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Abstract : SSR ( simple sequence repeat ) markers were chosen for analyzing the genetic diversity and genetic
structure of wild apricot, cultivation apricot by the capillary electrophoresis with fluorescence detection. The results
were obtained as follows:17. 82 alleles( Na ) and 7. 44 effective alleles( Ne) per locus were identified using 27 SSR
molecular markers ; the average Shannon’s information index () , expected heterozygosity ( He ) and observed het-
erozygosity ( Ho ) were 2. 23,0. 70 and 0. 52, respectively. At the population levels, average number of alleles, effec-
tive number of alleles, expected heterozygosity , observed heterozygosity and Shannon's information index were 6. 59 ,
4.15,0.70,0.53,and 1. 50, respectively , which indicated that a high level of genetic diversity existed in apricot re-
sources in China. The genetic diversity of wild apricot resources were significantly higher than cultivation apricot re-
sources , the highest genetic diversity was Siberian apricot population that had the largest number of private alleles in
wild apricot resources, however, the lowest genetic diversity was kernel-using apricot population,which had a few of
private alleles in the cultivation apricot resources. The clustering result showed that 159 individuals could be divided
into four clusters. Genetic structure analysis showed that 159 individuals divided into five groups,this result was line
with the classification of the traditional morphology. At this present study,a high level of genetic diversity and com-

plex population structure existed in apricot resources of our country,wild common apricot germplasm and cultivation
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apricot had a close relatives and a similar genetic structure , it speculated that the wild common apricot was the origi-

nal species of the cultivation apricot;on the contrary,the kernel-using apricot had a narrow genetic base,and had a

low level of genetic diversity. These results also could provide important theoretical basis for the new variety breed-

ing and sustainable utilization of apricot resources.

Key words : apricot ; genetic structure ; genetic diversity ; SSR
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Table 1 Origin of the wild apricot materials used in the study

FHAE S No. B4 Population 2 Species FEMECH Sample size
1 HRA R BFA: WA A vulgaris Lam. 16
2 B - JRAR Bp A ESE A A vulgaris Lam. 8
3 T SR bR Hp A TSE A A vulgaris Lam. 9
4 SESTLRIA PUAARIEA A. sibirica(L. ) Lam. 9
5 A5 T TR PU{ARIAE AT A. sibirica(L. ) Lam. 9
6 5 B 22 A i PUAARIEA A. sibirica( L. ) Lam. 10
7 REE RS PEAARIEA A. sibirica(L. ) Lam. 15
8 NS B i VEAFIEAS A. sibirica(L. ) Lam. 9
9 WS 5 R R PHIARIEA A sibirica(L. ) Lam. 10
10 RERE R VEARIEAS A. sibirica(L. ) Lam. 7
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Table 2 Origin of the culture apricot materials used in the study

N ks il it 44 ik g e R Tk i 5T 24 % P
No. Species Germplasm name  Original site | No. Species Germplasm name  Original site
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1.2 DNA REU5&

KAL) CTAB 35120 I K 20 DNA, H
19 WS WHEEIE ft Uk S 73 6o B T Aer i 25 4 K
JEIS ARA7 T - 20 CUKFR#
1.3 SSR &#h

M C T & R BRE A ) SSR 519, i ik th 238
P R H MR 27 X519 (K 3) s ]
SSR DEEARICATIMH AR TP-M13-SSR ( simple sequence
repeat with tailed primer M13) """ 454 4045 1 Tk 74
ST IE RSB B4 R EATHESE . SSRIE 1) 5| H) il
O EhRIC FAM NED \VIC 5 PET £ M13 7]

