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Introduction
Apricot belongs to Rosaceae, sub-family Prunoideae, 

Armeniaca Mill. According to the classification system es-
tablished by Yu, the apricot originated from Xinjiang, China, 
and therefore, the apricot germplasm of Xinjiang is highly 
abundant (Yu, 1984; Lu et al., 2003). Previous studies have 
shown that the cultivated apricot varieties in the South of 
Tianshan Mountains in Xinjiang evolved from the wild apri-
cot of the northern region of the Tianshan Mountains, which 
initially spread to Kucha and then to the East-West direction 

further along the Silk Road (He, 2006). According to the 
origin of ecological and biological characteristics and the 
formation of historical conditions, the apricot resources in 
Xinjiang mainly belong to the Central Asian Group, which is 
an ancient and variable group that includes those from six 
regions in the South of Tianshan Mountains, including Ho-
tan, Kashgar, Aksu, and Turpan, as well as Kizilsu Kirghiz 
Autonomous Prefecture and Bayingolin Mongol Autonomous 
Prefecture (Yuan, 2007; Yuan et al., 2007). Another origin is 
the Junggar-Ili ecological group, which includes six regions 
such as Ili, Bortala, Tuscaloosa, Altay, Changji Prefecture, and 
Kumul (Yuan, 2007). In the present study, the ancient apricot 
germplasm resources from seven areas in Xinjiang, which 
included the Kizilsu Kirghiz Autonomous Prefecture, Kash-
gar, Hotan, Aksu, Bayingolin Mongol Autonomous Prefecture, 
Turpan, and Kumul, were used as experimental materials. 
In addition, the genetic diversity of the apricot germplasm 
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 Summary
The apricot originated from Xinjiang, China, and 

therefore, the apricot germplasm of Xinjiang is very 
abundant. The aim of this study was to explore the 
genetic diversity and the genetic relationship among 
different apricot populations thriving in the southern 
region of the Tianshan Mountains in Xinjiang, as well 
as to provide reference for the protection and utili-
zation of resources and breeding. The method of in-
ter-simple sequence repeats (ISSR) molecular mark-
er technology was employed in the present study. The 
experimental materials included 141 samples from 
the apricot germplasm, which were derived from 
seven regions in the South of Tianshan Mountains. A 
total of 459 polymorphic bands were amplified using 
22 ISSR primers. The percentage of polymorphic loci 
ranged from 40.65%–66.67%. Among the 12 popula-
tions analyzed, the percentage of polymorphic loci, 
the observed number of alleles, the effective number 
of alleles, Nei’s genetic diversity, and Shannon infor-
mation index were highest in the Yingjisha popula-
tion, whereas the lowest values were observed in the 
Aheqi and Toukexun population. Genetic variation in 
the apricot germplasm in the South of the Tianshan 
Mountains in Xinjiang was mainly due to intra-pop-
ulation variability (69.37%), and to a lesser extent, 
inter-population variability (30.63%). The Shanshan 
population and the Turpan population showed the 
closest genetic relationship and the lowest degree of 
genetic variation, whereas the Aheqi population and 
the Hetian population presented the most distant ge-
netic relationship and the highest degree of genetic 
variation.
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Significance of this study
What is already known on this subject?
• From this subject we already know the genetic diver-

sity and the genetic relationship among different apri-
cot populations thriving in the southern region of the 
Tianshan Mountains in Xinjiang. 

What are the new findings?
• A total of 459 polymorphic bands were amplified us-

ing 22 ISSR primers. The percentage of polymorphic 
loci ranged from 40.65%–66.67%. Among the 12 pop-
ulations analyzed, the percentage of polymorphic loci, 
the observed number of alleles, the effective number 
of alleles, Nei’s genetic diversity, and Shannon infor-
mation index were highest in the Yingjisha population, 
whereas the lowest values were observed in the Aheqi 
and Toukexun population. Genetic variation in the 
apricot germplasm in the South of the Tianshan Moun-
tains in Xinjiang was mainly due to intra-population 
variability (69.37%), and to a lesser extent, inter-pop-
ulation variability (30.63%). The Shanshan population 
and the Turpan population showed the closest genetic 
relationship and the lowest degree of genetic varia-
tion, whereas the Aheqi population and the Hetian 
population presented the most distant genetic rela-
tionship and the highest degree of genetic variation. 

