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Y-chromosome of 179 individuals in these three isolated populations, all mutations and SNPs in
the Y-chromosome and their corresponding haplotypes were obtained. Types and frequencies of
each haplotype were analyzed to investigate genetic diversity and genetic structure in the three
isolated populations. The results showed that 12 haplogroups were detected in the Keriyan with
high frequencies of the J2albl (25.64%), Rlalalb2a (20.51%), R2a (17.95%) and Rlalalb2a2
(15.38%) groups. Sixteen haplogroups were noted in the Lopnur with the following frequencies:
J2al (43.75%), J2a2 (14.06%), R2 (9.38%) and Llc (7.81%). Forty haplogroups were found
in the Dolan, noting the following frequencies: R1blalal (9.21%), Rlalalb2ala (7.89%),
Rlalalb2a2b (6.58%) and C3cl (6.58%). These data show that these three isolated populations
have a closer genetic relationship with the Uygur, Mongolian and Sala peoples. In particular,
there are no significant differences in haplotype and frequency between the three isolated
populations and Uygur (/=0.833, p=0.367). In addition, the genetic haplotypes and frequencies in
the three isolated populations showed marked Eurasian mixing illustrating typical characteristics

of Central Asian populations.
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Moo SHEBEMAEE. XTIHRFEMASEAEW: AR IEERNER: AANN
e b 2 R R I NI v BUHE 2 2000 AE AR R I HT R NI — 3

B A5 N AL 5 3 T yb B R ) B AT AL, DR R T IR AL . B A A TR
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Fig.1 The populations distribution map
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2.2 2 FE4H DNA 25

Genview 24 @] #& [K 20 DNA f#2 R 7 & (B0« PR 34 IR ) & i 0 IR 4R
HURE K 4] DNA; FEA . GREEEOHL: TG24-WS, H M %2 R 28 54 A PR A A
Witr: Nichipet V, Nichiryo A #]; WEiRIE S 2E: ZHE V6, | KL MAXB AR AT H
M =F/KF: HHW21.420ALL, RiFERMEACIEHR A .

23Y REAERDFIINF R BEESE

WP 3 Gy A E 3245 : NanoDrop I &2 gDNA ¥ — B I 0 5 i H PG 2
gDNA ] 52 % 4 — i ] Covaris ¥ gDNA §] Wt — i sample purification beads it 17 46 1k,
— BRI R B 1V AR S P R AT BRI — FE 37 R A— Fr By i 43 79 5 18
RSk E R (Hp — A G R R Y barcode [7 51, H BAIX A FEAR BRI —
AL =) 2 BREFEA e B ) PR DL Sk B E ) — 38 F 58k 7 51 oAb e H 5
Yixt 2 347 8 MEIFH) PCR § 19 — 4lifk, PCR 3§14 774 2 55 51 W — B AK — Bl Bl Bk I
HAL UK J5 K6 K2 Quibit & JE I 52 F1 2100 Bioanalyzer Fi B K JE il '8 —gDNA 2 # @& 58 i —
P gDNA W EIR E 2 3 nM— 7E cBot |52 % cluster generation— $4 flowcell ##% 3|
HiSeq X /7 £ %t I, ¥4I Nlumina AR AERAZZEAT I 15 2 BG4 1) 56 B B2 7 471
B RE Oy T, AR SR AR ) SNP A7 S K 4 YCC ®3% Chttps:/isogg.org/tree/OLDISOGG-
YDNA-SNP-Index.html) 5] Lt 72 A S & 1) S5 T
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3.1 Y-SNP S{EEME ST

SABEESNEEY Gtk SRR SR A A LR 1. v BLAR KT 6 K A B
12 A EE KA, b B % B T2albl (25.64%), Rlalalb2a (20.51%), R2a (17.95%),
Rlalalb2a2 (15.38%) #iZE . D AT Nkl t 8 K& A58 16 MRAERERA, H sy
B I2al (43.75%), J2a2 (14.06%), R2 (9.38%), L1a2 (7.81%) $i%&m. JIEE AR H 10 K
FHAEREIL 40 MR REEA, K PSRRI K S ER R Az, Horb 3 A
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Tab.1 Y-chromosome haplogroup frequency distribution

