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Abstract: The Eastern Pamir Plateau is a region with highly abundant biodiversity in Xinjiang, China, where the
distribution of Tetraogallus himalayensis ( T.himalayensis) and Tetraogallus tibetanus( T.tibetanus) are found. In this study,
the mtDNA D-loop gene sequences of the study organism, T. himalayensis, were sequenced and analyzed, Both haplotype
networks and a phylogenetic tree based on the neighbor-joining and Maximum Likelihood methods were constructed to

analyze genetic diversity and phylogenetic status of the species’ Eastern Pamir Plateau population. The results indicated that
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A and T bases were rich in the mtDNA D-loop sequences at 59.8%. There were 64 mutation sites, accounting for 5.5% of all
nucleotides, of which 29 were singleton variable sites, 33 were parsimony informative sites, and 2 were insertion/deletion
sites. There were many more transitions than transversions. The average haplotype diversity (Hd) was 0.92 + 0.0001, the
average nucleotide diversity ( P1) was 0.00958, and the average nucleotide diversity ( K) was 11.067. Overall, the
nucleotide diversity of T. himalayensis in the Eastern Pamir Plateau was low. while haplotype diversity was high-
demonstrating rich genetic diversity in the species. Through phylogenetic analysis, this study equally found that
T.himalayensis and T. tibetanus are divided in two major clusters. T. himalayensis shows the greatest genetic differentiation,
with 2 obvious evolutionary branches. Additionally, Snowcock ( Tetraogallus spp.) exhibit a distinct geographical
distribution, with 84% of T. himalayensis haplotypes in the Eastern Pamir Plateau being in unique evolutionary branches.
Accordingly, it is recommended that the Tashkorgan Wild Animal Nature Reserve be expanded, and upgraded to.the level of
National Nature Reserve, in recognition of the ecological significance of the region and to support the protection and

restoration of suitable Tetraogallus spp. habitat in the Eastern Pamirs.

Key Words: East Pamir; Tetraogallus himalayensis; mtDNA D-loop; genetic diversity ; phylogenetic status

EXGJE LY (Aves) , WIE H ( Galliformes ) , HEFl ( Phasianidae ) , 539 J& ( Tetraogallus ) , 1355 & R &5 34
( T.caucasicus) RS (T. caspius ) B /R IR (T. altaicus ) Bl FLHES XY ( T. himalayensis ) F1 & &5 3%
(T.tibetanus)5 FP2J5 3 Fire b B B N 35 40 A, Fo b s S RLAE S0 SRR I IR 5 00 9805 0% SRR IR IR =5
A IR R 5 X S R AT SR R AR 7R B P 32 A e RS L P A L R R A L P
G ¥R IR ARG RN R XA A 4 AN EFR BIFS BT A CT. he himalayensis ) 7345 3% [ 57 5 VG 56 5 56 5 S0 Fh
(T.h. grombszewskii ) 354347 T B LU P58 1) AR 2187 i FHLBRF 0T 5 35 06 W R ( T h. koslowi) 5347 T H BT /K 45 11
VU 0] 2R 241032 11 2 75 VR0 R 5 DX RIS AR (T k. sewerzowi ) 4347 T i K 1L Wk ZEE AN JEF .+
B E IR IR R0 % 5o 0 A7 A5 A0 R LUK R o SRR 3 S A 25 X 1 4 A o, SR
B TR AR ARG S T RS H MEE A |, B SR 7 X6 DL AR A7 SRR Wl Ak, R Rl 2
FITR R, B SR T3 B 1 LR 3h%, B4 TUCN 206 H 81 A E (LC) YRl E 4 HE3h
L4 BRI fE (NV) 1

TG REHA B 1 245 PRI B (i, LR —E ARSI E . T3 SHoHE S X p T 328 h7E B 4
AeBE EEEVERE PR P BRI AN S ARG IR T A IR AR T I, XA SR
% miDNA Cytb JER G F1 (1143bp ) SHERMH AL 19 ANJB Y Cyeb FERPEATIRIVENE oz, 45 R 5 )8
TEHERH 54559 8 SR % O Rl , IR A8, X8 54529 )8 i /- B Rl 1.5 BT —2.0 B4R, 5A
MRS TR 1.7 FOT—2.4 BJTAE . Ruan SR muDNA Cyth £ RS 17511 (535bp) 2387 T 6 15 1
PR TS XS TR , R WB SR 1L X S XS AR (% 2R E o, R A e 3R R e i, B/ A i 5
L PURE SRS KL DNA #5] X.(mtDNA D-loop) ¥V FI TR #EAT R ic kil , #F5E 1 3K E = BHIAES XY 11
A HURFR R 73 7 R G H P A5 R 11 DSR2 O 4 SR e 3, B 2 Py R ok B 22
I 2 B B 5 BLAE vk & At ke B E AR BIRTE AR 5 AR AR IR 1o SRS N 14 T A R R AR B
BB R DR R A MR AR I PRI, S6 T H Y b B2 K s AL ZREMERIEGY , 2T KRR ARSI DL K
PRAT TR