What is the expected impact on horticulture?
• By the study, we expected to provide reference for the 

protection and utilization of resources and breeding.
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in Xinxiang was investigated by using the ISSR technology 
to analyze the genetic relationship between the different 
apricot populations in the South of Tianshan Mountains at 
the molecular level and to determine its molecular genetic 
characteristics. The results of the present study may serve as 
reference for the protection, utilization, and genetic breeding 
of apricots in the south of Tianshan Mountains in Xinjiang.

Materials and methods

Experimental materials
The experimental materials included 141 samples (the 

geographical location of the sampling sites is shown in Fig-
ure 1) representing 12 populations that were distributed in 
12 counties, namely, Kizilsu Kirghiz Autonomous Prefecture, 
Kashgar, Hotan, Aksu, Bayingolin Mongol Autonomous Pre-
fecture, Turpan, and Kumul, which were collected from June 
to July 2013, with >5,000 km distance between samples. The 
samples, which included the seedling, cultivars, and grafted 
varieties, were all grown in the farmyard and the tree-age 
was within the range of 50–200 (detailed sampling informa-
tion is presented in Table 1). 

The sampling method included the determination of the 
position of the sampled tree by using a GPS system, and the 
appropriate amount of fresh and healthy leaves were collect-
ed from each tree. The leaves were kept in Zip-lock bags that 
contained allochroic silica gel, which was replaced with fresh 
silica gel when its color changed from blue to pink. The dry 
samples were then kept at room temperature until analysis.

Experimental methods
1. Extraction of genomic DNA. Genomic DNA of the 141 
apricot samples was extracted by using the improved CTAB 
(Lefort and Douglas, 1999; Zeng et al., 2008) method. DNA 
concentrations of the samples were assessed by using 1% 
agarose gel electrophoresis (EGA) and then kept at -20°C un-
til analysis.

2. ISSR-PCR analysis. The ISSR-PCR reaction system used in 
the present study followed the technique described by 
Weisheng (Liu et al., 2005), which was as follows: Each 20-mL 
reaction solution included 14.2 mL of double distilled water, 
2.0 mL of a 10× buffer (including Mg2+), 20 ng of the DNA tem-
plate, 1 mL of the primer (10 mM), 1.6 mL of the dNTPs (2.5 
mM each), 0.2 mL of TaqDNA polymerase (5 units/mL).

Amplification conditions (Liu et al., 2005) were as fol-
lows: Initial denaturation at 94°C for 5 min; followed by 
denaturation at 94°C for 45 s, annealing at 48°C – 59°C (de-
pending on the primer) for 1 min, and extension at 72°C for 
1.5 min for a total of 40 cycles; and a final extension at 72°C 
for 5 min. 

The reagents that were used in the experiment were 
purchased from Beijing Quan Shi-jin Biotechnology Co., Ltd. 
(Urumqi, Xinjiang, China) such as 10× buffer (including Mg2+), 
dNTPs, TaqDNA polymerase, DNA marker (100–2,000 bp).
3. Primer selection for ISSR analysis. A total of 100 ISSR 
primer sequences that were provided by University of Brit-
ish Columbia (UBC), Canada (the name and primer sequenc-
es are presented in Table 2) (Zhang and Luo, 2004; Li, 2009) 
were synthesized by Beijing Liu He Hua Da Genomics Tech-
nology Co., Ltd. (Beijing, China). Six samples were randomly 
selected as preliminary screening primers, and there were 
51 primers that with products and obvious lord article were 
selected after preliminary screening. Then, two samples 
from each sampling point were selected, thus screening a to-
tal of 6 samples using the 51 primers. Finally, the 22 primers 
that presented clear bands on the gel were selected and used 
in the analysis of the 12 population samples.
4. Product testing. Amplification products were analyzed by 
conducting 2% agarose gel electrophoresis using 120 V for 
40–50 min, then stained with ethidium bromide, and finally 
observed and recorded using the Alpha Gel Imaging System 
(ProteinSimple Company, CA, USA). 
5. Processing and analysis of data. Cluster analysis was 
conducted by using the MEGA3.1 software and genetic diver-
sity was analyzed by using the POPGENE 1.32 software. 

