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Abstract 
 

In the present study, twenty-two microsatellites was developed for Amur sturgeon 
(Acipenser schrenckii). All of them were polymorphic with 2 to 7 alleles per locus and the 
total number of alleles is 106. The expected heterozygosity (HE), observed heterozygosity 
(HO), polymorphic information content (PIC), Hardy-Weinberg departure value (d) and 
Shannon-Weiner Diversity Indices (H') ranged from 0.35 to 0.84, from 0.46 to 1, from 0.29 to 
0.82, from 0.14 to 0.49, and from 0.53 to 1.89 respectively. The microsatellites described 
here should be useful for the research in population genetics, conservation genetics and 
evolution of Amur sturgeon. 

Introduction 
 

Amur sturgeon (Acipenser schrenckii), is a typical 
riverine species, and it is distributed in the Amur River, 
which forms the international boundary between China 
and Russia (J. W. Zhao et al., 2004). Due to its economic 
importance, the natural populations of this species have 
declined drastically in the last 30 years as a consequence 
of overfishing. Environmental pollution, dam 
construction and habitat damage in the Amur River 
basin (Shmigirilov, Mednikova, & Israel, 2007) have also 
been the other causes of the declination. Therefore, 
there is a critical need for the conservation and 
protection of the Amur sturgeon, and several efforts 
have been taken to support the recovery of the species. 
It is undeniable that genetic investigation is necessary 
for sustainable and efficient recovery of the Amur 
sturgeon. To better address the conservation and 
management of the species, suitable high resolution 
molecular markers should be developed. Amur sturgeon 
and Chinese sturgeon (Acipenser sinensis) belong to 
Acipenseridae. They have a close relationship in genetic 
relationship. Chinese sturgeon had been developed a lot 
of microsatellites to study its genetics. Although a set of 

microsatellite primers for the Amur sturgeon were 
developed (Li et al., 2015; Liu, Li, Cheng, Lu, & Sun, 
2014), they are too many alleles in every microsatellite 
that added difficulties in the genetics study because of 
the polyploidy derivative nature of the Amur sturgeon 
genome. And although Amur sturgeon and Chinese 
sturgeon have a close relationship in genetic 
relationship, there is no study on the relationship of 
them. Furthermore, the researchers that have 
developed the microsatellites of the Amur sturgeon 
provided no data on the polymorphic information 
content and the Hardy-Weinberg departure value in this 
species. In this study, we report a set of novel cross-
species microsatellite markers from Chinese sturgeon 
developed by next-generation sequencing technology 
that can be useful for the research in population 
genetics, conservation genetics and evolution of Amur 
sturgeon (Vega‐Retter & Véliz, 2015; Xie, Shao, Zhang, & 
Peng, 2015; J. Zhao, Zhao, & Peng, 2014). 
 

Materials and Methods  
 

Total RNA was isolated from fin tissue of the 
Chinese sturgeon using Trizol (Invitrogen, USA), 
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according to the manufacturer protocol. Then, the cDNA 
library was created and was sequenced on an Illumina 
Hiseq2000. The microsatellites were identified that were 
constrained to perfect repeat motifs of 4 bp from 
assembled sequences by the Microsatellite Identification 
tool (MISA: http://pgrc.ipkgatersleben.de/misa/). In 
total, ninety-six sequences were chosen and were used 
to design primers using Primer Premier 5.0.  

High molecular weight DNA was extracted from 24 
Amur sturgeon individuals collected in Yichang City, in 
Hubei Province, using the rapid salt-extraction method 

(Aljanabi & Martinez, 1997). And the extracted DNA was 
used as template for polymerase chain reaction (PCR) 
amplified using the 96-microsatellite that was developed 
from the Chinese sturgeon as primer in a 25-ul reaction 
volume consisting of 1×PCR buffer (TaKaRa), 50-100ng 
genomic DNA, 0.25μM for each primer, 150μM dNTPs, 
1.5mM MgCl2 and 0.25 U Taq DNA polymerase (TaKaRa). 

