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Abstract: Genomic analysis of ancient wild animal remains is of not only great significance for
the conservation and utilization of genetic resources of wild animal species but also crucial for

helping us understand the diet compositions and hunting activities of ancient human beings as
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well as their social-economic development patterns. Ancient DNA technology has been widely
employed in archaeological research. Among its numerous strengths, its potential to decipher
the genetic information carried by biological samples at the molecular level has been widely
acknowledged, and many researchers have utilized ancient DNA analysis to distinguish between
domestic and wild animals. Moreover, when combined with historical and archaeological
evidence, it offers us robust scientific and technological support, enabling us to comprehensively

understand ancient human societies, including their origins and evolutionary processes.

In this study, the ancient DNA of nine animal samples, which were excavated from the
Changning, Mogou, Quanhucun, and Dashigou sites in Northwest China and morphologically
identified as either “sheep” or “goats”, was investigated using ancient DNA technology.
Ancient DNA extraction, library construction, and high-throughput sequencing were carried
out, and the mitochondrial genome sequences of the nine samples were successfully obtained.
Alignment analysis was performed between the genomic sequences of these samples and the
146 mitochondrial genomic sequences of Cervidae and Bovidae (used as reference data). The
results of the alignment analysis indicated that these nine samples were identified as belonging
to four different wild animal species within the families of Cervidae and Bovidae: the Siberian
roe deer (Capreolus pygargus) of the genus Capreolus within the subfamily Odocoileinae; the
Przewalski’s gazelle (Procapra przewalskii) and Tibetan gazelle (Procapra picticaudata) of
the genus Procapra within the subfamily Antilopinae; and the Sumatran serow (Capricornis

sumatraensis) of the genus Capricornis within the subfamily Caprinae.

Two phylogenetic analyses were conducted on the mitochondrial genome data extracted from the
Odocoileinae, Caprinae, and Antilopinae subfamilies. Bayesian phylogenetic trees and Maximum
Likelihood phylogenetic trees were constructed. It was demonstrated that each of the nine
samples clustered with the corresponding species identified by the alignment analysis, which
was consistent with the results of the principal component analysis on the same data set, where
the nine samples were assigned to the corresponding species identified in the alignment analysis.
Genetic distance calculations between individuals based on ancient and modern samples revealed

that each of the nine samples was genetically closest to the specific species identified.

All of the above results emphasize that ancient DNA technology can overcome the limitations of
morphological methods in the species identification of ancient animals. Considering other wild
animal bone remains excavated from the four sites, it can be concluded that the ancient people
in prehistoric Northwest China used wild animals as a supplement to domestic animal resources
for food, sacrificial offerings, and bone tool manufacture. This study is of great significance
as it provides new evidence at the molecular level and corroborates the findings of previous

archaeological research on animals in prehistoric times.

Keywords: ancient DNA; species identification; Northwest China; wild animal resources
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1 5l

i3

il SR AEOC T S T I8 BB AR T K IR BRI A HAE Ty T ) ) R
RS &5 o FoE ST, AKX FEAMRRIEY B, R R AR
P RN SCssAE RA Ye BR T K IRshAh, Sl sl oA IR 2 R i — L
BB, R R T H A S RIWE AR, BRI B AR Sl st % (0 B 70 BE A R T3
M7 AR R EE . FEESIFE TG, X TR FIR] B A it 4% 515
A E BB E Y, SR, HER 2N K RS R A I SR IEAN A
R GG R, SRS e ) A R AN B TV A s
R E B, TR HAA TR AW A, 1 d DNA #7848 AR AT LA peix —

1 DNA(ancient DNA, aDNA), s&¥g \HE HARl AV A . AR, w8k &t
R IR B o ACE A DNA 4y o AR NBAE(E B EUA, 7 DNA A DLHER A R0 B
VIR B AL A S, ST R R BYIML . RO W EA B ¥, dohifk
DNA R A E Bk 2t . BAA 28 DIEC LUAZ L R B S () R AR =6, mf DR 4 Hi FH 7E
RGRE R AMBARZ PSR 7eH ®, 75+ DNA 50 P EE A, A
P &, 1 2 BRIk DNA B 58 2 &) B T 2Rk A i) X Fr BOFN A0 i (1 3R b JE R 5550
BT, MERAR SRR AN AT SRR EZE R, S RGEKERR. 8L2
BEPEARAE 7 oAb, ZRkitk DNA BoR gl iz N 23 i o 7 % e b, FEC i
T LA R % e Y,

