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Introduction

Abstract

Simple Sequence Repeats (SSRs) and Single Nucleotide Polymorphisms (SNPs) offer distinct yet
complementary insights into genetic diversity and population structure. This study compared
whole-genome SSRs and SNPs to characterize Largemouth Black Bass (Micropterus salmoides)
populations, a critical Chinese aquaculture species. We analyzed the selectively bred 'Zhejiang
Black Bass No.1' F4 strain (ZL1f4) against two introduced cultured populations (Anhui: AL,
Panzhihua: PL). High-throughput whole-genome resequencing yielded over one million high-
quality SNP loci, and 28,250 (LobSTR) and 2,142 (SSRgenotyper) polymorphic SSRs, enabling
robust comparative marker assessment. Results consistently demonstrated significantly reduced
genetic diversity in selectively bred ZL1f4 (e.g., ZL1f4 average expected heterozygosity via
LobSTR: 0.445 vs. AL: 0.536), reflecting artificial selection's genetic consequences. Both marker
types revealed population differentiation, but SNPs consistently exhibited superior resolution
(e.g., ZL1f4 vs. AL Fst: 0.1049 for SNPs vs. 0.0644 for LobSTR-SSR). Despite diversity
differentiation, genetic structure analysis indicated retained shared ancestral components,
suggesting selection influenced allele frequencies and heterozygosity, not fundamental genetic
architecture. This research underscores SSR and SNP complementary strengths, advocating their
integrated application for robust genetic characterization and informing sustainable aquaculture.
Findings provide crucial data for effective genetic enhancement and long-term population
management of Largemouth black bass, contributing to germplasm and aquatic biodiversity
preservation.

diversity (Hodel et al.,, 2016). SNPs, in contrast,
represent a difference at a single nucleotide position,

In molecular genetics, Simple Sequence Repeats
(SSRs) and Single Nucleotide Polymorphisms (SNPs)
serve as critical genetic markers, each possessing
distinct structural characteristics that confer unique
advantages in genetic analysis. SSRs, also known as
microsatellites, consist of short tandem repeats of one
to six nucleotides. Their high polymorphism arises from
variations in the number of these repeat units among
individuals, driven by replication slippage, making them
highly informative for detecting fine-scale genetic
diversity and recent evolutionary events (Chen et al.,
2024; Han et al., 2022). This inherent variability grants
SSRs a high power of resolution for probing genetic
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making them the most prevalent form of genetic
variation in a genome. Their immense abundance and
typically uniform distribution across the genome
provide a high resolution for assessing genetic linkage,
identifying quantitative trait loci, and delineating
population structure with high precision (Guo et al.,
2022; Huang et al., 2020). The confluence of these
markers' polymorphism and broad distribution,
enhanced by molecular biology's technological
advances, enables automated high-throughput
analyses, thus bolstering the precision and efficiency of
genetic studies. SSR and SNP markers are indispensable
for identifying genes associated with crucial traits,
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constructing genetic maps, evaluating genetic diversity,
and elucidating population structures and evolutionary
dynamics (Chen et al., 2022; Guo et al., 2022; Huang et
al., 2020; Liu et al., 2023a).

Recent trends indicate a shift towards SNPs as the
preferred genetic markers over SSRs due to their
abundance and uniform genomic distribution, which
facilitates the straightforward application of population
genetic statistics (Tsykun et al., 2017). SNPs offer
enhanced precision in estimating population diversity,
superior analytical capabilities for cluster analysis, and
the capacity to evaluate local adaptations (Zimmerman
et al., 2020). Despite the increasing preference for SNPs,
the combined use of both SSRs and SNPs in genetic
research offers significant practical advantages due to
their complementary roles. SSRs, with their high
mutation rates and multi-allelic nature, are particularly
powerful for detecting recent population bottlenecks,
identifying closely related individuals, and tracking
parentage (Chen et al., 2024; Han et al.,, 2022). In
contrast, SNPs, with their high density and stability, are
ideal for large-scale population genomic studies,
genome-wide association studies, and fine-scale
population structure analysis (Guo et al., 2022; Huang et
al., 2020). Therefore, integrating both marker types can
provide a more comprehensive and nuanced
understanding of genetic diversity and population
dynamics than either marker type alone. However, a
significant knowledge gap persists in comprehensive
comparative studies between SNPs and SSRs,
particularly those utilizing whole-genome data. Existing
research often compares a narrow set of SSR markers
against comprehensive whole-genome SNP data
(Szatmari et al., 2021; Zimmerman et al., 2020). For
instance, earlier research by Zhang et al. (2014) utilized
18 SSRs for genetic clustering and distance analyses in
Megalobrama fish, which diverged significantly from
findings using whole-genome SSR and SNP data by Liu et
al. (2023a) and Chen et al. (2022). Our previous studies
further highlight the critical impact of the number of
SSRs on research outcomes (Liu et al., 2023a), noting
that a limited SSR panel may fail to capture total
genomic variation, potentially skewing results.
Consequently, this study aims to explicitly address this
gap by conducting a comprehensive comparative
analysis of whole-genome SSRs and SNPs to assess their
relative effectiveness in evaluating genetic diversity and
structure, thereby providing a more robust
understanding of their utility in genetic studies.

Over recent decades, the Largemouth black bass
(Micropterus salmoides), prized for its high-quality meat
and economic value, has become central to China’s
freshwater aquaculture industry (Bai et al., 2008; Du et
al., 2022). Native to North America’s freshwater basins,
this species was introduced to Guangdong Province in
1983 and has since proliferated across China. Despite its
enhanced feeding and environmental adaptability post-
domestication, the species contend with challenges
such as limited germplasm resources, reduced genetic

diversity, and inbreeding depression (Du et al., 2022).
These challenges directly impact the sustainability and
productivity of Largemouth black bass aquaculture. Our
current study examines the F4 generation of 'Zhejiang
Black Bass No.1,' a strain selectively bred for improved
growth rates and regional adaptability. We aim to
compare the genetic diversity and structure of this
selected breeding population with that of the initial
introductions, employing whole-genome SSR and SNP
markers for a comprehensive genetic analysis. This
empirical effort seeks to illuminate the impacts of
artificial selection on the Largemouth black bass’s
genetic diversity and structure and to evaluate the
distinct capacities of SSR and SNP markers in elucidating
these aspects. The insights gained from this comparison
are crucial for developing effective genetic
enhancement strategies and informed population
management practices, directly contributing to the
mitigation of inbreeding depression and the long-term
sustainability of aquaculture. Understanding the
nuances between whole-genome SSR and SNP markers
also enriches our comprehension of population genetics
by offering more profound insights into genetic diversity
and structure.

