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  Abstract          Squaliobarbus   curriculus  is a eurythermic fi sh found mainly in East Asia. The natural 
germplasm resources of this species, an organism of potential economic aquacultural importance, have 
recently been threatened by overfi shing and habitat degradation. The objective of this study was to obtain 
functional genomic resources and candidate microsatellite markers for future genetic observation and 
germplasm protection of  S .  curriculus . Illumina paired-end sequencing generated over 22.20 million clean 
reads, which were assembled into 204 027 transcripts with an average length of 1 457 bp. A total of 112 570 
protein-coding sequences (55.17%) were predicted, 111 934 of which had signifi cant matches in the NCBI 
nonredundant protein database. Overall, 60 450, 34 830, and 77 755 transcripts were assigned to Gene 
Ontology, Clusters of Orthologous Groups, and Eukaryotic Orthologous Groups categories, respectively. 
In addition, 44 781 transcripts (21.95%) were mapped to 230 KEGG pathways. A total of 51 426 candidate 
simple sequence repeat (SSR) markers were identifi ed and used to design 36 149 PCR primer pairs. Fifty of 
these primer pairs were randomly selected for PCR validation in 32  S .  curriculus  specimens, which resulted 
in 25 pairs yielding the expected products. Further analysis revealed that 40% (10) of the 25 amplifi ed loci 
were polymorphic. The transcriptomic profi le and SSR repertoire obtained in this study should facilitate 
population genetic studies and germplasm resource protection of  S .  curriculus . 
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 1 INTRODUCTION  

  Squaliobarbus   curriculus  is a freshwater fi sh of 
high nutritional and economic value. With the 
exception of the Qinghai-Tibet Plateau and the Hexi 
Corridor, this species is widely distributed throughout 
the rivers and lakes of China (Li et al., 2010; Liu et 
al., 2012). Because it is vigorous and resistant to 
diseases,  S .  curriculus  has been eyed as a potential 
candidate for aquaculture (Yang et al., 2013). 
Unfortunately, the natural habitat of  S .  curriculus  is 
being destroyed, and the total catch of this species 
from the Zhujiang and Changjiang rivers has 
decreased sharply in recent decades as a result of 
overfi shing and hydropower projects (Yi et al., 2010; 
Liu et al., 2012). Sampling of lakes such as Hongzehu 
Lake (the fourth largest freshwater lake in China, at 
2 069 km 2 ) have shown that  S .  curriculus  is diffi  cult 

to locate and may even be undergoing a decline in 
genetic diversity. Greater eff orts to study the 
population genetics of  S .  curriculus  and to protect its 
germplasm resources are thus needed. Information on 
the genetic structure of fi sh species is essential for 
optimizing fi sheries management and stock 
improvement programs. One obstacle impeding 
genetic research on  S .  curriculus  is the lack of 
eff ective genetic markers. Because they are locus-
specifi c, codominant, multiallelic, and abundant in 
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the genome, simple sequence repeats (SSRs or 
microsatellite markers) are molecular markers of 
great importance (O’Connell and Wright, 1997). 
SSRs have been widely used in population structure 
analyses (Qin et al., 2014) and in marker-assisted 
breeding of many organisms (Vandeputte et al., 2011; 
Kumar et al., 2015; Guo et al., 2017). However, the 
number of  S .  curriculus  DNA and RNA sequences 
available in GenBank is limited and little research has 
focused on the SSR genetic diversity of  S .  curriculus  
populations. With the advent of next-generation 
sequencing technology (Metzker, 2010), sequencing 
has become progressively more effi  cient. Massive 
RNA sequencing (RNA-seq) provides a reliable, fast, 
and cost-eff ective approach for generating large 
quantities of expressed sequence tags (ESTs) in non-
model species (Shiel et al., 2015; Zhang et al., 2017; 
Du et al., 2018). Unlike genomic SSR markers, EST-
SSRs can be used to analyze the genetic structure of 
species such as  S .  curriculus  and to help identify 
candidate functional genes at the same time. We 
therefore used Illumina RNA-seq to obtain deep 
insights into the transcriptome of  S .  curriculus  while 
simultaneously developing a large number of effi  cient 
SSR molecular markers.  

