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Abstract
Populus euphratica and Populus pruinosa are important tree species in northwest China. In this study, the
codominant EST-SSR markers related to drought resistance genes was used to reveal the genetic diversity
of P. euphratica and P. pruinosa populations. The results showed that those populations exhibited rich
genetic diversity levels. Compared with other P. euphratica and P. pruinosa populations respectively, the
genetic diversity of populations in southern Xinjiang was all the highest. The average fixed index of
different populations indicated that the genetic relationship among P. euphratica populations was
relatively far, while the relationship among the P. pruinosa populations was closer. The molecular
variance analysis showed that the variation within populations was bigger than that among populations
in the P. euphratica and P. pruinosa populations respectively. The cluster analysis showed that P.
euphratica and P. pruinosa populations could be mainly classified into two clades represented by
southern and northern Xinjiang respectively. The population structure and principal co-ordinates analysis
indicated that the 47 natural P. euphratica populations have been divided into 4 clades, represented by the
two populations in southern or southern Xinjiang respectively. The 17 natural P. pruinosa populations had
been divided into 4 clades, consisted by the three County in southern Xinjiang, and Nilka County in
northern Xinjiang. At the same time, The EST-SSR fingerprintings of 47 natural Populus euphratica and 17
natural Populus pruinosa have been constructed successfully. This study laid the foundation for the later
priority protection of the genetic diversity populations of excellent drought resistance.

Introduction
Populus euphratica Oliv. (P. euphratica) and Populus pruinosa Schrenk (P. pruinosa) belong to the Sect.
Turanga Bge in Populus of Salicaceae. P. euphratica is commonly known as variable leaf or heterophylly
poplar, and mainly distributed in Central and western Asia, followed by north Africa and southern Europe
(wang 1996; Wei 1990). About 61% of the world's Populus euphratica forests are distributed in China.
while 91.1% of China's natural Populus euphratica forests are distributed in Xinjiang (Li 2020). It had an
excellent resistance characteristics such as salt alkali resistance, drought resistance, heat resistance,
wind and sand resistance (Li et al. 2011), and played an extremely important role in maintaining the
fragile ecological environment in desert areas (Cao et al. 2012) Compared with P. euphratica, P. pruinosa
populations are only found in Central Asia and West Asia along the riparian forest, and mainly distributed
in the upper reaches of Tarim River, alongside the Yerqiang River and Hotan River in southern Xinjiang
(Wei 1990). Plant genetic diversity is the essence of species evolution and one of the cores of
conservation genetics. The research of conservation genetics mainly included morphological research,
cytological research, physiological and biochemical research and molecular biology research. In recent
years, SSR markers were used to analyze the population genetic diversity because of its advantages of
good repeatability, high polymorphism, codominance (Luo et al. 2019). EST (expressed sequence tag)
was usually less than 1000bp length of cDNA (Dillon et al. 2014) and provided a valuable source for the
development of SSR markers (Bérubé et al. 2007; Poncet et al. 2006). EST-SSR (expressed sequence tag
SSR) was used to detect the SSR characteristics at the transcriptional level. Compared with ordinary
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gSSR (genomic SSR), EST-SSR was the generally conservative and accurate, and became an important
tool to find important agronomic traits (Gao et al. 2003; Saha et al. 2004).

