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Abstract

A total of 359 individuals were genetically analyzed using genetic diversity of six yak ecological
groups in Tibet using 12 microsatellite loci. The study showed that the average PIC values of the
six yak ecological populations were found to be highly polymorphic. At the same time, the ob-
served heterozygosity was from 0.5189 *+ 0.0323 to 0.6380 % 0.0345; the allele number distribu-
tion was from 4.25%2.01 to 5.17+2.72; and the polymorphic information content was 0.5004 to
0.5443. According to Hardy-Wenberg equilibrium analysis (HWE), it was found that the three
groups (the Nine Villages in Nima Township, Nierong County, the 11 villages in Nima Township,
Nierong County, and the farm group in Naqu Jiali County) have 3 loci that significantly deviate
from HWE; and only one microsatellite in the Sancun group of Xiama Township in Naqu Jiali
County was deviated significantly from equilibrium. The inbreeding coefficient (Fis) and the in-
ter-population genetic differentiation coefficient (Fsr) ranged from —-0.059 to 0.153 and 0.00297 to
0.11431, respectively. In addition, analysis of the genetic structure of STRUCTURE revealed that
the best genetic background was K = 2. Through Fsr, phylogenetic tree, and STRUCTURE popula-
tion structure analysis, it revealed that the clustering of the population was in accordance to their
management background and geographical distribution. Therefore, this study provides a scientific
data for the protection of genetic resources in those local yak populations of Tibet.
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FIH 124N T2 BEAL X PRk 64 b 5 AE S 2KBE3 59 MB AT T & S MRS . SR ERBAN
W Z4E~0.5189 + 0.0323%0.6380 + 0.0345, ZHMEFE A HN4.25 +2.01F85.17 +2.72, £&EE
E&EN05004%0.5443, 6N EAREZHEEE . FIHBREEMABPEMTER, =MEMEGE
ERERE 2 ANEE. BMFEREBB 2 +—NEE., RERESRGHE)PREEEREHBTE
BE%, WHEINMLERERREBEARPE; MAhEREED S =NE#EFREINMTEEERETF
. BEAR NIRRT R B (Fs) A B AR B 4k R B (Fsr) 19738 46 8 B 4 ) A -0.059~0.153 1
0.00297~0.11431. Xt STRUCTURESEf& £ #0347 /M1, RINBAEBEE TS BLK = 2. BT Fsrift £ 53 B 047,
R4 R B M ASTRUCTUREBH A ST BE R G MR 53, RIVTH A AEMHRIAE SEELE R L
A E MM R B, B 500 Py e A B i 4 IR IO R R4 T B SR et

K
Y4, TR, MEEBRE, MEE
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1. 5|8
LR R AT TR 3000 m LA, DTS R R rh 0 K LI AR ) L JEmIJJﬂﬁI:E’JfF#ﬁfFﬁF AEIE
RiEFE . RS A, IR R MO RN, B M RER S

Fo B 20 #2070 ALK, ENSAE A EEY: . ML, BB LMy T L ARt 5 T
B NSRRI R R T E R UR . W0 TR A R LR A DNA PR T
PRCTIERTIL 7 H R A N MR AL 2RV PRS2 B 3170 A S 2 2 7 hRic it AL
T AR NI AL 2R BRI (4RI R 2 b e R U KIS R
VB A B AL 22 FEME 43 SR EAT I 90 s Bk UL AR (5] [0 A A R AR 1 R IR 2 1 68 PR R 10 VR AT 9
T R A IR AL BRI SREE (TR R R HOR A R 5 AR B AR REAT T IE AT
REHIBE T 2SS F MG 2 DNA BIFFE 1 PG5 11 MEASERE A% 2 A 1 SRR IR ) R et A %
Fo BASZELEOINH 16 X LR DNA FRICVPAL T 5 AN B 462 (000 AR A de 2 vl L e
B ZEHEERRAE A URRE AR ) m R B AR AR A S R R AR SC R s LR AR (1018 A B2 Fnicon 2w v )
YEFREAT TR IR AL ST

PEEAE AR B X2 —, &KX 76 M EXO)WAES I, AR 457 iRk, S
A RHU 30%. M 20 22 50 AR, R R T EO A AR P VR REREAT T IR A BUIIE T . 2
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A 20 42 90 SEAUE, SUFIHIA R RIBALARIC 0 57K 7 BB A= S A i 1A% 2 REPEEAT TR AN R St
M TE, FFHAS T BB R .