 In this study, eight tissues of three  S .  curriculus  
individuals were subjected to RNA-seq, and thousands 
of SSRs were developed from the resulting transcript 
database. The large number of transcriptomic 
sequences and SSR markers generated in this study 
may provide a useful foundation for investigating 
 S .  curriculus  population genetics and facilitate the 
protection of its germplasm resources. In addition, 
our results may further improve the identifi cation and 
exploitation of functional genes in the future.  

 2   MATERIAL AND METHOD    
 2.1 Ethics statement  

 All experiments performed on animals in this study 
were in accordance with the ethical guidelines of 
Soochow University on the care and use of 
experimental animals.  

 2.2 Sampling 

 Tissues were collected from one 1-year-old and 
two 2-year-old  S .  curriculus  individuals of unknown 
sex taken from a culture pond of Suzhou Shajiabang 
East Lake Modern Fishery Science and Technology 
Development Co., Ltd. Eight types of tissues (muscle, 
bone, gill, fi n, intestine, brain, liver, and kidney) were 

obtained, frozen in liquid nitrogen, and stored in a 
freezer at -80°C. 

 2.3 RNA extraction, library preparation, and 
Illumina sequencing  

 After pooling of tissues, total RNA was extracted 
with Trizol reagent according to the manufacturer’s 
protocol (Life Technologies, Carlsbad, CA, USA). 
RNA integrity and concentration were determined 
using a NanoDrop ND-1000 spectrophotometer 
(Thermo Scientifi c, Wilmington, DE, USA) and an 
Agilent 2100 Bioanalyzer (Agilent Technologies, 
Santa Clara, CA, USA). mRNA was isolated from 
total RNA using an NEBNext Poly(A) mRNA 
Magnetic Isolation Module (NEB, E7490). A cDNA 
library was constructed using a NEBNext Ultra RNA 
Library Prep Kit for Illumina (NEB, E7530) and 
NEBNext Multiplex Oligos for Illumina (NEB, 
E7500) following the supplied instructions. Finally, 
the generated  S .  curriculus  cDNA library was 
sequenced on an Illumina HiSeq 2500 sequencing 
platform with a read length of 2×125 bp. 

 2.4 Sequence cleaning and assembly  

 Following RNA-seq, initial raw reads were fi ltered 
through SeqPrep (https://github.com/jstjohn/SeqPrep) 
and Condetri_v2.0.pl (http://code.google.com/p/
condetri/downloads/detail?name=condetri_v2.0.pl) 
software to remove low-quality reads (quality score 
<25) and adapter sequences. The resulting clean 
reads, 89.79% of which had a quality score above 
30 (i.e., base call accuracy > 99.9%), were assembled 
with Trinity software using default parameters 
(Grabherr et al., 2011).  

 2.5 Transcriptome functional annotation  

 All transcripts were compared against NCBI 
nonredundant protein (Nr) (Deng et al., 2006), Swiss-
Prot protein (Swiss-Prot) (Apweiler et al., 2004), 
Gene Ontology (GO) (Ashburner et al., 2000), 
Clusters of Orthologous Groups (COG) (Tatusov et 
al., 2000), Eukaryotic Orthologous Groups (KOG) 
(Koonin et al., 2004), and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) databases (Kanehisa et 
al., 2004) using BlastX software ( E -value <1×10 -5 ) 
(Altschul et al., 1997).  

