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Abstract: [ Objective | The Yangtze finless porpoise (Neophocaena asiaeorientalis asiaeorientalis) is the
only extant cetacean in the Yangtze River, the flagship species of the Yangtze River aquatic ecosystem, and the
first—class wild protected animal in China.It is listed as a critically endangered (CR)species on the IUCN Red
List. The results of the national Yangtze finless porpoise scientific expedition in 2022 showed that the existing
number was 1 249, of which 492 were in Poyang Lake, accounting for about 40%. Currently, under the
background of “jointly focusing on large—scale protection and not engaging in large—scale development” in the
Yangtze River basin, the living environment of the Yangtze finless porpoise has been improved, but it is still
affected by extremely low water levels, making the Yangtze finless porpoise population diffusely distributed to
the main stream of the five rivers and even isolated seasonally , which affected the variation of genetic diversity.
This study aims to analyze the genetic difference characteristics of its population through whole—genome re—
sequencing technology. It provides reference for the protection of genetic diversity of the Yangize finless
porpoise population in the Poyang Lake Basin, and provides theoretical guidance for maintaining the genetic
integrity and adaptation potential of the finless porpoise species. | Method | The whole genome data of three
Yangtze finless porpoise (PY) muscle samples from Poyang Lake were obtained by resequencing technology.
Combined with the whole genome data of three narrow-ridged finless porpoises from Tongling, Anhui (TL) and
Ningbo, Zhejiang (NB) , the genetic diversity and population structure were compared and analyzed to explore
the genetic differentiation of the Yangtze finless porpoise population in Poyang Lake in a specific geographical
area. [ Result | The results showed that: (1) Compared with the TL and NB populations, the PY population had
higher single—nucleotide polymorphism (Pi value=2.65x10-5)and some differences existed between PY and TL
populations ( Fst=0.32) ; (2) The PY population had a lower degree of inbreeding (Inbreed coefficient=0.21) ;
(3) The phylogenetic tree indicated that the PY population formed an independent branch within the finless
porpoise populations; (4) Structure and PCA results revealed that the PY population was genetically closer to
the TL population and distant from the NB population. [ Conclusion ] The PY population exhibited relatively
higher genetic diversity and was distinct from the other two populations. Additionally, there was some genetic
diversity difference among the different populations of finless porpoises.It was recommended to strengthen the
genetic exchange between the populations of finless porpoises in the Yangize River Basin, which was of
significance for enhancing the adaptation and evolution of the species.

Keywords: Yangtze finless porpoise ; whole genome re—sequencing ; genetic diversity ; population structure ;

endangered animals protection

[F5T ] k/I{IHZﬁ(Neophocaena asiaeorientalis asiaeorientalis) , 3 J& T I FL A (Mammalia) . fi5 {8 B
H (Cetartiodactyla) , 5 {3V H (Odontoceti) | L JKFF (Phocoenidae) YT K J& ( Neophocaena ) , J&— Ffi /Nl
RAKERZE S W), 2013 AEHE TUCN B A 4R BE W f Al , 2021 4E B8y 1] 58— 20 o s QR4 BT 2R S 0, G 2l
Y0 PRSP 3 ) AV b T 90 0 2B BRI R JE 1), R G T AR R o SR VLYK, AR 1 1LL
WK (Yangtze finless porpoise) , FEJE A2 L9 2 UNZEFTTIK (Neophocaena asiaeorientalis ) W™, 7E 2018 4F
F14 5 DR AL A S8, RV A A S S R R RO AR A 8 2022 4F 42 [ VLV KR 275 4%
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{I%?UT@%C[Hukﬁﬁﬁ%]ﬁfﬁ%ﬁﬁﬂiﬂi%ﬂ’] AL R ORISR e R SR TR DB 2 |

