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Abstract

Culter alburnus is one of the most important commercial freshwater fishes and widely
distributed in China. In this study, a total of 31 novel single nucleotide polymorphism

(SNP) markers were developed based on whole-genome resequencing. The analysis of
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the 31 SNP genotypes in 60 fish showed that the observed heterozygosity and
expected heterozygosity ranged from 0.283 to 0.650 and 0.280 to 0.504, respectively.

The minor allele frequency ranged from 0.167 to 0.458, and the polymorphism
information content ranged from 0.239 to 0.375. Among these SNPs, only one SNP
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Introduction

The topmouth culter (Culter alburnus) belongs to
the order Cypriniformes, family Xenocyprididae and
inhabits the major rivers, lakes, and reservoirs in China
(Li et al., 2018). It is the most important commercial
freshwater fishes, among the species of the genus
Culter, C. alburnus has the longest body size. Because C.
alburnus has the advantage of rapid growth, low oxygen
tolerance, and disease resistance, hybridization
breeding with Megalobrama amblycephala became
important (National Reg no: GS-02-001-2020). However,
wild C. alburnus populations are declining and their
germplasm resources have been threatened in
recent years because of the overfishing and habitat
changes caused by environmental pollution and water-
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were found to deviate from Hardy-Weinberg equilibrium significantly (P<0.01). These
SNP markers could be a valuable tool for population conservation in this species.

related construction (Qi et al.,, 2013). This has
necessitated population genetic investigations on C
alburnus to protect its wild resources.

Previous studies have performed valuable genetic
evaluations of this species using mitochondrial markers,
amplified fragment length polymorphism (AFLP)
markers, and simple sequence repeat (SSR) markers
(Wang et al., 2007; Chen et al., 2009; Liu et al., 2013; Sun
et al., 2021). Wild C. alburnus in China has low genetic
diversity, and the significant genetic differentiation, in
addition, the genetic diversity of wild populations is
lower than that of cultured populations (Qi et al., 2013;
Qi et al., 2015). The historical effective population size
of C. alburnus has been found to correlate with the uplift
of the Tibetan Plateau, as indicated by demographic
history  reconstruction  through  whole-genome
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resequencing (Jiang et al., 2023). Single nucleotide
polymorphisms (SNPs) are characterized by a wide
genomic distribution, high polymorphism levels, and
good reproducibility, and have been used in molecular
ecology, evolution, and conservation genetics (Vignal
etal. 2002; Shan et al., 2022). SNP markers have
significant advantages, such as highly abundance, wide
distribution, site-specificity, and low error-detection
rate, over SSR markers (Zhou et al., 2022). In this study
new SNP loci of C. alburnus investigated for utilization
on genetic evaluation of this specie.

Materials and methods

In 2023, cultured C. alburnus samples were
randomly selected from the Fishery Research Institute
of the Anhui Academy of Agricultural Sciences, Hefei,
Anhui, China. The parents of these cultured populations
were wild populations originating from the Yangtze and
Huaihe Rivers, which are two different water systems in
China. Genomic DNA was extracted from the muscle
tissue samples collected from 150 individuals using the
TIANamp Genomic DNA Kit (DP304, Tiangen, Beijing,
China), according to the manufacturer’s instructions.
DNA quality and concentration were determined using
NanoDrop 2100 (Thermo Scientific, DE, USA) and 1.0%
agarose-gel electrophoresis. Ninety DNA samples were
randomly selected from the 150 samples and sequenced
using an lllumina HiSeq 4000 platform. SNP detection
was performed by gatk4 (https://gatk.
broadinstitute.org/hc/en-us/articles/ 360035890471-
Hard-filtering-germline-short-variants), and the SNP
filter expression parameters were set as follows:
QD<2.0, MQ<40.0, SOR>5.0, MQRankSum<-12.5,
FS>60.0, QUAL<30 (DePristo et al., 2011). After quality
control and strict filtration, 1060.57 Gb of clean data and
9561,979 putative SNPs were obtained. A total of 31
SNPs with high heterozygosity were selected to analyze
the polymorphisms in the remaining 60 samples using
PCR. A 20 pL PCR reaction volume contained 10 uL of
2xMaster Mix, 0.5 uL each of the forward and reverse
primers (10 mmol/L), 1 uL of DNA template (20 ng), and
8 pL of dd H20. The PCR parameters were as follows:
95°C for 5 min; followed by 32 cycles of 94°C for 30 s,
annealing temperature for 40 s, and 72°C for 50 s; and
final extension at 72°C for 10 min.