 2.6 Identifi cation and validation of SSRs  

 Microsatellites with a 10-bp minimum repeat 
length, including di- to hexa-nucleotide motifs, were 
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identifi ed using MISA software. Primer 3.0 was then 
used to design amplifi cation primers for all loci with 
suitable fl anking sequences (Rozen and Skaletsky, 
2000). Fifty of these SSR loci were randomly selected 
and screened for polymorphism in 32 individuals 
from Hongzehu Lake. Each 20-μL reaction mixture in 
the PCR analysis contained 150–200 ng of template 
DNA, 2× PCR Mix (CW2296, Shiji Kangwei, 
Beijing, China), and 0.4 μmol/L of each primer. The 
following PCR protocol was used: 94  C for 3 min, 
followed by 25 cycles of 94  C for 30 s, a specifi c 
annealing temperature for 40 s, and 72  C for 30 s, 
with a fi nal extension step of 72  C for 5 min. 
Separation of alleles was performed by polyacrylamide 
gel electrophoresis on a 6% (w/v) gel (Sangon, 
Shanghai, China). Loci found to be polymorphic were 
used to genotype the 32  S .  curriculus  individuals. 
Popgene 32 software was used to calculate genetic 
diversity and number of alleles. The polymorphism 
information content (PIC) of each SSR marker was 
calculated as follows: 
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1 1 1
PIC 1 2 ,

m m m

i i j
i i j i

P P P


   
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 where  P  i  and  P  j  are the frequency of the  i th and  j th 
alleles of a given SSR marker and  m  means the total 
number of detected alleles for that marker (Botstein et 
al., 1980). 

 3   RESULT  

 3.1 Sequence assembly 

 All sequence data were deposited in the NCBI 
Sequence Read Archive database under accession 
number SRP065291. After fi ltering of low-quality 
reads, the remaining 22 206 590 clean paired reads 
(5.60 Gb) were assembled into 204 027 transcripts 
(Additional fi le 1), 41.46% (84 589) of which were 
longer than 1 000 bp. The frequency distribution of 
transcript lengths is shown in Fig.1. Overall, the 
transcripts covered a total of 297 318 695 bp, with an 
average sequence length of 1 457 bp. The mean length 
of all 108 706 unigenes was 727 bp.  

 3.2 Annotation of all nonredundant transcripts 

 In total, 111 934 (54.86%) and 75 992 (37.25%) 
transcripts had signifi cant matches in Nr and Swiss-
Prot databases, respectively (Additional fi le 2). Most 
of the 111 934  S .  curriculus  transcripts, i.e., 75.50% 
(84 509), showed matches to  Danio   rerio , followed 
by  Astyanax   mexicanus  (9 425) and  Oncorhynchus  
 mykiss  (2 329) (Fig.2).  

 A total of 60 450 transcripts were assigned to 61 
GO terms in the three categories of biological process, 
cellular component, and molecular function (Fig.3). 
The largest group in the biological process category 
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 Fig.1 Size distribution of assembled transcripts from  Squaliobarbus     curriculus  
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was cellular process (55.62%), followed by metabolic 
process (48.71%), single-organism process (46.86%), 
and biological regulation (31.56%). Among all 
annotated transcripts, 60 were classifi ed into fi ve 
growth-related GO terms: growth (GO:0040007), 
growth hormone receptor signaling pathway 
(GO:0060396), growth hormone secretion 
(GO:0030252), growth plate cartilage chondrocyte 
proliferation (GO:0003419), and growth plate 
cartilage development (GO:0003417) (Additional fi le 
3). Under molecular function, 57.11% of transcripts 

were assigned to binding, followed by catalytic 
activity (41.61%), transporter activity (6.35%), and 
molecular transducer activity (5.46%). Cell part 
(43.12%) and cell (43.06%) predominated in the 
cellular component category, followed by organelles 
(26.64%) and membrane (22.86%). 