BAERFIESEAT RIS, UE 2 I VLV AR I8 T A4 1 T g o | 2076 S H A rh i A 28 B VLK, JF4E 343t
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(]9 7K 26 5 VLKA 56 5 1 P 78 A VLKA e B R AE R 43 85 . BRI =Z Ah , 22 S50 F CAST 5 i X 1L
KA T A% AT TR 22 51 (single nucleotide polymorphisms , SNPs) 3 i3 B i € , & B 4 1~ DNA A BL B 2745
P, R Z%5:370 bp HH L 14> SNPs. W 7R FI A58 1k PCR 77 1288 5 2 3 Dt 5 DR 7E VL JR M A v #8847
e, H Rt B RA R RS, PIEERSSE WF ST AR (AR KA T 380 PH IR VLV K 5 B X 2R
BEI3AT O ZE A TR VDS AR K R R B A o AR, B PR R AR A A VLV s I T 5
7R R BH WA TL VLR 0 A ARG A B VLR R DR AP 9 — T B8 A , (2 380 BH A T A S R e 48
NSIE7/

(AW A L TR B BIFIE 32 28 TR AR R ST A ] b B AR VK = ] ) P e ke 52 5 s % Ak, AR 2D
W B BT SR A 7K A 52 MR VLTI BB 70 By JEL A s 25 931 2l R 18 35 47% 2 5 o (UM AR ey O
S T BT ) AR A 5 4000 P 4 5 DR 28000 5 AR T 3 45 360 B 988 3t 3 VLV IR WL PRRE AR R A 7 460 T 43 B, I 5 e 8
B WV TR A A XS BRI L 00 A6 R TR BRI A SR TV R A% 22 S M A BT, R A R PR T
KT AL PR S A A AR S8

1 ##¥57FZE

1.1 HMmAFEEF DNA REL

AHIFFE A ) 3 451 60 FH I8 9 3k A YT R AR 43 5] 11597 1630
S BT 760 I A TS 9 A O T 2R 7
Kb HIRFET IR (BET I3 514 2022 4E 9 A 8 H W A
TH20H 8129 H) (B D). JET- MK ITITIRYsr  2omv— S0 @ 27N

R 32 2 V00948 7K A A U O R i oo OF- 1 -30 °C
VKAV A ARAE . 20224F 9 H 8 H i 5 R LA 45
Y ZURE i, B EGR R S AR AR AE =20 “COKAR o 1
DNA £ HUX 7] & (DNeasy Blood & Tissue Kit 69504,
QiaGen) #E17 FE [F 20 DNA $2HL.
1.2 XEMEMSEBEENF e
FENFEAR>100 ng 92BN 2H DNA F T30 ) s ® L 20 03
o SO L SR AR v B AR AL R < LG R AT
Wr R i 437 91 %4 (PCR ¥4 & 4L Fnlifh,
HLAH R Covaris BEREHLAE JTUAS 546 1) DNA FEAR
BEMLTT B 350 bp ZE47 1 DNA F Bt 5 PR 48 TruSeq
Library Construction Kit WiH1 45 FFrifED BRHAT L P 5 ! !

115.97°E 116.50°E
DNA F B A s 52 s e £ Sk e Sk 7 91 % 1 BB B T IR R AR 53 A
1 PCRY" 3 4liflk & 4 25 58 AN SCJE I 4% ;IR Fig.1  Geographical distribution map of finless porpoise
& 1 Qubit2.0 S S P 1 SRR RS L Agi- samples from the Poyang Lake basin

lent2100 X SCPEHEAT BTRS: 5 A6 G 4 14 SCPE , MR AT A7 280k B AT AILERCHIE 19 RGN ) SCPZE R A 7 TR 3
I3 J5 8] Mumina Nova il 7 5 #E4T PE150 I 57
1.3 HIETH

FEBBHIA S VIV IRAE 0 26 B FAE BV, A T 34 I S AN [ 9 28 3 VKBRS T4 L 2T
AW 5T H NS FHHE (https://www. nebi. nlm. nih. gov) W R 2% 6 1] 25 5 V1 K 1 550 > 20 HE (SRX2187722,
SRX2187751,SRX2187761,SRX2187763,SRX2187764 Fl1SRX2187772) HI T-J5£243# , b 3 A B Tk
H TR B (RITITK) 3 B2 B VLR B T T i CRIEITIOY,
1.4 F55 RGN

