M 3 b & 20256 HFT70% H1H:121~133 ¢ (i EREE ) A2t
SCIENCE CHINA PRESS
CrossMark

& click for updates

HH LA ARG S5 IR R Db 4t 1 2 R S 3
ALy

RER BAE RE AR, ZHAS, FE B Re L a e, g
i A2

L. P B A (DO BREE 27 e, I 430078

2. AW S PR BT A R S, BRI 430078

3. IR 2 GO ER R E 2B, BRI 430074

4. F N E N ER ARG, 24k 151600

5. RIKIEHTE, KIK 163319

6. H IR A= ERDOIR R, BRI 430074

7. PENBBE@EBOM RS 22 B, I 430078

* KFR A, E-mail: glsheng@cug.edu.cn

2024-06-27 Wik, 2024-09-14 {£[71, 2024-10-24 $32, 2024-10-25 MZERTE T
FE% A SRRl 4 (42172027, 42472008) %5 Bh

% ER IS % (Mammuthus primigenius)& ¥ Bl 377 G5 & -4 £ B sh BN L oh 4y, e EH a2 0 A
FTHREALENFFZHEHR, AREVNFELQFTERL—F. 4 FERLHRNERELEMA G ERAZE
AR A EZ, FHHE X FH IR E AL, RARRIRE P E RN TR ZHF SN TR L
BERL)TF), HAAHESIATHEAERECLENFR ) FEFE. SRNERERAZAKL M DT, £ EH M ET
HE R A X A A RS & 4 B A3 ok (R iR 5 X A (Clade 1. Clade 11FnClade I11), % it 112 0 X 84 /545 & A
Bt Z MR, B RE R RA R A N R R R A R W, Clade 15 Clade 11, 1I1#Y 3k B 4H 2872 41163 77
ERH M N EERRGEZ AR LR R E — KT FE, #EClade TN, PERIHHG R EHEHME
ZRIT AL E W R BAE6L T A R A AL WA, KR A E R TR AL F A & A K I Clade 1T R AMEK, &
ZXRARKNFBY ) 200 THRAE, £RKBEKIRIER, ZABT AL T BB LRI E T ERILP K
INBER B, AR AR T PEANER L L R AL TR H1E 5 AN R AR 2 b E 3 SR L Ey e
MR T 2 F .

Kol EEY, RRSE, FAREERA, FEKL, HESEE

H.5 W FH(Elephantinae)fil & JLAF 1 55 K1 i A= 50
Yy, Hfb s — R AR A X RHE TS
DGR (Mammuthus)~ 122 i 44 J& (Palaeoloxodon)
FE LR B4 & (Primelephas) 5 K45 )&, UL K B )& (Ele-
phas)FIAEM 48 (Loxodonta)Hi M IAE S, MIETIL

KSR, MISRIR I ATEE) " KL R,
FCAAF BT LS SO B 25 A F T DNALRAE, J2
BFFE SR U2 KL B 53 F 3RS R AL A .

— ARG G R 5 WM G R IR e E 2967001
SRR, BESTEARD AR Tizmp A, RNE-F

Chin Sci Bull, 2025, 70: 121-133, doi: 10.1360/TB-2024-0694

SRS kLI, MR, WIS, 45 AR ST AR IO R A 2R At % R BCHAs AL I 5. Bl2i@R, 2025, 70: 121-133

Du Z, Sheng G, Hu J, et al. Mitochondrial genetic diversity and evolutionary history of Late Pleistocene woolly mammoths in Northeast China (in Chinese).