AR BEE (%) AR BEE (%) FAER BEE (%) AR B (%)
C3cl 2.56 C3cl 3.13 C3b 3.95 Qlbl 2.63
G2a2b2ala2a 2.56 H1 1.56 C3f 1.32 Qla2 1.32
H 2.56 J2al 43.75 C3cl 6.58 Qlalal 1.32
H1 2.56 J2a2 14.06 Dla 1.32 Qla2alc 1.32
J1a2b3 2.56 Jla2b 1.56 D3a 2.63 Qla2alcl 1.32
J2albl 25.64 Llc 7.81 G2a 2.63 RIbl 2.63
O3a2cla 2.56 Nlclala 1.56 G2alala 1.32 R1blb 1.32
Rlblal 2.56 O2ala 1.56 G2a2blb 1.32 Rlblala 1.32
Rlalalb2a 20.51 03a2c 4.69 G2a2b2a 1.32 Rlblalal 9.21
Rlalalb2a2 15.38 0O3a2cla 1.56 H2 1.32 Rlalalb2 1.32
Rlalalb2a2a 2.56 Qlalal 1.56 J2al 3.95 Rlalalb2a 1.32
R2a 17.95 Rlblal 1.56 J2a2 3.95 Rlalalb2al 1.32
Rlalalb2 1.56 J1a2b2 1.32 Rlalalb2a2 5.26
Rlalalb2a2 3.13 Nlb 1.32 Rlblala2a2 1.32
Rlalalb2ala 1.56 Nlc2 1.32 Rlalalb2ala 7.89
R2 9.38 Nlc2b 1.32 Rlalalb2a2a 5.26
Niclal 1.32 Rlalalb2a2b 6.58
03a2c 2.63 Rlalalbla2b3 1.32
03a2c2 1.32 R2 1.32
03a2cla 1.32 Tlala 1.32
B —ZAARERARGRERME,; ZWAAFAARGRINE,; BFWA| A T AREER TR,
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Fig.2 The principal component analysis of Y chromosome
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Fig.3 The principal component analysis of Y chromosome
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Tab.2 Y-chromosome haplogroup frequency distribution of 20 populations

TR~
NG | C D F G H J K L N 0 p Q R T
B
KA(39) 2.56 256 512 2820 2.56 58.96
LB(64) 1.56 59.37 781 156 781 156  17.19
DL(76) 1185  3.95 659 132 922 528 527 791 4739 132
HTW@478)* 837 272 084 565 356 15.69 3.56  5.02 14.23 774 2824
TLFW(143)* 1678  2.80 0.70 12.59 0.70 490 10.49 1538 32.87
WZBKZ(23)*"" 435 8.69 34.78 8.69 13.04
TIKZ(31)% 323 6.45 16.13 323 61.29
KEKZZ(45)""  8.89 444 444 222 7111
SLZ(135)* 5.93 4.44 222 519 296 148 2222 519 296 4444
HZ(175)" 9.71 4.00 171 171 1143 457 46.29 457 1371
HSKZ(87)*"  32.18 1.15 230 59.77 3.45
77(289) 690 2580 6.60 11.40 33.50
XJH(32)™ 6.25 3.13 56.24 3.13 6.25
GSH(30)!"” 20.00 10.00 6.67 40.00 6.67
GDH(35)" 8.57 2.86 65.71
SCH(34)"™ 11.76 2.94 5588
TTEZ(33)*" 60.60
ELSZ(19)*" 1053 526 5.26 47.37
XBZ(32)*" 12.50 3.13 15.63 28.12 3.13
MGZ(129)*"  27.13  34.11 0.78  4.65 1.55 233 775 078 543 1550

