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WE FTRFEFAZKEWEFAFARARESREANRALRMEGERL B 2 FHH, FHEFBTEARKEE
TRERTRAR. TER, B TRAEFTERRIAFENTE L RN T E, FARKKEFLFOMHERFR, 5
FlIRAAEENEENFAHHRCEETRAGLRE. A, KAXEARKEERAHFAIRHEAT T HAE,
AMAETT HMFEARKRENMEUREEENEFRAETAN I ERTHLR, FARFAEEFRHATT

BE, EEAFARKERNEFRLAF A AR LRETENTHET L EANARESE.

LT EARKE, EEL, ERAY, EMES

Hartt A BRI HE A R KK (non-human  pri-
mates) VIR LA 168, 7908, 215065 FH LM
REFEMEAAERRE, EIL T XA R AEESE
fR3E S PETE AL, RN R AR AL AR A v 2
AR AR, MR AU Aoy R B A AT, E
N R IF AT LU B EI8500~5500 /5 47, MH
TS0 rh I F T F R Y, MRS, RK 2K
Y 5 N R IE H (Strepsirrhini) 14 &3 H (Haplorhi-
ni). HA T HAHE: U6 T H (Lemuriformes). 45
¥~ H (Chiromyformes) Fif# T H (Lorisiformes);
{8 S 0 H A 5 28 A T H (Simiiformes) AR T H

(Tarsiiformes) """, BLANESE NG H , HRAE 51
X K6 4 A KB B(O1d World Monkeys) 5%
KA (New World Monkeys).
BEF20014F N KR 4L R R =i, 2
N RE B P IE R ARG 2. IR A AR
N RK KB H 4 2 SRR SR (Pan troglodytes)), 5
R (Macaca mulatta)[m]. &4 g, REHHAT
AR, 26J8. 3R A5 T H A,
Hrp e N RKIE S5 T R A R B SRR (A% 0 1)
WL, A% 2% H R A P R AN R KM E
FWANAE T Z2MSHEFI, NELIRAP IR
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F1 CRERAEANRKIFER A
Table 1 A summary of published non-human primate genomes
AR PS'E A KP KoL 1] 5L 27 R Z 2 JE R 41 P
. . . — " ftp:/ftp.ncbi.nlm.nih.gov/genomes/
Papio anubis Olive baboon Chromosome &7~ R 7 52 [38] all/GCF/000/264/685/
. WA R 21 University of ftp://ftp.ncbi.nlm.nih.gov/genomes/
Theropithecus gelada Gelada Chromosome Wik Washington all/GCF/003/255/815/
Mandrillus leuco- . REFE YN ftp://ftp.ncbi.nlm.nih.gov/genomes/
phacus Drill Scaffold BT [39] all/GCF/000/951/045/
REL Qs ftp://ftp.ncbi.nlm.nih.gov/genomes/
Cercocebus atys Sooty mangabey Scaffold WU [18] all/GCF/000/955/945/
sty 20 v ook [ ftp:/ftp.ncbi.nlm.nih.gov/genomes/
et Lavageia
Macaca fuscata Japanese macaque Scaffold A 3 3 A A R [40] aAll/GCA/003/118/495/
L ik (R 20 ftp:/ftp.ncbi.nlm.nih.gov/genomes/
Macaca mulatta Rhesus monkey Chromosome P [16,19] all/GCF/000/772/875/
. . Baylor College of ftp:/ftp.ncbi.nlm.nih.gov/genomes/
_ 4
Macaca nemestrina  Pig-tailed macaque Scaffold JOR R A TR 2 ) s Medicine all/GCF/000/956/065/
. . Crab-eating maca- AR AR ftp:/ftp.ncbi.nlm.nih.gov/genomes/
Macaca fascicularis que Chromosome HE R B [20] all/GCF/000/364/345/
REL QI G ftp://ftp.ncbi.nlm.nih.gov/genomes/
Chlorocebus sabaeus ~ Green monkey Chromosome WU 5t [21] all/GCF/000/409/795/
Proboscis Monkey . .
. . . ftp://ftp.ncbi.nlm.nih.gov/genomes/
K- & 4
Nasalis larvatus ~ Proboscis monkey ~ Chromosome K &EMFHAEAME  Functional Genome Al/GCA/000/772/465/
Consortium
o . . Black snub-nosed G M ROE N ftp://ftp.ncbi.nlm.nih.gov/genomes/
Rhinopithecus bieti monkey Scaffold W [23,24] all/GCF/001/698/545/
Rhinopithecus roxella- Golden snub-nosed Scaffold G RGN [25] ftp://ftp.ncbi.nlm.nih.gov/genomes/
na monkey filksi all/GCF/000/769/185/
Piliocolobus tephros- Ugandan red Colo- - 4 - ftp:/ftp.ncbi.nlm.nih.gov/genomes/
celes bus Scaffold MR FIHMIE University of Oregon AVGCE/002/776/525/
. ZERYENRIEFZA Baylor College of ftp:/ftp.ncbi.nlm.nih.gov/genomes/
Colobus angolensis ~ Angolan colobus Scaffold Mk Medicine all/GCF/000/951/035/
. HRERRE s ftp://ftp.ncbi.nlm.nih.gov/genomes/
Pan troglodytes Chimpanzee Chromosome CERIBT [15,26,41] all/GCF/002/380/755/
. . & BTN R G ftp://ftp.ncbi.nlm.nih.gov/genomes/
Pan paniscus Pygmy chimpanzee Chromosome BT [28] all/GCF/000/258/655/
) ) . KRR A F 20 ftp://ftp.ncbi.nlm.nih.gov/genomes/
Gorilla gorilla Western gorilla Chromosome o s [29] all/GCF/000/151/905/
" HIVEEERS ftp://ftp.ncbi.nlm.nih.gov/genomes/
Pongo abelii Sumatran orangutan ~ Chromosome AL [30] all/GCF/002/380/775/
Nomascus leucosenys Northern white- Chromosome KB RRIZ )38 N 31] ftp:/ftp.ncbi.nlm.nih.gov/genomes/
S SEMYS heeked gibbon W all/GCF/000/146/795/
L White-tufted-ear E PN SN ftp://ftp.ncbi.nlm.nih.gov/genomes/
Callithrix jacchus marmoset Chromosome 2 [32] all/GCF/000/004/665/
. - Baylor College of ftp:/ftp.ncbi.nlm.nih.gov/genomes/
1, ﬁ 4
Aotus nancymaae  Ma's night monkey Scaffold PO FE R 2H A Medicine Al/GCE/000/952/055/
Saimiri boliviensis bo- Bolivian squirrel B g . ftp:/ftp.ncbi.nlm.nih.gov/genomes/
R 3 R ZH A
liviensis monkey Scaffold Fa RS FIAME  Broad Institute all/GCE/000/235/385/
Cebus capucinus  White-faced sapajou Scaffold e R AL McDonnell Genome  ftp://ftp.ncbi.nlm.nih.gov/genomes/