AHIE5E A fastp FPF I A5 3 546 B (raw reads) HEAT BT45 43 BT, Bl A8 T bwa 25442
(bwa—mem2 mem ) 2 i 5 J5 1) clean reads X 2 VT HK A 225 5L [ 41 I (Neophocaena phocaenoides, NCBI
Taxonomy ID:34892)" $i1% sam #§ X 0. 45 M — 20 Ad1H samtools B 4G sam SCF, &3 HEFF



o555 1 2R S A5 3R PH A T VLV T KR R B8 4% 22 5 43 AT - 1301 -

(samtools sort—m 2G—output—fmt BAM ) 7 i bam #% 3 3¢ 4. F4# F sambamba 4" (sambamba markd-
up —overflow-list-size=1000000) 17 E & JFFIbRic . ) GATK 3K /4 HaplotypeCaller T H. X
ARHEATAR S A, T F ANNOVAR B4 SNP A S #EAT DI RE I B . € & 3R MY TLIKHE I 41 (Neophocae-
na phocaenoides , NCBI Taxonomy ID: 34892 )15 13 696 2% scaffold JF 21", BEHUR 1K 18 20 2% scaffold 1 Ak
PRI A3, 22 SNP A InDel 75 3 R 4 1 i 437 [l o
L5 BFARSERSEFMESH

TR0 A 9 BRE AR R A A0 53R 3 REAAR , V0 380 BH I SR A 1) 3 S VT KR 23 S B BH IR
TR PY FEAAS 5 22 B B SR AR 1) 3 Sk VLA R 23 0 A B AR, TR TL s W VL T PR ALY 3 S VLIKI 7024 NB
A TIPK NB.

BT ERTE R SNPs b A0 BE(E B, 6 veftools B PF7E 3 ASREMA P 23 B AT BEAAR 19 2 REIE 23
A (P MR T FRAE AL 234 (Fst) o BEJS-FHE A plink ZPF0 4 EAS 73 3l 50 58 R A
1.6 BRI EBSH

BT RS 2 Ay SNPs B F1 20 BE(S B, 1 2668 veftools BRI plink 1A 53 51 X6 B4l 2647 42X
b B B A AL S (Y SNPs {5 B T REAR 25 00 8% 50 Bt o AS B 58 4l TreeBeST X {4 (https://
treesoft.sourceforge.net/treebest.shtml) FE1 7 22 Ge LA 43 #7 , {8 F ADMIXTURE #4400 77 BEAAR 25 #4) 43 A7,
{8 H GCTA BRAFHEAT PCA S3 0T (FEAE RS 0050 50 )™
1.7 HERATAL DM

A5 HP A R 854 (https://www.r—project.org ) Xf SNP Fll InDel 76 &[R40 4345 , AR N ZFEPE(PI)
TR B o34k (Fst) , FEAR T3S TR B, BEIR S5 48 (structure) 13 853 43T (PCA) I 45 SR HE 47 7T B4 20 #T o
FHN AFFE I HIH] Mega B3 BEACR #E4T /] HAL 737

2 HER545H

21 TREMER
3451 380 BH A YT e TR 500 248 0k 2 B 3 3k e 9 RIS o 2 2 1), 364531 30.97 Gb clean reads,
SRR REA P2 42 10.32 Gb 11 clean reads, V- B 4.51x ., 6 1] L 8CHE 14 04 V1K F Y4 8058 5 0 34
G, S HEXT % 99.81% - IR 14.98%, 283 UE , 9 BIREARIEAS 31 9 005 8104~ SNPs A1 1 319 249 4 In-
Dels(F 1 FIE 2) o XF 9 BIVIKAY SNP #EAT RS0, &3 78 159 4~ SNP £ T exon X 35§ I (145 11 SNP 2
F1 3GIEFEM K IIINF SNPs 1 InDels iF {5 2

Tab.l1 Summary of SNPs and InDels annotation of three Yangtze finless porpoises

el SNP % | InDel 5tz
Category Total of SNPs Category Total of InDels

FEH EiE5274E Upstream mutation 58 376 FEH E AR 5+ Upstream variation 8615

PERTZ 1R ZRAE Stop gain 322 PR AE S Stop gain 126

22 1R B 53 7% Stop loss 79 ZE AR 5 Stop loss 4

] X 278 Synonymous 38 858 AR Frameshift deletion 594

A [R] X 28 7E Non—synonymous 38 900 At dfi A Frameshift insertion 678

M £ F 28748 Intronic mutation 3265 623 BRI Non—frameshift deletion 375

] AR BT 4] Splicing 2097 AER S 4# A Non—frameshift insertion 430

FLH R 2878 Downstream mutation 56 664 N T8 5 Intronic variation 490 041

EHETHRE _ 2131 A AS B Y] Splicing 211

upstream/downstream mutation

FERI[A] [X 2245 Intergenic mutation 5432215 | HEPFN#E R Downstream variation 9213