The natural P. euphratica populations used by SSR markers had high genetic diversity and low population
differentiation; Geographical distance had no significant effect on the genetic differentiation of different
populations, and the genetic variation among populations was greater than that within population (Wang
et al. 2011a). The natural P. pruinosa populations also showed the similar results (Zhang et al. 2012).
The different P. euphratica populations also existed the gene flow from the north and south of Xinjiang.
At the same time, the distribution contraction caused by climate oscillation further accelerated the
divergence of these regional populations (Zeng et al. 2018). Zhang et al. (Zhang et al. 2011) analyzed the
15 poplar materials by using genomic SSR and EST-SSR markers, and compared two different DNA
molecular marker methods. The results showed that EST-SSR markers had better universality than
genomic SSR, and the genetic diversity revealed by EST-SSR loci was higher than genomic SSR loci, The
results of cluster analysis showed that EST-SSR markers could more accurately reflect the genetic
differences and genetic relationships among different poplar species. Of course, molecular markers were
powerful tools for the identification of plant species or individuals (Karihaloo 2015). For example, the 286
different potato varieties could be completely identified by using 4 to 5 pairs of SSR markers (Moisan-
Thiery et al. 2005). The 14 SSR markers were used to discriminate the 17 most common tomato varieties
distributed in Italy (Caramante et al. 2011). The 20 SSR markers were tested with 10 genotypes to
construct the unique fingerprints in the different mango varieties (Kumar et al. 2013). The DNA
fingerprints of 128 elite oil camellia cultivars were constructed by SSR primer pairs screened from the
SSR primer database of oil camellia (Chen et al. 2016). A SSR high-throughput identification system was
constructed according to six pairs high efficiency EST-SSR primers to gain the DNA fingerprint spectrum
of different Lolium multifloru varieties (Liu et al. 2017).

Although sporadic molecular markers have been reported in the P. euphratica population research (Dong
and Bai 1998; sheng et al. 2008; Wang et al. 2011a), these markers weren’t related to the extreme drought
resistance genes of P. euphratica. For example, Genes such as WRKY, GRAS, DREB, MYB and hormone
ABA signaling pathway components were widely involved in plant drought resistance (Jing et al. 2017;
Ma et al. 2010; Sha et al. 2013; Yan et al. 2012). Therefore, this study identified the drought gene related
EST-SSR markers of P. euphratica and P. pruinosa populations at the whole genome level, and used these
markers to study the genetic diversity, constructed fingerprinting of different population samples, which
could not only reveal the genetic diversity characteristics in the different geographical distribution areas
and identify different populations, but also had an important guiding significance for further mining and
breeding gene resources with excellent drought resistance.

Materials And Methods

Sample collection and DNA extraction
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According to the longitude and latitude gradient survey sampling strategy from south to north and west
to east, the natural P. euphratica and P. pruinosa forests in Xinjiang, Qinghai, Ningxia, Inner Mongolia and
Gansu were investigated in Northwest China (Gai et al. 2021). Finally, 693 samples were collected from
47 natural P. euphratica populations and 235 samples were collected from 17 natural P. pruinosa
populations. The spacing of sample plants in each population should be at least 100m. Pick the leaves at
the third node from the base of the current year branches, dry the leaves with silica gel for preservation,
send them back to the laboratory for DNA extraction and measure the concentration of the samples
(Saghai-Maroof et al. 1984).

Est-ssr Primer Designing And Screening
Based on the published genome sequencing data of P. euphratica and P. pruinosa species, the SSR
sequences was developed by using MISA (microsatellite identification tool). Set the parameter of SSR
identification, definition (unit_size, min repeats): 1–10 2–5 3–4 4 − 3 5 − 3 6 − 3, which meant that the
minimum repeat numbers of single nucleotide repeat, dinucleotide repeat, trinucleotide repeat,
tetranucleotide repeat, pentanucleotide repeat and hexanucleotide repeat was 10, 5, 4, 3, 3 and 3
respectively; Interruptions (max_difference_for_2_ssrs): 100, the distance between the two microsatellites
was less than 100bp.

The identification of drought resistance genes of P. euphratica included two parts: (1) Integrate the
transcriptome data of drought resistance of P. euphratica in our research group to identify the genes with
differential response in the process of stress. (2) Use the known drought resistant genes and pathways of
dicotyledonous model plant Arabidopsis, homology comparison to the drought resistant genes of P.
euphratica and P. pruinosa, and combine the genes from the two sources to construct the drought
resistant gene collection of P. euphratica and P. pruinosa. 10kb upstream and downstream of these
drought genes (including the gene itself) were extracted by self-writting script. 500 pairs of EST-SSR
primers were developed in batch according to the extracted gene sequence. 133 pairs of suitable primers
were screened from the 500 pairs of primers according to the conditions of conventional primer screening
and sent to Sangon Biotech company (Shanghai) for primer synthesis.