Institute

all/GCF/001/604/975/
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[E23))
BT 4 A 2H2EIK L 1) #8 EE BN S KL R 2H W 1
. . T . " ftp:/ftp.ncbi.nlm.nih.gov/genomes/
ic Sl 22 Y ET A

Carlito syrichta Philippine tarsier Scaffold MRBEME R AT 5% [33] all/GCE/000/164/305/
iy , AR R Ge AL ftp://ftp.ncbi.nlm.nih.gov/genomes/

Eulemur flavifrons Sclater’s lemur Scaffold SE T [34] all/GCA/001/262/665/
PR RS ftp://ftp.ncbi.nlm.nih.gov/genomes/

Eulemur macaco Black lemur Scaffold ENAERT [34] all/GCA/001/262/655/
. . WA AT 5 K ftp://ftp.ncbi.nlm.nih.gov/genomes/

Microcebus murinus Gray mouse lemur Chromosome HH RS A [42] all/GCF/000/165/445/
. . - S p— Baylor College of ftp:/ftp.ncbi.nlm.nih.gov/genomes/

K4

Propithecus coquereli Coquerel’s sifaka Scaffold G NS DR 20 4 7 Medicine Al/GCE/000/956/105/
Daubentonia mada- Ave-ave Chromosome bt RS aE- s 35] ftp://ftp.ncbi.nlm.nih.gov/genomes/

gascariensis ye-ay W5 all/GCA/000/241/425/
Orol ttii  Small-eared galago Scaffold R IL R ZH ) g Broad Institute fip://ftp.ncbi.nlm.nih. gov/genomes/

oremur garnetti galag I " al/GCF/000/181/295/
. Greater bamboo le- KA AR ftp:/ftp.ncbi.nlm.nih.gov/genomes/

Prolemur simus mur Scaffold SR [36] all/GCA/003/258/685/

HER AR R KL R ST AN AT LA e o 5 R 2
FCAL ST B R S L AT PR A S L . R T
) A Y8 R VAR A 3 B 10 R, T DA A ST B
T M HTOAL AR SO AR S RO RE R, AT RS T
HEEE R A,

TERBHR S BRIV IR, A 5 DR 40 e A0
o 30 M P R R TR AR K M B T R R 4 R AT
(P B DR 2 . R e DR ZE . R0 H 40 55 1 K
R g N R KSR R A 2 5 R A = AT T
R S5 WA SRR Gk 22 AT R AL
53 SR A A 2R A R KA T o0
5538 L — BB R P ORVE . i 3 R 2 2
58, AT BAR 5 A N R A S IR (7] A 5 1 388 2 % T AL
U, FEEE— R R R AL S AR R M 22 1 R R,
Frh e R RS R0 SO s B
C2 ORI —Fh A TR, ok £ (1A
WFLAEZ BT EE M. A SC BAE A R KSR R A T 9 g 3
b, R HE A, k. . BE RS
TR, DA AR N R KSR I 20 2 ) A W
ZWRMB R, FFEE S ITHERIEA R KRR
O 43 SRV AL T 9 B SR 5 i