Materials and Methods
Experimental Samples

The Zhejiang Black Bass No.1 F4 generation (ZL1f4)
was developed by the Zhejiang Province Fisheries
Technology Extension Station in China through a
selective breeding program targeting rapid growth. This
lineage was derived from a naturally reproducing
Largemouth black bass population harvested from the
Bolongkeng Reservoir in Quzhou, Zhejiang Province,
starting in 2017. The primary selection criterion for the
breeding program was an enhanced growth rate. A
selection pressure with an intensity of 0.2% was applied,
focusing on growth rate and phenotypic traits.

Two cultured populations of the Northern
subspecies of Largemouth black bass introduced from
Florida, USA, have been established at the Xiba Base of
the Zhejiang Province Fisheries Technology Extension
Station. The Anhui population (AL) was introduced to
China by Anhui Zhanglin Fisheries Co., Ltd., and the
Panzhihua population (PL) was introduced by Panzhihua
Laibei Fisheries Co., Ltd. in Sichuan, China. Since their
introduction, both populations have developed into
naturally reproducing inbred lines.

For genetic analysis, ten individuals from each
population were randomly selected. These individuals
were all two years old and weighed between 500 and
800 grams. Pectoral fins were collected and preserved in
anhydrous ethanol. All procedures involving fish were
approved by the administrative committees of the
Institute of Fishery Science at the Hangzhou Academy of
Agricultural Sciences and the Zhejiang Fisheries
Technical Extension Center. Genomic DNA was then
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extracted using the phenol-chloroform method (Green,
Sambrook, 2018). While a sample size of ten individuals
per population might be considered relatively small for
comprehensive population-level genetic diversity
estimation in whole-genome sequencing studies, this
choice was made to balance the high cost and
computational demands of whole-genome
resequencing with the need for high-quality,
representative data from each distinct population. The
subsequent stringent data filtering steps (detailed in
Sections 2.3 and 2.4) were critical to ensure the
reliability of the genetic markers used, compensating for
the sample size limitation by focusing on high-
confidence genotypes across all samples.

Library Construction, Sequencing, and Data Quality
Control

Library construction, sequencing, and data quality
control were rigorously performed in adherence to the
lumina protocol for whole-genome sequencing
designed for Next Generation Sequencing library
preparation (Quail et al., 2008). Quantified genomic
DNA was fragmented using a Covaris M220 sonicator,
followed by several purification steps to prepare the
sequencing library. This preparation involved end-repair
of DNA fragments, adenylation of 3' ends, and ligation
of sequencing adapters, culminating in bridge PCR
amplification. Per the manufacturer's instructions, the
libraries were constructed using the lllumina TruSeq
sample preparation kit (lllumina, USA). Sequencing on
an lllumina NextSeq 550 platform produced 300 base
pair paired-end reads. The sequencing effort was
undertaken by Wuhan Frasergen Bioinformatics Co.,
Ltd, China. Quality control for the generated raw reads
was executed using Fastp v0.23.1 (Chen, 2023) with
parameters set to -c -D, ensuring the acquisition of high-
quality, clean reads.

Whole-genome SNP Genotyping

Using the Largemouth black bass genome
GCA_022435785.1 (He et al., 2022) as the reference
genome, clean reads were aligned to the reference using
bwa-meme v1.0.5 (Jung, Han, 2022), producing SAM
format files. These SAM files were converted to BAM
format using samtools v1.6 (Danecek et al., 2021), and
duplicate reads were removed with sambamba v1.0
(Tarasov et al., 2015). Insertions and deletions (indels)
realignment was performed using Picard v2.27.5 (Broad,
2019) and GATK v3.8.1 (DePristo et al., 2011) for local
realignment of reads. Samtools v1.6 was used again to
filter out improperly aligned reads (-F 0x904 -q 30). VCF
files were generated using bcftools v1.8 (Danecek et al.,
2021) mpileup and call commands, and the resulting VCF
files were filtered with the filter command to remove
variants with allele bias >90%, quality <20, and depth
<10. These filtering steps are crucial to ensure the
reliability and accuracy of SNP calls by removing low-

quality variants that could arise from sequencing errors
or mapping artifacts. Specifically, removing variants
with allele bias >90% addresses strand bias, quality <20
removes low-confidence calls, and depth <10 ensures
sufficient read coverage for robust genotype
determination. Further filtering of the VCF files was
conducted using vcftools v0.1.16 (Danecek et al., 2011)
to exclude variants with a minor allele frequency (MAF)
less than 0.05, quality score below 10, depth below 10,
all missing genotypes, and all indel types. The MAF<0.05
filter removes rare variants that may not be informative
for population-level analyses and could be artifacts.
Filtering for quality score below 10 and depth below 10
further enhances the stringency of SNP selection,
ensuring only high-confidence, well-supported loci are
retained. Removing all missing genotypes ensures that
only markers present in all samples are considered,
which is vital for comparative analyses across
populations. The final SNP genotyping results were
saved in VCF format.

Vcftools v0.1.16 was employed to calculate several
genetic metrics for each population, including the
number of SNP loci, observed heterozygosity (Ho),
expected heterozygosity (He), nucleotide diversity (m),
and minor allele frequency (MAF). We were using
adegenet (Jombart, Ahmed, 2011), vcfR (Knaus,
Grinwald, 2017), and StAMPP (Pembleton et al., 2013),
with the stamppFst function specifically used to
calculate Weir and Cockerham's Fst value (wcFst) (Weir,
Cockerham, 1984). Additionally, the inbreeding
coefficient (Fis) was determined using the --het option
in Plink v1.9 (Purcell et al., 2007).

Whole-genome SSR Genotyping

To conduct whole-genome SSR genotyping, we
employed two distinct tools: LobSTR v4.0.6 (Gymrek et
al., 2012) and SSRgenotyper (Lewis et al., 2020). The
rationale for utilizing both tools was to perform a
comprehensive comparative assessment of their
performance in identifying and genotyping whole-
genome SSRs from resequencing data, and
subsequently, to compare the genetic insights derived
from these SSR datasets with those obtained from SNP
markers. This comparative approach is central to
addressing the research gap identified in the
Introduction regarding the effectiveness of different
marker types and genotyping methodologies. LobSTR
focuses on utilizing signal processing techniques to
identify and characterize SSR sequences, enhancing the
accuracy and efficiency of SSR analysis by specifically
addressing noise generated during the PCR amplification
process. SSRgenotyper, in contrast, emphasizes direct
identification and genotyping of SSR loci from
resequencing data by aligning sequencing reads to SSR
reference sequences and determining genotypes based
on the proportion of reads that support each allele.