AR IRt SR sk b 9 2% 5L R Ll (BT R B 8- Ll A oK 7R - B3 LAl ) A L 46 o2 S i
R i 0 AR S DX R L PR AR AL X B LR AR AR EE TR B A R, R N TR A
TGS SRR A 2 W AR A S b, (B R Ss 28 TF 0 HUR Je , N RS SN, WA OK R v AR B R Ak ™
SRR , B 2E S G A b e AR R AT S sy T N i PR A I B AR g
1% ZREMERRAR , T RO IX I A ) 2R 00 A 8 R GRS AT RN IR B P AR 2800 | TR L 8 X 3 P
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HEMZREPEPAG A BB A R, R T ARMAK IR ey J i 07 7 5 X6 A (A it A 22 R R DAl B AR SERIE 5 1 2R DL
HAH , PRI A ) B ZR K 2R 1 D i S M 35 A% AR K P R AR G A 7, AR SCHEHE miDNA' D-loop J55)
FE IS B2 A TS G muDNA D-loop ¥ HASERIE 1% ZREVEKF- s HE4% GenBank HHEL$RACHI T
RGP, MR AL SR 2 R e AR LA L P A5 R R 8 e T O 2R, 3 AT D 5 S i 5 00 gt 1
SR AR BB A

1 #R57EE

1.1 SEH R

B I RAE TS XS REARJE I 2008 AT 4R 7EHTHR AR 2R 5 SR 38 A R T BF A= sy A SRR IS4 A /Y 3k
AR AEPLAT i SR IaR )  B] v P LRI OK ZR 25 X8 B F S A T X AR LR 44, &0 25 Ao =L
LU T5% kS HH —80°C LR-AF , WLIA 2L SRR AR CRATAE W& AT 22 IR JE 2 N A= 285 A W O U IR o 2

1.2 JE[HZ] DNA 2
LA L2 FE I 2 DNA $2HUS BT el ) (58 =) R3O 2%, R A RO By - S0k, IS &

S E ST T AR A
1.3 5|¥iitfl PCR 344

FIH Primer 5 52F, #45 GenBank /A U 1 miDNA FA1 (B35 . NC.027279) % it ey 5]
Y. 1E 16 5] ¥ L15725x-15705: 5'-CCTAGCAGCCTCAGTAGECGATCCTAC- 3', JZ [4] 5] #) H1530x-1498; 5'-
CCGCGGTGGCTGGCACAAGATTTACC- 3", I ¥ 51 4 L15725-seql 3 5'-CCTCTATTTTTCCCACAAAACTAGG- 3,
1WA = A AR A BRI A F A

PCR S W AR Z « MR 25l , HiH TagDNA i (5000)0.5L, ANTPs ( 10mmol/L) 0.5wL, Buffer ( 2. 5mmol/
L)12.5pL, | F#ES 149 (10pmol/pL) 1L, DNAAK AR (100ng/pl) 1L, ddH,0 8.5uL,

P14 BN S5 94°C TARPE 3min, 35 PHEIF(94°C A8k 30s, 63°C iR K 30s, 72°C72 ZEA# 1.5min) ,72°C %E
fif Tmin, 4°CHRAE . PCR YR 0.8 % ISR ARE I L VARSI , 4734 r= i b ot = 1 S5 A Y B AR A FR 54T
NEIT
1.4 JFH5HT

Chromas Version 1,45 X2 BHIMETE Y miDNA D-loop X )JFFN AT N KX, H MEGA 5.0 X351 DA
Gt NI, M R G A B R, DnaSPVS FHFEuil sfs Y T3 s A% B R H e 2 AR M Fs b, #LH
Adobe Tllustrator ZX %R #1740 . FFH Network4.6.1.1 FAEXF ASHFFE 453 )% 51 Fll GenBank T 20 = D $7
A5 X 8T XS 5 [R1JR meDNA D-loop J7H AT I 28 5 28 S L BAAE AR o3 A W 32 0 Ay . 5 S 0 =5 X8 R 5 X
FFAUEBIWE T,