The amplification products were sequenced using
an ABI PRISM 3730 automated sequencer (Applied
Biosystems, Foster City, CA, USA), and SNP genotypes
were tested and analyzed using DNAMAN V6.0. The
observed number of alleles (Na), observed
heterozygosity (Ho), expected heterozygosity (He),
minor allele frequency (MAF), and deviations from the
Hardy—Weinberg equilibrium (Puwe) were calculated
using the chi-square test with POPGENE 3.2.
Polymorphism information content (PIC) was estimated
from allele frequencies using Cervus 3.0 (Kalinowski et
al., 2007).

Results and Discussion

A total of 31 SNP markers were polymorphic and
bi-allelic and were amplified successfully in the 60
individuals of C. alburnus (Table 1). The Ho, He, MAF and
PIC of the SNPs were 0.283-0.650, 0.280-0.504, 0.167—
0.458, and 0.239-0.375, respectively. The mean Ho, He
and PIC were 0.394, 0.362, and 0.292, respectively.
These results indicate that cultured C. alburnus has a
lower genetic diversity. In a previous study, the wild
population of C. alburnus from Dianshan Lake (Shanghai,
China) showed high genetic diversity measured using 11
microsatellite DNA markers; with mean Ho and He of
0.6288 and 0.7946, respectively (Chen et al., 2009). In
addition, among the present SNPs, six loci deviated
significantly from Hardy—Weinberg equilibrium (HWE)
after Bonferroni adjustments (P<0.05). Several factors,
including random mating deviations, mutations,
selection, genetic drift, and migration, can disrupt HWE
(zhang et al., 2024). In the current study involving
cultured C. alburnus, deviations from HWE may be
attributed to a lack of heterozygosity stemming from
historical founder effects, artificial selection, and the
impact of inbreeding (Chen et al., 2017). A study
revealed that French rainbow trout (Oncorhynchus
mykiss) exhibit a relatively high level of inbreeding,
which is likely attributable in part to a founder effect and
to “sweepstakes reproductive success.” (D’Ambrosio et
al., 2019). These results suggested that the number of
breeding parents should be increased and genetic
exchanges among the populations should be promoted
to improve the genetic diversity of cultured C. alburnus
during the subsequent breeding processes. The SNPs
identified in this study will be valuable tools for
population conservation and management of C
alburnus.
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Table 1. Summary information of the 31 SNP markers developed for topmouth culter Culter alburnus
Locus Primer sequences (5’-3’) M:J\t/;;t;on ﬁr::gllf;c(a;;o)n Ho He MAF Prwe PIC