(5'-TGTAAAACGACGGCCAGT-3") #H 1% 4 WL #F M13
FECIER 519 PCR 9738 N R R 8 20 L 1
IRAMZ, B 1wl i DNA 47 (10 ~20 ng/plL) ,
0.2 pL Ay 2 x Tab Master Mix,2 pL A9 10 x buffer,
0.5 L ) ANTP (2.5 mol/L) .DMSO (10 % ) %
EES AR 514 (0. 8 wmol/L) ,14.8 wL (JG
WEB /K (AdH,0) ; VAR .95 C Bt
5 min,30 IXAEF Y 95 CAEH: 30 .55 CiB A 30 s
172 CHEAH 30 s, 15 IAGIFHY 95 C 284 30 s,
54 C Bk 30 s Fl 72 °C ZE i 30 5,72 °C LK AE fif
5 min, SSR-PCR ¥ 3 /=¥ 4 th DNA 73 H7r{X ( ABI
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3500XL) #4746, FFH Gene-Marker k14 ( SoftGen-
etics LLC, USA ) B2 HUZE R, 30 s A sl 19 Jr X
KN
1.4 HFESH

FIH DataFormater 2. 7. 2 #1216 SSR #66E
20 F UK s AR e A 1 B 2 B R s AT A
2, W Popgene32 K42 355 45 47 3 4K ( Na,
number of alleles) A 8% 55 {37 3 K 54 ( Ne, effective
number of alleles) |, Shannon’s Z #4358 % (1, Shan-
non’s Information Index) B2 445 [ ( He, expected
heterozygosity ) \ WL %% 2% & & ( Ho, observed heterozy-
gosity ) R[] E AL HE 2 (D, genetic distance ) A5t &
AL R EL (1, genetic identity ) ; #] F] Excel-GenAlEx
BAFP T A AR LI A 2 B B
1= ( PIC, polymorphism information content ) i i
AKX PIC =1 - Zf2TFR (6 R5 | A AEALIE R B4
Y Ay B Al NTSYS pe version2. 10e 4K
{120 AR Nei’s 3t £ AH L 2 %, R I UPGMA
SERN ; b Structure B , MR B s A Y ) 2
K143, FFRAH N A Q L ( BP I — 4 e} 35 PR 41 A% S5 35
THARHARMESR) B BER B (K N 1 ~12,
#4 Burn-in U F MCMC ( Markov chain monte carlo)
Hxy i 10000 K, H AT U, AR5 KA LoP

&3 SSRmHIEESHM

Table 3 Genetic characteristics of SSR markers
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2.1 SSRILRiEESHG

T 27 A~ SSR A7 X 159 4375 Fh i b 47 18 %
ZAEVERINEE R (3£ 3) , — LA 2] 481 445 A
B ( Na ), 45057 05, B9 45 037 36 RS 12 4~ (UDPOS-
021 .BPPCT023 ,ASSR71 H1 ASSR72) F] 27 4 ( Pch-
gmsS) IR SE A B BN 17. 82 45 Kl
FAA BN FE (Ne) 3£ 200. 91 A4, Hod 7 45 BP-
PCTO07 il 21 A9 A7 35 45 7 FE I e 22 (12.99) , i iz
5 M6a KIS (A7 85 S S R R (2. 78) |, ¥4
{37 55 7. 44 4~; Shannon’s 15 B 48 8 (1) M 1. 40 ~
2.75 349000 2. 23 B % G ) (He) 24 0.42 ~
0.82,3MEH N 0.70; W Z A B (Ho) 4 0.12 ~
0. 86, BIME A 0. 525 DL 45 5 15 W] 3% [ A5 Fh o 5t
WHAFEF RGN, Z28FB& 2 (PIC)
{HTEO0. 64 ~0.92 Z[u] ,¥J{E A 0. 84, HiH1 i 55 BP-
PCTO07 1) PIC i # (0.92) , Mifii s M6a (1) PIC
HAAK(0. 64) , R Ik W ¥ & EZSHE
BEIYI(PIC >0.5) , MU TE T XL A R 17 38
& ZREPE T,