A o0 b [ P X B VG SR AR . HOR B FilEK T T EATAE 4 sk
A 9 BIsh i a%, HEAT W DNA $EHL. DNA SC R  fla il s 4 L R A, 375
bR LR AT A, @IS AEME B TTEN P BAR AT IO o dr, RN & RAKE
NS RGN BEFE R RS A E M IMIE R R, R, AR EE LY
ST T PE b X SR A S RO Y AR S B IR A 1R i)

2 MRSk

2.1 B=UHE

Ksbb i T E AL FEE T T i REE KT 2 KT AT REZ) 3 km &b, ARVEZEIL
JIET (g — 2Bt I, BEVE 577 30 km, HiFEALHRN 101°44'E, 36°48'N" (& 1) o Kt
HEAE— A DS RS TR B SRV bk, asthik AR ACEE 44 4200~3800 4, A T-Hrf
A AR I AR R B itk T KBRS E R, RIEsE L e A,
X FAME LY, FIrahrh, FEE RS, HUOwEAt, Ml ba —E il
P A B L) BB B =5y 2 —, BTG S (Cervus canadensis) %1 (Capreolus) JR (Canis
lupus) I (Vulpes)~ Hfi (Felis) J&4 (Lynx Iynx). 54t (Marmota bobak). & =F (Pseudois
nayaur). B (Naemorhedus goral) %5 ",

hE4IM  hitps://www.cnki.net



° 120 A

TF

{5 44 %

4
4

1K7T B RIPNMITREEIA IR S E
Fig.1 Geographic location of the Changning, Mogou, Quanhucun and Dashigou sites

JE VR LA T H R A e R B A IR B R (S ED 2 BIgN, EREE
SR EL S AR I PRI PY R R BEVA PSR, IR 2209~3926 m, ML EE AR R DY 103°8'E.
34°6'N. 1Zst 48 G K & 0t FH A SFEESU R BIEAE . Bkt 7 KE
sz, MEAEE S, G (Sus). M (Capreolus) HE{EJE (Cervus nippon) & JiE (Cervus
canadensis). & (Noschus noschiferus)~ #%=F (Ovis ammon) 117 (Capra hircus)~ 45F (Ovis
aries). 45 (Pseudois nayaur). 8&¥ (Capricornis sumatraensis). SR& (Ursus thibetanus)
RE i (Ailuropoda melanoleuca). I (Vulpes) 31 (Cuon alpinus). J& M| (Lynx bynx). 17 5
(Rhizomys) 2% ",

SRAPTRY I8 kA T Bk 7 45 T R TR BRI R, B AR AR 109°51E. 34°31'N,
1958 FE LIRS G 2 K Hi o 80k B SO IR A B BB AR e TRV SCAG . IR, I,
&5, Zamht B s E s, S (Canis lupus familiaris). J& (Sus)~ 45°F (Ovis aries)
558 & MU (Hydropotes inermis)~ Mt E (Cervus nippon) 4 224% (Rhinopithecus)- 4t (Felis)+
% (Panthera tigris). 17 & (Rhizomys) LAz a2, 19 28R M K45 15 A 5y 17,

FU oA VE g bk A T B e B vE X[ R 52 B B 0 B A, M B AR AR
106°32'E., 35°51'N . iZigthik tH - I8 A F 2% - 41 3% . K8 A 28 SR s R ) 18 A o
MR 389, W10 Wiz ast bk Ja T A s i AR A PO vk stk (e vt e 1L AR A8
HIscAk, BEA 4300~4000 4D T,
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B2 AP 9 MR

Fig.2 Specimens of 9 ancient remains analyzed in this study

22 #FARER

KT SL 9 BIREA, 735 R4 H KTtk (CNS6. CNS21. CNS22. CNS23). Ay
AR IE (MGO8S. MGO09S). SR A8 4k (QHST. QHS3) AT £1 741 ik (DSG04Y), &
BEEEGERN S WI4FE. 4BLF. FERRAWE 2 P CLIREARE BV ILA ST N 2
R EAEL