Figure 1.  
The geographical location 
of the 12 apricot sampling 
points in Xinjiang.
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Results and analysis

Genetic diversity of the 12 apricot populations
As shown in Table 3, among the 12 populations analyzed, 

the Yingjisha population showed the highest number of poly-
morphic bands, representing 310 loci, followed by the Tur-
pan population (292 loci), Wushi population (276 loci), Min-
feng population (263 loci), Yiwu population (259 loci), and 
Shanshan population (256 loci). The number of polymorphic 
loci of the other six populations was relatively low, with that 
of the Aheqi population being the lowest (189 loci). The 
Yingjisha population showed the highest percentage of poly-
morphic loci (PPL) (66.67%), followed by the Yurpan pop-
ulation (62.80%), the Wushi population (60.43%), Minfeng 
population (56.56%), and the Aheqi population (40.65%). 
The percentage of polymorphic loci of the other populations 
ranged from 43.44% to 55.70%. These results indicated that 
the apricot populations in the South of Tianshan Mountains 
were highly polymorphic.

Table 3 shows that the observed number of alleles (Na) in 
all the populations, which ranged from 1.4065 to 1.6667, in 
which the Yingjisha population was the highest, followed by 
the Turpan population (1.6280), Wushi population (1.6043), 
Minfeng population (1.5656), Yiwu population (1.5570), and 
the Aheqi population was the lowest. The effective number 
of alleles (Ne) ranged from 1.2402 to 1.3343; the highest Ne 
was observed in the Yingjisha population, followed by the 
Yiwu population (1.3206), Wushi population (1.3190), Tur-
pan population (1.3129), Shanshan population (1.3126), and 
Cele population.

Table 1.  Details of the 12 apricot sampling points in Xinjiang.

Population Sample size
(n)

Altitude 
(m) Latitude Longitude Location

Minfeng 16 1,412.1–1,422.1 N 36.748510°
–37.063103°

E 082.767908°
–083.013781°

Three villages from three countrysides in 
Mingfeng County, Hotan

Cele 18 1,152.6–2,276.2 N 36.292080°
–37.028170°

E 080.713194°
–081.245126°

Seven villages from four countrysides in 
Cele County, Hotan

Luopu 9 1,407.6–1,817.9 N 36.785941°
–37.043371°

E 080.008490°
–080.183523°

Three villages from two countrysides in 
Luopu County, Hotan

Hetian 8 1,371.6–1,428.1 N 37.059920°
–37.136552°

E 079.748554°
–079.842463°

Four villages from two countrysides in 
Hotan County, Hotan

Wushi 14 1,392.1–1,512.0 N 41.150291°
–41.210620°

E 079.119801°
–079.311155°

Four villages from two countrysides in 
Cele County, Hotan

Aheqi 6 2,003.3–2,015.2 N 40.934320°
–40.934500°

E 078.449350°
–078.452820°

Old apricot garden in Aheqi County, Kizilsu 
Kirghiz Autonomous Prefecture

Yingjisha 16 1,328.1 N 38.939788° E 076.095164° Apricot garden in Yingsha County, Kashgar

Luntai 5 960.20 N 41.183333° E 083.633333°
The national fruit tree resources nursery of 

Lun Tai County, Bayingolin Mongol 
Autonomous Prefecture

Shanshan 10 -77–509 N 42.716972°
–43.032278°

E 089.617500°
–090.652861° Nine villages in Shanshan County, Turpan

Turpan 16 -105–932 N 42.847972°
–43.195167°

E 088.976194°
–089.479167° Seven villages in Turpan County, Turpan

Tuokexun 7 56–1,530 N 42.807444°
–43.239278°

E 088.036611°
–088.979361° Five villages in Tuokexun County, Turpan

Yiwu 16 462.9–1,394.8 N 43.456912°
–43.750195°

E 094.846908°
–095.021312°

Two villages from two countrysides in 
Tuokexun County, Kumul

Table 2.  Sequence of the 22 primers used in the present study.