E: OKA: #EFA, LB: B4 A, DL: B8 A, HTW: fol 4 5 /R ik, HTWZ: foH % &/ jk, TLEW: ok € % 4 & /R ik,
HZ: 7%, HSKZ: #h %50 7k, WZBKZ: &3k 5| 55 ik, TIKZ: ¥ % w ik, KEKZZ: #] /R % % #k, TTEZ: %34 /R ik, ELSZ:
#® % ik, XBZ: #3107k, MGZ: ¥ # ik, SLZ: ¥ ik, XJH: # 58X, GSH: H # X, GDH: /" A&, SCH: W)l %, @
HE NI RBR XM 19-22, BREAFERAAHRLE, XTHAAREGEAE LK. QRESEAREEH I X
FIEANT B I BELRE, FTUELEAHLEERE ZEHAR -2 EEALE TR LAY ZHATEIH, o HT
B G, —WABLE Gla, Ga X MNEK, F—WAHLE G, G2,G3, MAMARAGEHEEGIMNER, &
HENTBESZEIH—NEEHG KK

RIRIERIN A R CARR) ; FHDOE. Wik, SP k. Hik. Sak. i)
ERIARIERIA B R2E (@K o A BB R FAAFHE L e A5 MR IR &,
H2 O FARERE R R A BE AR IR AR B R AR IX P K 2E B B LR Ui 0
RERAR B S A BB IR O FI R K BB R 22 il i 25 (1=8.42,
p<0.01; =6.41, p<0.01) , FLIRIXPHA BRI 2 72K SR T EZERH &
BT NAH R 2 A BRI TN & Wi A 1) 3(59.37%) 5l A2 12a1(43.75%), i T A
RARPHADNTE: FMRE A B RKE 2N, —RZEATHMEEN C (27.13%) A1 D
(34.11%), —7& O, R P R ALHE S L U0 A5 B AR Ab T P AN SRR R R K
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MegaZ.0 Sk PR ABERO AN (ND) Rt — =
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%, LB, DL, KA BEBE L, J5'5 HTW, —E‘é;’im
TLFW %% —i2, 5 MGZ, SLZ, HZ 3:[ I—
PREE— K3, BWMBATSEG R R, U  E——
HOR EA T 4 TR HR R 6 BRI ’_[_,:
E WP, ZZ, ELSZ, HSKZ, XBZ b —itd |
AR =N ICRERRIL: TIKZ, gy gaygrs ) ARG
TTEZ, KEKZZ, WZBKZ % 1E— 2 B N = Fig.4 Using neighbor joining method (NJ)
K, MG EESE SEE A., constructed the population system phylogenetic tree

gi bRk, WATIEH T 2 R AL Gk 20 b I3 A8 A 5] 0 00 Tk = A RE B R A0 B A
RERBUAIRZAAT T 00, Wam = ANBER) Y Yt iRt f% 2 BEPE AN A% G54 15 45 35 7Kk
ZERMRAN, RGRARI.
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41 ZNRBEAE Y 2EANREEND