To facilitate whole-genome SSR genotyping of the
Largemouth black bass genome GCA_022435785.1 (He
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et al., 2022), two distinct methodologies were
employed. Initially, Tandem Repeats Finder (TRF) v4.09
(Benson, 1999) was utilized to identify SSRs. The
parameters were set as follows: a matching weight of 2,
a mismatch penalty of 7, an indel penalty of 7, a match
probability of 80, an indel probability of 10, a minimum
alignment score to report of 50, and a maximum period
size to report of 500. Additional settings included the
use of flanking sequences (-f), the creation of a data file
(-d), and a masked sequence file (-m). Data from the TRF
output were processed using a Python script,
GetSTRInfo.py, from LobSTR v4.0.6, facilitating the
generation of a BED file defining SSR regions compatible
with LobSTR analysis. We used the allelotype function of
LobSTR v4.0.6 for SSR genotyping, analyzing BAM files
derived from the SNP genotyping phase that had
undergone indel realignment and filtering of improperly
aligned reads. The SSR genotyping results were stored in
VCF format. The VCF file was further processed using the
lobSTR_filter_vcf.py script to exclude loci based on
specific criteria: maximum reference length of a locus at
80, minimum mean log score cutoff at 0.8, minimum
mean coverage at 5, and a minimum call rate of 1.0.
These stringent filtering criteria for LobSTR were applied
to ensure high-confidence SSR genotype calls,
minimizing false positives and ensuring that only
robustly genotyped loci are included in downstream
analyses. A call rate of 1.0, for instance, means that only
SSRs successfully genotyped in all individuals were
retained, which is critical for direct comparisons across
populations. The SSR genotyping data were saved in VCF
format and subsequently converted to GENEPOP format
using a custom script, available at https://github.com/
zergger/SSRgenotyper.

Subsequently, SSRs from the same genome were
mined using MISA software (Thiel et al., 2003), focusing
on di-nucleotide repeats appearing six or more times
and tri- to hexanucleotide repeats occurring at least four
times. Clean reads were aligned to these SSR-containing
sequences using bwa-meme v1.0.5 (Jung, Han, 2022),
and SAM format files were converted to BAM format
files using samtools v1.6 (Danecek et al., 2021) with
quality control (-q 30). Duplicate reads were removed
using sambamba v1.0 (Tarasov et al.,, 2015) for
SSRgenotyper  processing.  Whole-genome  SSR
genotyping was conducted using SSRgenotyper, with
parameters set to Q=30, S=1, M=0.1, F=0.01, B=50, and
m=5. These parameters ensure that only high-quality
reads (Q=30) are considered for genotyping, and that
heterozygous calls are supported by a minimum allele
percentage (M=0.1) and read count (S=1). The maximum
missing data threshold (F=0.01) ensures a high call rate
for retained loci, while flanking sequence parameters
(B=50, m=5) help in accurate alignment and genotyping
of SSR regions. Additionally, we modified parts of the
SSRgenotyper code to read results from MISA directly.
The modified code is available at https://github.com/
zergger/SSRgenotyper. The resulting SSR genotyping
data was saved in GENEPOP format.

Allelic diversity metrics, such as the number of
alleles (Na), allelic richness (Ar), observed
heterozygosity (Ho) and expected heterozygosity (He),
were calculated for each population using the R package
adegenet, strataG (Archer et al., 2017). The pairwiseTest
function was employed to compute Fis between
populations. Using adegenet, dartR (Mijangos et al.,
2022), and StAMPP, with the stamppFst function
specifically used to calculate wcFst.

Genetic Diversity Analysis

Genetic distance analyses among populations
employ Nei's genetic distance (Nei, 1972). For SSR data,
these calculations are facilitated by the R packages
adegenet, dartR, and StAMPP, utilizing the stamppNeisD
function to compute genetic distances. For SNP data,
the analysis uses adegenet, vcfR, and StAMPP, with the
stamppNeisD function specifically used to calculate
genetic distances. Crucially, all subsequent genetic
diversity and structure analyses were performed
independently for the datasets generated by LobSTR,
SSRgenotyper, and SNP genotyping. This approach
allowed for a direct and unbiased comparison of the
resolution and insights provided by each marker type
and genotyping methodology across various population
genetic analyses. We also assess the correlation
between genetic distances measured using LobSTR,
SSRgenotyper, and SNP markers. The Mantel Test was
performed using the mantel.test function from the
Python package Mantel, employing the Pearson method
with 10,000 permutations (Mantel, 1967). The Mantel
Test is a statistical tool used to assess the correlation
between two distance matrices, in this context, to
determine if genetic distances calculated using different
marker types (SSR vs. SNP) are congruent. A significant
correlation indicates that different markers capture
similar patterns of genetic differentiation among
individuals. Additionally, linear regression analysis was
conducted using the Ordinary Least Squares (OLS)
method (Rohlf, Sokal, 1995) from the Python package
statsmodels. OLS regression was employed to
guantitatively evaluate the predictive relationship
between genetic distances derived from SSR markers
(LobSTR and SSRgenotyper) and those from SNP
markers. This allows us to determine how well SSR-
based distances can explain the variation observed in
SNP-based distances, providing insights into the
comparative utility of these marker types for genetic
distance estimation.

Principal Coordinates Analysis (PCoA) is conducted
based on genetic distance matrices among individuals.
The Python package scikit-bio, specifically its pcoa
function, clusters these genetic distance matrices into
three  principal coordinate axis components.
Subsequently, visualization is achieved through the use
of the matplotlib plotting function.

Utilizing the aboot function from the R package
poppr (Kamvar et al, 2015), we constructed
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phylogenetic trees using the Neighbor-Joining (NJ)
method based on genetic distances among individuals.
The trees' confidence levels were validated through
Bootstrap analysis with 1,000 resamplings. For visual
representation, the R package ggtree (Yu et al., 2016)
was employed. Additionally, the poppr.msn function
from poppr was used to construct phylogenetic
networks through the Minimum Spanning Network
method.

Prior to analyzing the genetic structure of
populations, we employed the poppr.amova function
from the R package poppr, which utilizes the pegas
method (Paradis, 2010) for analyzing molecular variance
based on genetic distances among individuals. This
analysis included 1,000 random permutations to test for
significant genetic differentiation between populations
robustly. In analyzing SSR data, we utilized Structure
v2.3.4 (Hubisz et al., 2009) to assess genetic structure,
testing K values from one to five, each with five
iterations. The most suitable K was identified using
KFinder v1.0 (Wang, 2019). To integrate results from
multiple runs, Clumpp v1.1.2 (Jakobsson, Rosenberg,
2007) was used to generate a Q matrix, which was
visualized with distruct v1.1 (Rosenberg, 2003). For SNP
analysis, loci devoid of solid linkage disequilibrium were
selected via Plink v1.9, applying the settings --indep-
pairwise 100 10 0.5. Genetic structure was then
determined using admixture v1.3 (Alexander et al.,
2009), exploring K values from one to five with variable
seeds and repeated five times each. Optimal K values
were ascertained using a cross-validation approach
(Alexander, Lange, 2011). Finally, genetic structure plots
were created using the pong Python package (Behr et
al., 2016).