T df Ts 5708 448 L R FAE S Upstream/Downstream variation 319

i Ty 3297362 FEH ] X AE 5 Intergenic variation 779 404

T /8 1s/tv 1.731 ffi A Insertion 598 637

91 Total 9 005 810 B2 Deletion 720 612
4457 Het rate 0.518
31 Total 1319249
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4 . Stop gain, Stop loss , Synonymous Fl Non—synonymous, ¢ 1) , i Ft A 0.87% , 3 B 4 K 2501 SNP #B 4 T
AEHAGIX 1 InDel 765 520 [ AFAEAR UK 437 , exon XA 1 InDel 1 HE 2 0.17% (4245 ¥ InDel 257 -
Stop gain, Stop loss, Frameshift deletion , Frameshift insertion , Non—frameshift deletion Fll Non—frameshift inser-
tion, & 1) o [FIZRAZ MR Z ] #y SNP A2 57 5 TR [RIZEA% TV IR Z [ Y SNP A2 52 (1s/1v=1.731)
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(a) The distribution of SNP variants on different chromosomes of the genome ; (b) The distribution of InDel variants
on different chromosomes of the genome.
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Fig.2  The distribution of SNP and InDel variants on the genome of three finless porpoises populations
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(a)Genetic diversily analysis.The values inside the circles represent Pi value, and the value on the arrow line represents Fst
value. (b) Inbreeding coefficient for each individual ; PY represents the Poyang Lake population, TL represents the Tongling popu-
lation, and NB represents the Ningho population.
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Fig.3 Population diversity and inbreeding degree analysis of three finless porpoises populations based on SNP sites
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(a)Phylogenetic tree; (b)Population structure ; PY represents the Poyang Lake population, TL represents the Tongling population,
and NB represents the Ningbo population.
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Fig.4 Phylogenetic tree and population structure of three finless porpoises populations based on SNP sites
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(a) Distribution of principal component 1(PCA1)and principal component 2(PC2) ; (b)3D distribution of principal compo-
nent 1 (PCA1) , principal component 2(PC2)and principal component 3 (PC3) ; PY represents the Poyang Lake population, TL
represents the Tongling population, and NB represents the Ningbo population.
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Fig.5 Principal component analysis(PCA )of three finless porpoises populations based on SNP sites

2T SNP AT B VLV KR A 352 % S5 44 23T , 245 SR 3 1T 980 BH T80 -H VL JACRRE AR RV g VL JKRE 1A ) 242
GRREOE . RS o3 B b T R 2SS B J 7R T [R) I TR VLK 178 360 BH 3890 3 T s A SR 42
TE—L , X —45 R 5 Z R AR SE A —3M, S350, DWRIE S5 R, 808 BRI VLV A DA AR s VLA
A e A il R A B — 25 b 2 B T3R0S BH A A R A B B A 2 (R 9 35245 OC RERE . 7E Structure Fil PCA
SyFrh AR R TR A S5 R, 80 AR G B A Y S G OC 2R B L A K=2 I, 2 DA R A S A
— 3, S R . FE Structure 43087 T, K=3 B, 3 MRERSE 20T, A ZE PCA 43 #r v, PC2 _E#&F
PR AATE 1A B RERUAEAS  HEI T B2 RAE BN  IZFE A RAE THREBH M A TR Sk . 5351,
FET AR B2 BT LA PR, 1A EEARTE PC3 EAAAE B BERY IR (1 5b) o FR T30 BSR4 R 3
FERAS A3 IREAS  FEARCER D FIBORE R SRYE , AT BE R BUREA 3 B AR ZE , th LB RERE A . 7E Fst
()53 BT 8 5 vh 40 B BEUARN T B BEAR Fst 80/ (] 3a) , AT BB BURE AU SR TE S 3000 . JR 2Lmit o b F 38
TR0 BE A (AR A VIR U RE A, SR i — AR TE AR Y R L
32 EEZHFMEEMEEFEYF R A

