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Abstract ; In the study, 12 wild apples groups of Xinjiang were used which included the four populations of
Xinjiang Gongliu, Xinyuan , Huocheng, and Tuoli as materials, involving in group microsatellite allele and genotype
differences analysis of 12 linkage groups with 17 pairs of SSR primers, exploring genetic diversity and genetic struc-
ture of natural populations of Xinjiang wild apples from geographic populations,the altitude and the type of primer
perspective. The results showed that the percentage of intraspecific polymorphic loci in Xinjiang wild apples with 17
pairs of SSR primers was up to 100% . And the genetic diversity of group XY1 and HC2 were higher. Clustering re-
sults showed that the groups of the same population were divided in the same group. The genetic relationships of the
Gongliu population and the Huocheng population were nearest, the Xinyuan population was followed , the Tuoli popu-
lation was the farthest. The Huocheng population was the highest, while the Tuoli population was the lowest on ge-
netic diversity in the different regions. The impact on the population genetic structure of altitude was smaller, except-
ing between the observed heterozygosity and altitude there existed weak positive correlation, most genetic parameters
had no positive correlation with altitude. The variation within Xinjiang wild apples populations was greater than a-
mong populations , the differentiation among populations was small ,and the gene flow was higher.
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Table 1 Sampled site geographical position of natural populations in Malus sieversii( Lebed. ) Roem.

G LN ZJE(E) 4B (N) TR (m) I REEA L
No. Population Longitude Latidude Altitude Terrain Sample size
1 JLE (GL1) 82°49'23" 43°1520.9" 1189 IR 28
2 T (G12) 82°43'14.6" 43°13'6.2" 1242 A3 30
3 JLE (GL3) 82°45'16.9" 43°13'23" 1299 [k 30
4 JLER(GL4) 82°46'13" 43°14'3.1" 1327 [ 3k 30
5 TLEE (GLS) 82°51'37.2" 43°15'44.4" 1338 b 31
6 HE(GL6) 82°46'56. 9" 43°12'6.5" 1419 [k 30
7 TLE (GLT) 82°42'59. 4" 43°11'35.7" 1674 S Rib3 30
8 HIR (XY1) 83°35'7.1" 43°22'38.1" 1370 (31 30
9 BR (XY2) 83°36'52. 4" 43°22'34.2" 1448 3 30
10 ERE(HCL) 80°48"24.4" 44°27'52.1" 1401 (31 30
11 R (HC2) 80°59'51.5" 44°2228.0" 1320 35 30
12 FLH(TL) 83°20'1.4" 45°59'7.9" 1366 B3 30

TSR TR BT AR R A R A S

Letters and digital in bracket are abbreviation of corresponding population names

1.2 REFHE

1.2.1 DNA 2B 7EHm - Ryt b & A 5
Z W A Z WY 0T, ALY CTAB 45 311
DNA J5i i iA A 3 3F — 3 06 1 ok L 7E CTAB
P SRt SRR 2 S A A R S
BB AN S S DNA J5 & 0 AT I B Wi

SEY)S , Fa Tt — 2 e

1.2.2 SSRERIEHH  SSR 549K A CHk[ 10-11]
N 51 W A 1) ) 3 (Chitp ://www. hidras. unimi.
it) , WSEIR LR 17 A~ PR AL BkBE 30 XJ SSR
19, 2l vk, B 2m e 17 X 28w g s
W | EE A MRS SSR B4 (£ 2)
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Table 2 Messages of 17 SSR primers in Malus sieversii