 A total of 34 830 of the 204 027 assembled 
transcripts were assigned to 24 COGs, including 
cellular structure, biochemistry metabolism, molecular 
processing, and signal transduction (Fig.4). The cluster 
for general function (12 864; 36.93%) was the largest 
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 Fig.2 Number of  Squaliobarbus     curriculus  transcripts with homologs in the indicated species in the Nr database 
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 Fig.3 Gene Ontology classifi cation of annotated transcripts from  Squaliobarbus     curriculus  
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group, followed by replication, recombination, and 
repair (5 924; 17.00%), transcription (5 389; 15.47%), 
signal transduction mechanisms (5 271; 15.13%), 
post-translational modifi cation, protein turnover, and 
chaperones (4 303; 12.35%), and amino acid transport 
and metabolism (2 104; 6.04%). Only 24 and 40 
transcripts were assigned to nuclear structure and cell 
motility terms, respectively. No transcripts were 
assigned to extracellular structures.  

 KEGG pathway analysis was performed on all 
transcripts for functional categorization and 
annotation. Ko numbers were assigned to 44 781 
(21.95%) transcripts, which categorized them into 
diff erent functional groups (Table 1). Of all these 
annotated transcripts, 12 619 (28.2%) were classifi ed 
into the metabolism, including majority subgroups of 
carbohydrate metabolism (3 190), lipid metabolism 
(2 264), amino acid metabolism (2 564) and other 
eight subgroups. Transcripts assigned into the genetic 
information processing were 7 012, including 
transcription (1 074), translation (1 968), folding, 
sorting and degradation (3 167), and replication and 
repair (803). Environmental information processing 
accounted for 13 229 (29.5%), consisting of membrane 
transport (185), signal transduction (10 291), signaling 
molecules and interaction (2 753). Cellular processes, 
organismal systems, human diseases contained 
12 332 (27.5%), 10 075 (22.5%), and 2 566 (5.7%) 
transcripts, respectively. In addition, all the 44 781 
transcripts were mapped into 230 cellular metabolic 
or signaling pathways and the three biggest clusters 
were endocytosis (2 259), ubiquitin-mediated 
proteolysis (1 744), and the MAPK signaling pathway 
(1 719) (Additional fi le 4). 

 3.3 Frequency and distribution of SSRs in the 
 S  .   curriculus  transcriptome 

 SSR characterization of transcripts longer than 
1 000 bp identifi ed 51 426 SSRs (perfect SSRs; 
93.78%, 48 229). The frequency of SSRs in the 
 S .  curriculus  transcriptome was 25.21%, with a 
distribution density of 5.78 per Kb. Among perfect 
SSRs, the most abundant repeat motifs were 
mononucleotides (49.93%), followed by di- (28.22%), 
tri- (14.36%), tetra- (1.20%), penta- (0.06%), and 
hexanucleotides (0.02%) (Fig.5).  

 3.4 PCR amplifi cation and polymorphism of SSR 
markers 

 A total of 36 149 primer pairs were designed from 
51 426 SSR-containing sequences, with 50 non-
mononucleotide SSR primer pairs randomly selected 
for validation (Additional fi le 5). Of these 50 primer 
pairs, 25 (50%) yielded amplifi cation products in 32 
randomly chosen  S .  curriculus  individuals. Further 
analysis revealed that 10 microsatellite loci (40%) 
were polymorphic, with the number of alleles per 
locus varying from 2 to 8 (mean of 4.3). The observed 
mean heterozygosity (Ho) was 0.462 5, and the 
expected heterozygosity (He) was 0.535 6. PIC values 