Primer name Primer sequence
UBC807 5’-AGAGAGAGAGAGAGAGT-3’
UBC808 5’-AGAGAGAGAGAGAGAGC-3’
UBC809 5’-AGAGAGAGAGAGAGAGG-3’
UBC811 5’-GAGAGAGAGAGAGAGAC-3’
UBC813 5’-CTCTCTCTCTCTCTCTT-3’
UBC822 5’-TCTCTCTCTCTCTCTCA-3’
UBC823 5’-TCTCTCTCTCTCTCTCC-3’
UBC825 5’-ACACACACACACACATA-3’
UBC826 5’-ACACACACACACACACC-3’
UBC834 5’-AGAGAGAGAGAGAGAGYT-3’
UBC835 5’-AGAGAGAGAGAGAGAGYC-3’
UBC836 5’-AGAGAGAGAGAGAGAGYA-3’
UBC841 5’-GAGAGAGAGAGAGAGAYC-3’
UBC843 5’-CTCTCTCTCTCTCTCTRA-3’
UBC844 5’-CTCTCTCTCTCTCTCTRC-3’
UBC845 5’-CTCTCTCTCTCTCTCTRG-3’
UBC850 5’-GTGTGTGTGTGTGTGTYC-3’
UBC853 5’-TCTCTCTCTCTCTCTCRT-3’
UBC854 5’-TCTCTCTCTCTCTCTCRG-3’
UBC859 5’-TGTGTGTGTGTGTGTGRC-3’
UBC876 5’-GATAGATAGACAGACA-3’
UBC881 5’-GGGTGGGGTGGGGTG-3’
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The greater the value of Nei’s genetic diversity index, 
the lower the genetic consistency of a population (Liu et 
al., 2009). Nei’s genetic diversity index (H) (Table 3) ranged 
from 0.1411 to 0.2016; the Yingjisha population showed the 
highest H, whereas the Tuokexun population the lowest. The 
H of the 12 populations in descending order was as follows: 
Yingjisha population (0.2016) > Wushi population (0.1895) 
> Turpan population (0.1889) > Yiwu (0.1868) > Shanshan 
(0.1844) > Luntai population (0.1804) > Luopu population 
(0.1696) > Cele population (0.1668) > Hetian population 
(0.1542) > Aheqi population (0.1429) > Tuokexun popula-
tion (0.1411).

Table 3 shows that the Shannon information index (I) of 
the different populations ranged from 0.2136 to 3097; the 
Yingjisha population was the highest index, and that of the 
Aheqi population was the lowest. The Shannon index of the 
12 populations in a descending order was as follows: Ying-
jisha population (0.3097) > Turpan population (0.2902) > 
Wushi population (0.2879) > Yiwu population (0.2805) > 
Shanshan population (0.2781) > Luntai population (0.2731) 
> Minfeng population (0.2711) > Luopu population (0.2559) 
> Cele population (0.2529) > Hetian population (0.2329) > 
Tuokexun population (0.2140) > Aheqi population (0.2136).

Table 3 shows that the average percentage of polymor-
phic loci, observed number of alleles, effective number of 
alleles, Nei’s genetic diversity, and Shannon information 
index of the 12 apricot populations were 53.62%, 1.5362, 
1.2936, 0.1738, and 0.2633, respectively, at the population 
level, whereas that of the species level were 98.71%, 1.9871, 
1.4050, 0.2510, and 0.3934, respectively. Genetic diversity at 
the inter-population and intra-population levels accounts for 
33.07% and 66.93% of the total genetic diversity, respective-
ly, and the genetic diversity at the intra-population level was 
higher than that of the inter-population level. These obser-
vations thus confirm that the variation in the apricot germ-
plasm in the South of Tianshan Mountains was mainly at the 
intra-population level. 

The percentage of polymorphic loci, observed number of 
alleles, effective number of alleles, Nei’s genetic diversity, and 
Shannon information index of the Yingjisha population were 
the highest among the 12 populations examined, whereas 
those of the Aheqi and Tuokexun population were the lowest. 

These results indicated that the Yingjisha population was the 
most genetically diverse resource among the 12 populations 
evaluated. Furthermore, the genetic diversity of the Turpan 
population, Wushi population, Yiwu population, Minfeng and 
Shanshan population were fairly rich. On the other hand, the 
Aheqi and Tuokexun population was determined to have the 
lowest level of genetic diversity. Based on these findings, the 
Yingjisha population should therefore be given priority in 
terms of protection and conservation of apricot germplasm 
resources in the South of Tianshan Mountains.

Genetic differentiation
Table 4 shows that the total gene diversity index (Ht) of 

the 12 populations was 0.2505 ± 0.0265, the genetic diversi-
ty of the 12 populations (Hs) was 0.1738 ± 0.0140, gene flow 
(Nm*) was 1.1295, and the index of genetic differentiation 
(Gst) was 0.3063. Approximately 30.63% of the observed ge-
netic variation occurred at the inter-population level, where-
as 69.37% was at the intra-population level. 