JAOTNS010003905 ;iggg%fgggg:g;?ﬁﬁg A/G 124 0.367 0.323 0.200 0.282 0.269
JAOTNS010003744 ;iﬁgﬁgiﬁféi%iﬁgléTch A/G 138 0.333 0.484 0.400 0.015* 0.365
JAOTNS010003713 ;éigt;?gg:gﬁggi%?c/x T/C 146 0.533 0.495 0.433 0.548 0.371
JAOTNS010003696 ;11:2;C£I'(:GC(¢I%E§§£I'§§2§ACG T/A 157 0.417 0.352 0.225 0.146 0.288
JAOTNS010003632 ;ELQ?E;?;‘GFQSSFEE@—EE T/C 181 0.500 0.424 0.300 0.157 0.332
JAOTNS010003585 ;E%@if;gggﬁgﬁ_’:ﬁ?gggf T/C 251 0.383 0.313 0.192 0.073 0.262
JAOTNS010003549 ;izi@gﬁfg:g%iﬁziﬁggﬁ A/T 182 0.333 0.280 0.167 0.132 0.239
JAOTNS010003508 ;ﬁ?;gﬁﬂ:g?gggg;iég;i; A/G 177 0.350 0.291 0.175 0.110 0.247
JAOTNS010003484 ;?géTCCCCAACCC_I_GgTAGGATﬁII—_TCCCGATAT AT 124 0.300 0.323 0.200 0.579 0.269
JAOTNS010003033 :?SLZE?SQiGAiEiAGCAAGCGA(S?GCT A/G 234 0.417 0.333 0.208 0.047* 0.275
JAOTNS010002888 ;iﬁgéggﬁéf_ﬁgﬁgﬁg:gg?é T/C 243 0.333 0.280 0.167 0.132 0.239
JAOTNS010002678 :?gZLCACCTAAGACC:;&CIg;GAEGAC A/G 233 0.467 0.361 0.233 0.021* 0.294
JAOTNS010002589 ;?\Eccciiﬁgﬁggiigﬁgi T/C 172 0.367 0.504 0.383 0.034* 0.375
JAOTNS010002489 :giégSAACAACGAﬁGAACAAGAéiﬁégiA A/G 200 0.383 0.352 0.225 0.479 0.288
JAOTNS010002366 ;;CGACGC?'E(CS:II:E'(I'??CGGGTTG(?F((:ZTF?\A A/G 310 0.383 0.333 0.208 0.230 0.275
JAOTNS010002188 :?SGAL?:-I(—SATAGEACGACC'I'CCACA(Q?'SS A/G 218 0.383 0.313 0.192 0.073 0.262
JAOTNS010002055 :L}Lﬁﬁgﬁ%ﬂggggﬁTg:ggG A/G 221 0.383 0.313 0.192 0.073 0.262
JAOTNS010001952 ;ngiﬁ'g?\%ingTcéﬁTchcggG A/G 219 0.400 0.323 0.200 0.059 0.269
JAOTNS010001890 ;Zig(ﬁCAGACAgI:I:IEIﬁ;rAAgT%TGGf(;: T/C 283 0.400 0.323 0.200 0.059 0.269
JAOTNS010001555 :ﬁfcclfégé?ggii:‘é?gggA G/T 170 0.283 0.493 0.425 0.001* 0.369
JAOTNS010001422 ;$gg§?::rg?;§gl$gﬁg|’6i T/C 157 0.383 0.370 0.242 0.770 0.299
JAOTNS010001200 ;?ﬁiégﬁgfgg&iﬁggﬁ_ﬁgﬁ A/G 310 0.417 0.370 0.242 0.317 0.299
JAOTNS010001167 ;??‘?Xéiﬁl;%céﬁfii%%%%% A/G 202 0.333 0.342 0.217 0.837 0.282
JAOTNS010000844 ;EL%@?Lié?ACCCégESgI'ACT:g A/G 180 0.650 0.501 0.458 0.020* 0.373
JAOTNS010000619 ;;AGC(Q:AAAJAGTZZFAGT%igglgng A/G 183 0.383 0.333 0.208 0.230 0.275
JAOTNS010000510 ;EZ??;S(GEQEQETAGGGAGC(EE-IA-TF A/G 154 0.333 0.323 0.200 0.795 0.269
JAOTNS010000455 ;?;?ZQLCAA(;FCG(I?'I%?FL?ZGA'??IE; A/G 202 0.367 0.323 0.200 0.282 0.269
JAOTNS010000388 ;i;ggii?(ﬁifggéif;fgc A/T 137 0.383 0.370 0.242 0.770 0.299
JAOTNS010000204 ;iﬁggzg;_ﬁ;zaﬁafi;ﬁi G/T 172 0.450 0.386 0.258 0.196 0.310
JAOTNS010000034 ;EL%&%@%L?E%@?EQ_?;?T A/T 194 0.417 0.333 0.208 0.250 0.275
JAOTNS010000005 ;?éé?;;:;fgggglg’:g%iﬁ G/T 193 0.383 0.352 0.225 0.479 0.288
Mean+SD / / 195.710+48.614 0.394+0.071 0.362+0.067 0.246+0.083 /  0.292+0.040