£ 1 8 mtDNA D-loop FHl{EE %R
Table 1 mtDNA D-loop sequence information of Tetraogallus

il AR Hfm o BRS Uk
Species Geographical area Haplotype Number  GenBank accession number Notes
O ESE HiE ESE H1,H3 HS8 3 GQ343513, 15,20
Tetraogallus IRAR H2 1 GQ343514
himalayensis ol e R H4—H7,H35 5 GQ343516—19;GQ343547
e A H9 1 Q343521

AHH H15,H22,H24—H28 7 zg;g 2 ;; j 4éQ343540

J ik H37 1 (()343549.1

B 5 55 H9,HI13,H31 3 (Q3435121,25,43
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T AR HfEA e  BRE Lages
Species Geographical area Haplotype Number  GenBank accession number Notes
WA IR T H32,H33,H34 3 (GQ343544—G()343546
A H17,H35,H36 3 GQ343529; GQ343547—48
il H9,H11 2 (0343521 ; G()343523
H8—HI10,H12,H14, GQ343520—22; GQ343524, 26,
WA AT H16,HI8—H21,H23, 13 28; G()343530—33; GQ343535,
H29,H30 41,42
AFXJ83,201,205 3 JN684047.1—JN684049.1
AMK/RE R Hapl—Hap23 23 / RBF5E
LiNii OUTGROUP1—2 2 GQ343550.1;G0343551.1
2 HREHWR

2.1 PCR ¥

X 25 G35 A AEE XY miDNA H 1) A Be i 4T PCR
P3P 0.8% M Br AR RE IS F DKk A (181 1)
K= R /N5 B ) R B B —30(2496bp ) , H 447
W, oA sS4, AR R 7w, AT T
PCR =) ELH T
2.2 miDNA D-loop J¥5 534
2.2.1 miDNA D-loop ¥ AFBRZH K

X 25 A HHHES Y mtDNA D-loop GlE AP HIINE ¥ 25 R 28 LB BB )5 4R15 T 1157bp 2 K7
H, 5ZMFH] NC027279 #ATXF LBtk T 00T . 45 REW] . muDNA D-loop H1' T .C A |G 4 FhIEESF-1 L 5]
538 33.0% ,26.2% 26.8% 14.0% , A+ T W T34 5 184 59.8%, W& = T G+C VP& & 40.2%, F I
mtDNA D-loop X & &% A 1T, WU B LA B ELA I fai PF , A5 & & 2R Zhi iR DNA JFHIHFAIE
2.2.2  mtDNA D-loop 1 BR7L S5 PRSI 2 REVE S0 BF

FIFH DnaSP5.10.01 X4 X425 A~ S HHEZ 3 1 muDNA D-loop 1 78 X E A7 B AT R 22 25 1 4 7, LA
Hapl Jpnife, ARG IS 64 25008, AT IRE 5.5% , HAAa 29 A — 2350705, 7 T46 32,165,
199 290,295 299 304 \349 392 393 397 400,404 407 409 452 478 504 524 544 566 571 581,585 598,
646 .697 723(F1725 i ;33 N 215 B AL 5, 7 T4 146 166,168 (173,189 205,208 217 218,220,222 223,
231 236237 242 243 245 256 289 383 554 573 576,578 .606 609 714 740 780 826 838 F1 1003 {i; ; 240
1953 RLAEZEPT DA/ BRI, A o A SEYRAG I B 54 Aide A A BB 4 T IR AR S 28 8 b e 42
U AR B 65.63% , A/ G Z [0 5545 8 WK, T/C Z [l 34 WK ; B4 20 WK, 5248 S 0 A5 80 31.25% ;47
TEG A4 A BB R | 7E 240 Abdd ASER—> C,7E 953 A0 A SR —A T,

3L DnsSP5.10.01 B2 SRS XYY 25 MK mtDNA D-loop X FF AN AT 22540 HT | 45 S A8 )
F| 64 NS AEAE 23 PG AL 45 44 0 Hapl—Hap23 (£ 2),25 N A 2 AR5 B4
Hapl1,2 DAL AR Hap19, HoAy 23 NSRSl Sy s 8 SF- 3 55 Z 86 B (Hd ) 2 0.9220.
0001, V- IH% H IR ZAEE () 2y 0.00958 , V- IR 1 IR 22 5 BE (K) Ry 11.067 , AT 8735 AR A K 7% 8 Ji 13- 5 ar e
EXGHL TR ZFERAR, S B ZRE v & BABON FE s 2,

1 mtDNA PCR #1874

Fig.1 Amplifications of mtDNA gene
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K2 25 ANEGRBEE mDNA D-loop 1) 23 N EAERTRET
Table 2 Sequence variation of 23 haplotypes in 25 Tetraogallus himalayensis group mtDNA D-loop
AR S A57 5 Variable site

