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Analysis of genetic diversity and structure of Coilia nasus in the lower Yellow River based on
Hyper-seq technique*
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Abstract:  Coilia nasus was once a key anadromous fish species in the Yellow River. Its natural resources declined continuously in
the late 1980s. The main drivers included river disconnection, water conservancy construction, environmental pollution, and
overfishing. Since the 21st century, the water-sediment regulation scheme of the Yellow River has been implemented. In particular,
the operation of the Eastern Route of the South-to-North Water Diversion Project has enabled the reappearance of C. nasus in the
lower Yellow River. This species has become a dominant population in Lake Dongping and Lake Nansi, whereas no large populations
have been recorded in the main channels and estuary of the lower Yellow River. Currently, the C. nasus population in the lower

Yellow River is under recovery. However, its population composition and genetic structure remain unclear. The magnitude of genetic
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differentiation among geographical populations is also unknown. Systematic analysis is still needed to clarify the population genetic
composition and its genetic relationships with resident C. nasus populations along the South-to-North Water Diversion Project. This
study investigated the genetic diversity and genetic structure of C. nasus populations from five sampling sites, including the Yellow
River Estuary, Pangkou, Lake Dongping, Lake Nansi, and Lake Gaoyou. Simplified genome sequencing (Hyper-seq) was applied.
This study aimed to assess the current molecular status of C. nasus populations and provide genetic baseline data for the sustainable
conservation of C. nasus resources in the lower Yellow River. The first three sites belong to the lower Yellow River waters. The
Yellow River Estuary covers the coastal waters near the Kenli estuary. Lake Dongping is the only affiliated lake in the lower Yellow
River. Pangkou is the connecting water zone between the outer area of Lake Dongping and the Yellow River main stream. Lake
Dongping serves as the final regulation and storage reservoir for the Eastern Route of the South-to-North Water Diversion Project.
Lake Nansi and Lake Gaoyou are upstream lakes along this water diversion route.

A total of 180 C. nasus samples were collected. Genomic DNA extraction, library construction, and high-throughput sequencing
were performed, yielding 261.95 Gb of high-quality genomic data. The mapping rates of 180 samples against the reference genome
ranged from 74.81% to 97.03%. A total of 3,757,099 single-nucleotide polymorphism (SNP) loci were detected, and most loci were
distributed in intronic and intergenic regions. All variant loci were annotated using ANNOVAR. The numbers of variants in intergenic,
intronic, and exonic regions were 2671189, 2185025, and 130125, respectively. Genetic analyses showed that the average
polymorphism information content (PIC) was 0.063, the nucleotide diversity (Pi) was 0.107, the observed heterozygosity (Ho) was
0.054, the expected heterozygosity (He) was 0.072, and the effective number of alleles (Ne) was 1.104. Analysis of molecular
variance (AMOVA) indicated that intra-population genetic variation contributed 94.05% of the total genetic variation, while
inter-population variation accounted for only 5.95%. The overall genetic differentiation index (F) was 0.0595 (P < 0.01). The F
values between the Yellow River Estuary population and other populations were slightly higher (> 0.0200). The lowest pairwise F
(0.0073) occurred between the Lake Dongping and Lake Nansi populations. Population genetic structure was analyzed using
ADMIXTURE software, and the optimal population number (K) was determined based on cross-validation error. The lowest
cross-validation error occurred at K=2, indicating a distinct genetic structure among populations. Discriminant analysis of principal
components (DAPC) clustered all individuals into two groups. The Yellow River Estuary population formed a single and concentrated
cluster. The other four populations exhibited scattered genetic profiles and constituted the second cluster. Both phylogenetic tree
reconstruction and Structure barplot analysis confirmed this population clustering pattern.

This study revealed low overall genetic diversity of C. nasus in the lower Yellow River. The Yellow River Estuary population
exhibited lower genetic diversity than other populations and showed distinct genetic components compared with inland populations.
This genetic difference may stem from divergent life histories. Small and fluctuating effective population sizes may further reduce its
genetic diversity. The Pangkou population had the highest genetic diversity among all sampled populations. Despite potential mixing
of different ecological types, this population shared highly similar genetic components with lake-resident populations. The genetic
diversity of the Lake Dongping population was slightly higher than that of the Lake Nansi and Lake Gaoyou populations. Lake
Dongping connects the Eastern Route of the South-to-North Water Diversion Project and the Yellow River main stream. Multi-stage
water pumping links this lake to the Yangtze River Basin. Floodgate regulation and seasonal water discharge enable water exchange
between the Yangtze River and Yellow River basins, which facilitates genetic communication among C. nasus populations.

In this study, population grouping was defined only by geographical location and published life-history records, without precise
identification of ecological types. Future studies can combine otolith microchemistry and genetic analysis to clarify the spatial and
genetic dynamics of C. nasus populations in the lower Yellow River. The complete anadromous life cycle of C. nasus in the Yellow
River remains unobserved. Continuous monitoring and in-depth analysis are required to further interpret the genetic divergence
between the estuarine and inland populations. Differentiated protection and fishing management strategies should be formulated
according to the life-history characteristics and resource status of distinct C. nasus populations. These targeted strategies can support
the effective recovery and sustainable utilization of C. nasus resources in the lower Yellow River.
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Tab.1 Sample information of C. nasus population
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Fig.1 Distribution map of C. nasus population sampling
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Illumina Novaseq 6000 -4 Clllumina San Diego, CA, USA) 34T 150 bp XUkl /7 .
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Fig.2 Supramaxillary traits of C. nasus samples
a C. nasus in Yellow River Estuary; b C. nasus in Lake Dongping; t shows the terminal position of jaw
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Fig.3 The distribution of SNPs on different chromosomes of C. nasus
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Tab.2 The annotation of SNP loci in the genome of C. nasus

FE ][] X 3 2,671,189
W T X 2,185,025
AT XI5 130,125
[F] L 574 SNP 46,451
JEF LA SNP 65,111
D54 SNP 10,033
R RA 3,366
{ BRI SRAF L BT T 1) SNP 2,745
{EEE R R B H LTI SNP 174
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Tab.3 The genetic parameters of five C. nasus populations

) ZEMEESE B IR BT M A5 P WA . . PS4
i _ A7 205 R 3 R % Ne _
PIC Pi Ho He Fis

HHK 0.048 0.085 0.040 0.055 1.079 0.099

PK 0.075 0.135 0.070 0.088 1.129 0.122
DPL 0.063 0.110 0.053 0.073 1.108 0.135
NSL 0.060 0.104 0.050 0.070 1.103 0.130
GYL 0.057 0.101 0.047 0.066 1.097 0.118
A 0.063 0.107 0.054 0.072 1.104 0.232
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Tab.4 Analysis of molecular variance (AMOVA) of five populations of C.nasus
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Tab.5 The genetic differentiation coefficient (Fst) and genetic distance (DR) in C. nasus populations
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Fig.4 NJ tree based onWeir and Cockerham’s Fst values between population pairs
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Fig.5 The population genetic structure of C. nasus
(a)Admixture plot for K = 2. (b) Discriminant analysis of principal components (DAPC) describing
the variation between the sampling sites. (c) Phylogenetic relationgship-population genetic structure
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