1 R ARK R AL 53T ALH]
RN R bk L Fh 2 HE, WAETER(Colobi-

nae) [ &4 . MR Cercopithecinae) ) 24 £ P
K % (Hylobatidae) (i S 1457 g i BAZE S AL T
serr e N RS PERIE RL, 78N D2 T AR
ZH EHE o R A SIS i R R R 52 4 i 1 R R (TAS IR,
TASIR2, TASIR3)FRIHAT T /3 Fid b /b, 45 R EoR,
P AHH S R N FH R 2 AR SR AP AN A 1 Wik
BRIk, 15 v RCRR R IR A 07 A G, 9F
bEE 2R EAREEA G, —HREFECZAEL
PEPEATZ b DA AR DR Ak, AT B AR 17 5% B i A A e
YR RO R, RN, T AR R B U A (Py-
gathrix nemaeus)N)TASIRIH HIURFERI A, FHAEBEEL
BVEREIRIEAE /. BT o, B3 7 s8R
“BEALIER U (Hypothesis of Evolutionary Vortex), RfI
PR 2 B O S AR B sk, 3k I A
SR B, S EEh M v g N R T
BBl 4 /)N Stk — 35 2 SO S A B R B RIS, L
BRI, AWK RDIEE, B0 3253
VIR, e — e R BRG] T 3 iE
FLEREEAZAL IR RE T, TIOK T 40P i A A0 2K 4 XU
PN A A2 1 FLRT I A B — 2R N R
Y. WA GO B YRR TG R AT R TR
BT, RIS H N AR K & ) AL B AL IR 1
(RNASE)E K, HRIZIEFEAE—DH 145 DI(RNA-
SEB), MITANHE T % 42T 45 s AL s Re S, oy 7 ik
— PRI AR B VRIS R 4y AL, AT
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N G238 3 X P B - )1 4z 22 (Rhinopithecus
roxellana) I LLELRE R AH . IR RAH . A EZH
o, KT ST ACE VA G RNASESE K 1)
PN DUE PR AL o — IR R 45 R, TESE T 1%
HE R 55 3907 24 5 R AR 1k S B R SR 3 Oy i M ik TR
(Arg39Trp) e 3 i R AZ WE A% B BV AL e 0 1) R R 3,
] BT G e SRR DR SR )9 5K RT e ik R B
AR EEE S, FREN T PR R 5
ARG B N, N s 174
LB EE R 2 T LRI, % g R oA e
fan HoAth AR N R KB PEIE M 7P AL R A 1 2 b
Al

2 AEARK KR HSE R 1Pl

& 22 )& (Rhinopithecus) W) FR AU i H BL & i
NERRHGEYE, TH S T ARER R SRR A
BRA. HEELWE(R. bieti)E 0 MR xkE
(3400~4600 m)—FpIE N R K3, BTt 2R AEA
R A TE ¥ b X V5 38 AT ] 1 28 (R F 98 5 52
FeF 0 4 22 M DU o 4 22 0% 4 2 DR 4 v VR B EEL U
T LA I R A 2 R B L DR 2 2 o0 M, FEVE & 220
FEEA Y E T BRSNS E Y, aiEe
NGOG, M A . DNAMEE FIIEIRIE £F &
IBEN I REA I R F R I (ARMC2, NT5DC1, RNASEA4,
CDTI, RTELI, DNAHII). {RAMNHASZEG R 3L T
CDTI3: R 575 (Ala537Val)f B T & 224 s i 4k p
B3 P R AN TR BT, RNASE4FE R (1) AN 3 FE iR 9848
Be e 3 N T &5 K P9 2 40 B (human  umbilical vein en-
dothelial cells, HUVEC)4: s E IR 4544, A B+
& 2OMRAE R A B I I AR RRE T, A& R T
JEAEDY, A R K T L) £ ] B 4
TN R AT B AR o PR 5 1.

3 AR ARK IR i Mo BLF 431
Bl

FRAE LK% 2 5 1 (Bergmann’s role)””, w2k B IR
N HARER BETEIR BN =R, T B AR X 4
KA, oA S R >, FIT 0. Bk
(Macaca mulatta) & VAR E (1) 5 A0 S HAE W) 525
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MEEARFFEIZEE, WA e m 4 28V XS 46 1
WFR(M. m. tcheliensis)VRBVEK, 10 0 A0 75 i B A%
ZAF TR TR M. m. brevicaudus) RNy
NS DRI 20 5 T gk — P 4 s L, B A TR E
I3 AT 45 B St v PR S LR IV P R 4 A7 28 i B AR P i R
BRI AD. W 7T 45 SR BoR, 5 A KR B ARGk [
FEARNEA T AR 2855, WML
R R S5 SEARAMAEREZERAG K, FEEIL
A A ) 1 P AN LR AR e R B AR R
Fbp I MFbp2 BRI B BB LGS, I—RELATE
VIR BRI LI X PR AN = DR (978 S m] Reoxof FLAERF IR
R Ay d R AP

4 AEARKIG2 AT 38 B o1 BL]

N R KB AAWIL)Z 040, AR
MR ELE A T AEAR KR Z M ZFEWZEsE K
BRGNS (small - apes) K H AT B K15 44,
BT OCT R AE,  BEAE AR R I H R b i
W kX BB R (Nomascus  leucogenys) 3 K 2H 1)
AR LB A, KT 55EEA KK
JA ML BEEUL N R VLA DL R & HH DS D) e 2
R, wnHi s R B BN (TBXS) . 44 HSURE HK
(COLIAID) BN E B (CHRNAD S, TEKE M
FERH R332 B Ik, [R5 3508 T R AH OC 2k A
W52 PR ) IR 3, HIECE T E R B AH R RAE
A KBRS IR ) 248 DIRIE, TR 42
TR~ T KB S B B sl 7 s pLa .