Genetic relationship of the 12 apricot populations
Genetic similarity and genetic distance are important 

indicators of species provenance variation level among pop-
ulations; these reflect genetic differentiation and genetic re-
lationships at the inter-population level (Qin et al., 2012). Ta-
ble 5 shows that the genetic similarity of apricot populations 
ranged from 0.8484 to 0.9814, and the average value was 
0.9137, which indicated that genetic differentiation occurs 
at the inter-population level. Genetic distance ranged from 
0.0188 to 0.1644 with an average value of 0.1003, which in-
dicated a high genetic similarity at the inter-population level 
and that these populations were closely related.

The genetic similarity between the Shanshan population 
and the Turpan population was the highest (0.9814), and 
their genetic distance was very low (0.0188). The genetic 
similarity between the Aheqi population and the Hetian pop-
ulation was the lowest (0.8484), and their genetic distance 
was the highest (0.1644).

Figure 2 shows that the average distance of the hierar-
chical clustering was 0.06, which is considered as the thresh-
old value in which the 12 populations were divided into two 
groups. The first group included eight populations, namely, 

Table 3.  ISSR genetic diversity analysis of 12 apricot populations.

Population Number of
polymorphic loci

Percentage of
polymorphic loci 

(PPB)

Observed number 
of alleles 

(Na)

Expected number
of alleles 

(Ne)

Nei’s gene diversity 
index 
(H)

Shannon’s
information index 

(I)
Aheqi 189 40.65 1.4065 ± 0.4917 1.2471 ± 0.3605 0.1429 ± 0.1935 0.2136±0.2778
Yingjisha 310 66.67 1.6667 ± 0.4719 1.3343 ± 0.3542 0.2016 ± 0.1876 0.3097±0.2654
Minfeng 263 56.56 1.5656 ± 0.4962 1.3038 ± 0.3645 0.1790 ± 0.1957 0.2711±0.2790
Cele 244 52.47 1.5247 ± 0.4999 1.2813 ± 0.3550 0.1668 ± 0.1929 0.2529±0.2768
Luopu 233 50.11 1.5011 ± 0.5005 1.2855 ± 0.3527 0.1696 ± 0.1937 0.2559±0.2795
Hetian 215 46.24 1.4624 ± 0.4991 1.2615 ± 0.3534 0.1542 ± 0.1919 0.2329±0.2763
Wushi 276 60.43 1.6043 ± 0.4895 1.3190 ± 0.3609 0.1895 ± 0.1942 0.2879±0.2763
Luntai 248 53.33 1.5333 ± 0.4994 1.3043 ± 0.3624 0.1804 ± 0.1934 0.2731±0.2779
Shanshan 256 55.05 1.5505 ± 0.4980 1.3126 ± 0.3647 0.1844 ± 0.1963 0.2781±0.2809
Tulufan 292 62.80 1.6280 ± 0.4839 1.3129 ± 0.3507 0.1889 ± 0.1881 0.2902±0.2679
Tuokexun 202 43.44 1.4344 ± 0.4962 1.2402 ± 0.3508 0.1411 ± 0.1883 0.2140±0.2705
Yiwu 259 55.70 1.5570 ± 0.4973 1.3206 ± 0.3745 0.1868 ± 0.2000 0.2805±0.2849
Mean 249.33 53.62 1.5362 ± 0.4936 1.2936 ± 0.3587 0.1738 ± 0.1930 0.2633±0.2761
Species level 459 98.71 1.9871 ± 0.1130 1.4050 ± 0.3259 0.2510 ± 0.1636 0.3934±0.2155
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FIGURE	2.  Dendrogram of the results of the UPGMA method cluster analysis based on Nei’s 
genetic distance.  
 
 
 
 

Figure 2.  Dendrogram of the results of the UPGMA method cluster analysis based on Nei’s genetic distance. 

Table 4.  Genetic variation of the 12 apricot populations examined in the present study.

Sample size Total gene diversity index 
(Ht)

Gene diversity in the 
population (Hs)

Index of genetic 
differentiation (Gst)

Gene flow 
(Nm*)

Mean 141 0.2505 ± 0.0265 0.1738 ± 0.0140 0.3063 1.1325

Table 5.  Nei’s genetic identity (above the diagonal) and genetic distance (below the diagonal) of the 12 apricot populations.