' #FR L2l WERM FEEEPER (bp) Pric s R
No. SSR name Primer sequences(F and R) Repeat type Allele range Type of marker G
P182 MS14h03 CGCTCACCTCGTAGACGT Perfect 114 ~ 140 Single locus ;
ATGCAATGGCTAAGCATA
P84 CHO2h11a CGTGGCATGCCTATCATTTG Perfect 104 ~ 132 Single locus 4
CTGTTTGAACCGCTTCCTTC
P188 CH03d07 CAAATCAATGCAAAACTGTCA Perfect 186 ~226 Single locus 6
GGCTTCTGGCCATGATTTTA
P195 CHO5d04 ACTTGTGAGCCGTGAGAGGT Perfect 174 ~214 Single locus 12
TCCGAAGGTATGCTTCGATT
P199 CHO1d08 CTCCGCCGCTATAACACTTC Perfect 238 ~290 Single locus 15
TACTCTGGAGGGTATGTCAAAG
P201 CHO4f10 GTAATGGAAATACAGTTTCACAA Perfect 144 ~254 Single locus 16
TTAAATGCTTGGTGTGTTTTGC
P288 Hi02c07 AGAGCTACGGGGATCCAAAT Perfect 108 ~ 150 Presumed multilocus 1
GTTTAAGCATCCCGATTGAAAGG
P290 Hi03al0 GGACCTGCTTCCCCTTATTC Tmperfect 206 ~290 Single locus 7
GTTTCAGGGAACTTGTTTGATGG
P292 AJ320188SSR AACGATGCTTGAGGAAGAACA Perfect 191 ~245 Single locus 9
GCTTAACAGAAACATCGCTGA
P296 Hi02d04 TGCTGAGTTGGCTAGAAGAGC Perfect 224 ~250 Single locus 10
GTTTAAGTTCGCCAACATCGTCTC
P300 Hi08h12 GAAGGAAATCATCATCAAGACG Perfect 151 ~203 Presumed multilocus 10
GTTTCAAGACCATGGAACAACTTGG
P302 Hi2108 GAGAAAACGCAGAAGCATTG Perfect 234 ~282 Presumed multilocus 10
AGTAATGATTTCATCGCGAGTC
P306 CN496913SSR TGCCTTTGAGAATCGAAATG Perfect 236 ~278 Single locus 12
TGTTTGTCAATTTCTTGGAACTC
P308 Hi04205 CTGAAACAGGAAACCAATGC Perfect 190 ~258 Presumed multilocus 13
GTTTCGTAGAAGCATCGTTGCAG
P316 Hi07h02 CAAATTGGCAACTGGGTCTG Perfect 246 ~276 Single locus 17
GTTTAGGTGGAGGTGAAGGGATG
P318 AJOO1681SSR CCTGAGGTTATTGACCCAAAA Perfect 169 ~ 195 Single locus 17
CACTCAGTTGGAAAACCCTACA
P320 CHO2404 TTTTACCTTTTTACGTACTTGAGCG Compound 132 ~197 Single locus 17

AGGCAAAACTCTGCAAGTCC

PCR SRRSO A WSCR[10,12]  FHEf7—
SERPAE SR . BARR) PCR VAR ZR: 1.1 ul 10 x
PCR buffer ( 15 mmol/L Mg** ), 0. 8 pL dNTP
(2.5 mmol/L) ,0.5 pL forward primer (10 mmol/L) ,
0.5 pL reverse primer (10 mmol/L) ,4 wL DNA tem-
plate (5 ng/pL),3 pL ddH,0,0.1 pL Tag enzyme
(5 U/pL) , 310 pL,

PCR [ R ¥ 2% EL A I SCHR [ 11,13 ], W5 A7
s, BARAFE R .95 C 1 min,94 °C 4 min,4

&I (94 °C 50 5,65 C 55 s(BAEHRIE 1 C) ,
72 °C 60 s) ,30 MEH(94 °C 50 5,60 C 555,72 C
60s) ,72 C#EfH1 5 min, 4 CHR, 17 XF SSR 51411y
1B KR EE R 60 °C

PCR RN 255 B 389 1 pL 5iGfe 6 x
loading buffer 1 G, 75 10% JE 25 14 5 T Jeis Mok e 58 e
A THLYK AR 200 'V, TR 5 HE R S sh B B
JEEEHR 1 em AbEHf5 1k Lk, e e aek AR e vk g £,
BN &M, KB Marker 25 TaKaRa 2 &) 4 72 19
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20 bp DNA Ladder Marker,
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M:Marker (20bp); 1~28: R34 ¥4 5
M:Marker (20bp), 1-28: Codes of the materials

B 1 P201 5|3 FEEEFIER GLS ¥k 18k SSR EliE
Fig.1 SSR profile amplified by primer P201 on GL5 populations in Malus sieversii( Lebed. ) Roem.