5 AEANRKRHIE R LM IE B B H A
YA A

FEANRKENHTEEHROHRK S, HAE
WA B N N, 5 ANRERAFIEAE
PR RIE T, fEARERAE R AR BTN
FR S AN @A, i, 2 ARKERE
T G 2% B FE 995 7 (simian immunodeficiency virus, SIV)
IR IRE E, AHR IR TR IR 5| R0, 18 R 40
ot CAmR K2 HANE RIEERIEHEE 1 (HIV-1)
T = G b i BR 1) DR £E R AR BT A 22 D0 5 0K 3
MIEFE. R, HIV I SR T 2 N 2R1E £+
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F|EIThRE, Bl 75 1 SRR (Pongo  abelii)Fil
T IEMNE(Callithrix jacchus)IFER A, $eHH
N2 PRI ER FRR(CD4, NUPIS53,
RANBP2/NUP358, ANKRD30A/NY-BR-1, MAP4), H.
RILANKRD30A%E K 72 Fir A B D5 vh R 52 TP R R M i
R THCHE A P PR 00 S g S Ll i R 4 2 A A
bR, AL 5 Gk AP A O A L R
Trim5afe BT AR TES B o # iR 2. b,
B M (Cercocebus  atys) e M He I3 B b do 25 1 R SR 1
F, AHIENFEBAT % 2 T AR AT, R BRI
S 1 e g A Dl I B0 ML ER 4 R B A TR
B AR Hph AR N R KRR R, K
WA JE R A O R S oAb R KRR E R, Hop
BT G B A B R ICAM- 2RI TLR-452 {52
(Rl ICAM-2HE R i — P e o 2 4T i b 238 1) 5 b
F=A, SHkEAIH A SRR S E TS, T
HAIEN R K, S AHEBFEICAM2EER K ERH
499 bp ik AR T 8% K T kA HoAh dE N R KK
(CHBRAE)— o E 8 ks, R 4 By L R IR e STV H
ANEEORAET. AR, 8178 R K TLR-45E K 9
T AR R, K ILSIVIR #1E 1 TLR-43E R i 4
A% 117 NRERITH), Mz [ ToiE
IEFEAT AR R M B D) RE, X AT BT BN
SRR T — Pk

YE Rt G W A de) IIAE N R KR, B )&
(Macaca) PR BRI 50 1 B BR300 e 5
FEAE AR BE SR T AT R T AR E
T EEIEM. fascicularis)FURRNE R LE 34 R 28 4347,
s T B EEREE  HBAA FE s R, O
Y578 19 N A R 25 BT A L DR TR B P Al
FERAE, AR S AR R AR K (PTHIR) AL &
JR A 2400 S (Forteo) ST 5 5L PRI 4520 ik o,
T 3ok ot B SRR P LA RS A e R S R 1
S (A i I 25 /K P BTk 3 1E R 1920 £ DA ) Bk
(&AM R TH T, BRI RAEETIXH Rk
HIPRKD2%: A | HTG L RAF(K410X) FEL [ izt 3R
IEACE IR, RS SR DR B S B ik — B R R
T PRKD2E [RI e e 23 4 i 440 g py LAY 45 5 7 1 (1 3%
ik, BEHEIN T BR S 2R B o, EE A RN A R B
BT BT ST R At T B S MR thi-
betana)th & kA8 FH R @ a2 —, T

e TR BEE ) e 2 Ak ik DR 2 2 I A o3 f T A 8
39365467 P14 SNP, FL35223 54N 7E 20 (1 E [H]
NXCRAZ, R [ RAS AT R 7 H R R B A £
W2 A AAAE A BN IE L 2 %, A AT e 2
R4 JE AR BRI TR A T — AR S A W ) ik
F FE AL BUI (4 (compensated  pathogenic de-
viations) I L L K IR, —LefE N R4 2 v EUH
(122 (R AR, 75 oAt AR Wy 02 i IR 5 v ) A 3
BUREIERRAAL @i = R SRR I A
BRI 53 Hr, IR T 931V BUm i far 67 A3, 220
AL R R IE LS N B BURZEERRANE, 654
ST MRS FREA R R AR e, R AE PR AE
AR SRR I T 2 MR 22 S, RS [B] B R
T ) b A I 2 A5 8 o it SR P JE Py T8 AN [R] ) D g

008 5y, XPBRIEAN 7 S A £ 3 5 PR 4T T

AMANTE T A B 3 DR 40 A7 52 A8 504 2 Rhesus-
Base(http://www.rhesusbase.org/) """, [N 854 5 2E
WHIE 2£ 10 R R HRAE T B 2 ik i fr A B0

6 BEi5REYE

FEANRKEIMFRE L, )z, SR 21
N R A AT, DA HER N TN R
S IER IR, ARRIEN R RIERI2H 2t 50 5
BFELLT 7M. (1) RIERAY. R —HZ
TRAF A B RO R, A 500485 R K2R3
WA K2 Bg T e iR s, A E ARSI (In-
ternational Union for Conservation of Nature, [IUCN)#&
2OH 13N RKED A IELEZ BB, DU
RAHERH TAE SN, AR H a2 R L
TEBT R R T7 ). B RER R 2k, fRY R 20
SERIE AR, AT A P Al o 1 28 A% SR A3k A0 7
71, L2 EAH 5G40 B 700 R0 T B B e b 2 A R AR
T (i) ERIEHERT . R T AR, R
HAR R BA I 2 05040, 38 KR 2 Rk
FELEREAL P s A S S G, AN [ ) 2R I A R R
DU S AN ) A 450 A A AR T R o i I Py 5 R,
PR A 7 50 0] R R 2 AT — B RASR AR IE 3K,
A AE IR TOE RHLER AR, KB R R H R
e (o Hek A0 HLER O AT R A T A T