Results
Genotyping Analysis

A total of 30 individuals underwent whole-genome
resequencing, achieving a Q30 quality score of over 94%
and an average sequencing depth exceeding 9x. For
details on sequencing data quality control, please refer
to Supplementary Table S1. Results concerning sample
sequencing depth and coverage are available in
Supplementary Table S2. Moreover, during the
genotyping process, we did not impute missing
genotypes. Instead, we retained only those markers that
were genotyped across all samples. For instance, for
genotyping with LobSTR, we required a call rate of 1.0;
for SSRgenotyper, we set a maximum missing data
threshold of 0.01 (F=0.01). For SNPs, we filtered out all
missing genotypes.

Using LobSTR, the ZL1f4 population, and AL, PL
populations were genotyped for SSR markers through
sequencing methods, identifying 28,250 polymorphic
SSR loci. Of these, 380 were mono-nucleotide repeats,
22,460 were di-nucleotide repeats, and the remaining
comprised 2,354 tri-nucleotide, 2,406 tetra-nucleotide,

787 penta-nucleotide, and 635 hexa-nucleotide repeats.
It is important to note that while mono-nucleotide
repeats can be susceptible to sequencing errors, the
stringent filtering criteria applied (e.g., minimum mean
log score cutoff at 0.8, minimum mean coverage at 5,
and a minimum call rate of 1.0) were designed to
minimize such artifacts and ensure high-confidence calls
for all SSR types. The density distribution of SSRs across
the chromosomes is shown in Supplementary Figure S1.
The Na detected across the three populations has an
average of 5.696. The ZL1f4 population had a relatively
lower He of 0.445, whereas the AL population had a
higher He of 0.536. The distribution of other metrics
followed a similar pattern to that of He, with
AL>PL>ZL1f4 (see Supplementary Table S3). These
observed differences in genetic diversity, with the ZL1f4
population showing lower heterozygosity, are
significant as they indicate a potential impact of the
selective breeding program on the genetic makeup of
this cultured strain. Reduced heterozygosity can be a
precursor to inbreeding depression, which negatively
affects fitness traits in aquaculture populations.

Using SSRgenotyper, the ZL1f4 population, and AL,
PL populations were genotyped for SSR markers through
sequencing methods, identifying 2,142 polymorphic SSR
loci. Of these, 1,837 were di-nucleotide repeats, and the
remaining comprised 183 tri-nucleotide, 113 tetra-
nucleotide, eight penta-nucleotide, and one hexa-
nucleotide repeats. The density distribution of SSRs
across the chromosomes is shown in Supplementary
Figure S2. The Na detected across the three populations
ranged from two to six, with an average Na of 2.346.
Regarding He, the ZL1f4 population exhibited a
relatively lower He at 0.122, while the AL population
displayed a higher He at 0.137. The distribution of He
across populations followed a distinct pattern, with
AL>PL>ZL1f4. In contrast, the other three metrics—Na,
Ar, and Ho—showed slight variations in their
distributions, presenting as AL>ZL1f4>PL (see
Supplementary Table S4). The type and number of
polymorphic repeats identified by LobSTR (28,250 loci)
and SSRgenotyper (2,142 loci) are indeed grossly
different. This significant discrepancy underscores the
distinct underlying algorithms and filtering approaches
of these two software tools in identifying and
genotyping SSRs from the same whole-genome
resequencing data. While both are designed for SSR
analysis, their methodologies lead to variations in the
detected polymorphism spectrum.

Using the publicly available Largemouth black bass
genome on NCBI as a reference, genome-wide mining
revealed an average of 1,119,539.033 SNP loci per
individual (see Supplementary Table S5). The density
distribution of SNPs across the chromosomes is shown
in Supplementary Figure S3. The distribution of SNP
genotyping results for MAF, i, Ho, and He followed a
similar pattern to the He distribution observed in SSR
genotyping results, with AL>PL>ZL1f4. The high number
of identified SNP loci underscores their extensive
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genomic coverage and potential for high-resolution
genetic analysis, providing a robust baseline for
comparative assessments.

Based on Ho and He, we compared genotyping
results from LobSTR, SSRgenotyper, and SNPs. The
significance of the differences was assessed using a
permutation test with 10,000 iterations. As illustrated in
Figure 1, the genotyping results from LobSTR closely
resemble those from SNPs, while those from
SSRgenotyper exhibit substantial deviations. This
analysis highlights the comparative accuracy and
deviations in genotyping methods applied to the same
genomic data. The closer alignment of LobSTR results
with SNP data suggests that LobSTR may provide a more
accurate representation of overall genomic diversity
compared to SSRgenotyper, which appears to
underestimate heterozygosity. This discrepancy is likely
due to methodological differences in how each tool
identifies and genotypes SSRs from whole-genome
resequencing data, potentially related to read alignment
stringency or repeat motif identification algorithms.

Additionally, we assessed genetic differentiation
and inbreeding coefficient among populations based on
genotyping results from LobSTR, SSRgenotyper, and
SNPs, using wcFst and Fis (see Supplementary Table S6
and Figure 2). Results depicted in Figure 2 indicate that
the wcFst values calculated from SNP data are higher
than those derived from LobSTR and SSRgenotyper.
Specifically, the wcFst values between the ZL1f4 and AL
populations, based on SNP, LobSTR, and SSRgenotyper
genotyping, were 0.1049, 0.0644, and 0.0463,
respectively. According to Wright (1978), an Fst value of
less than 0.15 suggests that most population
differentiation is moderate, reflecting relatively minor
genetic discrepancies among populations. The higher Fst
values obtained from SNP data suggest that SNPs are

Ho Values by Marker Type

more effective at detecting subtle population
differentiation, likely due to their higher density and
more uniform distribution across the genome compared
to SSRs. This implies that while all markers indicate
moderate differentiation, SNPs provide a more sensitive
measure of genetic divergence between the selected
breeding population (ZL1f4) and the introduced cultured
populations (AL, PL). Additionally, Figure 2 shows that
Fis values based on LobSTR and SNPs are approximately
zero (Figure 2A and 2C), suggesting minimal disparity
between observed and expected homozygosity,
indicating negligible inbreeding or outbreeding. The
values based on LobSTR are slightly negative, while
those derived from SNPs vary, being both negative and
positive across different populations. In contrast, Fis
values estimated from SSRgenotyper significantly
deviate from zero and are more significant than zero
(Figure 2B), indicating the presence of inbreeding within
these populations. The discrepancy in Fis values,
particularly the significant positive values from
SSRgenotyper, highlights a potential overestimation of
inbreeding or a bias in genotype calling by this tool,
which warrants careful consideration when interpreting
results related to population genetic health.