AT FUA T DNA B FT T P50 i X0 75305 8 A A A R st A% 2R, D5 SR TE i B
16 AR AL IR MM B 7T 7 B OR 5 R IR L 1 R] A 4 T R A B R 1K AR

2. MR 57

M6 AT F AR ESRAE F, I R SRR 38 133 k(R 1), SREEFRAK LA 9] 5560 %, T-80°C
HIUKAE b ORA7 6 o SEIRAR SR MR SR S TR LR 1.

Table 1. Sample collection information and sample size

1. HmREFERHELE

PRSI A RERARD
M sE R EF I 2 = 20 B
R Hh 552 B4 25 J
T8 A S 2R EL A0 22 N
TS Hh e 5k B B F 2 A 23 NO
AR E e 2+ 23 S
A MR R~ 2 20 X
Hit 133

FH2E R 2H DNA $2HGRF & (DP304, RARA AR A IR 2 ")) FEHCA: I A (1) 2E K 20 DNA, —20°C R4+
SR EAAR L ZUFAO)VAI [E PRENI AL 22 2 ISAG) B G HEFE I 51 W, ARFFEEL 7 Ho 12 6484
ZREVEVPI IR R R AL A, FELESIMF A Bk 50 -S| FAM B ROX % thric, DAMER . 445] it
THEY 1, J-5F PCR S REATIAL, ZRHehrid, K19 PCR 4. AT IR BER/N LA 2.

Table 2. Yak microsatellite locus primer sequence, fragment size and annealing temperature information table

=2 BAMIDERMGSIYFY. RRXNMNRBIREREER

S Z TR 51975 5°-3° Jr BUK Pric A B KR

F: GCTGCCTTCTACCAAATACCC
BM2113 R: CTTAGACAACAGGGGTTTGG 123~151 FAM 37

F: CTAATTTAGAATGAGAGAGGCTTCT
TGLAL26 R: TTGGTCTCTATTCTCTGAATATTCC 107-121 FAM >

F: GAATCATGGATTTCTGGGG
ILSTS008 R: TAGCAGTGAGTGAGGTTGGC 175~-187 FAM 58

F: AAATCAGACACCCAGTTTCC
ILSTS050 R: GTTTTTCTACACGAGTTGGC 161~183 ROX 33

F: GAGCAAGGTGTTTTTCCAATC
BM1824 R: CATTCTCCAACTGCTTCCTTG 180~194 FAM 37

F: GATCACCTTGCCACTATTTCCT
ETH225 R: ACATGACAGCCAGCTGCTACT 144-162 FAM 64

F: AAAGTGACACAACAGCTTCTCCAG
SPSILS R: AACGAGTGTCCTAGTTTGGCTGTG 234-254 ROX 64
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Continued

F: GACAGGAAGTAGGATGATGGTT
BGR3012 R: TGGGAGATGGTGAAGGACAGGG 200-300 FAM 52

F: GACTTCCCTTTCACTTTTCAC
BGR3020 R: AGAGGAACGCAACAGGGGAAT 200-300 ROX 2

F: GCTTTCAGAAATAGTTTGCATTCA
TGLASS R: ATCTTCACATGATATTACAGCAGA 143-191 FAM 3

F: GAGAATCACCTAGAGAGAGGCA
TGLATS R: CTTTCTCTTTAAATTCTATATGGT H1-143 ROX 33

F: GAAACTCAACCCAAGACAACTCAAG
AGLA293 R: ATGACTTTATTCTCCACCTAGCAGA 210-240 FAM 53

SKH 20 uL RBiAR R, Fd 541 5 &R B 43 58 ANTPs 0.2 mmol/L. Mg 1.5 mmol/L. JE& LT
W59 0.5 mmol/L Taq /& 5 U/uL. DNA #4% 1 pL (%) 60 ng). PCR JKNFE/F: 94°CFHiAEME 5 min; 94°C
M 30s, 50°C~60°CiB Kk 30s, 72°CHEM 30 s, Zit 35 MEH; T 72°CLEMH 7 min, 4CHR{F. PCR =
YIF ABI 3130 x1 4= H )3 R A1 AT 43 BRI o