375


http://www.rhesusbase.org/

RIS B A R D AH 2 (AR N RARSEIE LR A AT 7 it Fie

AP SR . (i) AR R, R AR AR KK
SV TR IR AL T RO BL, ©A IR H IR 7
FRF S U AZAR, AR5 X DL R XL 7 A
BN, AACIRIEEIE Ik % BE 240 7T DA
NNKEE IR IR AR SRy, G NV R L
LA 2 78 AR AR B 2 R R gt 5 B >,

NEK|T R, RN RKERHT L
WA VIR DT SR TT . AR AR S G
DB = 2 By e N P PR A LA 28 i R LA A, T
TR AR N R IR AW TR 2R E 7R
HARRBE, Haplz, BEEART RN EIRK0
FLRE k.

o

S5 30k

Rt o [E] B+ 5 B sl A 9T 55 BT BB B BT 98 R 9 1 B E S S R L

Estrada A, Garber P A, Rylands A B, et al. Impending extinction crisis of the world’s primates: Why primates matter. Sci Adv, 2017, 3: 1600946

2 LiC, Zhao C, Fan P F. White-cheeked macaque (Macaca leucogenys): A new macaque species from Medog, southeastern Tibet. Am J Primatol,
2015, 77: 753-766
3 Fan P F, He K, Chen X, et al. Description of a new species of Hoolock gibbon (Primates: Hylobatidae) based on integrative taxonomy. Am J
Primatol, 2017, 79: €22631
4 Zinner D, Kopp G H, Roo C, et al. Family cercopithecidac (Old World monkeys). In: Handbook of the Mammals of the World. Primates.
Barcelona: Lynx Edicions, 2013
5 Nater A, Mattle-Greminger M P, Nurcahyo A, et al. Morphometric, behavioral, and genomic evidence for a new Orangutan species. Curr Biol,
2017, 27: 3487-3498.¢10
6 Wilson D E, Reeder D M. Mammal species of the world: A Taxonomic and geographic reference. ] Mammal, 1994, 75: 236-239
7 Mootnick A, Groves C. A new generic name for the Hoolock Gibbon (Hylobatidae). Int J Primatol, 2005, 26: 971-976
8 Groves C P. Theory of human and primate evolution. Q Rev Biol, 1989, 1: 90-102
9 Mittermeier R A, Ganzhorn J U, Konstant W R, et al. Lemur diversity in Madagascar. Int J Primatol, 2008, 29: 1607-1656
10 Rylands A B, Mittermeier R A. The Diversity of the New World Primates (Platyrrhini): An Annotated Taxonomy. New York: Springer, 2009
11 Konkel M K, Walker J A, Batzer M A. LINEs and SINEs of primate evolution. Evol Anthropol Issues News Rev, 2011, 19: 236-249
12 Mittermeier R A, Valladares-Padua C, Rylands A B, et al. Primates in Peril: The world’s 25 most endangered primates, 2004-2006. Primate
Conserv, 2006, 20: 1-28
13 Napier J R, Napier P H. Handbook of living primates. Yale J Biol Med, 1967, 41: 86
14 International Human Genome Sequencing Consortium. Initial sequencing and analysis of the human genome. Nature, 2001, 409: 860-921
15 Chimpanzee Sequencing and Analysis Consortium. Initial sequence of the chimpanzee genome and comparison with the human genome. Nature,
2005, 437: 69-87
16 Gibbs R A, Rogers J, Katze M G, et al. Evolutionary and biomedical insights from the Rhesus Macaque genome. Science, 2007, 316: 222-234
17 Hodgson J A, Sterner K N, Matthews L J, et al. Successive radiations, not stasis, in the South American primate fauna. Proc Natl Acad Sci USA,
2009, 106: 5534-5539
18 Palesch D, Bosinger S E, Tharp G K, et al. Sooty mangabey genome sequence provides insight into AIDS resistance in a natural SIV host. Nature,
2018, 553: 77-81
19 Zimin AV, Cornish A S, Maudhoo M D, et al. A new rhesus macaque assembly and annotation for next-generation sequencing analyses. Biol
Direct, 2014, 9: 20
20 Yan G, Zhang G, Fang X, et al. Genome sequencing and comparison of two nonhuman primate animal models, the cynomolgus and Chinese
rhesus macaques. Nat Biotechnol, 2011, 29: 1019-1023
21  Warren W C, Jasinska A J, Garcia-Pérez R, et al. The genome of the vervet (Chlorocebus aethiops sabaeus). Genome Res, 2015, 25: 1921-1933
22