Genetic Distance Analysis

We evaluated the variability and correlation in
estimates of standard Nei's genetic distances based on
genotyping results from LobSTR, SSRgenotyper, and
SNPs (Supplementary Table S6 and Figure 3). According
to the data in Supplementary Table S6, the genetic
distances estimated from SNP genotyping results were
the largest, followed by those estimated from LobSTR
genotyping. Estimates from SSRgenotyper yielded the
smallest genetic distances. Specifically, the genetic

He Values by Marker Type

0.6 1 p=0.000 Marker

mmm STR

p=0.000

PL
Population

0.6 - p=0.000

Marker
s STR

[ p=0.001 |
p=0.000

PL
Population

Figure 1. Comparison of Observed Heterozygosity (Ho) and Expected Heterozygosity (He) across Largemouth Black Bass
Populations by Genotyping Method. (A) Observed Heterozygosity (Ho) values for Anhui (AL), Panzhihua (PL), and Zhejiang Black
Bass No.1 F4 (ZL1f4) populations. (B) Expected Heterozygosity (He) values for AL, PL, and ZL1f4 populations. In both panels, values
are presented for markers genotyped by LobSTR (blue bars), SSRgenotyper (orange bars), and SNP (green bars). P-values indicate
significant differences between marker types within each population.
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distances between the ZL1f4 and AL populations, based
on SNP, LobSTR, and SSRgenotyper genotyping, were
0.0685, 0.0241, and 0.0138, respectively. These findings
suggest that SNP markers provide a broader range of
genetic distance estimates, potentially reflecting a more
comprehensive capture of genetic variation across the
genome. The smaller distances from SSRgenotyper
further support its lower sensitivity in detecting overall
genetic diversity compared to LobSTR and SNPs.

Based on genetic distances between individuals,
the Mantel Test analysis revealed a significant
correlation among distance matrices derived from
LobSTR, SSRgenotyper, and SNPs (Figure 3). Specifically,
the correlation coefficient from SSRgenotyper was 0.771
(P-value=0, Figure 3B), higher than the coefficient of
0.546 from LobSTR (P-value=0, Figure 3A). Utilizing the
genetic distances from LobSTR or SSRgenotyper as

independent variables and those from SNP markers as
dependent variables, the OLS regression analysis based
on SSRgenotyper demonstrated that the linear
regression model accounted for 59.5% of the variability
in the dependent variable (R-squared value=0.595, P-
value=0, Figure 3B). This predictive capability was higher
than that based on LobSTR, where the R-square d value
was 0.298 (P-value=0, Figure 3A). The strong correlation
observed, particularly with SSRgenotyper, indicates that
despite differences in absolute genetic distance values,
all three marker types capture similar underlying
patterns of genetic relatedness among individuals. The
higher predictive capability of SSRgenotyper in OLS
regression, despite its lower diversity estimates,
suggests it might be capturing a specific, highly
correlated subset of genomic variation that aligns well
with SNP-based distances.
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Figure 2. Comparison of Genetic Differentiation (wcFst) and Inbreeding Coefficient (Fis) Among Largemouth Black Bass Populations,
Assessed by Different Genotyping Methods. Each matrix illustrates wcFst values in the lower triangle (light pink to red scale) and
Fis values in the upper triangle (light blue to dark blue scale). (A) Parameters derived from LobSTR markers. (B) Parameters derived
from SSRgenotyper markers. (C) Parameters derived from SNP markers. All panels depict genetic relationships among the
selectively bred ZL1f4, and introduced Anhui (AL) and Panzhihua (PL) cultured populations.

(A) (B)
® Actual @ " ® e Actual
@ Predicted ® Predicted
4 0
0.25 95% Cl 05 = 9% al e
§ 0201 g 020
S @
o 2
& o s
Z 015 (3 J Z 0.151
o °
L] [ ] 09
® Mantel Test ° o Mantel Test
[ ] . i
0101 * staflgic: 0.546, P-value: 0.000 0.101 s ¢ Mot DL P;gg’risggr?o
Distance Matrix Regression BfiCe X S
" R-squared: 0.298, P-value: 0.000 R R-squared: 0.595, P-value: 0.000
006 007 008 009 010 011 012 013 0.06 0.07 0.08 0.09 0.10

Figure 3. Correlation between Standard Nei's Genetic Distances Derived from SSR (LobSTR and SSRgenotyper) and SNP Markers.
(A) Correlation between LobSTR-derived SSR distances and SNP distances. (B) Correlation between SSRgenotyper-derived SSR
distances and SNP distances. Both panels display actual data points (blue), predicted regression line (red), and 95% confidence
interval (pink shaded area), along with Mantel Test statistics and OLS regression R-squared values.
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Genetic Diversity Analysis
Principal Coordinates Analysis

PCoA analysis using SSR markers derived from
LobSTR delineates the ZL1f4 population from the
introduced AL and PL populations, as depicted in
Figure 4A. Nonetheless, some overlap between ZL1f4
and PL populations persists, highlighting the limited
genetic resolution achieved with 28,250 SSR markers.
This resolution is inadequate for the complete
differentiation of these populations. Notably, the ZL1f4
population samples are more tightly clustered and
exhibit less variance in pairwise distances, suggesting
the impacts of selective breeding. In contrast, analysis
using SSR markers from SSRgenotyper (Figure 4B)
reveals substantial overlap between the ZL1f4 and PL
populations, starkly contrasting the findings in Figure
4A. This discrepancy underscores the variable
effectiveness of different SSR genotyping tools in
distinguishing genetic differences among populations.
The inability of SSRgenotyper to clearly differentiate
populations, in contrast to LobSTR, reinforces the idea
that SSRgenotyper may be less sensitive or accurate in
capturing fine-scale genetic distinctions, potentially due
to its methodology or the number of polymorphic loci it
identifies.

Additionally, a PCoA analysis utilizing SNP markers
(Figure 4C) reveals a clear distinction between the ZL1f4
and PL populations. Using a substantially more extensive
set of SNP markers than SSR markers significantly
enhances the genetic resolution, allowing for complete
differentiation of these populations. Consistent with
traits associated with selective breeding, the ZL1f4
samples are more tightly grouped, demonstrating
minimal variance in inter-sample distances. This result
highlights the robust capability of SNP markers in
resolving genetic distinctions within populations. The
superior resolution provided by SNP markers in PCoA is
a key finding, demonstrating their efficacy in precisely

delineating genetic relationships and the impact of
artificial selection on population structure, which is
crucial for effective breeding management.

