kazakh

Anxi

Weizhou
Longlin

Nandan
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole
Motu
Mewati
Mongolian
G_Holstein
Menofi
Iraqi
Cabannina

Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini

Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Katerini
Skodra_Bu~°a
Skodra_Bux°a
Skodra_Bu~°a

Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a

Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bu~°a

Skodra_Bu~°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bux°a
Skodra_Bux°a

0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.01
0.00
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.00
0.00
0.00
0.01
0.01

0.02
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.00
0.00

0.00
0.00
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.00
0.00
0.00
0.01
0.00

Yunglin
Kosali

Nagori
Nimari
Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqgi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara
Digin

Tibetan
Kazakh

Anxi
Weizhou
Longlin
Nandan

Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi

Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iragi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Diqin

Tibetan
Kazakh

Anxi

Weizhou

Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho

Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho
Thutho

Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar

Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar

Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar
Tharparkar

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.02
0.00
0.01
0.00
0.01
0.01
0.01

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00

0.00
0.00
0.01
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.02
0.00
0.02
0.00
0.01
0.01
0.02

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
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Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Diqin

Tibetan

Kazakh
Anxi
Weizhou
Longlin
Nandan
Kankrej
Gir
Khariar
Kherigarh
Kenkatha
Konkan_Kapila

Khillar

Bargur

Badri

Bachaur

Belahi
Greece_S_Pindos
Katerini
Skodra_Bu~°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Hallikar

Hallikar
Hallikar
Hallikar
Hallikar
Hallikar
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam

Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam

Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam

0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.02
0.00
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01

0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.01
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.01

Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Digin

Tibetan

Kazakh

Anxi

Weizhou
Longlin
Nandan
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari

Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus
Siri
Shweta_Kapila

Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola

Skodra_Bux°a
Skodra_Bux°a
Skodra_Bu~°a
Skodra_Bu=°a
Skodra_Bu~°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bu~°a
Skodra_Bu~°a
Skodra_Bu=°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bu=°a
Skodra_Bu~°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bux°a
Skodra_Bu=°a

Amritmahal
Amritmahal

Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal

Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal

Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal

0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.00
0.00
0.00
0.01
0.01
0.02
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01

0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.01

Longlin
Nandan
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni

Tharparkar
Tharparkar
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur

Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur

Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Vechur
Umblachery

Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery

0.00
0.01
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01

0.01
0.01
0.00
0.01
0.02
0.00
0.01
0.00
0.01
0.01
0.02

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.01

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.00
0.01
0.00
0.01
0.01
0.01
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Kosali
Nagori
Nimari
Ongole
Motu
Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan

Gir

Khariar
Kherigarh
Kenkatha
Konkan_Kapila
Khillar

Bargur

Badri

Bachaur

Belahi
Greece_S_Pindos
Katerini
Skodra_Bu~°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi

Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri

Shweta_Kapila
Lakhimi

Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam

Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kangayam
Kankrej

Kankrej

Kankrej

Kankrej

Kankrej

Kankrej

Kankrej

Kankrej

Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej

Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej

Kankrej
Kankrej

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01

0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.01
0.01
0.01
0.00
0.01
0.01

0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01

0.00
0.00

Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori
Nimari
Ongole
Motu
Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Diqin

Tibetan

Kazakh

Anxi

Weizhou
Longlin
Nandan
Slavonian_S_Podolia
n

Fleckvvieh

Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Amritmahal
Murbodner

Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner

Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner

Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner
Murbodner

Anatolian_Black
Anatolian_Black

0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.00

0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00

0.01
0.00
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.00
0.00
0.00
0.01
0.01
0.02
0.00
0.00
0.00
0.01
0.01
0.01

0.00
0.00

bos_primigeniu
s

Romagnola
Cinisara

Diqin

Tibetan
Kazakh

Anxi

Weizhou
Longlin

Nandan

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou

Longlin
Nandan
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu

Japanese_black
Korean_native

Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery
Umblachery

Umblachery
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus

bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus
bos_taurus

bos_taurus
bos_taurus
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri
Siri

Siri
Siri

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00

0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
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Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari
Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Khariar
Kherigarh
Kenkatha
Konkan_Kapila
Khillar

Bargur

Badri

Bachaur

Belahi
Greece_S_Pindos
Katerini
Skodra_Bu~°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri

Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi

Pulikulam

Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej

Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Kankrej
Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir
Gir