 Table 1 KEGG pathway analysis for  Squaliobarbus   
  curriculus    transcripts 

 KEGG categaries   Number of transcripts 

 Metabolism  12 619 

 Carbohydrate metabolism  3 190 

 Lipid metabolism  2 264 

 Nucleotide metabolism  1 281 

 Amino acid metabolism  2 564 

 Glycan biosynthesis and metabolism  1 198 

 Others  2 122 

 Genetic information processing  7 012 

 Transcription  1 074 

 Translation  1 968 

 Folding, sorting and degradation  3 167 

 Replication and repair  803 

 Environmental information processing  13 229 

 Membrane transport  185 

 Signal transduction  10 291 

 Signaling molecules and interaction  2 753 

 Cellular processes  12 332 

 Transport and catabolism  4 237 

 Cell growth and death  2 614 

 Cellular community eukaryotes  4 017 

 Cell motility  1 464 

 Organismal systems  10 075 

 Immune system  2 500 

 Endocrine system  4 783 

 Circulatory system  1 048 

 Others  1 744 

 Human diseases  2 566 

 Infectious diseases: parasitic  620 

 Cancers: specifi c types  739 

 Neurodegenerative diseases  456 

 Cardiovascular diseases  305 

 Others  446 

 Total  44 781 
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for the SSR markers ranged from 0.085 4 to 0.832 8, 
with an average value of 0.485 5 (Table 2). 

 4   DISCUSSION 

 4.1 Illumina sequencing and data assembly  

 To identify microsatellite markers for genetic 
diversity analysis of  S .  curriculus  from Hongzehu 
Lake and to establish a relatively large transcriptome 

database for further research, we sequenced a pooled 
sample of eight tissues. Overall, 204 027 transcripts 
were acquired, a far greater number than that reported 
for fi sh species such as  Sander   lucioperca  (56 746) 
and  Paramisgurnus   dabryanus  (71 887) (Li et al., 
2015; Han et al., 2016). The average length of all 
transcripts was 1 457 bp, similar to those of  S  ander  
 lucioperca  (1 474 bp) and  Paramisgurnus   dabryanus  
(1 465 bp) but longer than that of  Pelodiscus   sinensis  
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(1 275 bp) (unpublished data). The long average 
length of sequences in the current study may be due to 
our large database (5.60 Gb), as a deeper sequence 
depth leads to better assembly of the database. 
Following the development of bioinformatic tools, de 
novo transcriptome assembly no longer suff ers from 
the disadvantages of Illumina sequence assembly 
(Zhao, 2011); an ideal sequence length can thus be 
achieved. Given that long sequences have more 
potential for SSR marker identifi cation (Zalapa et al., 
2012), our results suggest that RNA-seq provides an 
effi  cacious, cost-eff ective option for SSR 
development. 

 4.2 Functional annotation, classifi cation, and 
comparative analysis 

 Prediction of open reading frames (ORFs) revealed 
that 55.05% (59 843) of the 108 706 unigenes in this 
study had an ORF longer than 200 bp, which is a 
greater proportion than that found in  Paramisgurnus  
 dabryanus  (Li et al., 2015) and  Megalobrama  
 amblycephala  (Gao et al., 2012b). Comparison with 
the Nr database indicated that 84 509 transcripts from 
the  S .  curriculus  transcriptome (41.42%) had a 
homology match with  D .  rerio ; this level is similar to 
proportions in  Scophthalmus   maximus  (44.8%) 

(Pereiro et al., 2012) and  Megalobrama   amblycephala  
(40.5%) (Gao et al., 2012b), but lower than those in 
 Paramisgurnus   dabryanus  (43 807; 60.98%) (Li et 
al., 2015) and common carp (27 693; 75.2%) (Ji et al., 
2012). Nevertheless, 45.14% of the 204 027 transcripts 
exhibited no signifi cant similarity with entries in the 
Nr database. This dissimilarity may be attributable to 
the presence of novel genes or may be due to 
untranslated regions (5′- and 3′-untranslated coding 
regions) and non-conserved areas of proteins. Many 
 S .  curriculus  transcripts were additionally assigned to 
various GO categories and COG classifi cations. 
Among them, 44 781 transcripts (21.95%) were 
grouped into 230 cellular metabolic or signaling 
pathways. This number of pathways is similar to that 
observed for the  Oviductus   ranae  transcriptome 
database (218) (Zhang et al., 2013), but less than that 
found  in   S  ander   lucioperca  (322) and  Bagarius  
 yarrelli  (242) (Han et al., 2016; Du et al., 2018). All 
of our annotations provide valuable information for 
investigating specifi c processes, functions, and 
pathways in  S .  curriculus . This study fi rstly performed 
transcriptome sequencing analysis of  S .  curriculus , 
the huge amounts of transcripts provides valuable 
sequence information for novel gene discovery of this 
species. Well-annotated and categorized transcripts 