© 2024 (PIEFEE) Akt

www.scichina.com  csb.scichina.com


https://doi.org/[object XPathResult]
www.scichina.com
csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2024-0694&amp;domain=pdf&amp;date_stamp=2024-10-28

A% b & 2025518 #H70% £1#

BRI G (M. subplanifrons)MSCAERISG (M. africana-
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Wit 5 7E 249170 7 4 Rij 21 25 S0 90 A6 58 78 Ak 7= A B U
TG (M. trogontherii); ARG 8 AE#E 4 2130~150
JTAF [ PO BRI, 1) AR 38 ik A Rl EA A0 SE N,
WA J 7 24 b A A T BB HEE (M. columbi)™®). 24
TOTAER, HRR AR AR AL = A T AR AN 4. B
Kl A GAE v - ST I RS 2 A TE RO KB, T
HIEPUAFNE. g rfbfAic s Bon BB 5 24
B 22 KR B AE A FERE A2 107 AR R R
B, FOEAS S 5 E AT R RIS S, o
AR EAINDE, A S S EHE LIRS Iz 2458,
KRB WK e A6 SR R8T M B R IS R 4k
R R BB 2 1) 5 e

HETAIEE, BHEAWIES, SAM5EME T
TR IBIEZRPHP IR G K AT E LT 2055
ZFh. SR, 2R AR RS FE SR, U
KRGS0 0] 5 A R 8l A i b SR SR E, B
BTN ARG IS G Rl i S AT R A e 4 i)
AR FE AR RN H T A DNAMSR G, S5 BT
RERBWFREGRNHE L. FXEID S I A5
AR HT AR B L 3 4 DN ARFGY B4R BB 2170
JTAEHT, 34 5 7 B T AR A5 G AN [] S 3506 g () R B
PR RS T X A A Y, R TS R
T A28 27 AR AR 5 e I Ak A Rk Jist T
Jua AR Z5H, X050 A5 4 DN AR BIFSEHE AT 1 4
AR R 0 R IS Y S AR A AR e 3 25
ABAULE IR, AR RIS % 8 53 R34~
BRI R: A TP ARNE IR SE TP Clade
L A T PARRE AR IR i Clade 11, DLK 25045 T
R dbSedEFBAPT A Clade L B 50 54 F %
FAFERE: XTI Clade TIAYEAAEHEA XFR Clade TIEY A
HEB(4r AL EALER B VAT BRI S S R B2) LA K X6 g
Clade b3 B Y SRS ECHIPE AR E AL A0 3 A5 A
D, B R, T L A G e A
H AT R ERRE, e — B L R MR IS A
HOETH AR A AL

S RIESE B SR S 1 ) =L R S YR U E Ty I e
AR UG A2 ST sk b R 2R b X

122
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AT B [ R A 2 EBETASL IR E 2, FESh
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FH4.5% R SRR T W AR 5 2R 1T 5 LA TSk
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100~150 mg B #, JA0.075% K S R4NT T 50°CiZ
010 mini5 B0 KPR IR, A TCRERRKIR G )5 B
DR R, FERE YOz B, i FEIRIE
DNAZ#P &#RohlandfiHofreiter® Ay 5T R FH
TSR REW FHEEUDNA R I, FER AR RIA
3 mLZ P Z.FR(EDTA, 0.465 mol/L)140 pL7% [ i
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(Color online) Photos of well-preserved samples from this study
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Table 1 Sample information in this study

CADG1073

CADG1171

GRTE EARE S JF 51K JE (bp) MO EE(a BP)  §PCRRIE4EAt(cal a BP) 2 b A
CADG743 Sy 15657 >43500 NA By AN
CADG756 T 15530 >40000 NA RESET R
CADG1042 Fth 2989 NA NA
CADG1068 Fih 2329 NA NA ) .
CADG1071 F ik 1787 NA NA HAETLIR L
CADG1073 itk 16343 17890+60 18110+60