HTIRETSERA AR Z 0] (355 ZRE S H0L
3,3 3 WTLLE st SR A AR AR AE—
FEFESE, 12 ARERR 28 LB (P) XYL
B HC2 K, XY2 HCL o/, /R 79.57% ., S 45
FIHERIE(A) BRI EE 7 4. 2941 ~5..0000, H v fx
KESHA XYL, HC2 k2, Fe/IMAH TL BR300
REAEPREC A, ) 50005 (3L BRI (A ) P78 Ml 3
APRFF—EL, Ae 1978 5708 20 2. 6886 ~ 3. 3990, it
oA HC2 550k TL, S 2% 5 B8 (H,) fe s ) RE
®3 FETFRBENE SSR BESHMESH

Wy GL3 , BARMIREA N XY2, FI 224 (H,) &%
FREA Y XYL, HC2 2, R IREA S GL6
TEFREL(F) 16T A B T (0 - B (E#8  IE A, 36
FIA BER o 4l A 7 BB Fh ek, 2 1 5 #5840
(F) B RIBEA R GL2, Je/hhy GL3, 12 A~ B
SERBERNY) Shannon's {5 BFEE (1) ZH A K, K
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Table 3 The parameters of genetic diversity on SSR locus in populations of Malus sieversii( Lebed. ) Roem.

2N MR WA RN AR AL BUNIIP/ S22 T B Shannon's {5 K. [i 52 185K
Population H A (% ) P A A, Ho He BELI, F

GLI1 81.72 4.4706 +1.4628  2.8769 +1.1825  0.4292 £0.2174 0.6076 £0.1705 1.1063 £0.3866 0.2676 +0.2948
GL2 82.80 4.5294 +1.5858  2.9048 +1.3820  0.3613 £0.2409 0.5979 £0.1756 1.1282 +0.4097 0.3922 +0.3287
GL3 83.87 4.5882 +1.6225 2.7567 £1.0755  0.4608 +0.2132  0.5920 £0.1676 1.1035 +0.3800 0. 1877 +0.3563
Gl4 84.95 4.6471 £1.5788  2.8338 £1.0532  0.4288 +0.2183  0.6080 +0. 1550 1.1361 +0.3579 0.2842 +0.3068
GL5 84.95 4.6471 £1.7657  2.9213 £0.9674  0.4051 £0.1914 0.6248 £0.1490 1.1627 £0.3757 0.3259 £0.2965
GL6 84.95 4.6471 £1.4116  2.7344 +1.0845  0.4497 £0.2318 0.5850 +0.1717 1.1072 £0.3709 0.2360 +0.3116
GL7 81.72 4.4706 +1.5459  2.8887 £1.3014  0.4588 +0.1830 0.6041 £0.1576 1.1213 £0.3956 0.2048 +0.2868
XY1 91.40 5.0000 +1.1726  3.1630 +0.8869  0.3941 +£0.1197 0.6691 +0.1037 1.2856 +0.2672 0.3836 +0.2313
XY2 79.57 4.4118 £1.3720  2.7199 £1.1272  0.3588 +0.1681 0.5880 +0. 1571 1.0819 £0.3460 0.3395 +0.3303
HC1 79.57 4.3529 +1.2719  2.8883 +1.0550  0.3843 +£0.1390 0.6135 +0.1629 1.1364 +0.3605 0.3540 +0.2187
HC2 88.17 4.8235+1.7405 3.3990 £1.5804  0.4387 £0.1726  0.6558 £0. 1615 1.2554 £0.4081 0.3006 +0.2404
TL 78.49 4.2941 £1.7594  2.6886 £0.8960  0.4209 £0.2317 0.5931 £0. 1547 1.0626 +0.3396 0.2596 +0.3911
-3 Mean 83.51 4.5735 2.8980 0.4159 0.6116 1. 1406 0.2946

it 7K 100 5 +1.5858 3.1980 £1.2790  0.4157 £0.1443  0.6358 £0.1506 1.2539 £0.3795 0.3297 +0.2081
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2.2 BEGEZENRERSW
HRAE AR ] (9 Nei’s 3842 85 25, F I FE
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B2 12/ #EBEHERBEET Nei's BEEEHRER
Fig.2 The cluster graph based on Nei's unbiased
genetic distance in 12 populations

