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Genome-wide association studies demonstrate that TASP1
contributes to increased muscle fiber diameter
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Abstract

Muscle fiber diameter is an economically important trait because it affects meat yield and quality. However, the genetic basis
underlying muscle fiber diameter has not been determined. In this study, we collected THREE muscular histological
phenotypes in 479 ducks from an F, segregating population generated by mallard x Pekin duck crosses. We performed
genome-wide association studies (GWAS) and identified a quantitative trait locus (QTL) significantly associated with
muscle fiber diameter on chromosome 3. Then, we discovered the selection signatures using the fixation index among 40
mallards and 30 Pekin ducks in this QTL region. Furthermore, we characterized the recombination event in this QTL region
and identified a 6-kb block located on TASPI that was significantly associated with muscle fiber diameter. Finally, five
SNPs were screened as potential causative mutations within the 6-kb block. In conclusion, we demonstrated that TASP/
contributes to an increase in muscle fiber diameter, which helps to characterize muscle development and contributes to the

genetic improvement of meat yield and quality in livestock.

Introduction

Skeletal muscle is the most important component of the
animal body, accounting for 40-50% of body weight, and
muscle fiber is the main component of skeletal muscle
(Janssen et al. 2000; Payne and Bearden 2006; Wang et al.
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2001). The variation in muscle fiber is directly related to
meat yield and quality (Chen et al. 2007; Joo et al. 2013).
Muscle fiber diameter shows wide variations among dif-
ferent muscle tissues and individual muscles. This differ-
ence in muscle fiber diameter is regulated during the
development stage, adapting the muscle fiber diameter
according to the metabolic demands and neural activity of
the body and promoting muscle growth or leading to muscle
atrophy (Lee et al. 2017).

Generally, the number of muscle fibers is fixed during
embryonic development, while the increase in muscle mass
is attributed to the hypertrophy of skeletal muscle fiber after
birth (Gonyea et al. 1977; Schiaffino et al. 2013). This
phenomenon means that thickening the muscle fiber dia-
meter can significantly affect muscle yield. In addition,
meat tenderness is an important indicator for evaluating
meat quality, and muscle fiber diameter has a high positive
correlation with meat tenderness. Increases in muscle fiber
diameter can promote meat tenderness and play an impor-
tant role in meat flavor (An et al. 2010; Gondret et al. 2006;
Hwang et al. 2010).

Duck (Anas platyrhynchos) is an economically important
domestic fowl. Among the various phenotypically diverse
indigenous breeds, Pekin duck is the most elite breed.
Compared with the phenotypes of their wild ancestors
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(mallards) (Li et al. 2010), the phenotypes of Pekin ducks
have diverged significantly due to intensive artificial
selection. These phenotypes include white plumage, extra-
ordinary body size, and large muscle fiber size. In our
previous study, we identified the mechanisms leading to the
white plumage and enlarged body size in Pekin ducks based
on the F, segregating population (Zhou et al. 2018). How-
ever, the genetic basis underlying fiber diameter increase is
still poorly understood.

In this study, to dissect the genetic basis of the fiber
diameter increase, we performed genome-wide association
studies (GWAS) on the F, segregating population generated
by wild x domestic crosses. We identified that TASPI was
significantly associated with muscle fiber diameter and that
TASPI underwent artificial selection during domestication.
We subsequently determined that five SNPs contributed to
fiber diameter increase in breast muscle. Our results may
help to elucidate muscle development and contribute to the
genetic improvement of meat yield and quality in livestock.

Materials and methods
Animal populations

A total of 479 F, ducks were used in this study from reci-
procal crosses of mallards and Pekin ducks. The F1 gen-
eration was produced from reciprocal crosses of 10 3 Pekin
ducks x 100 @ mallard ducks and 4 & mallard ducks x 40 Q
Pekin ducks. The size of the F1 generation reached more
than 700 individuals, and the ratio of male to female
ducks was relatively balanced. A total of 216 families were
established using the F1 hybrids based on the following
principles: (1) one male was mated to three females, (2)
males and females in the same family were not full-siblings,
and (3) female ducks within a family were not half-siblings.
The F, generation was composed of almost 2000 ducks,
most of which were slaughtered for growth performance
studies (Zhou et al. 2018). All experiments with ducks were
performed under the guidance of ethics regulations from the
Institute of Animal Science, Chinese Academy of Agri-
cultural Sciences, Beijing, China.

