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Genetic Diversity and Population Genetic Structure
of Siberian Apricot in Inner Mongolia
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Abstract: In order to provide theoretical support for reasonable protection and utilization of Siberian apricot
resources, we analyzed the genetic diversity and population structure of 13 Siberian apricot populations in
Inner Mongolia through twenty-seven pairs of SSR markers. The results showed that: (1) a total of 512
alleles (N,) were identified based on 27 SSR molecular markers, the average number of alleles (N,) per
locus and polymorphism information content (PIC) per locus were 19 and 0. 84, respectively. A high level
of genetic diversity was revealed by Shannon’s information index (I, 2. 25) and expected heterozygosity

(H., 0.73) at species level. (2) The average number of alleles (N,), number of effective alleles (N.),
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Shannon’s information index (I), expected heterozygosity ( H.) and observed heterozygosity (H,) were
6.95, 4.48, 1.60, 0.76 and 0. 56, respectively at population level. Comprehensive analysis suggested that
Kezuohouqi population exhibits the highest level of genetic diversity, whereas the population of
Keshiketengqi exhibits the lowest level of genetic diversity. (3) The genetic differentiation coefficient
(F,) based on F-statistic and gene flow (N, ) were 0. 12 and 1. 86, respectively; Analysis of molecular va-
riance showed that the most of the genetic variation within population (92%), more than that among pop-
ulations (8%). (4) The genetic distance among populations in Inner Mongolia Siberian apricot ranged
from 0. 04 to 0. 67, the genetic identity among populations in Inner Mongolia Siberian apricot ranged from
0.33 to 0. 83. UPGMA cluster analysis, principal coordinates analysis ( PCoA) and structure analysis
showed that 13 populations could be divided into four clusters. The Mantel test showed that the genetic
distance among the populations was significantly correlated with geographic distance (r=0. 453, P <
0.01). All the results supported that the genetic diversity of Siberian apricot in Inner Mongolia was rela-
tively abundant, which was related to its size of population, long historical evolution and biological charac-

teristics. There was a moderate genetic differentiation among populations, which resulted from the geo-

graphical isolation and fragmented environments caused by current human influences.
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Table 1 Geographical and sampling information of thirteen natural populations of Siberian apricot in Inner Mongolia

J& BEG5 RN %/ 45 FE 5 5
Code Population Longitude and latitude Sample size
ZLA FLIFHEIE Zhalaiteqi 122°53'37.52"/46°43'16. 25" 15
CRS #2 /K #% Chaersen 121°57'14.95"/46°16'27. 85" 8
KYZ B4 i Keyouzhongqi 121°28'41. 86"/45°03'24. 03" 10
ZLT FL & 45 Zhaluteqi 120°5421. 66"/44°33'16. 36" 7
KZH Fl 22 J5 i Kezuohouqi 122°41'06. 82"/43°11'17. 13" 10
ALU ] 45 B} JR W0 i Alukeqingi 120°03'28. 86"/43°52'10. 64" 9
BLY [ Ak A5 i Balinyouqi 118°39'29.67"/43°31'54. 09" 10
AHQ HOiE Aohangi 119°54'57.02"/42°17'19. 75" 13
KSK 5t 5 ¥ i Keshiketengqi 117°32'14.76"/43°15'50. 56" 15

LC &g Liangcheng 112°29'49. 47"/40°31'49. 36" 9

HH FVE R Ak Huhehaotehelin 111°48'50. 74"/40°22'38. 68" 9

WIG T % Wanjiagou 111°01'2. 36"/40°45'21. 73" 10

WLS 5471l Wulashan 108°44'10. 95"/40°40'14. 01" 16
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Letters in figure one are population codes are consistent with those in Table 1, the same as follows