Genetic Diversity Analysis And Fingerprinting Construction
12 trees were randomly selected from 12 different P. euphratica populations for PCR amplification. The
specific PCR amplification system was as follows (Tab. S1). The reaction procedure of PCR amplification
was as follows: initial denaturation at 95 ℃ for 3 min; primer denaturation at 95 ℃ for 15s, primer
annealing at 58 ℃ ~ 60 ℃ for 15s, primer extension at 72 ℃ for 1min, 35 cycles; final extension at 72
℃ for 10min. Finally, 10 pairs of core primers with clear bands and good specificity were selected from
133 pairs of suitable primers (Tab. S2). A total of 929 samples of P. euphratica and P. pruinosa were
amplified by PCR. The PCR products were detected by 1% agarose gel electrophoresis. Using a marker of
1500bp as a scale, the bright and clear band at the same site were marked as 1, and the absent band
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were marked as 0, and 9 indicated no amplification (Xia and Lu 2009). ignore weak or heterozygous
bands and build the 0/1 matrix of the original data.

The genetic diversity parameters of P. euphratica and P. pruinosa populations were evaluated in terms of
the number of alleles (Na), effective number of alleles (Ne), Shannon’s information index (I), observed
heterozygosity (Ho), expected heterozygosity (He), unbiased expected heterozygosity (UHe), fixed index
(F), AMOVA (Analysis of Molecular Variance) (Peakall and Smouse 2012), Nei's (1983) population genetic
distance (D) and PCoA (principal coordinates analysis) were calculated by using GenALEx 6.5. Use
NTSYS-pc 2.10s software to generate UPGMA clustering map (Rohlf 1998) and use STRUCTURE v2.3.4
software to analyse population structure (Earl and Vonholdt 2012). At the same time, the 0/1 matrix
dates of P. euphratica and P. pruinosa was used to construct the fingerprinting of different populations
samples.

Results

Genetic diversity analysis
In the natural P. euphratica populations (Tab. S3), the results showed the average level of the observed
heterozygosity (Ho) was greater than the expected heterozygosity (He), indicating that the proportion of
heterozygotes in the overall level population was higher than that required to achieve balance. there was
excess heterozygotes and the genetic relationship of different was far. From the fixed index (F), the MYX
population (F = 0.002) was relatively close to 0, indicating that there was little difference between the
expected heterozygosity and the observed heterozygosity of the population, which was close to the ideal
population. However, In the fixed index (F) (Tab. S4), there were seven populations whose F value was
less than 0, and other ten populations were more than 0, indicating that at the population level, the
expected heterozygosity was relatively bigger than the observed heterozygosity, there was lack of
heterozygotes, excess homozygotes and more close relatives among populations. In general, the average
level of genetic diversity of natural P. euphratica and P. pruinosa populations in southern Xinjiang was
higher than that other areas.

Population Genetic Variation
In the analysis of molecular variance (AMOVA) of natural P. euphratica population (Table 1), the variation
among populations accounted for 23% of the total variation of P. euphratica, and the variation within
populations accounted for 77% of the total variation. The variation within populations included 11% of
the variation among individuals and 66% of the variation within individual. The results showed that the
variation within population was the main source of the total variation of natural P. euphratica
populations. However, the variation among populations accounted for 24% of the total variation of P.
pruinosa, and the variation within populations accounted for 76% of the total variation (Tab. S5). The
variation within populations included 22% of the variation among individuals and 54% of the variation
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within individual. The results showed that the variation within population was the main source of the
total variation of natural P. pruinosa populations.