(A GIL/P 3/ SNEER ARCGERIEER Shannon’s [FE. HIHZGE WHEREGE  ZHMEFR
Loci Source Na Ne fes T He Ho ¥ PIC
UDP98-409%7] Amygdalus persica L. 23.00 11. 00 2.69 0.75 0.43 0.91
Pchgms3 [ Amygdalus persica 1. 16. 00 6.12 2.14 0.76 0.57 0. 84
Pchgms5 2 Amygdalus persica 1. 27.00 6.93 2.51 0. 65 0.38 0.86
MAO20A %) Amygdalus persica 1. 17. 00 9.19 2.49 0.82 0. 65 0. 89
pchgms12 3] Amygdalus persica L. 17.00 9.53 2.42 0.73 0. 40 0.90
BPPCT002 3! Amygdalus persica L. 25.00 12.16 2.72 0.73 0. 66 0.90
MA007a!>] Amygdalus persica L. 16. 00 7.03 2.21 0.72 0.62 0.86
MA039a!?] Amygdalus persica L. 23.00 9.36 2.59 0.76 0.55 0. 89
aprigr11524Hm Amygdalus persica L. 16. 00 4.26 1. 86 0. 65 0.18 0.77
Pchgms4 (28] Cerasus avium (L. )Moench 20. 00 6.92 2.26 0. 69 0.55 0.86
pMS2 32 Cerasus avium (L. ) Moench 17.00 7.52 2.26 0. 69 0.53 0.87
aprigms18 13 Amygdalus persica 1. 18. 00 4.79 2.01 0.62 0.48 0.79
PMS67 %) Cerasus avium (L. ) Moench 18. 00 4.18 2.01 0. 62 0. 42 0.76
UDP98-021"%7] Amygdalus persica L. 12. 00 3.04 1.56 0.42 0.12 0. 67
BPPCT023 3! Amygdalus persica L. 12. 00 3.16 1.46 0.52 0.21 0.68
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Lk, GIE/E ST SR ARCERIEE Shannon's fFE. WA MEREE ZHMEGR
Loci Source Na Ne it 9 He Ho 5% PIC
UDP98-412%7] Amygdalus persica L. 13. 00 7.33 2.22 0.72 0.45 0. 86
M6a!?! Amygdalus persica L. 13.00 2.78 1.40 0.51 0.28 0. 64
ASSR7113] itk Amygdalus communis L. 12. 00 4.34 1.71 0.57 0. 54 0.77
ASSR72133 Bk Amygdalus communis 1. 12. 00 6.01 2.04 0.72 0. 64 0.83
BPPCT004 3! Amygdalus persica L. 24. 00 9.51 2.56 0.79 0.68 0. 89
BPPCT007 3! Amygdalus persica L. 21.00 12.99 2.75 0. 80 0.78 0.92
BPPCT008 ! Amygdalus persica L. 15. 00 8.07 2.32 0.75 0.59 0. 88
PCEGA2513* Amygdalus persica L. 24.00 10. 32 2. 65 0. 81 0.79 0.90
UDP96-003 %7 Amygdalus persica L. 19. 00 8. 68 2.45 0. 80 0.74 0. 88
UDP97-401%7] Amygdalus persica L. 13. 00 6.26 2.03 0.68 0.51 0. 84
UDP98-406'%7 Amygdalus persica 1. 22.00 11.37 2. 60 0.77 0. 86 0.91
UDP97-402%"] Amygdalus persica L. 16. 00 8.10 2.31 0.74 0.45 0. 88
I Mean 17. 82 7. 44 2.23 0.70 0.52 0. 84

Na :Number of alleles, Ne: Effective number of alleles,/:Shannon’s information index , He ; Expected heterozygosity , Ho : Observed heterozygosity , PIC : Poly-

morphism information content. The same as below
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S RERIEAL 2R A I 25 R L 3% 4,12 S REAAR
SEI T FERN B (Na ) 6. 59 A, 3404 55 45 o &
KL (Ne) Ry 4. 15 A~ WIEE 28 5 B (He ) FIR S 24
JE (Ho) 43317 0. 59 ~0.77 F10.43 ~0.61 Z[a],
PG4 5124 0. 70 F10. 53 ;Shannon's ZFEVEFEEL(1)
F1.14 ~1. 73, 39{H R 1. 50 ; K HE Ne I F1 He 7] Al
PR S Tt Rk 22 I HEE VA R IV S A 1) 2 R M A, T
4 SURBHEEERE SR