3111111122222222222222222223333334444445555555555556666777778891

Lk e
Haplotype 2466678900112223334444589990489990000570245677778890049122482350 Frequency
656839958780231670235690594932370479284444613681586967435006830
3
Hap_1 GTATCTCTCTCTCGCAACCATCGCATCTTCCTTCCCGTCCCCTCCCCCCTCCCCCGCTCAAT-C 1
Hap_2 .. TCT ... ACGA . .CT-GC.ATG ... . T...... ... ... ... ... ... A...G..- 1
Hap_3 T.T...TGT..... T....... A....AC.TCGTTT. . A................ AL - 1
Hap_4 ... ... T.T..... T.... ... Ao G Ao -. 1
Hap_5 ..CICT....CGA..CT-GC.AT..... 1 TIT...GT.. A...G..-. 1
Hap_6 .. ... T.T..... T....... Al G...... AL -. 1
Hap_7 Gl TC..... G...... Ao G......... T..A....'G.T. 1
Hap_8 e Ao A Ao ~G 1
Hap.9 e, Aol A ALl -, 1
Hap_10 e T AL ALl G-« 1
Hap_11 L Coll. TC..... G...... A Ao, G-, 2
Hap_12 . TTT . TTTTT. . TGTGTAGGT . G . - . 1
Hap_13 ... T.T..... T....... A T..A...... T. 1
Hap_14 ... ... T oL Ao G AL C-. 1
Hap_15 ...CTCT....CGA..CT-GC.AT..... T - A...G..-. 1
Hap_16 . ...... TC..... C...... ACoooon A....G.-. 1
Hap_17 ... TCT....CGA..CT-GC.AT..... T.. O W - - ..... ALTG. . —. 1
Hap_18 ... ... T.T..... T....... A Ao, -G 1
Hap_19 e T.. . ... TA .o AL -. 1
Hap_20 e G e -. 1
Hap_21 .. ... T.T..... T....... T N G..... Ao -. 1
Hap_22 e T...........~% TA ..o G Ao, -. 1
Hap_23 e T.T..... T. A A e Ao, -, 1

2.2.3  muDNA D-loop XJF35)(115Tbp) B8 5 RIS R AL IR 20 A1

FIHH DnaSP5.10.01 24473 P28 X F 91048 S i r B (11 2) o 45 R3] B SRS XS meDNA D-loop J¥
GRS S o A AR K I 22 57, 76 1—80bp Z [ 3 A-5F , 7E 80—300bp 2 [H] 48 54 K, 300—500bp A X £
5, 7E 500—700bp Z [6] AR S 1A, 700—1157bp AN HAE AR ST, HoHp 7E 230bp AL AL R E . X —45 3
56 mtDNA D-loop WSS FILLBURF 5,5 A Uit Ay i A8 DX 1, 28748 58458 vy 1) v 18] DXk PR ST X8 1L, 37 A ity Sy vy 48
XL, TS IET &3 P50 5& 5k B miDNA D-loop XI5, %} mtDNA D-loop J¥ 5 K% 11 R 2 K¢ 5341 0 #r (18]
3) , AR I HEBIL 1—80bp ZIRIFRSF , 80—270bp 2 [AI4% 1 R A% JE 5 & , 7 270—500bp 22 [A] A5 54570 |
500-—700bp Z [A] B A AT G AN, 76 750bp 2 J5 B0 TR <F Z 3¢ 78 230bp AMZ H IR ZHEFE E R K.
TR MBS YA SR TR REIE S A S A —3, X mitDNA D-loop X ¥ 31 (1157bp) 55 B3 A6 43 B (18 4) , = %
WA 2 o Vi o EL P A 25 X 22 g il AR 5K
2.3 RBKRE GME LR
231 RELEBEH

LE G AR RATENE , T 3 GenBank E 423 F W& mtDNA D-loop TR F %) (886bp) , FbXT 43 B HL 3k 45
84 MEAHETIZERG (32 1) , I MEGA6.1 %44, SR ] Kimura-2 #5151 DIABHEEEH N RE R EW (K 5) I
X FNE T A RS, BB AR R ECH 1000, 2R )5 D 2 455 SH0HES X ( GQ343551 ,GQ343550) ) mtDNA
D-loop [F1E T IIE R AR 751
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E 2 mtDNA D-loop XFFIRET RS
" oop BRI Fig.3 mtDNA D-loop nucleotide diversity distribution