2.3 1 DNA 2H

A BT B TR AN 20 KB AL PR ) — kPR Sk £ B 1~2 mm (R EER T, ST RE
LBRFEARRISNETS G BEJR, 7E 10% FIUCE RN TR TR 15 min, FEZ: DEPC(diethyl
pyrocarbonate) /K, RILIC/K LEE S5 min, ffa F S AMT U FEARIE T, B2 TR
O, R BBHT B T BAT B aag B0k, B FEARRCR 200~250 mg. 15 DNA #i#2Z
R 77 M, {8 QIAquick® PCR Purification Kit {77 1 454 i IE 4 (Millipore) 15|
I, %1718 F§ NEBNext® UltraTM DNA Library Prep Kit for Ilumina® i 71 544 2 0
2R R AR 2K 5256 1 iGeneTech Bioscience 23 & 56 i, #x & H1 Illumina Hiseq X Ten *F & #47
R W T o
2.4 MR IR

Sob -1 FE A5 3] 0 JE G U 41, 8 paleomix JiiFE LT fastq S0 ™, BARGAEU T
B4, FIH AdapterRemoval v2.2.0 1R A B Y)fade sk r 1), i€ A B AR T 35 bp | reads
HEFFFREMT 20 FIBSE, FBPEOREE &I HR, REGE 146 NMERIShAE R}
IV LRIARFE R CRARME EVE WX ZE R b JE A KL ) 1 8 2% 741, A bwa v0.717 ) aln
SRR 5 e A TEAT LUt DL s BRI, 1 DL e VIR Be ki i s B R A N 225 e gk AT
Eext, 3F-FFF mapping quality /N T- 25 ] reads, 53] bam /4", BfiJ5, {8 Picard v2.20.0
1 () MarkDuplicates iy 4 it % PCR & & ", {§i F§ GATKv3.7.0 ] RealignerTargetCreator Al
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IndelRealigner #EHu#E4T X B HE ", {4 F] Qualimap v2.2.1 4+ ¢ 5 ARk 78 o6 i P,
2y 9 A ] ANGSD v0.931°", htsbox-r312%7, Schmutzi v1.5.7%" F1 MIA v1.0(mapping iterative
assembler)™ JEELZR KA —EME P51, 4 DU FH SR — 20t 751 fasta SCHEA IR X535,
N TRIE, AR —MREAAL R, AT & B0 “N7 , SRR A— P,
)i, 14 BLAST XS &b fh— 80t p S TR LR ™, 3 3IRE S 7 51 iR s 2.
D SRR S R R 2R
2.5 FURASMRE

I DNA Biis 4epife, Firfi il PCR(Polymerase Chain Reaction) {34 7£ 5 MK 2
Al BT DNA SZIR = HE T, )5 PCR IR 5 — MR AR f A7 seie = (G
MR ZE R 2200 R e . RRRIT UG SEERHT, Jo A KA IR TAF X 38 30 min, 5E
5 bf 225 Fl DNA-off il I A i & G 1. FrA SEEe N 5139 28 5 B 47 IR I
—UHELHEMIE . DBMFE, el ATA — IR PEFER 15 DNA-free 247
T RIS BRI, 765y DNA SEEUCFIY 3G P IR B T 2 0 IR, SEB6 45 3 A [ 1