The following PCR profile was used: 94C for 3 min, 

followed by 35 cycles of denaturation at 94C for 30s, 
annealing at the appropriate temperature (Table 1) for 

30s, extension at 72C for 30s, and then a final extension 

Table 1. Characterization of 22 microsatellite loci in Amur sturgeon 
 

Locus 
Repeat 
motif(s) 

Primer sequence(5'-3') Na HE HO Tm(°C) PIC d H' 

ZHX67 (AGAA)11 F:TCTTGCCATCCCTTTGCAGT 4 0.71 0.96 59 0.66 0.35 1.3 

  
R:GAACAGATCCTGTCCGTGGG 

    
  

 
ZHX79 (TGTA)11 F:TTCTCGCTGGGGTGAAATCC 4 0.7 0.92 60 0.65 0.31 1.29 

  
R:ACAGACAGACAGACACACTCC 

    
  

 
ZHX81 (GATA)14 F:TGCACCTGTCATCTGCTCAG 6 0.82 1 60 0.79 0.22 1.73 

  
R:AAGGCTTGTTCTGTGGCAGT 

    
  

 
ZHX83 (CTAT)14 F:TTCACACAGCCAGCTAACCC 2 0.35 0.46 60 0.29 0.31 0.53 

  
R:TTGTGTCCTGAGCTGTAAGAG 

    
  

 
ZHX86 (ATAG)13 F:AGTAACCTGGCTGTGACAGAC 6 0.83 1 59 0.8 0.2 1.77 

  
R:ATCCCTCAGTCTTGCAGTGC 

    
  

 
Z1 (ATAG)15 F:CAGGCAGTCTCCCGCAATAT 7 0.84 0.96 59 0.82 0.14 1.89 

  
R:GCCTGTACACCGTGGCTAAT 

    
  

 
Z4 (ACAT)10 F:GCAGCTCCTTCCAGTCCTTT 5 0.79 1 60 0.76 0.27 1.59 

  
R:CTGTGGTGGCTTTGAATGACA 

    
  

 
Z15 (ATAG)14 F:AGCTAGCAACTGAAGCCCTG 5 0.78 1 60 0.74 0.28 1.55 

  
R:ACAGCTGCAGCACACTTTTG 

    
  

 
Z33 (TCTT)15 F:ACTCATCAGCCTGAAATCAAGT 5 0.78 0.96 57 0.75 0.23 1.56 

  
R:TGCTTTAGAGGTCTTGCGGG 

    
  

 
Z93 (ATCT)14 F:GGTGCCGCCTCATAAAACAC 5 0.75 0.96 59 0.71 0.28 1.48 

  
R:TGGGGATTTGATTGCTCGGT 

    
  

 
Z105 (CTTT)15 F:CAAGGTAAAGGGGAGTGCCA 7 0.84 1 59 0.82 0.19 1.89 

  
R:CAATCTGCAGGGAGGGGATG 

    
  

 
Z114 (TAGA)15 F:GCCAACAGCGATAAAAGCAT 3 0.65 0.79 57 0.58 0.22 1.07 

  
R:CCTTCCTGTAAGCCATCTGCA 

    
  

 
Z120 (TCTT)13 F:CTGTGTCTTCTGCTCCTGGT 6 0.79 1 59 0.76 0.27 1.64 

  
R:GCATGTCAGGGCCGGTATTA 

    
  

 
Z121 (ATGT)11 F:ACTGAGTGCTCGATTCACACA 3 0.66 1 59 0.59 0.52 1.09 

  
R:GAGACAACGTCGGTCCAGTT 

    
  

 
Z125 (AGAT)12 F:CTGGCTAAGGTCATGGCCAA 3 0.66 1 60 0.59 0.52 1.08 

  
R:CAAACTTTATTTGGAAAATTGCACAAT 

    
  

 
Z130 (TATC)10 F:CTGTCAGGCAGCACAAAAGG 7 0.83 1 59 0.81 0.2 1.86 

  
R:TCAGTGTGTGTGATGAAGGCA 

    
  

 
Z147 (ATAG)15 F:TTCACACTTCACCCCTTGCC 3 0.65 0.92 60 0.58 0.42 1.07 

  
R:CTGGAACCAGCCGGATTCTT 

    
  

 
Z152 (TAGA)11 F:GCGCCTTTTGGGTTGATGAG 7 0.83 0.96 60 0.81 0.16 1.84 

  
R:CTGCACTTGGGGGTATGACA 

    
  

 
Z153 (TCTT)13 F:TGGACTGACAACACTGCTCC 5 0.67 1 60 0.62 0.49 1.28 

  
R:ACAGAGCACGTACAGCCAAA 

    
  

 
Z162 (AAGA)12 F:CGCAATTCCCGATCGTTTGG 5 0.79 1 60 0.76 0.27 1.58 

  
R:ATACACACACTCGAGCACCC 

    
  

 
Z166 (ATCT)15 F:GTGTTTAGAATGTTTAAACACTGAGGA 4 0.69 0.96 58 0.64 0.39 1.27 

  
R:TGGCCTCAAGTTCAAGCACA 

    
  