Table 1
Molecular variance analysis of Populus euphratica populations

Source Degree of
freedom (df)

Sum of
square (SS)

Mean square
(MS)

Variance
component

Proportion
(%)

Among
populations

46 612.319 13.311 0.400 23%

Among
individuals

645 984.521 1.526 0.195 11%

Within
individual

692 786.000 1.136 1.136 66%

Total 1383 2382.840 - 1.731 100%

In the cluster analysis based the genetic distance of 47 natural P. euphratica populations (Fig. S1), when
the genetic distance among populations was approximately equal to 0.1, P. euphratica populations were
mainly divided into two clades, of which P. euphratica populations represented by Bazhou, Kashgar and
Hotan in southern Xinjiang were clustered into the one, and P. euphratica populations represented by
Changji, Tacheng and Altay in Northern Xinjiang were clustered into the other. In the cluster analysis
based the genetic distance of 17 natural P. pruinosa populations (Fig. S2), when the genetic distance
among populations was approximately equal to 0.105, P. pruinosa populations were mainly divided into
two clades, of which P. pruinosa populations represented by Bazhou, Kashgar and Hotan in southern
Xinjiang were clustered into the one, and P. pruinosa populations represented by Ili in Northern Xinjiang
were clustered into the other. In general, there were different in the genetic distance among different
populations, indicating that natural P. euphratica and P. pruinosa populations ha certain genetic
differentiation respectively.

Population Structure Analysis
The bayesian cluster analysis was carried out on the 693 samples of 47 natural P. euphratica populations
by using structure software (Fig. 1). The results showed that, when k value was equal to four, ΔK had the
maximum peak, (Fig. S4) which meant the natural P. euphratica population was optimally divided into
four clades. The analysis of principal coordinate axis also supported four clades of different P. euphratica
populations (Fig. S6), the P. euphratica populations were mainly clustered into one group represented
Kashgar Prefecture, Bayingol Mongolian Autonomous Prefecture populations in southern Xinjiang, and
the other group represented the Tarbagatay Prefecture, Changji Hui Autonomous Prefecture populations
in northern Xinjiang respectively. There was certain gene flow among different P. euphratica populations.
The bayesian cluster analysis was carried out on the 235 samples of 17 natural P. pruinosa populations
by using structure software (Fig. S3). The results showed that, when k value was equal to four, ΔK has the
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maximum peak (Fig. S5) which meant the natural P. pruinosa population was optimally divided into four
clades. The analysis of principal coordinate axis also supported four clades of different P. pruinosa
population (Fig. S7). the P. pruinosa populations were mainly clustered into one group represented the
Yuli County, Qiemo county, Karakax County in southern Xinjiang, and the other group represented the
Nilka County in northern Xinjiang respectively. There existed a certain gene flow among different P.
pruinosa populations.

Fingerprinting Construction
In this study, 693 samples from 47 P. euphratica populations and 235 samples from 17 P. pruinosa
populations were amplified by using 10 EST-SSR primers associated with drought resistance, resulting in
a total of 23 bright and clear polymorphic bands. The band numbers of each primer pair ranged from 2 to
3. According to the computer language, EST-SSR fingerprinting of each samples was converted into
digital matrix (1, presence; 0, absence; 9 no amplification). According to the formula P = (1/2) n, the 10
EST-SSR primer pairs could detect 23 polymorphic alleles, and the probability of the same fingerprints
appearing in the tested population was as follow: P = (1/2) 23=1.192×10− 7. Therefore, the 10 pairs of
EST-SSR primers could fully distinguish the 47 natural P. euphratica populations and 17 P. pruinosa
populations (Tab. S6, S7).