BR80T HABHE: Microsatellite Toolkit B[ 11111525 8% AL s 1 5547 22 K 2 (Number of
alleles, N,)~ % &5 5.7 f(Polymorphic information content, PIC) M %% 24 & & (Observed Heterozygosity, H)
FIHEE 42 A (Expected Heterozygosity, Hy) 52 ${. Arlequin 3.5 B[ 12]1H 0 Fh Py BEAAK A8 4L /AL 85
(Fsr)o GENEPOP 3.4 8413 ]3E47 M4 4 IR AT 4% P #5455 (Hardy-Weinberg Equilibrium, HWE). Fstat 2.9 X
PR 14T SRR A REU(Fs), Structure [15]THHE AR5, STRUCTURE Harvester [ 1615 5 4% K 18,
CLUMPP [17]%44:#1 DISTRUCT 1.1 [18]H KA & . PHYLIP version 3.68 [19]i & FEA R 16 R IF M R
SR EH.

3. ZRE N

B, 12 MU TEALSTE 6 MR AL Z AL Rk 3 fon, 45 58 BGR3012 A7 213
WA FE(HE = 0.0128) M5 FE(Hy = 0.0119) 12 545 B8 B (PIC = 0.0128)31 2 5K, 1 TGLA73
L5 S 2% 45 B (H = 0.8650) W% & (Hp = 0.8238) 12 &5 B & B (PIC = 0.7976) /& e i 1) 45
PEFERI B BGR3012 7 5507 2 ANE SPST15 A7 10 14 A4S, 12 AMLAAE 6 AN 54 A=A b (17 2 2547
FERHCN 7.75. XA 12 M HRE 5 ARSI AN BEAR  S88 A i 25 0a IR, AGLA293 7
SUBITE 5 AN B o i 25 05 ARIRAD A P (2 3)

AL, TE 6 AR M 7R BEAR I 133 ANAMAI 12 M DR IERILT 93 AN,
SIS EEAL FE AU 7.75, AW AR 12 AN A AL s, BGR3012 1 AGLA293 AN sSUNRE 245,
BGR3020 7 sUN TR, HARM 9 MLrvmE 2 U SRR 2 R KPR s HARES
BEZE S, AR IR SRR TR RN . 5alf NOF R SRR, 0. BREE1RIL 1S My T A
BLRTEZE AR LR 1 P S AL R RN 9.2670; Z8FRAE 310 AR 22 HERE 2R b 4 DN AL RUPP 3 5507
FERECH 7 BhEIREE[ 1010 FER BT 4 NMEA SR ) 9 AR R P SN BRI E O 6.8: 1 FIE[4]
AR ITH N1 6 AU HE AR BEAR T 15 AR R T B F SE A R Ry 9.735 DA R 70 A T B A a5
1) PIC {HES KT 0.5, BT @2 A0 Ak 3).

THE 6 MR 12 M T EAL SEHE 2R EER S Rk 4 R fEXNMERY, B8R E
FE TG A2 0.5654 + 0.0673 ()F] 0.6256 + 0.0669 (X); M4 A FELE NO B+ £:/NA 0.5189 + 0.0323,
78 X FEAA IR RN 0.6380 + 0.0345; ~F-25) 56 A B A1) e /IME D 4.25 £ 2.01 (B), I KRB N 5.17 +2.72 (NO);
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ININEEAR I 2 B B B KT 0.5 (0.5004 520.5443), BN E 2455 1058 REUE T BEAR R 5K N 0.014,
7E NO B B 0.127; B B G 1AM S m s T I ARIRAA RS P47, NI X B 2 M7 5w
BT AREARE -, T NO A S BEAHA 3 AN AR T AR IRAAAR P .

Table 3. Genetic diversity of 12 microsatellite loci

=3 RAMIDEMSEEE SN

Locus Hg Ho PIC Ny HWE
BGR3012 0.0128 0.0119 0.0128 2 2
BM2113 0.4537 0.3263 0.6885 3 2
SPS115 0.7702 0.7113 0.6655 14 0
ETH225 0.7017 0.6353 0.7289 8 0
TGLA73 0.8650 0.8238 0.7976 12 1
AGLA293 0.4741 0.4145 0.1984 10 5
BGR3020 0.4732 0.3676 0.4873 5 1
ILSTSO50 0.6852 0.6207 0.6836 9 0
TGLAS3 0.7581 0.7037 0.7076 13 1
TGLA126 0.6988 0.6222 0.7202 5 0
BM1824 0.7071 0.6425 0.6624 8 0
ILSTS008 0.5599 0.4498 0.6252 7 2