WY etk pyl e, s BN SR I T 27 A4y SNP RARN i, R 3 12
ANERERT, J2albl (25.64%), Rlalalb2a (20.51%), R2a (17.95%), Rlalalb2a2 (15.38%)
A AH 0L R, R LR SNP Ry 3R AR A A4 i D (M260, Pagel4, M92), (L342.2, S278.2,
794),(P249, 1266, PF6108, P267, PF6109, M124), (Z2124). R F1 J /> 32 B4 8 K 3 F i
B BEAT R A 87.16%, R BESZ 5 58.96%, J BES 7 28.20%, Ay d B N BERFAE FA 15
DA NSRRI T 41 /> SNP RAAL AT, ko0t 16 MRAEHEEAY . J2al (43.75%), J2a2
(14.06%), R2 (9.38%), Llc (7.81%), O3a2c (4.69%) %5 K AH X 8¢ 5y, %F ) SNP = 4 58 48
7 5543 59 (L26, PF5110, Page55, S57, L27, PF5111, S396), (L581, S398), (M479, PF6107),
(M357, L1307), (F130, F131, P164, CTS4723, F422, F299, F422, F427, CTS11109, CTS12099).
R AT AN 3 A5 B S FL R U B B 2R R Ak 76.56%, T B S 59.37%, R BESC
17.19%, % A NFERFAE SRS RE . LR O BAE B L T SRR HEAI R 7.81%. JJRB &
JLRILT 145 4~ SNP A4 5, LRI 20t 40 P eSS . G R ) Ve A ) P T
Rlblalal (9.21%), Rlalalb2ala (7.89%), Rlalalb2a2b (6.58%), Rlalalb2a2 (5.26%), C3cl
(6.58%) MFEAHRT EL i, X R SNP = M R AR A7 13 73 il A (M478), (Y7), (Z22122), (Z2124),
(M77,M86). R, C, T = AR S HL T I A AR =74 68.46%, R HE S (5 47.39%, C 3¢
i 11.85%, THESCH 9.22%, J9JJRE ABFRHIEFRASHE . C, T, O, R FUAEHE S R 0 A5 HEAE
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Tab.3 The main haplogroups of population comparison

F AR RS

N
C D E G H ] L N 0 Q R

KA 2.56% 256%  5.12%  28.20% 2.56% 58.96%
LB 1.56% 5937%  7.81%  1.56%  7.81% 1.56% 17.19%
DL 11.85%  3.95% 6.59%  1.32%  9.22% 528%  5.27% 7.91% 47.39%
HTWE 8.37% 2.72% 251%  5.65%  3.56%  15.69% 3.56%  5.02%  14.23%  7.74% 28.24%
TLEW! 16.78%  2.80% 2.80%  0.70% 12.59% 0.70%  4.90%  1049%  1538%  32.87%
MGZPY 27.13%  34.11% 0.78%  4.65%  1.55% 233%  7.75% 5.43% 15.50%

Er EAREAM EERR KERRE R RAREL, B E A A B A AR e 25 A B SRR A .
E# C,D,0 ZEQMET NN AT LEH; BEHG LR EEQHABMNAM, GHRLITSEHMN. ¥,

SAREANBRE S A, D, G, H, L, N, Q BUA5HE K HF U T B A5 BEALE AN B R AN A7 AE
B BT REARIRBI R (R 1D o ZABEE AR 5 R B0 op [ 763 AR
B IR A 4B R R MRS, S IERIEA - B PY 4 R IR Y et kit
2R R DL R R B, YOI =B BN S 4 R I s A 2 R 2R AL
CUA R B A5 B T = B AR RN KRG (RTHhef . R NS @A) , fEHR AR (45
IR 14.43%, [AI1E 11.43%) AT Z 0040 . 2 BIESAEIIE. R BRI,
BRI N 20%, PUHEA RN 10%. BA5RE R 8 ENRRE R0 EERHA, SoAh
TR, FE, DUK 2% 47, HERR DR R s (4EE R 32.87%, ik
44.44%, ¥ R 64.52%) PY, R2BIAETENEEILER. EEMIH, Wb i X, iR
1E 5%-10%. O HAE R A RIA R W NEE, T2 SR E AR, D05 75% UL 1
02 & [ B WL B RE, 3B M AN R WA AR, 5 DR 50%-60% A4 7. HItE
H = ANBE B AT A RSO LA R RRVR S B % . Zhong 25 PV F e 8 R WAk 5 A
Q. R ELAEHEL) 1.8 J3 - Bl AR KA UK 5 B B AR g N AN AR WAL ST, AR R
SR DX o DNA FEARIRTFEIA N, ERROKRG A 7830 AN HEE 58T R X T 46 VA 1R B 1]
KMEH 2500 4E47 27,
42 TRIERBEHE=IRBEABPNRERS