Phylogenetic Analysis

The phylogenetic trees generated from SSR and
SNP markers, as shown in Figure 5, reveal that the ZL1f4
population and two other populations, AL and PL,
typically form three separate clades, although some
samples exhibit intermingling branches. Notably, the
branch lengths in the phylogenetic tree derived from
SNP markers (Figure 5C) are more prolonged than those
observed in the SSR-based tree generated by
SSRgenotyper (Figure 5B). However, these lengths are
comparable to those in the tree constructed using SSR
markers identified with LobSTR (Figure 5A). Despite
these similarities, the trees in Figure 5 display
considerable divergence. While Figures 5A and 5C show
a certain resemblance, they highlight the distinct tree
structures that arise from using different genetic
markers. The consistent formation of distinct clades,
despite some intermingling, indicates underlying
genetic differentiation between the selected and
introduced populations. The longer branch lengths in
the SNP-based tree further suggest that SNPs capture a
greater extent of genetic divergence, providing a more
refined view of evolutionary relationships.

The phylogenetic networks generated using SSR
and SNP markers, as illustrated in Figure 6, reveal
distinct outcomes compared to the corresponding
phylogenetic trees. Networks constructed with SSR
markers, employing SSRgenotyper (Figure 6B), show the
ZL1f4 population intersecting with those of two
introduced cultured populations, thus forming a tri-
branched structure. In contrast, the networks
constructed from both SSR (using LobSTR) and SNP
markers (Figures 6A and 6C) form a predominant,
expansive network that includes the ZL1f4 population
and the two introduced populations, with only a few

Figure 4. Principal Coordinates Analysis (PCoA) of Largemouth Black Bass Populations Based on Genetic Distances Derived from
Different Marker Types. (A) PCoA results using LobSTR-derived SSR markers. (B) PCoA results using SSRgenotyper-derived SSR
markers. (C) PCoA results using SNP markers. Each panel displays the genetic relationships among the selectively bred 'Zhejiang
Black Bass No.1' F4 population (ZL1f4, red), and the introduced Anhui (AL, blue) and Panzhihua (PL, green) cultured populations.
Ellipsoids represent the standard deviation ellipsoids for each population cluster, illustrating their genetic spread in the PCoA space.
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samples diverging into minor branches. While Figures 6A
and 6C demonstrate similarities, significant variations
are evident, particularly the central positioning of the
ZL1f4 population in the network constructed with
LobSTR, highlighting notable discrepancies in the data
derived from SSR and SNP markers. These network
analyses provide complementary insights to the
phylogenetic trees, confirming the genetic relatedness
but also revealing the complex interconnections within
and between populations. The differences observed
between SSRgenotyper and the other two marker types
again underscore the importance of marker choice and
genotyping methodology in shaping the perceived
genetic landscape.

Genetic Structure Analysis

Analysis of molecular variance based on genetic
distances among individuals revealed profound
differences between the ZL1f4 population and the AL
and PL populations, as indicated by P-values of 0.0 for

>
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both SSR and SNP markers. SSR markers, analyzed using
either LobSTR or SSRgenotyper, attributed 18.17% and
13.97% of the total genetic variance to inter-population
differences, with Phi-statistics of 0.1665 and 0.1066,
respectively. In contrast, SNP marker analysis showed
that 25.78% of the variance stemmed from differences
among populations, as evidenced by a Phi-statistic of
0.2695. For further details on these analyses, please
consult Supplementary Tables S7, S8, and S9. These
significant  Phi-statistics consistently demonstrate
genetic differentiation between the selected ZL1f4
population and the introduced populations, with SNPs
revealing a higher proportion of variance attributed to
inter-population differences, further supporting their
higher resolution in detecting population structure.
Subsequently, genetic structure analyses were
conducted using both SSR and SNP markers. Figure 7
illustrates the genetic structure plots for K=1, 2, and 3.
Employing the methods of Pritchard et al. (2000),
Evanno et al. (2005), and Wang (2019), the optimal K
value was determined to be two when using LobSTR
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Figure 5. Phylogenetic Trees Illustrating Genetic Relationships Among Largemouth Black Bass Populations, Constructed Using
Different Marker Types. (A) Neighbor-Joining phylogenetic tree derived from LobSTR-genotyped SSR markers. (B) Neighbor-Joining
phylogenetic tree derived from SSRgenotyper-genotyped SSR markers. (C) Neighbor-Joining phylogenetic tree derived from SNP
markers. All trees depict the genetic relationships among the selectively bred 'Zhejiang Black Bass No.1' F4 population (ZL1f4) and
the introduced Anhui (AL) and Panzhihua (PL) cultured populations. Bootstrap percentages (BP) are indicated by circle color: white
circles for BP<70, grey circles for 70<<BP<90, and black circles for BP=90. The scale bar represents the genetic distance.
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Figure 6. Phylogenetic Networks Illustrating Genetic Relationships Among Largemouth Black Bass Populations, Constructed Using
Different Marker Types. All networks were constructed using the Minimum Spanning Network method. (A) Network based on
LobSTR-genotyped SSR markers. (B) Network based on SSRgenotyper-genotyped SSR markers. (C) Network based on SNP markers.
In all panels, nodes represent individual samples, colored according to population: AL (orange), PL (blue), and ZL1f4 (green). The
length of the branches indicates genetic distance. The scale bar represents the genetic distance.
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(Figure 7A). In contrast, analyses with SSRgenotyper
confirmed a K value of two according to methods
established by Pritchard et al. (2000), and Evanno et al.
(2005), but the parsimony approach of Wang (2019)
indicated that the optimal K value was one (Figure 7B).
Furthermore, cross-validation results from SNP marker
analyses revealed the lowest CV error, 0.5834+0.0004,
across five runs for K=1, suggesting that this was the
optimal K value for SNP markers (Figure 7C). However,
we observed that the CV error for K=2, 0.6003+0.0024,
was slightly higher than for K=1. The differing optimal K
values derived from various methods (K=2 for LobSTR,
K=1 or K=2 for SSRgenotyper depending on method, and
K=1 for SNPs based on cross-validation) suggest that
each marker type and analysis algorithm may capture
different aspects of population substructure. While K=1
was indicated as optimal for SNPs, the relatively close CV
error for K=2 (0.6003£0.0024) suggests that a subtle
underlying structure might still exist, or that the
methods are sensitive to different scales of genetic
variation. If K=2 is considered the optimal value, then
the genetic structure of the ZL1f4 population differs
significantly from that of the AL and PL populations,
indicating a more homogeneous genetic structure
within the ZL1f4 population. In Figure 7, regardless of
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whether K equals one or two, the ZL1f4 population and
the AL and PL populations appear to share the same
ancestral component for LobSTR and SSRgenotyper. This
observation aligns with the origin of the species for
these three populations, all of which are northern
subspecies of Largemouth black bass. Notably, artificial
selection has not significantly modified the genetic
structure of ZL1f4. The overall consistency in ancestral
components across populations, despite some
differentiation, indicates that the selective breeding
program for ZL1f4 has primarily influenced genetic
diversity rather than fundamentally altering the broader
genetic structure, which is a positive outcome for
germplasm conservation.