Gir

0.00
0.00
0.00
0.00
0.01
0.00

0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.00
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.01
0.01
0.01
0.00
0.01
0.01

0.01
0.01
0.00
0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi
Deoni

Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle

Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri

Dangi

Deoni

Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black

Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black

Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black

Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Anatolian_Black
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n

0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.01
0.00
0.01
0.00
0.00
0.01
0.00

0.01
0.01
0.00
0.00
0.00
0.01
0.01
0.02

0.00
0.00
0.00
0.01

0.01
0.01

0.01

0.01

0.01

0.01

0.01

Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin
Kosali

Nagori

Nimari
Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou

Longlin
Nandan
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin
Kosali

Nagori

Nimari

Ongole

Motu

Mewati

Siri
Siri
Siri
Siri
Siri
Siri

Siri

Siri

Siri

Siri

Siri

Siri

Siri

Siri

Siri

Siri

Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila

Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila
Shweta_Kapila

Shweta_Kapila
Shweta_Kapila
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi
Lakhimi

Lakhimi

Lakhimi

0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00

0.01
0.01
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00
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Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqgi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius

Romagnola

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

Gir

0.00

0.00

0.00

0.01

0.01

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.01

0.01

0.00

0.01

0.01

0.01

0.01

0.01

0.01

Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle

Iranian

Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n
Slavonian_S_Podolia
n

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.00

0.00

0.00
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G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
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Iranian
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Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein

Menofi

Lakhimi

Lakhimi

Lakhimi

Lakhimi

Lakhimi

Lakhimi

Lakhimi

Lakhimi

Lakhimi
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Cinisara
Diqin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Kherigarh
Kenkatha
Konkan_Kapila
Khillar

Bargur

Badri

Bachaur

Belahi
Greece_S_Pindos
Katerini
Skodra_Bu~°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila

Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi
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Khariar
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Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin

Nandan
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari

Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
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Iraqgi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Malvi

Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
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Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari
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Ladakhi
Ladakhi
Ladakhi
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Ladakhi
Ladakhi
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Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Diqin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Kenkatha
Konkan_Kapila
Khillar

Bargur

Badri

Bachaur

Belahi
Greece_S_Pindos
Katerini
Skodra_Bu~°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar

Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Khariar
Khariar
Khariar
Khariar
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Khariar
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bos_primigenius
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Ghhumusari
Gangatiri
Binjharpuri
Dangi
Deoni
Red_Sindhi
Sahiwal

Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley

Yunglin
Kosali
Nagori
Nimari
Ongole
Motu
Mewati
Mongolian
G_Holstein
Menofi
Iraqi
Cabannina
Zwergzebu
Japanese_black

Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara
Digin

Tibetan
Kazakh

Anxi
Weizhou
Longlin
Nandan
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal

Fleckvvieh
Fleckvvieh
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Gaolao
Gaolao
Gaolao
Gaolao
Gaolao
Gaolao
Gaolao
Gaolao
Gaolao
Gaolao
Gaolao
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Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqgi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara
Digin

Tibetan
Kazakh

Anxi
Weizhou
Longlin
Nandan
Yunglin
Kosali

Nagori
Nimari
Ongole

Motu

Mewati

Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
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Romagnola
Cinisara

Digin

Tibetan
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Anxi

Weizhou
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Nandan
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Yunglin
Yunglin
Yunglin
Yunglin
Yunglin
Yunglin
Yunglin
Yunglin
Yunglin
Yunglin
Yunglin
Yunglin
Yunglin

0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.02
0.00
0.01
0.00
0.01
0.01
0.01

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.02
0.00
0.01
0.00
0.01
0.01
0.01

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

73



Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle

Iranian
Marhigiana
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Nguni
bos_primigenius
Romagnola
Cinisara

Digin

Tibetan

Kazakh

Anxi

Weizhou
Longlin

Nandan
Konkan_Kapila
Khillar

Bargur

Badri

Bachaur

Belahi
Greece_S_Pindos
Katerini
Skodra_Bu=°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao

Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole
Motu
Mewati
Mongolian
G_Holstein
Menofi

Kherigarh
Kherigarh
Kherigarh
Kherigarh
Kherigarh
Kherigarh
Kherigarh
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Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar

Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein

Korean_cattle
Iranian
Marhigiana

Arsi

Nguni
bos_primigenius
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Binjharpuri
Dangi
Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
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Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley

Ghhumusari
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Tibetan
Kazakh
Anxi
Weizhou
Longlin

Nandan

Bargur

Badri

Bachaur

Belahi
Greece_S_Pindos
Katerini

Skodra_Bux°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
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0.00
0.00
0.00

0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.02
0.00
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.01

Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein

Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black

Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou

Longlin
Nandan
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi

Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein

Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni

Deoni
Deoni
Deoni
Deoni
Deoni

Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni
Deoni

Deoni

Deoni

Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi

Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi

0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01

0.01
0.01
0.01
0.00
0.01

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00

0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00

0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.00

Weizhou
Longlin
Nandan

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Diqin

Tibetan

Kazakh

Anxi

Weizhou
Longlin
Nandan
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

G_Holstein
G_Holstein
G_Holstein
Menofi
Menofi
Menofi
Menofi
Menofi
Menofi
Menofi
Menofi
Menofi
Menofi
Menofi

Menofi
Menofi
Menofi
Menofi
Menofi

Menofi
Menofi
Menofi
Menofi
Menofi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi

Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Iraqi
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina

Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Cabannina
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu

0.01
0.01
0.01
0.01
0.00
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.00
0.00

0.00
0.01
0.01
0.02
0.00

0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.00
0.00

0.00
0.01
0.01
0.02
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.00
0.01
0.01
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Digin

Tibetan

Kazakh

Anxi

Weizhou

Longlin

Nandan

Bachaur

Belahi
Greece_S_Pindos
Katerini
Skodra_Bux°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao

Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery

bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari

Ongole

Motu

Mewati

Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni

bos_primigenius
Romagnola
Cinisara

Digin

Tibetan

Bargur

Bargur
Bargur
Bargur
Bargur
Bargur
Bargur
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri

Badri
Badri
Badri

Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri

Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri

Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri
Badri

Badri
Badri
Badri
Badri
Badri

0.00

0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01

0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00

0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01

0.01
0.01
0.01
0.00
0.01

Korean_cattle

Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan

Red_Kandhari
Rathi
Pulikulam

Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari
Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle

Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan

Rathi
Pulikulam
Ponwar
Punganur
Thutho

Red_Sindhi

Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi
Red_Sindhi

Sahiwal
Sahiwal
Sahiwal

Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal

Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal

Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal
Sahiwal

Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari

0.01

0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00

0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.00
0.01

0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.01

0.00
0.00
0.00
0.00
0.00

Nguni
bos_primigeniu
s

Romagnola
Cinisara

Digin

Tibetan
Kazakh

Anxi

Weizhou
Longlin
Nandan
Korean_native
Holstein
Korean_cattle
Iranian

Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara
Digin

Tibetan
Kazakh

Anxi
Weizhou
Longlin
Nandan
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara
Digin

Tibetan
Kazakh

Anxi
Weizhou
Longlin
Nandan
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara
Digin

Tibetan
Kazakh

Anxi
Weizhou
Longlin
Nandan
Iranian
Marhigiana
Arsi

Nguni
bos_primigeniu
s

Romagnola
Cinisara
Digin

Tibetan

Zwergzebu

Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Zwergzebu
Japanese_black
Japanese_black
Japanese_black
Japanese_black

Japanese_black
Japanese_black
Japanese_black

Japanese_black
Japanese_black
Japanese_black
Japanese_black
Japanese_black
Japanese_black
Japanese_black
Japanese_black
Japanese_black
Japanese_black
Korean_native
Korean_native
Korean_native
Korean_native
Korean_native
Korean_native

Korean_native
Korean_native
Korean_native
Korean_native
Korean_native
Korean_native
Korean_native
Korean_native
Korean_native
Korean_native
Holstein
Holstein
Holstein
Holstein
Holstein

Holstein
Holstein
Holstein
Holstein
Holstein
Holstein
Holstein
Holstein
Holstein
Holstein
Korean_cattle
Korean_cattle
Korean_cattle
Korean_cattle

Korean_cattle
Korean_cattle
Korean_cattle
Korean_cattle
Korean_cattle

0.01

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.01
0.00
0.01
0.00
0.01

0.01
0.00
0.00

0.00
0.01
0.01
0.02
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.00
0.00

0.00
0.01
0.01
0.02
0.00
0.00
0.00
0.02
0.01
0.01
0.01
0.00
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.00
0.00

0.00
0.01
0.01
0.02
0.00
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Kazakh