FEUAIS AL 23 B T LE AR W) A sl R i A% 2 R RO, 1 st A% 5 5t CANRR I8 07 BE ) (HRHT XU BE
JIEE) W WG S ) (PRI SCEEME TR S o AnXT 1 BE K (Lipotes vexillifer ) FE A5 4% 53 B, e BRHG8HL %2
FEPEARAIRE ) % KRB A (Ailuropoda melanoleuca) FEAA 5 A% 43T , e I 23 04 KRB A4 152 4% Z2 REPERAIR
ST RIRE 28 05 I REA R REAE g — ST BT AT O 5 48 B U BB RIOR, 5 %o 4 224 (Rhinopithecus
avunculus) W PRAPBIFIE T i B, 11 46 22 B AR 32 5 10 35345 22 FF 1, (FVE 4 22 A ) 4 22 M U LA
BARR B ZREPES, 73 RIS, IS B ROR

FETAVLIL RN SR 20 27 B BB WF 92 S 7, FRCOR 0 B i VK vy st A% AR v, (ELR R L
ORI S , AR Z RV ACTRAL THARIK SRS 1 BE T AR, RGEHEAAR | 2 L o3 43 A R
TREEF 1 28 AL R R B , B0 BRI A VLV , 5 HAB AR A — RE 1 22 57, FLRFIAOI SRR R HRAIR
33 KILLERAERPFAR TIEEIY

G ERBFE LR, OC THIL VIR A AP F o8 it i s Al AR AR 8 2, s 28 P YV A



1306 - RN AN I 3 o 46 &

VLIRS WA SE o >R FE A K 2 i S5 IR 7 B, T 98 AR B MBI T O A . L, i
56 ) B REL R S VYLK B st AL Z2RE PR RS2 ma i 5 o DRI FH A A 2 BEAIG A 7Kk B4 17, I8 v e L a5
WA /KR, TGRS i g BB L rb o A S s i L iR K AR VTV IR OR3P i 52, kS0 A SR I &R
S ORI ME A 1 R B b TGS 2K A YTV KM R A PR Y . 5 =, SR T R T o e w BH R
P2 NN I A B 6 SEAIA W7/ £ o/ e QLT S W e e 2= W R S T Pt /S W N 1) T i
FEAS U S b 2 . S0, R S RTITLIR N T F BRI . A 2 B8 BH W TV IR R 4
HUC RIS, TR B A 2R A

BR B < AT S a0 AR SR A P 4 HR v Al N R [ B 24 7K Sl R4 S 45 191) (hitpe//www.cjyzbgs.moa.gov.cn/zcjd/
201904/t20190428_6220248.htm ) #E47 , IAFF 21 by TG 40 3L P fiz D) AL AR R

£ 2 3Lk References:

(1] B SC, A A%, SR A G244 S (2021 jD) [ ] 426741, 2021, 41(5) :487-501.
WEIF W,YANG Q S,WU Y, et al.Catalogue of mammals in China(2021) [J].Acta theriologica Sinica,2021,41(5) :487-501.

[2] JEFFERSON T A, WANG J Y.Revision of the taxonomy of finless porpoises ( Genus Neophocaena ) : the existence of two spe-
cies[ J].Journal of marine animals and their ecology,2011,4(1) :3-16.

(3] w2, SRR . v ST TR SN B e P S YT KHS) = SRR [T ). 2674, 1995(2) : 81-92.
ZHOU A L,ZHOU K Y.Geographical variation of external measurements and three subspecies of Nephocaena phcaenides in
Chinese waters[ J ].Acta theriologica Sinica, 1995(2) : 81-92.

[4] ZHOU X M,GUANG X M,SUN D, et al.Population genomics of finless porpoises reveal an incipient cetacean species adapt-
ed to freshwater[ J ].Nature communications,2018,9(1) : 1276.

(5] 2 RURE , FNER I TTVT IR BE AR DL AT A B [N ] v [ B2 41, 2023-03-03(1).
LI S H,SUN H.The Yangtze finless porpoise”’ s critically endangered status remains unchanged [N ].China science daily,
2023-03-03(1).