Discussion

The primary objectives of this study were to (1)
assess the capabilities of whole-genome SSR and SNP
markers in elucidating the genetic diversity of the
selectively bred 'Zhejiang Black Bass No.1' F4 generation
(ZL1f4) relative to two introduced cultured populations
(AL and PL) and (2) evaluate the genetic consequences
of the selective breeding program on genetic diversity
alterations within the ZL1f4 population. Our
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Figure 7. Genetic Structure of Largemouth Black Bass Populations, Assessed Using Different Marker Types for Inferred Genetic
Clusters (K=1, K=2, and K=3). Plots for SSR markers (panels A and B) were analyzed by STRUCTURE, while SNP markers (panel C)
were analyzed by ADMIXTURE. (A) Structure plots derived from LobSTR-genotyped SSR markers. (B) Structure plots derived from
SSRgenotyper-genotyped SSR markers. (C) Structure plots derived from SNP markers. In all panels, each vertical bar represents an
individual Largemouth Black Bass, and the colored segments within each bar indicate the proportion of ancestry derived from the
inferred genetic clusters. Populations include Anhui (AL), Panzhihua (PL), and the selectively bred 'Zhejiang Black Bass No.1' F4

(ZL1f4).
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comprehensive analysis highlights the differential
sensitivity and specificity of the genotyping tools
employed—LobSTR, SSRgenotyper, and SNP markers —
in capturing various aspects of genetic diversity within
populations. While LobSTR generally provided more
precise estimates of genetic diversity compared to
SSRgenotyper, a stronger correlation was observed
between SSRgenotyper and SNP results, which is likely
attributable to SSRgenotyper's direct identification and
genotyping of SSR loci from resequencing data.

Genetic Diversity Trends and Aquaculture Implications

Our findings revealed significant disparities in
genetic diversity metrics among the ZL1f4, AL, and PL
populations. Genome-wide assessments consistently
showed that genetic diversity indices such as He and t
followed a clear trend: AL>PL>ZL1f4. This pattern
strongly suggests a reduction in genetic diversity within
the ZL1f4 population, likely reflecting the impact of the
selective breeding program. This observed reduction in
genetic diversity is a critical finding with direct
implications for aquaculture. A diminished genetic base
can compromise a population's long-term adaptability
to environmental changes, disease resistance, and
overall productivity, potentially leading to inbreeding
depression (Wilkins et al., 2014). To mitigate these risks
and ensure the sustained improvement and resilience of
Largemouth black bass in aquaculture, future breeding
strategies should actively consider implementing
practices such as diversifying broodstock sources,
employing rotational breeding schemes, and carefully
monitoring genetic load to maintain sufficient genetic
variation. Our results underscore the vital role of genetic
diversity in maintaining the adaptability and health of
aquaculture populations, aligning with insights from
previous research (Bai et al., 2008).

Elucidating Population Structure and Phylogenetic
Relationships

Through PCoA and phylogenetic analysis, we
further confirmed the genetic differences between the
ZL1f4 and AL, PL populations. While the NJ tree, based
on genetic distances, broadly distinguished between
different populations, the support for these branches
was often low, likely due to the minimal genetic
distances within the species, consistent with previous
findings (Bai et al., 2008). Our PCoA results, however,
more effectively differentiated between populations,
particularly when using SNPs, followed by LobSTR and
SSRgenotyper. The superior resolution provided by SNP
markers in PCoA is a key finding, demonstrating their
efficacy in precisely delineating genetic relationships
and the impact of artificial selection on population
structure, which is crucial for effective breeding
management.  Phylogenetic  networks provided
complementary insights, confirming genetic relatedness
while also revealing complex interconnections. The

differences observed between SSRgenotyper and the
other two marker types again underscore the
importance of marker choice and genotyping
methodology in shaping the perceived genetic
landscape. The smaller confidence ellipse for the ZL1f4
population on the PCoA plot suggests a reduced
variance in genetic distance within this population, likely
attributable to artificial selection, aligning with similar
trends reported by Sun et al. (2023).

Impact of Artificial Selection on Genetic Structure

Genetic structure analysis revealed that despite
observed genetic differences, the ZL1f4, AL, and PL
populations still largely share the same ancestral
component. This suggests that artificial selection, while
influencing genetic diversity, has not fundamentally
altered the broader genetic structure of Largemouth
black bass, which is a positive outcome for the
conservation of genetic resources and future genetic
improvement. Our findings indicate that artificial
selection reduced genetic diversity in the ZL1f4
population and further confirmed genetic differences
between the ZL1f4 and AL, PL populations through PCoA
analysis. However, this did not result in significant
changes in genetic structure. This may be because
artificial selection primarily targets genes or genomic
regions associated with specific traits rather than
inducing genome-wide structural changes (Plassais et
al., 2022; Wu et al., 2024). Our results also suggest that
precise selection and management can optimize traits
without disrupting the fundamental genetic structure. It
is crucial to highlight that our findings on the genetic
structure consistency among the ZL1f4, AL, and PL
populations diverge from some previous studies (Su et
al., 2020; Sun et al., 2023; Zhang et al., 2022), which did
not consistently evaluate whether K=1 was the optimal
number of genetic clusters (K value). Our analysis using
LobSTR and SSRgenotyper suggests that K=2 is often the
optimal value, and Figure 7 illustrates the striking
similarity in genetic structures across the ZL1f4, AL, and
PL populations. We posit that the abbreviated selection
duration for the ZL1f4 population has not yet markedly
altered its genetic structure, a situation potentially tied
to specific breeding methods and management
practices. This aligns with observations in other species
where intensive artificial selection can modify genetic
architecture without completely erasing ancestral
patterns (Naval-Sanchez et al., 2020; Seo et al., 2022).