376

Liedigk R, Yang M, Jablonski N G, et al. Evolutionary history of the Odd-Nosed Monkeys and the phylogenetic position of the newly described


https://doi.org/10.1126/sciadv.1600946
https://doi.org/10.1002/ajp.22394
https://doi.org/10.1002/ajp.22631
https://doi.org/10.1002/ajp.22631
https://doi.org/10.1016/j.cub.2017.09.047
https://doi.org/10.2307/1382262
https://doi.org/10.1007/s10764-005-5332-4
https://doi.org/10.1007/s10764-008-9317-y
https://doi.org/10.1002/evan.20283
https://doi.org/10.1896/0898-6207.20.1.1
https://doi.org/10.1896/0898-6207.20.1.1
doi: 10.2307/1294658
https://doi.org/10.1038/35057062
https://doi.org/10.1038/nature04072
https://doi.org/10.1126/science.1139247
https://doi.org/10.1073/pnas.0810346106
https://doi.org/10.1038/nature25140
https://doi.org/10.1186/1745-6150-9-20
https://doi.org/10.1186/1745-6150-9-20
https://doi.org/10.1038/nbt.1992
https://doi.org/10.1101/gr.192922.115

REBE: ARl 2019 F 49 % 4

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37
38

39

40

41

42

43

44

45

46

47

48

myanmar Snub-Nosed Monkey Rhinopithecus strykeri. PLoS ONE, 2012, 7: €37418

Yu L, Wang X, Ting N, et al. Mitogenomic analysis of Chinese snub-nosed monkeys: evidence of positive selection in NADH dehydrogenase
genes in high-altitude adaptation. Mitochondrion, 2011, 11: 497-503

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. Nat Genet, 2016, 48: 947-952

Zhou X, Wang B, Pan Q, et al. Whole-genome sequencing of the snub-nosed monkey provides insights into folivory and evolutionary history. Nat
Genet, 2014, 46: 1303-1310

Ben Salem N, Leendertz F H, Ehlers B. Genome Sequences of Polyomaviruses from the Wild-Living Red Colobus (Piliocolobus badius) and
Western Chimpanzee (Pan troglodytes verus). Genome Announc, 2016, 4: e01101

Kuroki Y, Toyoda A, Noguchi H, et al. Comparative analysis of chimpanzee and human Y chromosomes unveils complex evolutionary pathway.
Nat Genet, 2006, 38: 158-167

Priifer K, Munch K, Hellmann I, et al. The bonobo genome compared with the chimpanzee and human genomes. Nature, 2012, 486: 527-531
Gordon D, Huddleston J, Chaisson M J P, et al. Long-read sequence assembly of the gorilla genome. Science, 2016, 352: aac0344

Locke D P, Hillier L D W, Warren W C, et al. Comparative and demographic analysis of orang-utan genomes. Nature, 2011, 469: 529-533
Carbone L, Alan Harris R, Gnerre S, et al. Gibbon genome and the fast karyotype evolution of small apes. Nature, 2014, 513: 195-201
Marmoset Genome Sequencing and Analysis Consortium. The common marmoset genome provides insight into primate biology and evolution.
Nat Genet, 2014, 46: 850-857

Schmitz J, Noll A, Raabe C A, et al. Genome sequence of the basal haplorrhine primate 7arsius syrichta reveals unusual insertions. Nat Commun,
2016, 7: 12997

Meyer W K, Venkat A, Kermany A R, et al. Evolutionary history inferred from the de novo assembly of a nonmodel organism, the blue-eyed
black lemur. Mol Ecol, 2015, 24: 4392-4405

Perry G H, Reeves D, Melsted P, et al. A genome sequence resource for the aye-aye (Daubentonia madagascariensis), a nocturnal lemur from
Madagascar. Genome Biol Evol, 2011, 4: 126-135

Hawkins M T R, Culligan R R, Frasier C L, et al. Genome sequence and population declines in the critically endangered greater bamboo lemur
(Prolemur simus) and implications for conservation. BMC Genomics, 2018, 19: 445

Perelman P, Johnson W E, Roos C, et al. A molecular phylogeny of living primates. PLoS Genet, 2011, 7: ¢1001342

Wall J D, Schlebusch S A, Alberts S C, et al. Genomewide ancestry and divergence patterns from low-coverage sequencing data reveal a complex
history of admixture in wild baboons. Mol Ecol, 2016, 25: 3469-3483

Blewett E L, Sherrod C J, Texier J R, et al. Complete genome sequences of Mandrillus leucophaeus and Papio ursinus cytomegaloviruses.
Genome Announc, 2015, 3: e00781

Rogers J, Garcia R, Shelledy W, et al. An initial genetic linkage map of the rhesus macaque (Macaca mulatta) genome using human
microsatellite loci. Genomics, 2006, 87: 30-38

Bowden R, MacFie T S, Myers S, et al. Genomic tools for evolution and conservation in the chimpanzee: Pan troglodytes ellioti is a genetically
distinct population. PLoS Genet, 2012, 8: ¢1002504

Averdam A, Kuschal C, Otto N, et al. Sequence analysis of the grey mouse lemur (Microcebus murinus) MHC class II DQ and DR region.
Immunogenetics, 2011, 63: 85-93

Rogers J, Gibbs R A. Comparative primate genomics: emerging patterns of genome content and dynamics. Nat Rev Genet, 2014, 15: 347-359
Miller W, Makova K D, Nekrutenko A, et al. Comparative genomics. Annu Rev Genom Hum Genet, 2004, 5: 15-56

Pipes L, Li S, Bozinoski M, et al. The non-human primate reference transcriptome resource (NHPRTR) for comparative functional genomics.
Nucl Acids Res, 2013, 41: D906-D914

Fawcett G L, Raveendran M, Deiros D R, et al. Characterization of single-nucleotide variation in Indian-origin rhesus macaques (Macaca
mulatta). BMC Genomics, 2011, 12: 311