 Table 2 Characteristics of 10 novel microsatellite markers developed from  Squaliobarbus     curriculus     

 SSR 
loci  Primer sequences (5′  3′)  Repeat motif  Locus size 

range   (bp) 

 Test 
population 

size 
  N  a    H  o    H  e    PIC    P  h  -  w  1   GenBank 

Accession No. 
 Predicted gene 

symbol 

 CYZ1  F: AGCAGGAGGTTTGCTTTGAG  
R: AGATCCACTCACCATCCCAG  (TGAGGT)9  183–215  32  8  0.500  0.864   0.833   **  MF374325  LOC103035796 

 CYZ3  F: TTCCTGTAGTCCTCCATGCC  
R: TTTGGCTTCTTTGATGGGAA  (ACCCTA)5  116–131  32  3  0.281  0.253   0.229   NS  MF374326  LOC108695556 

 CYZ4  F: ATGCGACGAGTCAACAAAAA
  R: CAAAGACTGATCATGGCGTG  (TTATG)5  253–278  32  3  0.563  0.533   0.470   NS  MF374327  - 

 CYZ7  F: CAATGCATTCTGGGAAAACC  
R: CAGTGGCAGCCAGTATACCA  (TTAAA)5  254–264  32  2  0.094  0.091   0.085   NS  MF374328   pnpla6  

 CYZ8  F: TAGAGAATCCGCTCCAGCAC  
R: TGAAATGGGCTTTTAAGGGT  (TTTC)19  163–227  32  8  0.813  0.789   0.749   *  MF374329   sh3bgrl2  

 CYZ17  F: GCTTTCGAAGCGACAGACTT
  R: TGCGCTTTGTGTTCAAGAAA  (ATAC)5  238–260  32  4  0.500  0.538   0.432   NS  MF374330   crtc3  

 CYZ33  F: TCACAGGATCCACTTGGTCA  
R: CCTGTCCTGTCTACCCCCTT  (GTA)7  253–262  32  3  0.313  0.621   0.539   **  MF374331   phactr4 . S  

 CYZ34  F: AGCGCTGGTGTAGATCTGGT  
R:ACATTCCAAGTAGACACTCCCAA  (TGT)7  184–196  32  2  0.188  0.222   0.195   NS  MF374332  LOC553450 

 CYZ38  F: ACAGGAAACAAACAGTGGGG  
R: TAAGCCGATCTGGAGTGGTT  (CT)11  111–129  32  4  0.375  0.675   0.601   **  MF374333   smfn  

 CYZ42  F: CTGGCCAGATCAACAAACCT
  R: GGTACAGAACACGCAGTCCA  (AC)11  117–145  32  6  1.000  0.771   0.722   **  MF374334   serpini2  

 Average  -  -    32  4.3  0.463  0.536   0.486   -  -  - 

 1 Chi-square test for Hardy-Weinberg equilibrium (HWE). * and ** indicate signifi cant deviation from HWE (*,  P  h  -  w <0.05; **,  P  h  -  w <0.01); NS indicates no 
signifi cant deviation. 
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could serve us important and valuable resources for 
gene identifi cation and functional analysis of specifi c 
traits in  S .  curriculus . The 60 well-annotated growth 
associated transcripts found in this study (Additional 
fi le 3) may be benefi cial for fast-growing strain 
selection of  S .  curriculus  in the future. 