Comparative Efficacy and Limitations of Whole-
genome SSR and SNP Markers

Historically, the labor-intensive, costly, and time-
consuming nature of traditional SSR genotyping
methods has limited the use of extensive SSR markers in
genetic diversity studies. However, advancements in
sequencing technologies have made whole-genome SSR
genotyping a more attractive and feasible alternative.
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Our preliminary studies suggest that whole-genome SSR
genotyping can identify a significantly larger number of
polymorphic SSR markers (Liu, Xie, 2022; Liu et al.,,
2023c), offering fresh insights into previous research
(Liu et al., 2023a). Our comparisons between LobSTR,
SSRgenotyper, and SNP analyses consistently revealed
inherent differences in the results obtained by the
different marker types and genotyping tools. This
discrepancy highlights the unique characteristics of
whole-genome SSR markers relative to whole-genome
SNP markers. For instance, Han et al. (2022)
demonstrated that genetic analyses based on whole-
genome SSR markers yielded results distinct from those
obtained using whole-genome SNP markers, indicating
the divergent insights these technologies can offer into
genetic diversity. This finding is consistent with other
research (Chen et al, 2022; Liu et al., 2023a),
emphasizing that the choice of molecular markers can
significantly impact results across different research
contexts. While SNPs possess inherent strengths due to
their abundance and uniform genomic distribution, SSRs
offer unique advantages, such as higher mutation rates
and multi-allelic nature, that are not easily replaceable
(Hauser et al., 2021). This underscores the concept of
SSR markers serving as a valuable complement to SNPs
in the toolkit for comprehensive genetic analysis.
However, it is crucial to acknowledge the limitations of
each marker type and genotyping approach. For
instance, while SSRs offer high polymorphism, their
accurate genotyping from whole-genome resequencing
data can be challenging, as evidenced by the lower
accuracy and higher rate of missing data associated with
tools like SSRgenotyper. Conversely, while SNPs provide
extensive genomic coverage, their genotyping can be
susceptible to biases introduced by the choice of
reference genome or specific filtering methodologies.
To ensure the accuracy of SSR analysis outcomes,
including a sufficient number of high-quality SSRs in
genetic diversity studies is essential (Liu et al., 2023a).
For SNP analysis, loci devoid of strong linkage
disequilibrium were selected via Plink v1.9, applying the
settings --indep-pairwise 100 10 0.5 prior to genetic
structure analysis (Admixture). This step ensures that
the SNPs used for population structure inference are
largely independent, preventing overestimation of
genetic differentiation due to linked markers. In
contrast, LD pruning was not performed for SSR markers
for genetic variation and diversity analysis. This decision
was based on the inherent characteristics of SSRs, which
are typically highly polymorphic and multi-allelic, and
are often used to capture more recent evolutionary
events or fine-scale population structure where strong
LD across large genomic regions is less of a primary
concern compared to biallelic SNPs (Chen et al., 2024;
Han et al.,, 2022). Furthermore, standard LD pruning
methodologies developed for biallelic SNPs are not
directly transferable or commonly applied to multi-
allelic SSR data in the same manner. Therefore, all
identified polymorphic SSR loci (28,250 for LobSTR and

2,142 for SSRgenotyper) were utilized in the subsequent
genetic diversity and structure analyses for their
respective datasets.

Influence of Genotyping Tools and Reference
Genomes on Diversity Estimates

Our study revealed that the genetic diversity
indices derived from SSRgenotyper analysis were
consistently lower than those reported in prior research
(Bai et al., 2008; Fu et al., 2023; Liang et al., 2008; Su et
al., 2020; Sun et al., 2019; Wang et al., 2019; Wang et
al., 2020; Zhang et al., 2022). In contrast, indices from
LobSTR aligned closely with earlier findings, such as the
average Ho for the PL population (0.509 in this study vs.
0.508 reported by Bai et al. (2008) for wild populations).
This highlights the significant influence of genotyping
tools on the interpretation of genetic diversity and the
assessment of genetic distances within populations. The
discrepancies noted with SSRgenotyper likely stem from
its specific method of directly identifying and
genotyping SSR loci from resequencing data, which
might explain its higher correlation of genetic distances
with SNPs despite its lower diversity estimates. Whole-
genome resequencing remains a complex challenge for
accurate SSR genotyping, with LobSTR being one of the
pioneering successful tools. While other tools like
HipSTR (Willems et al., 2017) have gained popularity,
our choice of LobSTR was based on its favorable error
rate (slightly under 1%) and faster genotyping speed
(Halman, Oshlack, 2020). Although SSRgenotyper
exhibited significantly lower estimated genetic diversity
indices, its ability to genotype without a reference
genome makes it suitable for cross-species SSR
genotyping, particularly for species lacking reference
genomes (Liu et al., 2023a). However, its limitations in
accuracy and higher rate of missing data underscore the
trade-offs inherent in different genotyping principles.

Furthermore, our analysis of whole-genome SNP
markers indicated that m between the selected breeding
and introduced cultured populations followed the trend
AL>PL>ZL1f4, with an average of 1.17x1073. While higher
than results from some similar Largemouth black bass
studies (Du et al., 2022; Sun et al., 2023), this value was
surprisingly lower than some critically endangered or
vulnerable fish species listed by the [IUCN (Galland et al.,
2021; Pujolar et al., 2013). This discrepancy serves as a
critical reminder that the reduction in genetic diversity
in Largemouth black bass is a significant issue and a
concern for germplasm improvement, emphasizing the
need for ongoing monitoring and strategies to enhance
genetic diversity. The observed discrepancies with prior
studies, such as Sun et al. (2023), are likely multifaceted.
While sampling errors and variations in SNP marker
screening methodologies could contribute, we attribute
the primary cause to the use of different reference
genomes. Our study utilizes the chromosome-level,
more contiguous reference genome reported by He et
al. (2022), whereas Sun et al. (2023) employed an earlier
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reference genome (Sun et al., 2021). The selection of the
reference genome critically influences the identification
of whole-genome SNP markers, and the use of disparate
genomes can introduce significant biases (Liu et al.,
2023b), a phenomenon extensively documented in the
literature (Brandt et al., 2015; Gunther, Nettelblad,
2019; Stevenson et al.,, 2013). These differences in
genomic resources and bioinformatic pipelines can lead
to variations in identified polymorphic sites and
subsequent diversity estimates, highlighting the
importance of standardized approaches for robust
comparisons.

Conclusion

In summary, our study elucidates the differences
between whole-genome SSR and SNP markers in genetic
analysis, demonstrating their complementary roles in
providing comprehensive insights into genetic diversity
and population structure. LobSTR generally delivered
more precise genotyping than SSRgenotyper, yet the
strong correlation between SSRgenotyper and SNP
results underscores the necessity of using multiple
markers for comprehensive evaluations, while also
acknowledging the specific limitations of each
genotyping approach. The study also offers valuable
insights into Largemouth black bass's genetic
enhancement and population management. It reveals
significant differences in genetic diversity between the
selectively bred population (ZL1f4) and the introduced
cultured populations (AL, PL) while showing a
fundamental consistency in genetic structure. This
reflects the inherent genetic characteristics of the
northern subspecies of Largemouth black bass. Our
findings deepen the understanding of artificial
selection's impact on genetic diversity and structure,
guiding genetic improvement and biodiversity
conservation in aquaculture. Additionally, our research
introduces new perspectives for genetic studies on
other domesticated species, contributing to the
sustainable development of aquaculture. However, it is
important to reiterate that limitations such as a
relatively small sample size and the exclusion of
environmental factors in the current analysis may affect
the accuracy of genetic diversity estimates. Future
research should aim to increase sample sizes and
incorporate environmental influences, and potentially
explore genomic regions under selection to provide
more accurate and nuanced assessments of genetic
diversity and adaptation
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