BB CAERT.. R KEFEMNEET ZHIS A, SN NRrE TR, HEJEM
R ETHE, B N HOA AR, — 2 NEAE T R R YRR AL ) Y T R ik
NP ARER ZEdrs PRI 250 sl A TR R F 18 RS2 AT i WA 5
SRR 3555, DURLIN 5%-10%. FAEHE G IR T AR R, EHEHE, Epas
M DR LT, 73 s RS A i R R 9 Bk P G2 HIAE o R 32 Uk Y
M N VR JEZENS, BIVKEALZE R G2 &N M GE A 2R Al BRI B AL A AR R 1, A kit
N RR AR B R P38 0 BAE i A A T B, W&, WA v e, o
Se K RO A (HEEIRIR 9.52%) P, BERE T 4 1.5 JTAERTHEAE T8 ikt BLEE
AR fe i M X G o R — b A — R EEMR LT s T ZERRINIF AR UL 0 AR 72 i iRE B, 37
AR Z G, BEE LRI 5K, TGS B — 584 BE T AR — 380 Ak B adk NG vt B
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AR, 2 RIETIER, MEERLVSCHPIRE, BN ELR ML & hEE N
BB S X — 3t R A EE T RR , FE . RO XA R A B B RE O R
HLfEHE Ola, Olblala, O2 J& AR WILA NFEH 43 Al de) 12 0% R LA RE, M2 7 50% LA |,
Horh 02 ARTE 40% L E PY, [Hamsg P E ] it O N AR W T Rds, FANALhE
G . BAEHEE R A USRS HE R A R2 4%, [ 32 A A fE 0 RRORRE , 3 A B
HlE, PENE SR X B, s AR SO A AN BRI 5K, SRR BB AR Y Rlala BA5RERE
25K, Tz S A ERRI L O B ARER. EDREEPUL. ELEETE B s aRiE BT,
PUARERIM N A58 R1blala2 & WL, Rl fETUER, SER 2078 40%-80%.

PN g 255 5 AR KEREREE N RS ST pE, B RIER C, D, O
B R ARAE A58 % G, 1, R BB V2 0 AR AERRWE KR, Ao A S
Wy FEWE. PEI B gy g g AR NRROIE KB A B HX A, 0 b i Ak 2
P IO BT R T NRAHINE, EIXKH ERWAR B AR MM, BRIMA
BEAVERITHE, K2 U0CCHES . RIERERG AR A, B I 1) B AR 1 T
T IS BN B A 4584
43 ZNRB AR REIRHENT

i, LA N P B A A B S AR 5 1 P 4 R N e, ELR I 2 A 43 AT R R 4
B 23 BT 78 R R AR T ISR G 00 R, FRATTWIDHET o2 FUHE A by b i+ R R, H
S4B IR NG IR . Chen ™ S0 72 0 70 BLAE N IS 2R S B B A% 4 thAIE B LA 2 7
SR R 1) 5 6 50 EUME AR R PR IR A I A, W] Re AR T 2 b 4k B R BEIR . BesR 2 ™
SERIE T I o R N R P A R 70 S B RN~ S R 22 S R AT BT AR I (1) 2R 5 N BRI 7
NBEZ 8. BRG0R B U I A0 38 A TRES)Ab 1 4R 05 AR (AT 28 R0 G 7 AT ) R
R, JFHE RN SgEE R NERE SR, RPMNZ B REVIFEE KR,

KT B0 NWREIR,  JR BP0 /R i FEAR A 2 A N IR o R Ak ) 1y FE 2 58 N R
L NIRIM; 1934 4, PEGE 82 7R FLAET Mol R I T 35 4 0l VA T 22 50 8, &l it
FEHIWABA AR 22 B mT 25 N P B 2R B SC it SC T T o 53 485 s 2%
FINATHNRE BRI WEHE, R, B2 NERIEGER, 20N EH R
S RIYEE R EE S SRS, RE SR (PG « (PUE LR FdEk 17
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