CADGI111 [ =s 1619 NA NA W R T 52 b dgthE
CADG1144 EN 2488 NA NA
CADG1148 KA 4370 NA NA
CADG1162 i 16426 NA NA
CADG1163 Fih 12990 NA NA
CADG1165 Fik 2597 NA NA FATEVTIE IR B
CADGI1167 Fik 1839 NA NA
CADG1169 Fth 9640 NA NA
CADG1170 Ft 5037 NA NA
CADG1171 H ik 16386 39780530 398504530
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B FAE KGR MRS e XS BR . SCR L AR ity
PLak P AL OB AT BRA Rl 473 T 1llumina Hi-
Seqx 10°F- & LR 150 bpill 7. R Y& P45 R, R
BRI E A XUEIN Y SO, AR SCFE A IR
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2.1 FURIS GO DNA S BERFAE

iz llmapDamage 2.2. 1/FXTG 315 P 91K FE it
15000 bpAE i ST T 20T, ASBFGERE S A Uil
e B R 5%~20%, B EEAE T A A £E35~75 bp.
P2 R FE R CADG 743 HDNA F BEA Sl 3 B4 % I
BOR B o A gl e, A 55 B2 95 % B it [ 2 45 2
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Figure 2 (Color online) Reads characteristics of a representative
sample CADG743 (ref: M1). (a) The misincorporation rates of read
ends (1 means from the 5', —1 means from the of 3'); (b) single-end read
length distribution
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2.2 B S AILERT a5 R

Sl 432 Clade  THOAESEMILAIS)  Clade 114
FEAM2S I ZERLARZE R 7 51 (77 91K B 344116458 bp)
YENS RN A, 193 10 B AD G SOR AR I [ 41 7 57
G5 R 5 R AN R 2 2 BL DR 20 0 e 9 K B 5% i /N (/1
F5%, FS4). ML HIFCE, SMEEMPFE TRER
1516000 bp £ 4 I R 21 B (7 56 B R 10 95%);
ANAFER G TR ETE1500~12000 bp B/ LAk
SR A B, LA PP 508 114 He o 25 SR 5 B i
JEAL B TEAM TR SA P (R & 2 i FE A CADG 743
5 CADGT75619 J3 U8 B T 247 19 2% 58 1 4R 52 56 3K
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WSO BIRARE). M5 P St TBLASTA ), 4
DL iz i 4 T 0 45 SR 3% O B A1 G2 B S (A Sk D] 4
P4,

23 S TARRARTEAER

RIEBEAST oM 19 3 F A Al 45 1, FE
CADG1073FICADG 1171843 F 4 Al B 45 40501 Ry
FE422067(x158)4E FI49420(+32063)4F, % it 45 R 5
TS [ 25 AR 25 S 18 110(+£60)4F F139850(+530)4F
BONBRE, WA TR ARG PR I S50k
EAH. EHMRESEAGE S I3RS LS, 455
HRFERCADG743. CADG756HICADG11621953 T
AR 9 R EEA~59706(x£15518) . 105490(+42841)F1
59204(+31733)4E.

24 REKFM

PAM LR by 225 36 DR 2 3R B 16 250 i Iy 51 5
GenBank " N2k 22955 R IR T 91 b B4, LLE %
YERANERE, RINQ-tree FRIAN HEAY R GE & B 25
WE3@)FR, BT HEE G S AR 5 0 BT B (5 R
WME3OL) AR, RAM2SIE ISR NAM BN RGEE
HWAESIFIR, 2558 B AR RS% 5L R A S AT
IR A FE R G0 B A T AL 8 S ) (PR I s 2 40
PrGEBEM LE R 275 SE D B TS 57 51)).

E3(a)H, Fr A IS5 AR 3 ALk iAis {5 52
ZClades I~ ARHFFEHI16ARES H: O MRES 0 A 1E
¥ AClade IHIDEHATRE, Z AR ST MAK A
W, %L R T — AR CT A ARk B AL
X, MRS RIS, st R Clade 11,
1232 F AR Sk APIARDE, VSRR E S R
Clade TIAYB2HAERE, 2% BASRE b A A4 222 R
MRIR, [R5y B AR R AR 2ok 3 b 3E.