 4.3 SSR frequency and distribution in the 
 S  .   curriculus  transcriptome 

 Polymorphic SSR markers play an important role 
in population genetics studies, genetic linkage map 
development, and trait-association analyses (Qin et 
al., 2014; Guo et al., 2017). In the present investigation, 
51 426 perfect SSRs longer than 12 bp were identifi ed 
from the  S .  curriculus  transcriptome. This result 
corresponds to an average frequency of 0.25 SSR per 
transcript, a higher level than that reported in  Phoca  
 largha  (0.024; Gao et al., 2012a),  Paramisgurnus  
 dabryanus  (0.21; Li et al., 2015), and  Pelodiscus  
 sinensis  (0.23; unpublished data). This higher 
frequency may be due to the longer average length of 
the sequences in our study, a consequence of the 
eff ective assembly of our dataset. The distribution 
density in our study, one SSR per 5.78 kb, was higher 
than that reported for fi sh species such as 
 Paramisgurnus   dabryanus  (one SSR per 6.99 kb; Li 
et al., 2015),  Phoca   largha  (one SSR per 9.65 kb; Gao 
et al., 2012a), and  M .  amblycephala  (one SSR per 
9.53 kb; Gao et al., 2012b), but lower than that for 
 Bagarius   yarrelli  (one SSR per 2.07 kb; Du et al., 
2018). SSR density may be infl uenced by a few 
factors, such as diff erences in SSR detection criteria 
or SSR detection software (Varshney et al., 2005; Wei 
et al., 2008), transcriptome structure (Toth et al., 
2000) and sequencing data size. 

 4.4 Polymorphism of SSR markers 

 Half of the 50 tested  S .  curriculus  SSR primer pairs 
yielded PCR products. The remaining primer 
sequences, which failed to produce amplicons, may 
have been specifi c for regions located across splice 
sites, chimeric, or of poor quality. In the present study, 
40% of the generated amplicons were polymorphic, a 
lower rate than that observed in  Paramisgurnus  
 dabryanus  (88.4%; Li et al., 2015). According to our 
analysis of SSR genetic diversity, the mean number of 
alleles and PIC per locus were 4.3 and 0.485 5, 
respectively; both of these values were lower than 
those estimated for  Paramisgurnus   dabryanus  (6.6 
and 0.626, respectively). This result indicates that the 

polymorphism rate of SSRs in the  S .  curriculus  
transcriptome is relatively low (PIC<0.5). The mean 
expected heterozygosity (He) was 0.535 6, a value 
higher than that reported for freshwater fi shes (0.46; 
Dewoody and Avise, 2000). This result suggests that 
the diversity of the  S .  curriculus  population in 
Hongzehu Lake is higher than that of most freshwater 
fi shes even though this species is diffi  cult to capture. 
Overall, we identifi ed 51 426 SSRs in our dataset, 
which may prove useful for future population genetic 
structure assessment, germplasm protection, and 
linkage map construction in  S .  curriculus . 

 5 CONCLUSION 

 In this study, the Illumina platform was used for 
transcriptome sequencing of  S .  curriculus , an 
economically important fi sh species. Large quantities 
of candidate SSR markers were identifi ed, 50 of 
which were verifi ed and applied for genetic structure 
evaluation of the Hongzehu Lake  S .  curriculus  
population. Our fi ndings provide deep insights into 
the transcriptome profi le of  S .  curriculus  and 
distribution of SSR markers. The candidate markers 
identifi ed in our study should prove useful for 
population genetic studies of  S .  curriculus , while the 
large quantity of generated sequence data may 
facilitate functional gene discovery in the future. 

 6 DATA AVAILABILITY STATEMENT  

 Raw sequence data that support the fi ndings of this 
study have been deposited in the NCBI Sequence 
Read Archive database under accession number 
SRP065291. Full information on SSRs developed 
from this study are available from the corresponding 
author upon reasonable request. 
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