Table 4 Genetic diversity estimations in all populations

786 KRR A e A R R i AL SR B,
T o B A A MR A B AR R HU A (1),
BV A 38 4% ZAErE s B AR A IR A
P AR AR, DRt , e [ B 2R A B st A5 2 AR
BRI R A0, e B AR A s R A
REIRIIE T ALBER (He > Ho) o PHAAFIMEA
AR P AR o 0 U B AT 45 2 B S A (O D T
FA LIRS A A R R AR 2

RER GRS [EE V6T S B FRENIERE  Shannon'’s [ E WEEZAE  BEMEE
No. Samples size Na Ne BE1 Ho He
1 16 7.85 4. 60 1. 64 0.48 0.72
2 8 4.37 2.93 1.14 0.43 0.59
3 9 4.37 3.31 1.23 0. 46 0. 65
4 9 4.89 3.20 1.24 0.51 0. 63
5 9 5.37 3.47 1.31 0.53 0. 63
6 10 7.26 5.21 1.72 0. 61 0.77
7 15 7.82 5.11 1.73 0.56 0.76
8 9 7.15 5.08 1.68 0.57 0.75
9 10 7.04 4.66 1.61 0.56 0.73
10 7 5.96 4.36 1.53 0.55 0.72
11 18 6.22 3.55 1. 41 0. 61 0. 69
12 39 10. 82 4.31 1.70 0.47 0.72
HIMH Mean 6.59 4.15 1.50 0.53 0.70
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Fig.1 Allelic patterns across populations
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HRHIE Nei’s i5t 1% #H 25 (D) Fist A% A0 RLBE (1)
(& 5)TAH, 12 AR AL HE B4 0. 196 ~ 1. 463,
WALARLEE H7 0. 232 ~0. 822, Hirh N 52 1 8¢ R 2R P11
TR IV A5 B 15 3 s J% MR P A 30 5 R AR 1% M
K BAEARUEE Fe /N, 9 58 ol B A T AL 68 4 v
AR A T A a8 1 I 3 B /N, 8 A ARRURE fie g s 3T
LA HEA TR IS HT A B L R %0 0. 59 4k,

ALK 12 ARSI S) 4 (18] 2) ST AR B
WA A A A AR A 3 A SR A
FEB L AR SRR 2 AN A e A AR 2 T2
AN S T A SRS AU 2 A PEAA LA EAR 55
VA A S BRI LS R B P SR 7R
FIFLITHE 5 AN PUAMDEA R, LIRZE R, PUAA
ANEAT S Ay (A AU HIAY) 2RGOC R B0, B
A AT AR (R A AU A ) SR G R,

x5 BEBTREEEEUNE(LNHELT) MBEES(D,XXRETH)