Table 4. Expected heterozygosity (Hf), observed heterozygosity (Hp), mean allele number (N,), polymorphic information
content (PIC), inbreeding coefficient (¥5), and deviation from Hardy Weinberg equilibrium (HWE)

4 HERAE(H) URREE(Hy) FHFMNEERRW,). ETEESEPIO). ERXRY(F)MRERKIERSE

& P& (HWE)

fiRviN Hr+SD Ho+SD MN, PIC Fis HWE
B 0.5828 £0.0782 0.6138 £0.0341 425+2.01 0.5166 —0.055 1
J 0.5654 £0.0673 0.5574 £0.0297 4.75+2.70 0.5004 0.014 3
N 0.6153 £0.0652 0.5783 £0.0321 4.33+2.02 0.5408 0.061 2

NO 0.5924 £0.0747 0.5189 £0.0323 5.17+£2.72 0.5382 0.127 3
S 0.5984 + 0.0644 0.5825 +£0.0303 4.67+2.71 0.5246 0.027 3
X 0.6256 £ 0.0669 0.6380 +0.0345 4.67+2.15 0.5443 —0.042 2

BB S, R B A X BEARIMEI A AN TR AR, ol 4 MEEARIIAE A KT
MAAETE . XER Fis S RAF], Fis/DT 0 RRBA TR, FSE RGN TINS5, 6 Mk
FRIIRHT 6 /b DX A A (1 1 B 2 R 90 TR DA BOUL N 2% 5 P82 0 TR LS T H i L X ) 6 N4 A4 T 22
e FESE BRI 24 45 FE L o B PN ) PIC (B - H 7 i X B A AR [ 4]

WA LR ZH SSR A1 43 ik S5 ) A8 AN (R b X PRI AE 2R AR IB) Fr (B S, 1 1(a)), BEMR R G
R LA S STRUCTURE AL . 45 R IR For (ARG EIM 0.00651 F 0.20663 . FfEAA B]EAL 73 A0 Fi5 3L
HSHEMAZEFRAEZN AN NO. NA S, N A X, NOF S, SAHIX), BAJFAAE 5 HAL KRR R
BB ZER . N MRS BN RGO R E TR, NO BERS HAD 5 AN BHARFE i, B AT
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FEAN—, S X I N =B N—32 (& 1(b)). STRUCTURE #EA L5 45 B (5] 2) 5 RGBT 45
BMFE, REKMEN3, ¥K =38, BMIEMAMHEL, S. XN =ABAAEAALL, NO BikfiE. Bk
(BB 2 LT B R Gt AL b ) 45 SRR B SRS AN R 25 3L, X T RS A2 T AN I BV EAN R T
;.

Table 5. Genetic differentiation index (Fg7) between groups

5. BEEE D IER(Fs)

il o B J N NO S X
B 0.00000
J 0.02612" 0.00000
N 0.13496" 0.06508" 0.00000
NO 0.11828" 0.0502" 0.01994 0.00000
S 0.15106 0.08413" -0.01016 0.01964 0.00000
X 0.20663" 0.12188" -0.00651 0.03735" 0.00876 0.00000
TRFBAE S, B P<0.05.
Matrix of pairwise Fg;,
B- 0.20
S X
I 0.15 \\
N
N 0.10 & \ /
ERsd / B e J
NO / P
v / i
0.05 NO i i
S ‘
N | A
X 0.00 % e g

B J N NO S X
(a) (b)
(@A MBI BHE 2 BU(Fsp)s (b)) RSB RGBT I 45

Figure 1. Analysis of phylogeny and genetic differences of six yak cattle in Tibet
E 1. AR MEERRLERER DS

B J N S X NO

Figure 2. Genetic structure of six yak STRUCTURE populations in Tibet
2. FR7NMES STRUCTURE B¥iig L4544

S X AN =B =M SRR S5 RPARIUN R — 38, @RCX =R r LG —Ma Fhitkl. B
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T A FARTEEL A AT STRUCTER H#R I E—2, HERXW AR Z N Fo RN ER R
2, @UE B JHINO =ANEHA S RIE Fh.

E&WE

[ X R AEF L BOR IR R (CARS-37)s B SXRHGHR ey ifdhid B DR POl S AR BIE AL 5 7 v
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