Population Aheqi Yingjisha Minfeng Cele Luopu Hetian Wushi Luntai Shanshan Tulufan Tuokexun Yiwu
Aheqi **** 0.8827 0.8502 0.8492 0.8575 0.8484 0.9108 0.8975 0.8835 0.9001 0.874 0.9586
Yingjisha 0.1248 **** 0.9270 0.9147 0.9280 0.9182 0.9252 0.9453 0.9287 0.9418 0.9038 0.9036
Minfeng 0.1622 0.0758 **** 0.9349 0.9382 0.9238 0.8882 0.8966 0.8887 0.9059 0.8697 0.8681
Cele 0.1635 0.0891 0.0673 **** 0.9714 0.9285 0.8806 0.8854 0.8824 0.9001 0.8595 0.8572
Luopu 0.1537 0.0747 0.0638 0.0290 **** 0.9666 0.8845 0.9029 0.8971 0.9097 0.8674 0.8676
Hetian 0.1644 0.0854 0.0793 0.0742 0.0339 **** 0.8829 0.8936 0.8922 0.9020 0.8646 0.8621
Wushi 0.0934 0.0778 0.1185 0.1272 0.1228 0.1246 **** 0.9475 0.9490 0.9708 0.9707 0.9266
Luntai 0.1081 0.0563 0.1092 0.1217 0.1021 0.1125 0.0540 **** 0.9507 0.9559 0.9239 0.9214
Shanshan 0.1238 0.0740 0.1180 0.1251 0.1086 0.1140 0.0524 0.0506 **** 0.9814 0.9396 0.8990
Tulufan 0.1052 0.0599 0.0989 0.1053 0.0947 0.1031 0.0297 0.0451 0.0188 **** 0.9620 0.9229
Tuokexun 0.1347 0.1011 0.1396 0.1514 0.1422 0.1455 0.0297 0.0791 0.0623 0.0387 **** 0.8909
Yiwu 0.0423 0.1014 0.1415 0.1541 0.1420 0.1483 0.0762 0.0819 0.1064 0.0802 0.1156 ****

Above diagonal: Nei (1973) unbiased genetic identity (I). Below diagonal: genetic distance (D).
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Kizilsu Kirghiz Autonomous Prefecture, Kashgar, Aksu, Bay-
ingolin Mongol Autonomous Prefecture, Turpan, and Kumul. 
The second group consisted of the Minfeng population, Cele 
population, Luopu population, and the Hotan population. 
Overall, close genetic relationships among apricot popula-
tions in the South of Tianshan Mountains were observed at 
the inter-population level. On the other hand, Figure 2 shows 
that the genetic distance between the Shanshan population 
and the Turpan population was the lowest, which indicated 
that these were closely related.

Discussion

Genetic diversity of the apricot populations
Genetic diversity is the core of biodiversity (Yuan et al., 

2008). The commonly used metrics of genetic diversity in-
clude number of polymorphic loci, Na, Ne, H, and I.

The number of polymorphic loci in the 12 apricot popula-
tions ranged from 177 to 321, the percentage of polymorphic 
loci (PPB) ranged from 40.56%– 66.67%, Na ranged from 
1.4065 to 1.6667, Ne ranged from 1.2402 to 1.3343, H ranged 
from 0.1411 to 0.2016, and I ranged from 0.2136 to 0.3097. 
These results indicated a highly diverse apricot germplasm 
at the South of Tianshan Mountains both at the population 
and species levels. The highest PPL, Na, Ne, H, and I were ob-
served in the Yingjisha population, whereas the lowest val-
ues were detected in the Aheqi and Tuokexun populations. 
These findings indicate that the genetic diversity of the Ying-
jisha population was the highest among the 12 populations, 
whereas those of the Aheqi and Tuokexun population were 
the lowest.

Tianming (2006) used 11 pairs of SSR primers in screen-
ing three Xinjiang apricot varieties, namely, Kashgar, Hotan, 
and Kuqa by using the SSR technique. H was determined to 
be 0.2364, which indicated a high level of genetic diversity in 
Xinjiang apricot cultivation group. Zhaohe (Yuan, 2007) an-
alyzed the genetic diversity of apricots from four ecological 
groups by using the AFLP technique, which generated an H 
of 0.143 at the species level, I was 0.226, the number of poly-
morphic was 130.86, PPB was 60.58%, indicating a high level 
of genetic diversity.