Discussion
In this study, 10 pairs of codominant EST-SSR primers related to drought stress of P. euphratica and P.
pruinosa were used to analyze the genetic diversity of 693 samples of 47 natural P. euphratica
populations and 235 samples of 17 natural P. pruinosa populations distributed in Xinjiang, Gansu and
Inner Mongolia. The average level of the observed allele number (Na) was an important index to evaluate
the polymorphism of SSR locis and the degree of population variation. The average level of the observed
allele number (Na) (Tab. S3) was 1.743 (Na = 1.743) and 1.712 (Na = 1.712) in the P. euphratica and P.
pruinosa populations respectively, which was lower than that the 20 natural Pinus yunnanensis
populations of using SSR markers (Na = 3.7) (Xu et al. 2015), and the 27 Rosa odorata var. gigantea
(Rosaceae) populations used the 7 pairs of SSR markers (Na = 3.9) (Meng et al. 2016). The average level
of the effective allele number (Ne), Shannon’s information index (I), observed heterozygosity (Ho) and
expected heterozygosity (He) were important parameters to evaluate genetic diversity of populations.
Through the research results of natural P. euphratica (Ne = 1.407, I = 0.34, Ho = 0.238, He = 0.215) (Tab.
S3) and P. pruinosa (Ne = 1.382, I = 0.322, Ho = 0.204, He = 0.205) (Tab. S4) populations, its Shannon’s
information index was all lower than that of the wild apricot populations (I = 0.46) (He et al. 2007) and
Malus sieversii populations (I = 0.41) (Zhang et al. 2007), its expected heterozygosity (He) was lower than
that of north American Pinus strobus (He = 0.531) (Mandák et al. 2013), Populus alba (He = 0.368),
Populus tremula (He = 0.490) (Lexer et al. 2005), Populus euphratica (He = 0.787) (Wang et al. 2011a).
This might be due to the fact that the sequences were derived from the drought stress-related genome
sequences of P. euphratica and P. pruinosa, so the polymorphism bands acquired the codominant EST-
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SSR markers was lower than that the genomic SSR (Powell et al. 1996). Previous studies had also shown
that the polymorphism of genomic SSR was higher than that of EST-SSR marker. For example, Eujayl et
al. (Eujayl et al. 2001) studied the wheat genetic diversity by using genomic SSR and EST-SSR molecular
markers, and the results showed that the polymorphism of genomic SSR was higher. Li et al. (Li et al.
2007) also found the fact that the genomic SSR polymorphism was higher, but EST-SSR markers could
reflect accurately the genetic differences and genetic relationships among different wheat genotypes.

The molecular variance analysis (AMOVA) of P. euphratica populations showed that the variation among
and within populations of total variation was 23% and 77% respectively (Table 1). In natural P. pruinosa
populations (Tab. S5), the variation among populations accounted for the 24% of the total variation,
while the variation within populations was 76%. the variation of P. euphratica and P. pruinosa populations
showed that the variation within population was all the main source of the total population variation. the
variation within population (77%, 76%) was less than that of previous researches respectively. For
example, Wei (Wei 2010) analyzed 16 Populus simonii populations with 20 pairs of SSR primers, and the
results showed that the variation within population was 85.97% of the total variation. Dong and bai
(Dong and Bai 1998) analyzed 8 natural P. euphratica populations with four isozymes, and the results
showed that 93.7% of the variation derived from intrapopulation. Wang et al. (Wang et al. 2011a)
analyzed the P. euphratica populations using 8 pairs of SSR markers in Northwest China, and its results
showed that 94.79% of the variation existed the intrapopulations. However, the variation within
population P. euphratica and P. pruinosa was more than the previous research that Sheng et al (Sheng et
al. 2008) found the variation existed the intrapopulation is 60.51% using 10 pairs of RAPD primers in the
five natural P. euphratica populations. These results showed that, using different molecular markers to
analyze the genetic variation of the populations, there were differences in the variation percentage of
within population. but the overall conclusion was the same that the variation within population was
bigger than that among populations at the molecular level.