Anxi

Weizhou

Longlin

Nandan

Belahi
Greece_S_Pindos
Katerini

Skodra_Bu~°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni

Red_Sindhi
Sahiwal
Red_Kandhari
Rathi
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery

bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Nimari
Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqgi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana

Arsi

Nguni

Badri
Badri
Badri
Badri
Badri
Bachaur
Bachaur
Bachaur

Bachaur
Bachaur
Bachaur
Bachaur

Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur

Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur

Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur

Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur

Bachaur

Bachaur

0.01
0.01
0.00
0.00
0.01
0.00
0.01
0.01

0.01
0.00
0.01
0.01

0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00

0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01

0.01

0.00

0.01

0.01

0.01

Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi

Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali
Nagori
Nimari
Ongole
Motu
Mewati
Mongolian
G_Holstein

Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana
Arsi

Nguni
bos_primigenius
Romagnola
Cinisara

Digin

Tibetan

Kazakh

Anxi

Weizhou
Longlin

Nandan
Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Siri
Shweta_Kapila
Lakhimi
Ladakhi
Malnad_Gidda
Malvi
Krishna_Valley
Yunglin

Kosali

Nagori

Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari

Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari

Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari

Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari

Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari
Red_Kandhari

Red_Kandhari
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi

Rathi

0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.01

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01

0.01
0.01
0.01
0.00
0.01
0.01
0.00
0.01
0.00
0.01
0.01

0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01

0.00

0.00

0.01

0.00

0.00

Kazakh
Anxi
Weizhou
Longlin
Nandan
Marhigiana
Arsi

Nguni
bos_primigeniu
s
Romagnola
Cinisara
Digin

Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Arsi

Nguni
bos_primigeniu
s
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Nguni
bos_primigeniu
s
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
bos_primigeniu
s
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan

Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin

Nandan

Korean_cattle
Korean_cattle
Korean_cattle
Korean_cattle
Korean_cattle
Iranian
Iranian
Iranian

Iranian
Iranian
Iranian
Iranian

Iranian
Iranian
Iranian
Iranian
Iranian
Iranian
Marhigiana
Marhigiana

Marhigiana
Marhigiana
Marhigiana
Marhigiana
Marhigiana
Marhigiana
Marhigiana
Marhigiana
Marhigiana
Marhigiana
Arsi

Arsi
Arsi
Arsi
Arsi
Arsi
Arsi
Arsi
Arsi
Arsi
Arsi

Nguni

Nguni

Nguni

Nguni

Nguni

Nguni

Nguni

Nguni

Nguni

Nguni
bos_primigeniu
s
bos_primigeniu
s
bos_primigeniu
s
bos_primigeniu
s
bos_primigeniu
s
bos_primigeniu
s
bos_primigeniu
s
bos_primigeniu
s
bos_primigeniu
s

0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.00

0.01
0.01
0.01
0.00
0.00
0.01
0.01
0.01

0.01
0.00
0.00
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.00

0.00
0.01
0.01
0.02
0.00
0.00
0.00
0.01
0.01
0.01

0.00
0.01
0.01
0.02
0.00
0.00
0.00
0.01
0.01
0.01

0.01
0.00
0.01
0.01

0.01
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bos_primigenius
Romagnola
Cinisara

Diqin

Tibetan

Kazakh

Anxi

Weizhou
Longlin

Nandan
Greece_S_Pindos
Katerini
Skodra_Bux°a
Amritmahal
Murbodner
Anatolian_Black
Slavonian_S_Podolia
n

Fleckvvieh
Gaolao
Ghhumusari
Gangatiri
Binjharpuri
Dangi

Deoni
Red_Sindhi
Sahiwal
Red_Kandhari
Rathi

Pulikulam
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus

Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Bachaur
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi

Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi
Belahi

0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.01
0.01
0.01
0.00
0.01
0.01

0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01

Nimari
Ongole

Motu

Mewati
Mongolian
G_Holstein
Menofi

Iraqi
Cabannina
Zwergzebu
Japanese_black
Korean_native
Holstein
Korean_cattle
Iranian
Marhigiana

Arsi

Nguni
bos_primigenius
Romagnola
Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Ponwar
Punganur
Thutho
Tharparkar
Vechur
Umblachery
bos_taurus
Siri

Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi

Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Rathi
Pulikulam
Pulikulam
Pulikulam
Pulikulam
Pulikulam
Pulikulam
Pulikulam
Pulikulam