TEAL 5 RE b B 5 /0 I BEAS T/ 45 31 i (K1 4),
HAEE BBEEA I i Clade THIClade 11 24>38tf5 57
2, T ZBUR A E B TR) AE R A 291637 4FHIT(95%
HPD 1.97~1.31 Ma). 3k H " E ZR B 5 T 7E S &R
51Q-tree45 R—3: 2 CADG1162F1CADG1171
fii FClade 1 , HAr{EDERATRE 50 EARITAERCH
fERETAIIE461 JT4ERT(95% HPD 0.76~0.47 Ma)JTih
Mk B3INEESCADG743. CADGT756F
CADG1073f3 F-Clade 11, iX 3 Ml B G AR EAREACES
BE6 T AE, (HfEZ R RIS, 5% A
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bR RIS i Dol A 20 2 05 AF 1 & AR TR, e AE 2N
40004FHi K 2 (1&15).

3 b
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Bk R S8 A TS Y i -5 R ) 58 S5 ey ml
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BRI AT, TS DNA R BEAG (I E B R AE 5%
~20%2 8], DNA ¥R B R35~75 bp(AnEIS 1
TR), IXECRREAE A T DNA A il S i O
B B,

AR, ABFST LAF J7 kSR T DNA R BoR Ui
B L4543 5 B0 Al O B L W] RE XT3 B[] 33 FTBS P
SIMTEE AR A R 5, T B B LS U
Ff it B, ff B “minDepth iy 25 55 i R/
YRR G 20 Hak, e 7 DU R PRge 5 45
EZEF ] A b ARG B A R A B A AT S T
M R TH, R FIUE RS KB bt
e HREU E; R, 78 AT fbbam SO {4 i T3l il
Wi (EIS4), BN & A U IS AR E T R BOR
Uiy, FeJi, ERGR T S m s P AR IF AR &
HE R AR, R 6 U B S

3.2 PEGALEIYR R80K% H UL

Ji 3 52 s A SERIr THHE B T 23 A1 T IR IE3H LA
FALRIEARIBER, LUK TALSE M RHE L R 55



KXy o455 b \ NeEn
iy : ® CADGH5 BEEAE e
1835 i : : PO
28; . \ WGS2 a1
M) 240 / A
5031606714,;55:545 : 4 @ Outgroup \ ﬁggg%
KK))((DO22754'3/ / etz g \ ‘&Végw-ya
7514 | WRED A : 6764
KK§3227755;19 WG V\K’)‘(‘mes
7 23
= MW528
.Q‘xxgg;g;g : =R \ | \G334269
KX027496 : | Mosszs
- S
oo B Mz
Z — DQ316068 outgrou
KX027519 = o
Kx027516 RAMBE DR Xz
ﬁxxggssgg C . | A 1 | Ebnsusv
‘ 153453
027547
2T : Clade | / 176757
Yoazrssh | . : Kx 170081
\&?’2]2‘3,5 - [ Clade II y = 5)u71534§g
i \ 1
0215‘2 \ > 107
oo Clade Ii B1, S 2
o2 (0} - 104
%011?33 1 iz
WO ge0 PRI
02005 0;
CLA 27
k) B2 A
" \ &
S \ : 05, s:g@
V\*%’L s‘i o O ]06‘52}53
‘?‘3\?5‘92& d o6,
v\cﬁéﬂ:‘;ﬂv 1 > 4’4;%))6.)@;;9
e i sTegs
Ao A 55,90
MR . S,
s p 0 35,90,79
B Iy S
Sy, : %
SPsVa / = e RPNONG)
R PSP B s
Bty : h 5%
AL N
ST 788,
LTS ST
88580 | '@f&f%fg%%
SOPLIEs o 3 PP
EEodSees s L B SPT VLR T
ENAET i z 5 A,
ANEYSev AR D0
N Ty T T e 2a3iEinaEeals
SESSSEREL S e 8325232858553 0523080557
SES SN RN L L8R ATARRAANTREG 2GR
RELA N ER R EER LT
EEaBBERERREST
R RN