Genetic variation and differentiation
Our results confirm the relationship between the size of 

genetic differentiation coefficient and the differentiation de-
gree as described by Wright (1965). In the present study, the 
population genetic differentiation coefficient (0.3063) was 
> 0.25, which indicated that the population genetic differ-
entiation of the apricot germplasm in the South of Tianshan 
Mountains was highest. The genetic variation of apricots in 
the South of Tianshan Mountains mainly occurred at the in-
tra-population level (69.37%), and to a lesser degree at the 
inter-population level (30.63%), which was consistent with 
the findings of previous studies. Yuan et al. (2007) showed 
that the rich genetic diversity of apricot in southern Xinji-
ang mainly occurred at the intra-population level. Tianming 
(2006) showed that the gene differentiation coefficient value 
of the Xinjiang apricot was 0.1508, which indicated that this 
mainly existed at the intra-subgroup level (84.9%) and that 
at the inter-subgroup level was about 15.08%. However, the 
Gst of Ili wild apricot population was 0.164, which indicated 
that genetic differentiation mainly occurred at the inter-pop-
ulation level (83.6%). The genetic differentiation of apricot 
in China generally occurred at the intra-ecological geography 
group level (82.1%), and genetic variation mainly existed at 

the intra-natural population or intra-ecological geographical 
group level, irrespective of cultivation and breed.

Gene flow (Nm) pertains to gene movement across in-
tra-population and inter-population levels. If natural selec-
tion is one of the main causative evolutionary forces of popu-
lation differentiation, then gene flow is the important factor 
that prevents selection (Geng, 2011). Nm largely influences 
genetic differentiation in populations. It can also play a role 
in homogenization, particularly when Nm at the inter-pop-
ulation level is > 1, whereas it is insufficient in resisting the 
genetic differentiation caused by the genetic drift when Nm 
at the intra-population is < 1 (Geng, 2011). In the present 
study, the Nm of the apricot germplasm was 1.1325 or > 1, 
which indicated that the spread of Nm of apricot in the South 
of Tianshan Mountains was unimpeded and was enough to 
resist the genetic differentiation at the inter-population level 
that was caused by the genetic drift at the intra-population 
level.

Genetic relationship among 12 apricot populations
At the molecular level, a greater genetic distance and 

similarity coefficient amplitude result in a higher level of ge-
netic differentiation. Furthermore, a higher degree of genetic 
diversity leads to a more complex genetic background (Liu 
et al., 2009). The present study showed that the maximum 
and minimum values of genetic distance and genetic similar-
ity coefficient of the 12 apricot populations in the South of 
Tianshan Mountains were 0.0188 and 0.1644, 0.9814, and 
0.9814, respectively, which indicated that genetic differen-
tiation occurred at the inter-population level and thereby 
constituting a rich gene pool. The Shanshan population and 
the Turpan population showed the closest genetic relation-
ship and the lowest degree of genetic variation, whereas 
the Aheqi population and the Hetian population showed the 
highest level of genetic variation.

The main traditional spread methods of the Xinjiang apri-
cot include seed propagation, and the apricot varieties in the 
South of Tianshan Mountains in Xinjiang evolved from the 
Ili wild apricot in the North of Tianshan Mountains. These 
first spread to Kucha, then eventually to the east and west, 
further along the Silk Road (He, 2006). In the present study, 
the results of cluster analysis were not completely consistent 
with the findings of previous studies on apricot distribution 
(Zhang et al., 2003) in Xinjiang, which showed that there 
was obvious gene exchange among populations. Most of the 
populations thriving in the same region showed close genet-
ic relationships, although there were also populations from 
different regions that were highly related. For example, the 
Shanshan population and the Turpan population in Turpan 
region were clustered together, and the Tuokexun population 
in the Turpan region and the Wushi population in the Aksu 
region were also grouped together.

We believe that differences in the apricot germplasm in 
the South of Tianshan Mountains in Xinjiang were mainly due 
to artificial selection and introduction. Artificial selection 
and introduction among regions led to the fixation of some 
genes from apricot populations of different regions. Previous 
research (He et al., 2006) has shown that artificial selection 
among the oasis in the Silk Road frequently occurred. Be-
cause evolution of the Xinxiang apricot is influenced by gene 
flow that was caused by the artificial selection and artificial 
introduction, as well as geographical isolation in the desert, 
the cultivar showed a complex population genetic structure. 
Geographical isolation caused extensive variation (89.4%) 
at the intra-population level, whereas artificial introduction 
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among the different regions resulted in gene flow, leading to 
the establishment of a non-Mendelian pattern of inheritance 
in each subgroup (He et al., 2006).
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