T DNA I8 5 23 R 7K AN AL S50 B 4 T 78 SEBe 4 3G i AR vR A7 AE C 31 T 8
G %] A 199878 P, FEARF T, A1 MapDamage 2.0 #fE x5 9 A ACREA I Fr
Bk (reads) HEAT AR Sm kG 56 27, BT REAS I 45 B80S A5 7 ERSUA 1L B L ) S IED4 (Guanine)
B 3 DL R IZERS (Adenine) B 2 FHOGE T+ M s g A0 6 e g B T (ZRREAAR DNA R BER
i PR A 0 A 3 UL PR B AR RE) IR A5 A vty DNA i b 2 HH BN e o SR (i fof [ i 1) 301
G B T EE R R ) QS Bl B RS IETEE, PR B T s A R A A R
8143 37 Rl B4R F AR ES E NG T, YAE 57 A (1) Bums e i 2 A7 7E 4 B 2
[F1t7 DNA BRSNS P iR 45 3R B A FORE AR 75 & 7 DNA B, %od s
AlE. N T BEK T DNA #5490 5 22 0 Aris it s i, FRATTAK I paleomix XS FE A
HHAT 1 rescale A trim AbBE, A trim Ab B BRI BOR 48 47 A reads b AR ANBRIE 1) T 2
B U0 R &5 trim )5, W B H AR 2 R DR (%, DR B A ER A (4R
Fifk DNA Fr B 2 AR w45 5 15 8 )5 A L B RL
2.6 RS

N T AEE T2 2 A iR stk A REARHEAT T, B4 T NCBI GenBank
SRR TR FA SRR SR TR B () 2R Ak 4 ik DR A EGE A R A (B
o AS BB AR, i BRIk R E T AHE T 9 NREAR I AR AR,
MUSCLE v3.8.1 ¥4 9 AMREA 35 5 $idis e 047 e ot 5% Y, 48 UGENE v 49.0 k47
AL E R P, B G K EE A L RS AL B R A B S (gap) (19
BB R4 A5 DL VP4l 6T 55202, {4 Gblocks v0.91b 2[4 55 0 B 25 (1 X 48, $ skt 5%
ZERLI AN AT SR B, IR 16316 bp ¥ BIREAT IS 4L AT

PL B Bl (Moschidae) 5§ J& (Moschus) & 1] Ji B (Moschus moschiferus) 2¢ i /& 4> 3
7 % NC_013753.1 A4 (outgroup), {8 | ModelTest-NG v0.1.6 J& T V1 B {5 2 i
| (Bayesian Information Criterion, BIC) i 1€ fx 1 £ AL 15 &l Jy TPM3uf+I+G4 #i % P9, H
RAXML-NG v0.9.0 ¥ 2 5 K LR (Maximum Likelihood, ML), {ii ff] Beast v2.6.0 %
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AR 2 7 BRI T GTRHIG B AL A 2 ULk B¢, A %5150 ESS 1 (Effective Sample
Size) %) KT 300, Ff4# FH TreeAnnotator v2.6.0 FA: IR, HhFE 25% HIZALFEA BT, %f
THREM RS KB, HiTOL T A (Interactive Tree of Life) #E4T ] MiAL b3 B,

N1 BIHE &R AL Z R, ATHEET R v4.1.2 FIH R B “adegenet”
A PN HAT E W AT, FRER] ggplot 2 HEATAIEIIARAL M. b, FRATH MEGA 11 3
AR Z AR5 A R B ™, IR0 A R 3R “ pheatmap” f5F R v4.1.2 £l # ] ™,
i R R P A E B IR

3 4

3.1 HRERFNFMEELER

AR SEEGH 9 B HACKEA I T HE EHE DNA, N T # @ FEA I B4R, FRATIH
B4 9 fIE A B Hal L X 21 115 N RESh A 31 NSRRI Rk iA 22 B R A ., H)
W IR PR LN 225 S 55 B s 1K S AR, R Rt 5 AR R AR R L — B e 8 9
#E47 BLAST fE261% R, 13RI F I KMFE B CGERL M R @A e, K39 4
FEAIE oot B 2 bir ik 228 B DR 2078 o de mn IR0, e B0 38 4 513 IR S (Procapra
przewalskii). 1 B 57 (Procapra picticaudata). 1 ] 8& ¥ (Capricornis sumatraensis) 13
I VA FINEA (Capreolus pygargus) (FEASLEXT 2225 Fp 81 ()45 B FEA BLAST # %R 115
BTEIL LSRR AR o DLESE VIR ki ik A BE R N 225 17 51 3 % 9 BIFE AR #E AT
EEXs, i RSB AR AR 078 d e AU R T 1 X, HARL AR R DR 4078 o i) A7 ri i)
KT 10000 (£ 1) .