of Malus sieversii( Lebed. ) Roem.
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HRETSERL 12 SRR A 4 N EHE, 2051
ILER FERE(GL) JBR R (XY) ERE#E (HC)
FFCHERE(TL) 4 DEBE B L Z RS 5800 T
Fa, WNRATTLE D, WIS LR (A) K
J XY JERE, /NI TL FE e, A 05 L R 8k
(A,) BT~ HC JERE > GL JE#E > XY fE#E > TL
JEHE, Shannon's {5 BA8EL(1,) e KEA HC JEH#E,
XY JRRE(1.2432) IRZ, /hON TL BB, GL &
TR 2% 5 BE (H,) Fein, XY JEBER AR, Fild) 2y
AR (H,) TR B HC BE R, XY TR #F L GL JE Bk
2 TLJEBHRAR, AU LS BN RELZES
ORI, 3845 Z2 B AR o HE BB > XY &
#f > GL J&#f > TL J&#f .,

x4 A TEBREERESHEESHSN

Table 4 Parameter analysis of genetic diversity of four pop-

ulations
BIESH &R Populations
Genetic
parameters JEGL  FIEXY  EIHC FLH TL
FEAEL 415 120 120 60
Sample size
pURIUE A 5.1765 5.2941 5.0000 4.2941
HEH % A (1.6672)  (1.3585)  (1.7321)  (1.7594)
AR 3.0238 3.0134 3.3113 2.6886
FeHE A, (1.2588)  (1.0083)  (1.4449)  (0.8960)
Shannon's 1.1918 1.2432 1.2466 1.0626
fEE8%L,  (0.3947)  (0.2986)  (0.4073)  (0.3396)
WL 2 & 0.4275 0.3765 0.4115 0.4209
B H, (0.1846)  (0.1273)  (0.1426)  (0.2317)
it Py 0.6134 0.6388 0. 6440 0.5931
B H, (0.1608)  (0.1196)  (0.1622)  (0.1547)

55 NECF MFRUMEZE  Datas in the brackets are the standard deviation

2.4 AEBESERRESFENEXSH
DURE JEAE R 7 AN [RIHRR SR o E R AR ) 12 A5 2 40
SR AR ED TR 5, R 5 TR 2738
PEH R L] (P) UL A5 AL B D B (A) (T ARG B
(H,) S5 e SRS R BTG IE A E e &, WL
ZRE L (H,) SRR SR BN 0.5097 477655 1E
FASGHE . BEBH Tl 3 B 0T, AN [ v 4 A Ak )
FEBTRITP 1 5 5, S BOE N A2 d i, #EA
[F) 33t 1 Z2 PEME 22 53/ N O TE IR A PR 7 S AL
®5 BREBRESHEEXAEY
Table S Correlation coefficient between the elevation and

the genetic parameters

Shannon'’s

S W AT WA B
WL (R GOER ATE AIE ;;2 7
H

wr kA KA, H, H,

273 -0.1322 -0.1320 -0.0176 0.5097 -0.0722 0.0338 -0.4897

Elevation

2.5 BRI RSHERBEEANN

& 6 nTLAE &M Hy Hy Dy X Gy,
GRS AR SR Z B (H,) I EE R
0. 6349 , 25 AL i B A 0. 2650 (i 15, P-300) ~ 0. 8241
(1745, P-306) , WAHFKRNILH ZHEREE (Hy) 5 EHEHA
RERZHE (H,) WA B3, HFER
0. 6013, H: 748 fb 1% & k0. 2558 (fi 5 P-300) ~
0. 7789 (i P-306) . HT H, 5 HZ IR 2EME/,
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AR[8] T 94. 81% Y72 S AF 72 T HEAR N, BRI AA N
()78 S R TR ) A 1) 4 AAR /N R (Y, )
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F6 EHEEIM 17 4 SSR L m M EE S HEMRITSH