 
Z167 (GAAA)13 F:GCACGAGAGAGACAGGACAA 6 0.75 1 59 0.71 0.33 1.45 
  

 
R:CAGGTTGAAAGTGCTGGTGC 

    
  

 
*The table including Locus, Repeat motif(s), Primer sequence, number of alleles observed (Na), expected heterozygosity (HE), observed 
heterozygosity (HO), annealing temperature (Tm), polymorphic information content (PIC), Hardy-Weinberg departure value (d) and Shannon-Wiener 
Diversity Indices (H'). 
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at 72C for 10min. The products were separated on 10% 
polyacrylamide gel stained with silver staining. A pBR332 
DNA/MspI molecular marker (TaKaRa) was used as the 
standard to determine the size of the alleles. 

The statistics of the polymorphic parameters, 
including the mean expected heterozygosity (HE), 
observed heterozygosity (HO) and Shannon-Weiner 
Diversity Indices (H') were calculated using software 
ATetra1.2 (Puyvelde, Geert, & Triest, 2010). Shannon-
Weiner Diversity Indices can estimate Shannon’s 
information index as a measure of gene diversity 
(Shannon, Weaver, & Wiener, 1949). The polymorphic 
information content (PIC) and Hardy-Weinberg 
departure value (d) were calculated according to 
formula (Formula 1). Pi and Pj is the frequency of I and J 
allele in the group. 
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d = (Ho - He) / He                                (Formula 1) 

 

Results  

 
In the present study, twenty-two out of ninety-six 

microsatellites tested for cross-species amplification in 
Amur sturgeon showed polymorphism (Table 1). Among 
these ninety-six microsatellites, 5 were monomorphic in 
all specimens, 16 did not produce any PCR product and 

53 produced too low quality results (stutter bands). For 
example, genotype patterns for locus Z33, locus z147, 
locus Z167 and locus Z153 in 24 Amur sturgeon 
individuals are displayed in this paper (Figure 1 and 
Figure 2). All of them were polymorphic with 2 to 7 
alleles per locus and the total number of alleles is 106. 
The expected heterozygosity (HE), observed 
heterozygosity (HO), polymorphic information content 
(PIC), Hardy-Weinberg departure value (d) and Shannon-
Weiner Diversity Indices (H') ranged from 0.35 to 0.84, 
from 0.46 to 1, from 0.29 to 0.82, from 0.14 to 0.49, and 
from 0.53 to 1.89 respectively. 

 

Discussion 
 
Microsatellite marker is an important tool in the 

genetic research for the conservation and management 
of fish species (Moghim et al., 2013). In this study, we 
developed a set of novel cross-species microsatellite 
markers with next-generation sequencing technology 
rather than the traditional developments that are labor-
intensive and time-consuming (Wang, Xiaomu, & Zhao, 
2012). Microsatellite primers developed by Liu et al. (Liu 
et al., 2014) and Li et al. (Li et al., 2015) contributed 
greatly to resource of Amur sturgeon. However, they 
provided no data on the polymorphic information 
content and the Hardy-Weinberg departure value in the 
Amur sturgeon. In this study, there is no loci showed 
significant deviation from the Hardy-Weinberg 

 
Figure 1. Genotype patterns for locus Z33 and locus z147 in 24 Amur sturgeon individuals. 
 
 
 

 
Figure 2. Genotype patterns for locus Z167 and locus Z153 in 24 Amur sturgeon individuals. 
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departure value (P<0.05). twenty-one out of twenty-two 
microsatellites showed a high PIC (>0.5), which indicated 
that they were polymorphism. The HE and HO of the 
microsatellites in this study is higher than the 
microsatellites developed by Liu et al. (Liu et al., 2014) 
and Li et al. (Li et al., 2015). The number of alleles per 
microsatellite developed by Liu et al. (Liu et al., 2014) 
and Li et al. (Li et al., 2015) ranged from 2 to 18 and 2 to 
17, respectively. In turns, the number of alleles per 
microsatellite in this study ranged from 2 to 7. The 
polyploidy derivative nature of the Amur sturgeon 
genome has added difficulties in the genetics study of 
the Amur sturgeon. The microsatellites in this study can 
help settle the problem of polyploidy nature of Amur 
sturgeon and provide valuable insight into the relation 
of the Chinese sturgeon and Amur sturgeon. These novel 
microsatellite markers will be useful tools to study 
genetic analyses and protection of Amur sturgeon.  
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