®1 LRERERx
Tab.1 Information of experimental results

EEXT B

AR HH N 5 2%
i i Reads J— , My . 2 IED X
St LR BRI The MY (X) ReadsB A HO) HoAHLS L TR
- e . %1 Number . 0 #£i%Number Rate of
T4 B Sites Experimen- Most Matched Species Cover-  Number of Coverage {Number "~ .

of Raw . . . .. of Sitesin the Align-

tal Code after Alignment age(X)  Aligned Ratio  of Sites
Reads Reference ment

Reads
K7*Changning CNS6* 1305844 Procapra przewalskii 39.2565 52162 97.32% 16105 16548 53.21%
CNS21* 656078 Capreolus pygargus 759312 43931 64.80% 10599 16357 49.67%
CNS22%* 4238200 Procapra przewalskii -~ 255.7252 528914 100% 16548 16548 53.79%

CNS23* 2476308  Procapraprzewalskii ~ 125.2455 293503 99.99% 16547 16548 53.89%
&V Mogou MGO8S* 3159946  Procaprapicticaudata  1639.2262 473981  100% 16620 16620 59.44%
MG09S* 11438866  Capreolus pygargus ~ 130.4001 3230898 99.04% 16200 16357 48.74%
SRP A Quanhucun QHS1 19397604 Procapra przewalskii 62310 1779  75.42% 12480 16548  46.25%
QHS3* 3263926  Capricornis sumatraensis ~ 49.8297 12753 87.35% 14361 16441 46.23%
T FVDashigou DSGO4Y 15218412 Capreolus pygargus 48947 878 97.29% 15914 16357 32.38%

e CREMA SRR R AR A
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3.2 RB{xEENT

NTHEEIREARN RA K EAE, AT IR T EE 1) 9 A b AR A A
NCBI IS EE 1) 28 B3R 45 FI=E AR 16 45175 U JBE VAR 2 A 35 DR 2H B 12047 &
GuR A T, LAEJES (Moschus moschiferus) 94 SHEA s i AR (P2 3) F0 DLI-Hss (] 4) o

S5 LSRR A DL S 45 B 25 3 — 8. PrE RE AR JR S 0T 20 9 RERI 4= L K
B, AR AT 43 A R R R RN AN ), AN @ N AN R R 3, B
PR SRR IR RIS, Horr, KTtk a3 AMFEAS (ONS6. CNS22. CNS23). VA it hik
) 1 AMFEA (MGOSS) FIIR P AT B L 1 AMFEA (QHST) SRE T F AR & 7 3, R
JEBOHE =R, B ERIE (Procapra przewalskii). JEJR ¥ (Procapra picticaudata) 152
J5# (Procapra gutturosa)*, 738tk 3 MFEASHT QHS1 5 3 AMEUARY KRB RN —,

TF

{5 44 %

4
4

B3 BEFRFTR. FIRMZ hETRZER 2R R AWER&RAMURK

Fig.3 ML phylogenetic tree of Antilopinae, Caprinae and Odocoileinae species based on mitochondrial genome
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MGO8S 5 IAGE I A TR A —3; QHS3 HAETEWRERARIE D, WAJESA WA Fh,
Bi. HAER (Capricornis crispus). 2.8 ¥ (Capricornis rubidus). V58 (Capricornis
swinhoei) F1 & ¥ (Capricornis sumatraensis)'*, QHS3 SHAEL RN — X, KFHitm
1AMFEAS (CNS21). BEVAIRAE [ 1 NFEA (MGO9S) AT A4 B hE ) 1 DMFEA (DSG04Y) 2
KT WRELREE S, MBS AWM, Bl BRI (Capreolus capreolus) F17EAAF]
WA (Capreolus pygargus)*™™, 3 MREAL) SEAR TG RN — .