Table 5 Genetic identity ( 1,above diagonal ) and genetic distance (D ,below diagonal ) among populations
FIA Population 1 2 3 4 5 6 7 8 9 10 11 12
1 0. 626 0. 500 0.372 0.431 0.314 0. 359 0.374 0. 366 0.368 0. 601 0. 604
2 0. 468 0. 699 0.278 0. 341 0.236 0. 255 0.256 0.232 0. 280 0. 445 0.618
3 0. 693 0. 358 0.291 0. 331 0.257 0. 254 0. 283 0.238 0.369 0. 444 0. 580
4 0.988 1.281 1.234 0. 706 0. 556 0. 556 0.573 0.617 0.610 0.536 0. 444
5 0. 842 1.076 1. 107 0. 348 0. 508 0.535 0.527 0.611 0. 605 0.510 0. 452
6 1. 160 1. 444 1. 360 0. 587 0.678 0. 822 0. 683 0. 706 0. 629 0. 488 0.362
7 1.025 1.368 1.372 0. 588 0. 626 0. 196 0.676 0.724 0.612 0.517 0.351
8 0.983 1.364 1.264 0.558 0. 640 0. 381 0.392 0.738 0. 655 0. 559 0.378
9 1. 005 1.463 1. 436 0. 482 0. 493 0.349 0.323 0.304 0. 684 0. 499 0.379
10 1. 000 1.274 0.997 0. 495 0.502 0. 463 0. 491 0.423 0.379 0. 493 0. 408
11 0. 509 0. 809 0. 812 0. 624 0.674 0.717 0. 660 0.582 0. 695 0.707 0. 603
12 0. 505 0. 481 0. 544 0.811 0.793 1.015 1. 047 0.973 0.971 0. 895 0. 505
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4 Structure SIS LoP (D) S EZ2HIHT LR
KK 3) AR K =5 ISR ERCR., Wit 159
MAGIRAT 5 DRRE(K 4) o HEAMALEIA IR
1 Q MR TAET 0.6 I, WA A% MA 8 1% 21 53 AT
B 3159 A ARHE Q [EI T T 4o, 3
HAT 153 (5 96.2 % ) HRIs AL 73 80— il

SrEVRARERY 5 AR, S 1 (SR @B ) R
iy FREP A AT RER S 2 (LD (DA ) Ao 1
IR IR SFOPRIER A 08 A A AR B 1 A AR AR 2
HE 3 (B OB ) BLA5 N S se e S Ik 2
VARSI A TS s S0 4 CHE (R AR ) (095 N 58t )
ZEJR I FLERE B R SR BRAIELBERE 5 1R
FNEA RIS 2R 5 (BORLL AR ) R HIAREA,
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Fig.2 UPGMA dendrogram of apricot populations based on Nei's unbiased genetic identity
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Fig.4 The genetic structure of the populations of apricot(K =5)
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8 M, nEZ ﬂl%[%: R 8 S R (Malus pumila
Mill. ) #% SSR 5|9 Al A %01 T34 85F 4 25 T (1 F ot
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27 A~ SSR A K I 3] 481 AN 237 3 A ( Na ) FI
200. 91 MHREENIEER (Ne) o 12 DR 55055
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FERL(1) 3 5h 4.15 0. 70 F1 1. 50, i T 20 46057 7]
FH SSR X ¥ + @& I LA BFSE (Ne =3.8 1 = 1.33) fi
KHAD FI T SSR X i B A5 A 58 (He = 0.29 .1 =
0. 43) FFERKF- 251 FI I SSR Xof 3 38 75 BF 5% ( He =
0.67 1 =1.44) (W5 5E , 5 HADGEIRA EL, RIGFAES R
HI SSR Xt & EHRAEENL (Amygdalus Pedunculata Pall. )
W55 (He =0.69 1 = 1.52) , T H4 FIH SSR 4%
Mk (Juglans regia L. )53 (Ne =2.81 He =0.61)%%
R FAMIESY 2 X e & B T sl B A A B s 2 A
FEEANRE 2R B R B, Hh S A
FNE A 815 2 B SR F2 ,  m  A  l A R 2, ii
AR P HIA AL ZAEPEA AR, X 5 Z. Wang
SEHOTHIFH SSR WS F E FEACURDIE A A5 H 1) PN 5 ol 7
AR A 8L 2o 3 5 Fnfa] B B 5E A A ALy
A BEPAS ELA B i s i 2RSS R —30,
AV AL IR A AR SRR /N A oT 4
S TE AR P A P S0 IR G 2R R RAIR, 25
AT E A RS L 2 X T R S R E A
R AG T IZ A6 YRS | ] SEAN SR AT A B R A A
AR A DG , 55 A, N Rk % R A sl BCE 25
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