[6] 2R, FTF . S TULIKA R A B AR T[T ). F 262540, 1993, 13(3) :223-234.
GAO A L,ZHOU K Y.Notes on classical literatures and contemporary researches on the finless porpoise ( Neophocaena Pho-
caenoides)[J].Acta theriologica Sinica, 1993,13(3):223-234.

(7] 2R T o B R ST P ) PR e [ ] 26941, 1995, 15(3) 1 161-169.
GAO A L,ZHOU K Y.Geographical variations of skull among the populations of neophocaena in Chinese waters [J]. Acta
theriologica Sinica, 1995,15(3): 161-169.

[8] YUAN Y,ZHANG P J, WANG K, et al.Genome sequence of the freshwater Yangtze finless porpoise[ J ].Genes,2018,9(4):213.

(9] =W, J1 50 Mt . BT CATS YA VLK SNPs 1 s e [ ]. 242441, 2008(4) : 719-724.
LISZ,WAN H R, YANG G.Single nucleotide polymorphisms of the finless porpoise Neophocaena Phocaenoides revealed by
using comparative anchor tagged sequences| J].Acta zoologica Sinica,2008(4) :719-724.

(10 B ARA KBIR A, BERl , 55 VTIK Sry BEPRAN Dt S0 AN SE R R 815387 L) ] S0 A= 02441, 2007 (3) : 304-309.

CAO C H,ZHENG B Y, MI L, et al.Sequence analysis of sry and six dmrt genes in Neophocaena Phocaenoides| J].Acta laser
biology Sinica,2007(3) :304-309.

(1] PR Attt BT, 45 R BRSIRAS K (7 A TR EUR DL S0 L] TEVE A K271, 2023, 45(5) : 1230-1239.
MIN J L,YU J X,Que J L, et al.Habitat analysis of Yangtze finless porpoises in Poyang Lake under extremely low water level
[J].Acta agriculturae universitatis Jiangxiensis ,2023,45(5) : 1230-1239.

L12] A, fRaki s, B0t , 45 80 P I VLT R I 20 M B At sh A o Hir [0 ] K A 2557250, 2024, 45(4) £ 134-140.

XU W P,XU Z W,GONG L Q, et al.Simultaneous monitoring and population dynamics analysis of Yangtze finless porpoise
in Poyang Lake[J ].Journal of hydroecology,2024,45(4) : 134-140.

(13 ] WA, A5 B 7 b, A AT IR I BOR K e 220 . vp [E PR BT, 2023,39(2) 1 1-10.

CHEN B Y,XIN Y,LU F T, et al. Monitoring status and prospects of Yangtze finless porpoise[ ] ].Environmental monitoring
in China,2023,39(2):1-10.

(14 ] PIEEFS  ARHERE, TR ERRE:, 55 . 57 5 Al /A (7 30180 FE R TR 3 A U 5 £ xd 55 [0 ] 7K AR A 10241, 2024, 48(10) -
1642-1650.



o555 1 2R S A5 3R PH A T VLV T KR R B8 4% 22 5 43 AT - 1307 -

MIN JL,YU J X,ZHANG Y Y, et al.Distribution risks and protection countermeasures of Yangtze finless porpoise in Poy-
ang lake during abnormal dry period[ ] ].Acta hydrobiologica Sinica,2024,48(10) : 1642-1650.

(15 ] BV, ekl , o , 25 VL PE /K SRS K S YLV R RS e R A RFIE L ] 7K A= A 92741, 2023, 47(10) : 1701-1708.
QUE J L,RAO R C,YANG Y, et al.Population and distribution characteristics of Yangtze finless porpoise in Jiangxi waters
during dry season| J].Acta hydrobiologica Sinica,2023,47(10) :1701-1708.

[16 ] AW 8 7T, 2N A , 45 . B8 BTV R A BRI (4 SR 22 L) 1 IR}, 2021, 33(5) : 1289-1298.

MEI Z G,HAO Y J,ZHENG ] S, et al. Population status and conservation outlooks of Yangize finless porpoise in the Lake
Poyang[]].]ournal of lake sciences,2021,33(5):1289-1298.

[17] METZKER M L.Sequencing technologies-the next generation[ J ].Nature reviews genetics,2010,11(1):31-46.