3.3 EmMA AT (PCA)

N TP SRR SR FWAR, FWRN N R 8 <&, FAEM
R B R ) SR A R A AT R A (S

4 BFRFIR. FILAMTHREL R 425 F 1 209 T Hixt

Fig.4 Bayesian phylogenetic tree of Antilopinae, Caprinae and Odocoileinae species based on mitochondrial genome
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B 5 HREAFRFIR. FEMNMTRETREAAEREBN TR S 2HTE

Fig.5 PCA of mitochondrial genome for ancient samples and modern Antilopinae, Caprinae and Odocoileinae species

B 6 HREARMBRFLAR . FIRMTHETRZNERRAENRERERRLERE
Fig.6 Pairwise distances heatmap of mitochondrial genome for ancient samples and modern Antilopinae,
Caprinae and Odocoileinae specie
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MEHE R R], 5F—F s PCLR A FEAR D NEEL A E TR 0 A 3
H, FEERS PC2 M2 milHs 3 MR T A PE X 43 FF. CNS6. CNS22, CNS23,
QHS1 1 MGOSS % 75 i 2 ¥ £ WAL i #2 J&, H CNS6. CNS22, CNS23 Al QHSI 5%
IRJFE P RAE—iE, MGO8S il i 4 JRAE—i#g; QHS3 #i /AL B AR A E, A5
P RAE—HT; CNS21. MGO09S F1 DSG04Y # 73-Fic 2|7 i E W R,  H5 F{a ) wis
REE—l. FRERSRAKE LR
3.4 BIFEEITHE

N T UE BRI AERR Y, FRATTRE O 91T AR AR 5 B P 1 2 R A ik A
B AT A AR E S (B 6) .

MBI BLE H, CNS6. CNS22. CNS23 fl QHS1 5 HILALI [T 5 (NC_014875.1,
MG798933.1) 2 ] [ it /% BH 55 f% if, H CNS6. CNS22. CNS23 Hl QHSI . |f] 1] it 1%
PR WARIT; MGO8S 5 B IR & (MH345727.1) #1844 R & et QHS3 5 HIAR &R
(KU605670.1. NC_020629.1) 138 4% 5 85 fxifr; CNS21. MGO09S 1 DSG04Y 5 HLAL 7E 11
FHEAL (NC_025271.1. NC_039093.1) 2 8] B A s ilr s AL FE RS . L AMBE T FHAh A Flr,
CNS6. CNS22, CNS23 F1 QHS1 5 Ji ¥ J& 1t J5 74 A 52 J5 72 (NC_020738.1) [ 15 4% R 25
B, MGO8S 5 5 ¥4 J& 1) 52 J5 4 A [ IR R st L FE RS B ilr; QHS3 5 R EM H AR
& (NC_012096.1). £LE A (NC_045205.1) Al 475 B (NC_010640.1) F 5t 4% P 5 53T 5
CNS21. MGO09S F1 DSG04Y 54 J& IR AL (NC_020684.1) (1t FEES B, ik 25 53
M 53 4% B0 2 A BEdE— D U G2 FH T DNA HEARBAT YR 45 e i M 56 v

4 wHe

4.1 5 DNA ZAREEIMEREE

X A AL P AR L A, HATE R iR 2 AR TS RHEA T
(EAR I 2 45 25 € sh st A7 A g = 2 B LU R LA IR SENT: 1D ShsAF RN 32
BIEEACS MRS EETUBSE R AR RN, R 2SI I R Q2R R, LR R
HSE IR  an SR mT T4 58 S0Pl s 1 RFAIE 3 AL 7E HH I 0Vl 8% B B 32 BIROR,
Nl A A B AR T 5 E MR R E AR AL, A SRR TR BT, $Ess
RIMTTHEAT IR - 2) SVIBRAFAE IS AR o 47 LR R I Bh W1 B AE TR A5 L BON AL,
BIRELAZEBIRARR, AT DB R LRz R E Mg, (BT K24
TRAFIR DU ZE (V) B A7 R U, AR AEME A AR I A . 30 FLISRa Y 5 B R
AR . B AR X TR, HOR SRR S0 L B A AR 2= AR Rk,
W HOE S S E MR & L BRI DL -

o PG b X VF 2 SRSl T ORE AR, MR, H R R R
AR A IR mUE A SFIREA. RMER, %E, A%. B dblxs™,
RSO B E o T S 20 ) IR | o L NG Sl - e (B Sr B3I L/ Bl S (B
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PR AR S AR , DRI 7 — s R 38800 7 Bk 73 % BAN AR PRI 4 R o 4 o
HAT, o E R AR 2 A7 S e R 0 1) 8, sk o2 5 16 2 AR RS 2 W
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