Table 6 The parameters of statistics on 17 SSR sites a-

mong populations
SAER RER A EE

FiEENIIE . ¥

B8 ghm msws mewr mmm
Locus N,
HT HS DST GST
P-182 0. 6409 0.6189 0.0220  0.0344  7.0245
P-184  0.6827 0.6264 0.0562 0.0824  2.7850
P-188 0.7864 0.7488 0.0376 0.0478  4.9804
P-195 0.7909 0.7640 0.0269 0.0340  7.1091
P-199 0.7550 0.7050 0.0500  0.0662  3.5258
P-201  0.8010 0.7400 0.0610  0.0761  3.0354
P-288  0.5431 0.5075 0.0355 0.0655  3.5694
P-290  0.5971 0.5663 0.0308 0.0515  4.6003
P-292  0.4759 0.4586 0.0173 0.0364  6.6162
P-296  0.4994 0.4720 0.0275 0.0550  4.2957
P300  0.2650 0.2558 0.0092 0.0347  6.9636
P-302 0.5242 0.5066 0.0176 0.0336  7.2012
P306  0.8241 0.7789 0.0452 0.0548  4.3110
P-308 0.6863 0.6518 0.0345 0.0503  4.7182
P316  0.6784 0.6524 0.0260  0.0384  6.2646
P-318 0.7383 0.6983 0.0400  0.0542  4.3603
P-320  0.5050 0.4709 0.0341 0.0676  3.4484
TFHE 0.6349 0.6013 0.0336 0.0519  4.9888
Mean
3 itig

FEIR 1AL 5 40 2 5t il Z REVEFERE (A N T
PRIRI o3 A, BRs A 404k . BEARIN 3L 254 32 B 4K
ERE SEER BN | Jk R 98 AR R st AR A5 2 R 315
i), [F) s 3 55 R (R Ak D 5 A3 S A M
LHLRGE FhFY /LS B A X BB
1 A FIAS SR RIBL] AN IR BT S A 56 AHIRSE
B SERBHAS E E R B (G, ) 2 0. 0519, B I
FEAAR (]38 A% Al o 45 RIVEE A [B) 09 28 5 o AR S 1)
5.19% FEUAC N B 728 S 3 2 T REIRTR], 2009 4F C.
M. Richards 25" BF5Y 5 7 , N [R] H 5[] B S SR Fy,

=0. 052, i F i A 00 5 0 Fo N A 8 %5 F
G, GARBIIEE R4, 2007 4F C. Y. Zhang %51
R BB AE 7 L R BT (G ) 1 0.064, 5

AHIFFE 22 A K ;1996 4F W. F. Lamboy 257 %o} 3 45
BSR4 0 A 9 R G L R (G )
0.15, BE & TABISE ;2008 4E G. R. Yan 21 F1| 1]
RAPD #ric W52 B B S R AR S5 | & SR ]
AL S S S 16. 9% L 58 35w T ARG,
EJR B R A S SR AR S AP AE TR
A ERAARN] A CHGERY], AR5 FAricfEfE
RIS L L R B[R 202

FERW (N, ) EARSE B o R BT 20,
N, ¥ K, G, i # /N, 5 6y 8 P, M. Slat-
kin" > YA BEUAR A 3 R 9 30T LR BRIR RO T2 RS R
BOREER R N, > 1 WFRAEAERRR B B
T Bl A AR AN ] () S TR BB )32 I 93 A, E
—EFRE S T SRR VR B Lk T R R4
s R N, <1, FB SR e S R 2E g b i AG
IR R s UOA S AR AL A5 A 1) E R R, AHF
FEAIR B R BRI (N, ) 4 4. 9888, it I B S SR A
PRIBIFFAERER T IZ R AE i, ik PR sl A
(LR KA B EZ VR, X TR Aok
{ T S i) [ SR e v B W M A A b S P B
FIE A=A 091 R e S T R Ak,
WIS A LUT 3 i, (1) B RAEARTH
RIRRIRI AR LR 5 (2) S B4 B Fp AL 3505 (3)
AER AL

ABFFE R 12 A 50 S AR [A] (Y Nei's 15t
TS AR AR $ R 2K 1k (UPGMA ) #E47
Feorbr  SER R VB Y 7 A e R,
SRIG S AR IR 2 NIRRT S5 7T
TR 2 DR R — 1, m e SR A R
B A BRI AL A e A PR B R AE i, UEPH I
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