Fig.2 mtDNA D-loop base variation distribution

MBS ZRGE LT W AT LB, 84 > B B4k 43

2 Q
WkK, TR E TR, O RT, [ED e
RIS 3 XA 0 3 3 RS UIE ) 23 A A BT
SRR RAE 2 K b 10 Ay 53
Wang 5% | Luzhang 5 R4 (1341 TR0 T BREA B3 004
(H32,H33,H34 AFXI-83) B— itk sZ b, Al ok A gg’
RIK /K 5 T B 0 e 5 0 B A 5 L B A 0 0
Hap2 .Hap17 .Hap5 . Hap15 R7E 5 — k4 32 b, JE FALESF Pairwise difference
T 12 X0 2 L X RIS & DNA Doy HEETS T
232 MAKRMT Fig.4 Mismatch distributes for all Tetraogallus himalayensis

Network P25 HTik & RE AL AT i BT 1L samples

Z—, EEMT AT K 1 R G2k B KR GRE T M

Hu RIS 2 [A]AYOC 2R 2% AR AR A 1A v Y 20 A1 A3 S R BRI 19 J7 1) - AT Network4.6.1.1 B4 %F
XS miDNA D-loop 84 G HIBY I R AT 00T (18 6) o S5 R BRI R R T S HRGE LT NI WY
SR 58— 2, A I AR ALER R 2 AR, 20 00 R B B RRE TN A R T X A . i R Sl W H B A o)
B ARBFFERY 19 S A AL ETADTGERY 4 A BB RTE LUAR A KR a5k vt i 3 S hr e S 3G 5 b, BB Al
B A — 57, AN A DI T X S A S AR 4 DB AY  HA BRAE B R AE DL & 1l R B R 4 Ll R
AR 1L S 3 A DI S ROFE S X e b, b T L S S A s A R ELA W I ) 3R S5 A RRE , O H I
T A ) ) SR 156 35 X0 kA0 BAT B %) by BHEC PSRA A0 A 5 X8 249 SR L 9 v S by v A

3 Wit

3.1 LR

AT E RIS 25 MEARTREE 1157bp KA miDNA D-loop X JF41) , 5 Hifth 5 26 45 1l XK B 22 7R
Ko B SRR A+T BE N 59.8% , 5T G+C 15 40.2% IEA TN meDNA D-loop X JF 5171,
TR AR 55 S LMK DNA B 20 100w 70 P B 4RF o X 5B HESD Y meDNA WORF s — A — S5 L%
Fl— 20 sl , R TR ARBER) A+T M 22 Sl sy, LR I 64 A8 S a5, o7 T A 0 A 1 1R 1Y
5.53% , Hoh g 29 A~ — 23507 a5, 33 AT 2045 BT s AN A4 A/ B 07 1, A S

PARETIZRE R (HA) AU AT R ZHE B (m (B 2 i — DR miDNA A8 SR 1 P AS 4845, w (E
KB AE AV, ASCI s DRIHET X (H°h 0.00958 , -2 BAf5 1 AL BF >4 0.92+0.0001 , 13 B 43 2K /R
BRSSO AT IR ZFE AR, T A5 B SRR R, X 5 E/ NS X B B RIAES A 11 A HEE R RE 67 A
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Fig.5 Evolution tree Tetraogallus constructs 84 mtDNA D-loop haplotypes in NJ tree

i 9 mEDNA D-loop 1A% R ZAEME M 0.0103£0.00523 , BAAE I ZREE A 0.977+0.00690 4550 —53 | %%
15X P S XS 84 muDNA D-loop 45 1 X F 5 AT 0P 98, 45 R R M S M TR M (n ) N
00036 | ILTT L, 5 SR AT R R BR 2 AR M R TR NS, BRI R MR A s A Z R bR B R
B ) FR R 0 1 I e e = 6 PR A8 5 (2) W B b IR . 1 SR PR A 2 - BB Ak A 7™ B30T 5% 491 5 (3)
IINEIBE B AL RN < 30 AR TR TSN, AN BE L R A5 0 bl DA S AR K R v DR S A Y FT RE R T
= F RIS s AL AR B TR 2 FEERRAL, BT I, B SRS S/E N B R TR E SR s, EHR
MRV T I P Fh R AR L B S KA FARMAK IR & B B 35 AT 2 R T 57 AR 3 A SR OR3P X il I
AL E R F R X IR A ASEREE, B2 15 25 R A0 8 1 (03 B 5 LR TE ZR AR R 5 SR st <7 59\ T 94k
BH S 5 B st AR L T N T BB AR, LIS P Fh PR 4 AR 5 26 = 8 37 3 XSl B B, X T
NAHAR B & H AT EIEA
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6 S4NBEBFRREXER
Fig.6 Network relationship of the 84 haplotypes

32 RBER
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