Hernandez R D, Hubisz M J, Wheeler D A, et al. Demographic histories and patterns of linkage disequilibrium in Chinese and Indian rhesus
macaques. Science, 2007, 316: 240-243

Mailund T, Halager A E, Westergaard M, et al. A new isolation with migration model along complete genomes infers very different divergence

processes among closely related great ape species. PLoS Genet, 2012, 8: ¢1003125

377


https://doi.org/10.1371/journal.pone.0037418
https://doi.org/10.1016/j.mito.2011.01.004
https://doi.org/10.1038/ng.3615
https://doi.org/10.1038/ng.3137
https://doi.org/10.1038/ng.3137
https://doi.org/10.1128/genomeA.01101-16
https://doi.org/10.1038/ng1729
https://doi.org/10.1038/nature11128
https://doi.org/10.1126/science.aae0344
https://doi.org/10.1038/nature09687
https://doi.org/10.1038/nature13679
https://doi.org/10.1038/ng.3042
https://doi.org/10.1038/ncomms12997
https://doi.org/10.1111/mec.13327
https://doi.org/10.1093/gbe/evr132
https://doi.org/10.1186/s12864-018-4841-4
https://doi.org/10.1371/journal.pgen.1001342
https://doi.org/10.1111/mec.13684
https://doi.org/10.1128/genomeA.00781-15
https://doi.org/10.1016/j.ygeno.2005.10.004
https://doi.org/10.1371/journal.pgen.1002504
https://doi.org/10.1007/s00251-010-0487-3
https://doi.org/10.1038/nrg3707
https://doi.org/10.1146/annurev.genom.5.061903.180057
https://doi.org/10.1093/nar/gks1268
https://doi.org/10.1186/1471-2164-12-311
https://doi.org/10.1126/science.1140462
https://doi.org/10.1371/journal.pgen.1003125

RIS B A R D AH 2 (AR N RARSEIE LR A AT 7 it Fie

49
50
51
52
53
54

55
56

57

58

59

60
61

62

63

64
65

66
67

68

69

70

71

72

73

74

75
76

77

378

Chahroudi A, Bosinger S E, Vanderford T H, et al. Natural SIV hosts: Showing AIDS the door. Science, 2012, 335: 1188-1193

Jarvis D E, Ho Y S, Lightfoot D J, et al. The genome of Chenopodium quinoa. Nature, 2017, 542: 307-312

Bailey K E, Lad S E, Pampush J D. Functional morphology of the douc langur (Pygathrix spp.) scapula. Am J Primatol, 2017, 79: ¢22646
Struhsaker T T. Colobine monkeys. Their ecology, behaviour and evolution. Int J Primatol, 1995, 16: 1035-1037

Liu G, Walter L, Tang S, et al. Differentiated adaptive evolution, episodic relaxation of selective constraints, and pseudogenization of umami and
sweet taste genes TAS1Rs in catarrhine primates. Front Zool, 2014, 11: 79

Zhang J, Zhang Y, Rosenberg H F. Adaptive evolution of a duplicated pancreatic ribonuclease gene in a leaf-eating monkey. Nat Genet, 2002, 30:
411-415

Zhang J. Parallel adaptive origins of digestive RNases in Asian and African leaf monkeys. Nat Genet, 2006, 38: 819-823

Zhou X, Meng X, Liu Z, et al. Population genomics reveals low genetic diversity and adaptation to hypoxia in snub-nosed monkeys. Mol Biol
Evol, 2016, 33: 2670-2681

Sand H, Cederlund G, Danell K. Geographical and latitudinal variation in growth patterns and adult body size of Swedish moose (4/ces alces).
Occologia, 1995, 102: 433442

Liu Z, Tan X, Orozco-terWengel P, et al. Population genomics of wild Chinese rhesus macaques reveals a dynamic demographic history and local
adaptation, with implications for biomedical research. Gigascience, 2018, 7: 1-14

Meyerson N R, Rowley P A, Swan C H, et al. Positive selection of primate genes that promote HIV-1 replication. Virology, 2014, 454-455: 291—
298

Stone A C, Verrelli B C. Focusing on comparative ape population genetics in the post-genomic age. Curr Opin Genets Dev, 2006, 16: 586591
Maestripieri D. Macachiavellian Intelligence: How Rhesus Macaques and Humans Have Conquered the World. Chicago: The University of
Chicago Press, 2007

Xue C, Raveendran M, Harris R A, et al. The population genomics of rhesus macaques (Macaca mulatta) based on whole-genome sequences.
Genome Res, 2016, 26: 1651-1662

Haus T, Ferguson B, Rogers J, et al. Genome typing of nonhuman primate models: Implications for biomedical research. Trends Genets, 2014,
30: 482487

Xiao Y, Wang C, Chen J Y, et al. Deficiency of PRKD?2 triggers hyperinsulinemia and metabolic disorders. Nat Commun, 2018, 9: 2015

Li P, Du L, Li W, et al. Generation and characterization of the blood transcriptome of Macaca thibetana and comparative analysis with M.
mulatta. Mol Biosyst, 2017, 13: 1121-1130

Baresi¢ A, Martin A C R. Compensated pathogenic deviations. Biomol Concepts, 2011, 2: 281-292

Fan Z, Zhao G, Li P, et al. Whole-genome sequencing of Tibetan Macaque (Macaca thibetana) provides new insight into the Macaque
evolutionary history. Mol Biol Evol, 2014, 31: 1475-1489