Note: Ho represents the observed heterozygosity, He represents the expected heterozygosity, MAF represents minor allele frequency, Pnwe represents the

results for Hardy—Weinberg equilibrium, *P<0.05, PIC represents polymorphism information content.



Turkish Journal of Fisheries & Aquatic Sciences

TRJFAS25574

corrected English grammar. Guoging Duan designed,
edited and corrected the manuscript. All authors read
and approved the final manuscript.

Conflict of Interest

The authors declare no conflict of interest.

Acknowledgements

We would like to thank Anhui topmouth culter
breeding centers for the helping of sample collection.

References

Chen, S.Q., Liu, Q.G.,, Ren, S.J., & Gong, X.L. (2009).
Polymorphic microsatellite loci isolated from the
topmouth  culter (Culter alburnus Basilewsky).
Conservation Genetics Resources, 1, 337.
https://doi.org/10.1007/s12686-009-9078-8

Chen, B., Cole, J.W., & Grond-Ginsbach, C. (2017). Departure
from Hardy Weinberg Equilibrium and Genotyping Error.
Frontiers in Genetics, 8, 167.
https://doi.org/10.3389/fgene.2017.00167.

D’Ambrosio, J., Phocas, F., Haffray, P., Bestin, A., Brard-
Fudulea, S., Poncet, C., Quillet, E., Dechamp, N., Fraslin,
C., Charles, M., Dupont-Nivet, & M. (2019). Genome-
wide estimates of genetic diversity, inbreeding and
effective size of experimental and commercial rainbow
trout lines undergoing selective breeding. Genetics
Selection Evolution, 51, 26.
https://doi.org/10.1186/s12711-019-0468-4

DePristo, M.A., Banks, E., Poplin, R., Garimella, K.V., Maguire,
J.R,, Hartl, C., et al. (2011). A framework for variation
discovery and genotyping using next-generation DNA
sequencing data. Nature Genetics, 43, 491-498.
https://doi.org/10.1038/ng.806

Jiang, H., Qian, Y., Zhang, Z., Meng, M., Deng, Y., Wang, G., He,
S., & Yang, L (2023). Chromosome-level genome
assembly and whole-genome resequencing of topmouth
culter (Culter alburnus) provide insights into the
intraspecific variation of its semi-buoyant and adhesive
eggs. Molecular Ecology Resources, 23, 1841-1852.
https://doi.org/10.1111/1755-0998.13845

Kalinowski, S.T., Taper, M.L., & Marshall, T.C. (2007). Revising
how the computer program CERVUS accommodates
genotyping error increases success in paternity
assignment. Molecular Ecology, 16(5), 1099-1106.
https://doi.org/10.1111/j.1365294X.2007.03089.x

Li, T., Jia, Y., Gao, J., Zhao, J., Jiang, W., Gu, Z., & Yang, R. (2018).
Optimization of shock conditions to induce gynogenesis

in topmouth culter (Culter alburnus). Aquaculture, 490,
344-349.
https://doi.org/10.1016/j.aquaculture.2018.03.005

Liu, Y., & Yang, J. (2013). The complete mitochondrial genome
sequence of Xingkai topmouth culter (Culter alburnus).
Mitochondrial DNA, 25(6), 451-453.
https://doi.org/10.3109/19401736.2013.809430