0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.00
0.01
0.00
0.01

0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01

Cinisara
Digin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Diqin
Tibetan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Tibetan

Kazakh
Anxi
Weizhou
Longlin
Nandan
Kazakh
Anxi
Weizhou
Longlin
Nandan
Anxi
Weizhou
Longlin
Nandan
Weizhou
Longlin
Nandan
Longlin
Nandan
Nandan

Romagnola
Romagnola
Romagnola
Romagnola
Romagnola
Romagnola
Romagnola
Romagnola
Cinisara
Cinisara
Cinisara
Cinisara
Cinisara
Cinisara
Cinisara
Digin

Digin
Digin
Digin
Digin
Digin
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Kazakh
Kazakh
Kazakh
Kazakh
Anxi
Anxi
Anxi
Weizhou
Weizhou
Longlin

0.00
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.02

0.01
0.02
0.00
0.00
0.01
0.00
0.00
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01
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Zivotopis
Katarina Mari¢

Kontakt: Rudera Boskovi¢a 11, Nova Gradiska
+385 99 5258 676
katamaric99@gmail.com
https://www.linkedin.com/in/katarina-maric/

Apsolventica sam diplomskog studija Genetika i oplemenjivanje zivotinja pri Agronomskom
fakultetu u Zagrebu.

Obrazovanje: 2021.- trenutno
Diplomski studij  Genetika i Oplemenjivanje zivotinja * diplomski rad:
Varijabilnost mitogenoma goveda

2018.-2021.
Preddiplomski studij (univ. bacc. ing. agr.) * Ekoloska poljoprivreda ¢ zavr$ni
rad: Otpornost pSenice na prijezetveno proklijavanje

2014.-2018.
Opca gimnazija Nova Gradiska

2008.-2014.
Osnovna glazbena Skolas Pucko otvoreno uciliSte Matije Antuna Relkovica ¢
Gitara

2006.-2014.
Osnovna skola “Mato Lovrak”

Kljucne sposobnosti: * Organizacija vremena
. Rad u programu R
. Rad u programu SAS
. Rad s Microsoft Office paketima

. Poznavanje programa za obradu genetskih podataka
. Engleski jezik B2
. Vozacka dozvola AM, B

82


https://www.linkedin.com/in/katarina-maric/

Iskustvo:

Aktivnosti:

Postignuca:

. Komunikacijske vjestine
. Analiza i obrada prostornih podataka
. Sviranje gitare

2.10.2023.- trenutno
DHL Express ¢ studentski posao * rad na recepciji

1.8.2022.-31.8.2022.
Roto dinamic ¢ studentski posao - ispomo¢  rad s kupcima, rad na blagajni

12.9.2021.- 30.1.2022.
Al Hrvatska « Agent u sluzbi za korisnike * komunikacija s korisnicima,
rjesavanje prigovora, prodaja mobilnih i fiksnih usluga

30.6.2021.- 6.9.2021.
A1 Hrvatska « agent u teleprodaji « komunikacija s korisnicima, prodaja
mobilnih i fiksni usluga

31.1.2021.- 20.4.2021.

Studio Moderna ¢ telemarketing * komunikacija s kupcima, prodaja
Dormeo/Delimano proizvoda

11.2.2024. — 15.2.2024.
59. hrvatski i 19. medunarodni Simpozij agronoma — predstavljanje rada pod
nazivom ,,Open spatial data in animal protein production in Croatia*

2013. — 2016. Volontiranje u Crvenom krizu (prikupljanje dobrovoljnog
priloga)

2014. volontiranje u Crvenom kriZu za vrijeme poplava

11.5.2022. — 13.5.2022.

Ljetna Skola — certifikat : Molekularna bioraznolikost i oplemenjivanje bilja
13.5.2023. Sudjelovanje u Datathon natjecanju u sklopu projekta Prilagodba
informacijskih sustava tijela javnog sektora Portalu otvorenih podataka (Open
data) ¢ 1. mjesto u ekonomskom podrucju * 1. mjesto u politickom podrucju
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Interesi/hobiji:

rjeSavanje sudokua

Citanje znanstvene fantastike

knjizevna djela — renesansa

poezija — romantizam

filmovi — znanstvena fantastika i fantazija
adrenalinski sportovi i aktivnosti

sviranje gitare

ljubiteljica zivotinja
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