Fig. 1 Geographic distribution of the thirteen populations of Siberian apricot in Inner Mongolia
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Table 2 SSR primers and their information used for genetic diversity analysis
KR i A Primer sequence (537 wgpn  BIEEC s
Origin ~ Primer name 11 Formard 10 Reveres Motif naeing . Reference
UDP98-409  CGGACTCTTATCCTCTATCAACA GCTGATGGGTTTTATGGTTTTC (AG) 19 55 [13]
UDP98-021  AAGCAGCAATTGGCAGAATC GAATATGAGACGGTCCAGAAGC (GA) 22 (CA) 1y 55 [13]
UDP96-003 TTGCTCAAAAGTGTCGTTGC ACACGTAGTGCAACACTGGC (CT) 11 (CA) 2 55 [13]
UDP97-401  TAAGAGGATCATTTTTGCCTTG CCCTGGAGGACTGAGGGT (GA) 19 54 [13]
UDP98-406  TCGGAAACTGGTAGTATGAACAGA ATGGGTCGTATGCACAGTCA (AG) 15 53 [13]
UDP97-402  TCCCATAACCAAAAAAAACACC TGGAGAAGGGTGGGTACTTG (AG) 17 59 [13]
UDP98-412  GCTGAAGACGACGATGATGA AGGGAAAGTTTCTGCTGCAC (AG) 8 55 [13]
BPPCT-004 CTGAGTGATCCATTTGCAGG AGGGCATCTAGACCTCATTGTT (CT) 2y 56 [14]
BPPCT-007 TCATTGCTCGTCATCAGC CAGATTTCTGAAGTTAGCGGTA (AG) 2 (CG)2 (AG) 55 [14]
BPPCT-008 ATGGTGTGTATGGACATGATGA CCTCAACCTAAGACACCTTCACT (GA) 36 54 [14]
B BPPCT-002 CAATGCCTACGGAGATAAAAGAC TCGACAGCTTGATCTTGACC (AG) 5 55 [14]
55;‘:;7(: BPPCT-023 AGATGTGCTCGTAGTTCGGAC TGCAGCTCATTACCTTTTGC (CD oy 55 [14]
PceGA25 GCAATTCGAGCTGTATTTCAGATG  CAGTTGGCGGCTATCATGTCTTAC (GA) 5 56 [15]
MAO039a AGAAAGGCACTTTATCTAGG TTTGTTTTGGGGATGGTAGT (GA) 33 55 [16]
MA007a GTGCATCGTTAGGAACTGCC GCCCCTGAGATACAACTGCA (TC), C(CT) 27 55 [16]
Mé6a AGAAGGGCAAGCCCAAGTGC TGCAAAGCCAGAGCCCACAA (AG) 14 55 [16]
Pchgms5 GTCAAGAGGTACACCAG CGCCCATGACAAACTTA (CA)y(TA)g 55 [17]
pchgms12  CGACACTTAGCTAGAAGTTGCCTTA TCAAGCTCAAGGTACCAGCA (CT)g(TC)2 (CA) g 55 [17]
Pchgms3 CAACCTGTGATTGCTCCTATTAAAC ACGGTATGTCCGTACACTCTCCATG (CD g 55 [17]
aprigms24  GATTATCCCTCAACCCATCC ATCTGCTCTTTCCCTCACCT (TA) 12 55 [18]
MAO020a CTTGCCCATTTATGTACTGA TATATCGCATAATCACGGTC (AG) 3 54 [16]
aprigms18  ACAGAATGTGCGTTGCTTTA TCTGAGTTCAGTGGGTAGCA (TA)s 54 [18]
) PMS67 AGTCTCTCACAGTCAGTTTCT TTAACTTAACCCCTCTCCCTCC (CT) 23 55 [15]
ﬁ’%}ﬁ% PMS2 CACTGTCTCCCAGGTTAAACT CCTGAGCTTTTGACACATGC (CD s 54 [15]
o Pchgms4 GTTGAGGCAAAAGACTTCAAT ATCTTCACAACCCTAATGTC (CD o 55 [17]
i Bk ASS R71 AACTTTGTCTGCCTCTCATCTTA AGCAGCCCATTTCTTCTCTTG (GA) 15 55 [19]
(({;::Ar:z:is ASS R72 AAGTGGGATTGGTAGGGAGGAAG CTACGGAGCCAGTTGAGAAAAG (TO) 1y 55 [19]
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Table 3 Genetic analysis of twenty-seven SSR loci
1 55 Locus N, N. 1 H. H, PIC Fi Fy N
UDP98-409 23 11. 39 2.71 0.77 0.35 0.91 0.55 0.16 1. 34
Pchgms3 17 6.46 2.17 0.76 0. 56 0. 85 0. 26 0.13 1.72
Pchgms5 28 5.61 2.46 0. 65 0. 37 0. 82 0.43 0. 15 1.41
MAO20A 17 9.27 2.47 0. 80 0.67 0. 89 0.17 0.11 2.04
pchgms12 18 8.03 2.33 0.75 0. 54 0. 88 0.28 0.13 1.75
BPPCT-002 26 11. 69 2.73 0.77 0.72 0.91 0. 06 0.13 1.73
MAO007a 16 6. 34 2.17 0.74 0.63 0. 84 0.16 0. 10 2.37
MAO039a 25 10. 43 2.66 0. 81 0.63 0.90 0.22 0.11 2.06
aprigms24 18 4.01 1. 84 0. 64 0. 16 0.75 0.75 0.13 1.62
Pchgms4 22 7.60 2.37 0.73 0. 56 0. 87 0.23 0.14 1.59
PMS2 17 7.67 2.27 0.72 0.58 0. 87 0. 20 0. 14 1.53
aprigms18 17 4.26 1.91 0.63 0.49 0.77 0.21 0.13 1.71
PMS67 19 5.20 2.17 0.73 0.48 0. 81 0.33 0.17 1. 20
UDP98-021 13 2.13 1. 29 0.31 0.07 0.53 0.78 0.12 1.77
BPPCT-023 12 3.38 1. 47 0. 60 0.28 0.70 0.53 0.17 1. 22
UDP98-412 13 7.44 2.21 0.77 0.49 0. 87 0. 37 0.13 1. 67
Mé6a 13 3.04 1. 44 0.58 0.35 0.67 0. 40 0.16 1. 36
ASSR71 13 5. 34 1. 86 0. 68 0.67 0. 81 0. 01 0.16 1. 35
ASSR72 13 6.30 2.09 0.76 0.53 0. 84 0. 30 0.11 2.10
BPPCT-004 28 10. 18 2.66 0. 81 0.78 0. 90 0. 04 0. 10 2.38
BPPCT-007 21 12.28 2.67 0. 81 0. 83 0.92 —0.03 0.10 2.33
BPPCT-008 18 8.10 2.37 0. 80 0. 65 0. 88 0.19 0.09 2.63
PCEGA25 24 11.16 2.70 0. 83 0.82 0.91 0.01 0. 10 2.38
UDP96-003 24 10. 71 2.62 0. 85 0. 88 0.91 —0.04 0.08 3. 04
UDP97-401 16 7.37 2.17 0.74 0. 54 0. 86 0.27 0.12 1.79
UDP98-406 25 11.78 2.65 0. 80 0. 83 0.92 —0.03 0. 10 2.17
UDP97-402 17 7.44 2.29 0.75 0.49 0. 87 0. 34 0.11 1.97
{8 Mean 19 7.58 2.25 0.73 0. 56 0. 84 0. 26 0.12 1. 86
TE: Noo B3 Noo HHEMHMA; 1. Shannon’s {5 B850 He. WIS GE; Ho. MG PIC. ZRM(EBIBEGF.. BN