Liu G, Zeng T, Yu W, et al. Characterization of intraocular pressure responses of the Tibetan monkey (Macaca thibetana). Mol Vis, 2011: 1405—
1413

Zhong X, Peng J, Shen Q S, et al. RhesusBase PopGateway: genome-wide population genetics atlas in Rhesus Macaque. Mol Biol Evol, 2016,
33: 1370-1375

Fang X, Zhang Y, Zhang R, et al. Genome sequence and global sequence variation map with 5.5 million SNPs in Chinese rhesus macaque.
Genome Biol, 2011, 12: R63

Watase K, Zoghbi H Y. Modelling brain diseases in mice: The challenges of design and analysis. Nat Rev Genet, 2003, 4: 296-307
Allendorf F W, Hohenlohe P A, Luikart G. Genomics and the future of conservation genetics. Nat Rev Genet, 2010, 11: 697-709

Funk W C, McKay J K, Hohenlohe P A, et al. Harnessing genomics for delineating conservation units. Trends Ecol Evol, 2012, 27: 489-496
Luikart G, England P R, Tallmon D, et al. The power and promise of population genomics: From genotyping to genome typing. Nat Rev Genet,
2003, 4: 981-994

Smith J M. Evolution and The Theory of Games. Cambridge: Cambridge University Press, 1982

Wright K A, Stevens N J, Covert H H, et al. Comparisons of suspensory behaviors among Pygathrix cinerea, P. nemaeus, and Nomascus
leucogenys in Cuc Phuong National Park, Vietnam. Int J Primatol, 2008, 29: 1467-1480

Rawson B M. The Socio-Ecology of The Black-Shanked Douc (Pygathrix nigripes) in Mondulkiri Province. Dissertation for Doctoral Degree.
Cambodia: The Australian National University, 2009


https://doi.org/10.1126/science.1217550
https://doi.org/10.1038/nature21370
https://doi.org/10.1002/ajp.22646
https://doi.org/10.1007/BF02696118
https://doi.org/10.1186/s12983-014-0079-4
https://doi.org/10.1038/ng852
https://doi.org/10.1038/ng1812
https://doi.org/10.1093/molbev/msw150
https://doi.org/10.1093/molbev/msw150
https://doi.org/10.1007/BF00341355
https://doi.org/10.1093/gigascience/giy106
https://doi.org/10.1016/j.virol.2014.02.029
https://doi.org/10.1016/j.gde.2006.09.003
https://doi.org/10.1101/gr.204255.116
https://doi.org/10.1016/j.tig.2014.05.004
https://doi.org/10.1038/s41467-018-04352-z
https://doi.org/10.1039/C6MB00771F
https://doi.org/10.1515/bmc.2011.025
https://doi.org/10.1093/molbev/msu104
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3108893/
https://doi.org/10.1093/molbev/msw025
https://doi.org/10.1186/gb-2011-12-7-r63
https://doi.org/10.1038/nrg1045
https://doi.org/10.1038/nrg2844
https://doi.org/10.1016/j.tree.2012.05.012
https://doi.org/10.1038/nrg1226
https://doi.org/10.1007/s10764-008-9319-9

REBE: ARl 2019 F 49 % 4

78 Enard W, Padbo S. Comparative primate genomics. Annu Rev Genom Hum Genet, 2004, 5: 351-378
79 Varki A. A chimpanzee genome project is a biomedical imperative. Genome Res, 2000, 10: 1065-1070
80 Basselin M, Ramadan E, Rapoport S 1. Imaging brain signal transduction and metabolism via arachidonic and docosahexaenoic acid in animals

and humans. Brain Res Bull, 2012, 87: 154171

Research progress of adaptive evolution of non-human primates based
on genomics

ZHANG LiYE"?, LIU ZhiJin' & LI Ming"”

1 CAS Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Beijing 100101, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China;
3 Center for Excellence in Animal Evolution and Genetics, Chinese Academy of Sciences, Kunming 650223, China

Genomics research of non-human primates can not only explore its molecular mechanisms of evolution and adaptation, but also
improve the exploration and utilization of its genetic resources. Recently, the development of genome sequencing methods and its
related technologies have made a great contribution to the genomic studies of non-human primates, especially in their adaptation and
evolution. Therefore, we summarized the trends of genomics research of non-human primates, analyzed and discussed the research
progress of adaptative evolution and biomedical research about non-human primates. This review provides an outlook of the
genomics and evolutionary biology of non-human primates in this review, aiming to give a valuable guideline for the future genomic
study and sustainable exploitation and utilization of non-human primate resource.

non-human primates, genome, adaptive evolution, biomedical research

doi: 10.1360/N052018-00206

379


https://doi.org/10.1146/annurev.genom.5.061903.180040
https://doi.org/10.1101/gr.10.8.1065
https://doi.org/10.1016/j.brainresbull.2011.12.001
https://doi.org/10.1360/N052018-00206

	基于全基因组学的非人灵长类适应性进化的�研究进展
	1��� 非人灵长类食性适应分子机制
	2��� 非人灵长类高海拔适应分子机制
	3��� 非人灵长类对不同纬度气候适应的分子机制
	4��� 非人灵长类运动能力适应分子机制
	5��� 非人灵长类免疫系统的适应性及其对生物医学研究的启示
	6��� 总结与展望