Through UPGMA cluster analysis of 47 natural P. euphratica populations and 17 natural P. pruinosa (Fig.
S1, S2), the results showed that, when the genetic distance among populations was about 0.1, P.
euphratica and P. pruinosa populations were all divided into subgroups represented by the populations in
southern and northern Xinjiang respectively, which was consistent with the previous cluster results of P.
euphratica populations (Chen et al. 2021). It showed that the differentiation degree of the P. euphratica or
P. pruinosa populations distributed in northern and southern Xinjiang were relatively largest. Zeng et al.
(Zeng et al. 2018) studied the population structure and phylogeography of P. euphratica populations in
Northwest China by using chloroplast DNA (cpDNA) sequences and nuclear microsatellites respectively.
The results showed that the uplift of Tianshan Mountains directly hindered the gene flow between P.
euphratica from northern and southern Xinjiang, and the distribution contraction caused by climate
oscillation further accelerated the divergence of in these areas. Therefore, there was an obvious
differentiation among P. euphratica populations from southern and northern Xinjiang. At the same time,
Jia et al. (Jia et al. 2020) analyzed the genetic diversity of 252 individuals of 27 natural populations with
the whole genome resequencing. The results showed that there was a high degree of genetic
differentiation among populations in southern and northern Xinjiang.
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Bayesian cluster analysis was carried out on the 692 samples from 47 P. euphratica populations and 237
samples from 17 P. pruinosa populations with STRUCTURE software. The results showed that, when the
K value was about 4, ΔK had the maximum peak value (Evanno et al. 2005) (Fig. S4, S5). At this time, the
same variant of natural P. ephratica and P. pruinosa populations clustered into one group respectively
(Fig. 1, S3). At the same time, 47 P. euphratica populations and 17 P. pruinosa populations were analyzed
by the principal coordinate axis (Fig. S6, S7). The results showed that P. euphratica and P. pruinosa
populations were also clustered into four clades, of which the populations with high genetic similarity
were clustered into one clade respectively. Specifically, the difference among populations from northern
and southern Xinjiang was relatively obvious, while the difference within populations in northern and
southern Xinjiang was relatively low, and the genetic similarity of its populations was high. The possible
reason was that the similarity among populations was often related to the ecological environment,
species reproductive ability and disperal media of geographical distribution areas. For example, species
with biological characteristics such as wide distribution, long seeds longevity in vitro and wind pollination
were relatively easy to overcome the geographical isolation among populations, which was conducive to
the hybridization of individuals to maintain high similarity of different populations (Hamrick et al. 1979),
P. euphratica and P. pruinosa had biological characteristics such as long life longevity, root tiller
propagation, wind pollination and seed disperal, which might be the main reason for the high genetic
similarity among populations in the same region (Wang et al. 2011b). At the same time, the seed maturity
of P. euphratica and P. pruinosa populations in southern Xinjiang often occurred in flood period
(Eusemann et al. 2013), these unique environmental conditions were conducive to the population
propagation of P. euphratica and P. pruinosa and build a large-scale effective population, making
populations in Southern Xinjiang become the most densely distributed area in the world (Wang 1996).

The construction fingerprinting of species in different regions helped to identify different varieties or
strains quickly and accurately, which also provided great convenience for the protection and breeding
management of varieties in different regions in the later period (Feng et al. 2022). In this study, 10 pairs
of EST-SSR primers with good polymorphism were selected from 133 pairs of primers to construct the
fingerprintings of different samples of P. euphratica and P. pruinosa populations (Tab. S6, S7). Of course,
the P. euphratica and P. pruinosa populations distributed along the riparian forests had a relatively narrow
genetic backgrounds and relatively close genetic relationships, which caused to a certain difficulties to
identify the different populations samples. To a certain extent, The EST-SSR markers developed based on
the transcription level in the study had a high accuracy, were suitable for the construction fingerprintings
of P. euphratica and P. pruinosa populations and the identification of different populations samples.

Conclusion
In this study, the 10 pairs of EST-SSR markers were used to analyze the genetic diversity characteristics
and successfully construct the fingerprintings of different P. euphratica and P. pruinosa populations. The
results showed that the genetic diversity levels of P. euphratica and P. pruinosa populations in southern
Xinjiang were higher than other distribution areas respectively. There was a high degree of genetic
similarity between different populations and the fingerprintings of each of them has been successfully
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constructed. These primers laid the foundation for the later protection of populations with a high level of
genetic diversity and the preservation of excellent and rare germplasm resources.
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Analysis of population structure of 47 natural Populus euphratica populations
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