[18] GOODWIN S, MCPHERSON J D, MCCOMBIE W R.Coming of age: ten years of next-generation sequencing technologies
[J].Nature reviews genetics, 2016, 17(6) :333-351.

[19] CHEN S F,ZHOU Y Q,CHEN Y R, et al.Fastp: an ultra-fast all-in-one FASTQ preprocessor[ ] ]. Bioinformatics, 2018, 34
(17) :884-890.

[20] LI H,DURBIN R.Fast and accurate short read alignment with burrows wheeler transform [ ] ]. Bioinformatics,2009,25(14) :
1754-1760.

[21] LI H, HANDSAKER B, WYSOKER A, et al.The sequence alignment/map format and SAM tools[ J ]. Bioinformatics , 2009,
25(16):2078-2079.

[22] VASIMUDDIN M, SANCHIT M, LI H, et al.Efficient architecture-aware acceleration of BWA-MEM for multicore systems
[C1//2019 TEEE international parallel and distributed processing symposium.IEEE,2019:314-324.

[23] TARASOV A, VILELLA A J, CUPPEN E, et al. Sambamba: fast processing of NGS alignment formats [ J ]. Bioinformatics,
2015,31(12):2032-2034.

[24] MCKENNA A,HANNA M,BANKS E,et al.The genome analysis toolkit : a map reduce framework for analyzing next-genera-
tion DNA sequencing data[ J ].Genome research,2010,20(9) : 1297-1303.

[25] DANECEK P, AUTON A, ABECASIS G, et al. The variant call format and VCF tools [ J ]. Bioinformatics, 2011, 27 (15) :
2156-2158.

[26] PURCELL S,NEALE B, TODD-BROWN K, et al.PLINK : a tool set for whole-genome association and population-based link-
age analyses[JJ.The American journal of human genetics,2007, 81 (3):559-575.

[27] ALEXANDER DH,NOVEMBRE J, LANGE K.Fast model-based estimation of ancestry in unrelated individuals[J].Genome
research,2009,19(9) : 1655-1664.

[28] YANG J, LEE SH,GODDARD ME, et al. GCTA : a tool for genome-wide complex trait analysis[J].The American journal of
human genetics, 2011, 88(1):76-82.

[29] KUMAR S,STECHER G,LI M,KNYAZ C,TAMURA K.MEGA X: Molecular evolutionary genetics analysis across comput-
ing platformSUJ.Molecular biology and evolution,2018,35(6) : 1547-1549.

[30] HU Y, FAN H, CHEN Y, et al.Spatial patterns and conservation of genetic and phylogenetic diversity of wildlife in China
[J].Science advances,2021,7(4) : eabd5725.

(31 ] BT, HhIREE, W SO i M 5 S PRI B A 2 STt SR 5 JE . B2 241, 2021, 41(5) : 571-580.

WEILF W,MA T X,HU Y B.Research advances and perspectives of conservation genetics of threatened mammals in China
[T].Acta theriologica Sinica,2021,41 (5):571-580.

[32] YANG G,LIU S,REN W H,et al.Mitochondrial control region variability of baiji and the Yangtze finless porpoises , two sym-
patric small cetaceans in the Yangtze River[ J].Acta theriologica,2003,48(4) : 469-483.

[33] HU Y B,ZHAN X J, QI D W, et al.Spatial genetic structure and dispersal of giant pandas on a mountain-range scale[]J].
Conservation genetics,2010,11(6) :2145-2155.

[34] MA T X,HU Y B,RUSSO I M, et al.Walking in a heterogeneous landscape : dispersal, gene flow and conservation implica-
tions for the giant panda in the Qinling Mountains[ J ].Evolutionary applications,2018,11(10) : 1859-1872.

[35] ZHOU X M,MENG X H,LIU Z J, et al.Population genomics reveals low genetic diversity and adaptation to hypoxia in snub-
nosed monkeys[ﬂ.Molecular biology and evolution,2016,33(10) :2670-2681.

[36] YU L., WANG G D,RUAN J, et al.Genomic analysis of snub-nosed monkeys(Rhinopithecus)identifies genes and processes
related to high-altitude adaptation[ J ].Nature genetics,2016,48(8):947-952.