W FHG Foo BEMMEREG N, R

Notes: N,. Number of alleles; N.. Effective number of alleles; I. Shannon’s information index; H..

Fi.
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Table 4 Genetic diversity among thirteen populations of Siberian apricot in Inner Mongolia

K Population N, N, I H, H., F HWE PAS
ZLA 6.00 4. 40 1.54 0.55 0.78 0.24 0.32 3
CRS 7.04 1. 66 1.61 0.56 0.76 0.25 0. 36 4
KYZ 7.15 5.08 1.68 0.57 0. 80 0.26 0.33 2
ZLT 7.85 5.12 1.73 0.56 0.78 0.29 0.23 3
KZH 7.30 5.22 1.74 0.62 0.81 0.23 0.27 3
ALU 7.15 4.97 1.66 0. 62 0.78 0.16 0.33 3
BLY 6. 48 4.45 1.61 0.58 0. 80 0.24 0.27 2
AHQ 8.15 4.96 1.73 0.57 0.78 0.27 0.33 4
KSK 4.85 3.17 1.24 0.51 0. 66 0.24 0.33 6

LC 5.37 3,47 1.31 0.53 0.67 0.18 0. 44 3
HH 7.81 3.23 1.30 0.48 0. 66 0.33 0.22 8
WG 8.22 1.85 1.71 0.53 0.78 0.32 0.18 0
WLS 6.93 4. 69 1.62 0.55 0.77 0.28 0. 20 4
I{t Mean 6.95 4.48 1. 60 0.56 0.76 0.25 0.29 3.46

. F. B REGHWE. iSRG PAS. 5 S 0L 5E R

Notes: F. Inbreeding coefficient; HWE. Hardy-Weinberg Equilibrium; PAS. Private alleles
x5 NEHEAMNIESHENSFRESN

Table 5 Analysis of molecular variance analysis (AMOVA) among populations of Siberian apricot in Inner Mongolia
- - A & L
5 5 R f ih i BT I et YR B P fi
S N ! i Variance Percentage of
ource of variation df Sum of squares Lo P value
components variation/ %
BEIAR T Among populations 12 159. 454 0.914 8. 00 <20.01
BEAR N Within population 128 4 289.420 10. 790 92.00 <0.01
B Total 140 4 448.874 211 11.934
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Table 6 Genetic identity (above diagonal) and genetic distance (below diagonal) among populations
BEIA Population ZLA CRS KYZ ZLT KZH ALU BLY AHQ KSK LC HH WJG WLS
ZLA 0.68 0. 65 0.61 0.63 0. 60 0.67 0. 69 0.61 0. 60 0. 37 0.71 0.49
CRS 0.19 0.74 0.72 0.71 0.70 0.72 0. 81 0.62 0.61 0. 37 0.75 0. 50
KYZ 0.21 0.13 0.68 0.68 0.70 0.62 0.70 0.57 0.53 0. 37 0.73 0.49
ZLT 0.32 0.19 0.24 0.82 0. 83 0. 60 0.70 0. 56 0.53 0. 36 0.71 0.45
KZH 0. 26 0.18 0.19 0.04 0.79 0.62 0.67 0.56 0.51 0.31 0.71 0. 40
ALU 0. 38 0.27 0. 24 0. 04 0.08 0. 64 0. 68 0.56 0.58 0. 40 0.70 0.48
BLY 0. 20 0.13 0.22 0.32 0.24 0. 34 0.73 0.61 0.71 0. 39 0.71 0.53
AHQ 0.19 0.07 0.19 0.24 0.24 0. 30 0. 14 0.69 0. 69 0.42 0. 80 0.55
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Fig.5 Genetic structural map of 13 wild populations of Siberian apricot in Inner Mongolia based on structure analysis
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