Qi, P.Z.,, Qin, J.H., & Xie, C.X. (2015). Determination of genetic
diversity of wild and cultured topmouth culter (Culter
alburnus) inhabiting China using mitochondrial DNA and
microsatellites. Biochemical Systematics and Ecology,
61, 232-239.
https://doi.org/10.1016/j.bse.2015.06.023

Qi, P.Z., Xie, C.X., Guo, B.Y., Wu, C.W,, Lu, S.M., & Duan, Y.J.
(2013). Development of new polymorphic microsatellite
markers in topmouth culter (Culter alburnus) and
determination of their applicability in Culter mongolicus.
Genetics and Molecular Research, 12(2), 1761-1765.
http://dx.doi.org/10.4238/2013.May.21.7

Shan, S., Kan, X., Gong, J., Shao, C.,, & Wang, Y. (2022).
Development and characterization of 36 SNP markers for
Hynobius yiwuensis. Conservation Genetic Resources,
14, 15-18.
https://doi.org/10.1007/s12686-021-01233-4

Sun, N., Zhu, D,, Li, Q., Wang, G., Chen, J., Zheng, F., Li, P., &
Sun, Y. (2021). Genetic diversity analysis of Topmouth
Culter (Culter alburnus) based on microsatellites and D-
loop sequences. Environmental Biology of Fishes, 104,
213-228. https://doi.org/10.1007/s10641-021-01062-2

Vignal, A., Milan, D., SanCristobal, M., & Eggen, A. (2002). A
review on SNP and other types of molecular markers and
their use in animal genetics. Genetics Selection
Evolution, 34, 275-305. https://doi.org/10.1186/1297-
9686-34-3-275

Wang, W., Chen, L., Yang, P., Hou, L., He, C,, Gu, Z., & Liu, Z.
(2007). Assessing genetic diversity of populations of
topmouth culter (Culter alburnus) in China using AFLP
markers. Biochemical Systematics and Ecology, 35, 662-
669. https://doi.org/10.1016/j.bse.2007.04.008

Zhang, L., Sun, G., Azhanhan, E., Li, Y., Shi, W., Zou, D., Zhang,
H., Ding, J., Kessler, M., Wang, M., & Yang, W. (2024).
Genetic diversity assessment for reintroduced
Przewalski’s horse (Equus ferus) based on newly
developed SSR markers. Conservation Genetic
Resources, 16, 89-101.
https://doi.org/10.1007/s12686-023-01330-6

Zhou, H., Duan, G., Pan, T., Wang, H., Jiang, H., Ling, J., Hu, Y.,
& Yang, M. (2022). Development a Set of 46 SNP Markers
for the Yellow Catfish (Tachysurus fulvidraco). Turkish
Journal of Fisheries and Aquatic Sciences, 22(12),
TRJFAS20976.
https://doi.org/10.4194/TRJFAS20976


https://www.sciencedirect.com/journal/aquaculture
https://www.sciencedirect.com/journal/aquaculture/vol/490/suppl/C
https://doi.org/10.1016/j.bse.2015.06.023
https://link.springer.com/article/10.1007/s12686-023-01330-6#auth-Yan-Li-Aff6
https://link.springer.com/article/10.1007/s12686-023-01330-6#auth-Wei-Shi-Aff1-Aff2-Aff3-Aff4
https://link.springer.com/article/10.1007/s12686-023-01330-6#auth-Dahu-Zou-Aff8
https://link.springer.com/article/10.1007/s12686-023-01330-6#auth-Hefan-Zhang-Aff7
https://link.springer.com/article/10.1007/s12686-023-01330-6#auth-Jiajia-Ding-Aff1-Aff2-Aff3-Aff4-Aff5
https://link.springer.com/article/10.1007/s12686-023-01330-6#auth-Mimi-Kessler-Aff9
https://link.springer.com/article/10.1007/s12686-023-01330-6#auth-Muyang-Wang-Aff1-Aff2-Aff3-Aff4
https://link.springer.com/article/10.1007/s12686-023-01330-6#auth-Weikang-Yang-Aff1-Aff2-Aff3-Aff4