@Clade I_C EClade I_DE
@Clade II_A
@Clade Ill_B

OB REXHHRHD

B3 (FIERRUR ()RRG5 T IR R . (2) BRADGIB LRI R G R T (1Q-tree); (b) ARADGRIE A5 14 S FBE Al s 43 A 121454
BRI 16 AT T 51 52295 HABWFS)T 51 I R AU RS

Figure 3 (Color online) Phylogenetic relationships and geographical distribution of Mammuthus. (a) Mitochondrial phylogenetic tree of Mammuthus
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Mitochondrial genetic diversity and evolutionary history of Late
Pleistocene woolly mammoths in Northeast China
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As one of the representatives of extinct mammals in Late Quaternary, Mammuthus primigenius was widely distributed
across middle-to-high latitude regions of Eurasia and North America. In China, it was mainly distributed in the northeast
and represented not only the core member of the Mammuthus-Coelodonta fauna in Northern China during the Late
Pleistocene, but also a key component of this hot spot species from mid-latitude region in Asia. Compared to the
comprehensive paleogenomic exploration of its counterparts from Europe, Siberia, and North America, M. primigenius
remains in Northeastern China have only been molecularly investigated using short mitochondrial fragments and thus the
genomic level is inadequate. Therefore, the phylogenetic relationship of the woolly mammoth in China to Eurasian and
North American individuals remains an open question. Moreover, paleontologists have suggested classifying the woolly
mammoth from Northeastern China as a separate species based on its morphological characters. Here, we performed
ancient DNA extraction, sequencing library construction and next-generation sequencing (NGS) on woolly mammoth
fossils collected in Northern and Northeastern China. By data filtering and mapping to reference genome, we obtained
high-quality complete mitochondrial genomes or partial mitochondrial sequences from 16 individuals. We carried out
radiocarbon isotope dating for three out of these 16 samples and obtained dates for the rest either from the literature or by
molecular dating. We ran mapDamage to authenticate our data as ancient and confirm substitution characteristics typical of
ancient DNA sequences. Phylogenetic analyses based on our newly obtained mitochondrial sequences and published
mitogenomic data showed that all three known mitochondrial clades of M. primigenius are present in the analyzed Chinese
woolly mammoths. Specifically, among the 16 individuals, there are nine individuals clustered with M. primigenius from
Northern Siberia and central Asia in Clade I; six individuals clustered with samples from Northeastern Asia to form Clade
II; one individual belonged to Clade III. The placement in multiple clades suggests that M. primigenius in Northeastern
China had relatively high mitochondrial diversity. In a Bayesian phylogenetic using complete mitochondrial genomes of
five of our Northeastern Chinese individuals and other published individuals from Asia and North America, the available
age information of all individuals and their mitochondrial genetic structure show that Clade I and Clade II+III diverged
from each other approximately 1.63 Ma, corresponding to the first migration event of the woolly mammoth from Eurasia to
North America. A second migration was detected within Clade I, in which a population in Northeastern China split from the
ancestral woolly mammoth population that headed into North America around 0.61 Ma.In addition, it is the first time that
individuals belonged to Clade II have been identified from Northeastern China, which indicates that the population
represented by Clade II was once widely distributed in Northeast Asia in the Late Pleistocene. Prior to the Last Glacial
Maximum (LGM), this population probably experienced habitat contraction and remained as a small population in
Northeastern China, since the only individual that dated close to LGM has only be found in this region. Overall, we provide
mitogenomic insights into both the phylogenetic positions and genetic diversity of M. primigenius in China, as well as the
response of woolly mammoths to the Late Pleistocene climate change.

Pleistocene, Mammuthus primigenius, ancient mitochondrial genome, Northeast China, genetic diversity
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