Genomic DNA extraction and sequencing

Genomic DNA was obtained from whole blood samples
collected from the brachial veins of ducks and isolated using
the standard phenol/chloroform extraction method. The
quantity and quality of genomic DNA were assessed by
Nanodrop and agarose gel electrophoresis. After the exam-
inations, eligible DNA samples from the 479 F, population
individuals were generated to paired-end libraries using
standard procedures. In addition, the average insert size was

SPRINGER NATURE

500 bp, and the read length was 150 bp. All libraries were
sequenced on an Illumina’ Hiseq X-Ten platform to an
average raw read sequence coverage of 5x.

Breast muscle histological data collection

The breast muscles were fixed in 4% paraformaldehyde and
embedded in paraffin blocks. Hematoxylin and eosin were
used to stain the muscle sections (3—5 um). Image-Pro Plus
6.0 software (Media Cybernetics, Silver Spring, USA) was
used to measure the average area and minimum Feret’s
diameter of at least 100 muscle fibers to estimate the fiber
area and fiber diameter for each bird, and the muscle fiber
density (fibers/mm?) was estimated by point-counting ste-
reology using 300 points. In total, we collected the muscular
histological traits of 10 Pekin ducks, 10 mallards, and 479
individuals of the F, segregating population at 8 weeks.

Variant discovery and genotyping

The 150-bp paired-end raw reads were mapped to the
Pekin duck reference genome (GCA_003850225.1) with
Burrows-Wheeler alignment (BWA aln) (Li and Durbin
2009) using the default parameters. The paired reads that
were mapped to the exact same position on the reference
genome were identified with MarkDuplicates in Picard
(Wysokar et al. 2014) to avoid any influence on variant
detection. After mapping, SNP calling was performed using
exclusively GATK HaplotypeCaller module (version 3.5)
(DePristo et al. 2011), and the output was further filtered
using VCFtools (version 0.1.15) (Danecek et al. 2011).
SNPs were filtered based on the following criteria: (1) 3x
<mean sequencing depth (overall included individuals)
<30x%, (2) SNPs had to have a minor allele frequency
>0.05, (3) the maximum missing rate was <0.1, and (4)
SNPs had only two alleles. A total of 479 ducks from an F,
segregating population mated by Pekin duck and Mallard
were genotyped, and 7307,089 SNPs were prepared for
subsequent analysis.

Heritability estimation

The heritability of muscle fiber traits was estimated
using the animal model implemented in the ASReml
v3.0 software package (Gilmour et al 2009). The model is

yij=u+X1+X2+X3 +Aij+e

where y;; are vectors of phenotypic values of muscle fiber;
the i refers to duck house and j refers to which individual
duck in this duck house. X;, X5, and X3 are fixed effects of
farm, sex, and mating strategies (10 & Pekin ducks x 100 Q
mallard ducks and 4 @ mallard ducks x40 @ Pekin ducks);
Aij represents additive genetic effects as random effects; and
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e is random residuals for muscle fiber data. The polygenic
effects were treated as random and assumed to be mutually
independent.

The heritability of each trait was estimated using

W =/(+ )

Variances of the random effects are defined as V(a) = A
o3 for the polygenes and V(e) = Io> for the residuals, where
A was the additive kinship relationship matrix, / was the
identity matrix. A matrix was inferred from the kinship
where o} is the additive genetic variance and o2 is the

residual variance.
GWAS analysis

Population structure and cryptic relationships were con-
sidered to minimize false positives and increase statistical
power. The Super model program GAPIT (Wang et al.
2014) was used for the association analysis. The model is

y=W+XB+Zu+e

where y is the vector of phenotypic values of muscle fiber,
W is the incidence matrix for v, v is marker effect, f is fixed
effect including (farm, sex, mating strategies), u is random
genetic effect, and e is random residuals for muscle
fiber data.

PCA was performed based on all SNPs using EIGEN-
SOFT software (version 4.2) (Patterson et al. 2006; Price
et al. 2006). The first three PCA values (eigenvectors)
derived from whole-genome SNPs, as well as the forward/
backward cross, were set as fixed effects in the mixed model
to correct for population stratification. The random effect
was kinship matrix estimated based on the IBS algorithm
among all individual whole-genome SNPs. We defined the
whole-genome significance cutoff as the Bonferroni test
threshold, and we set the association threshold as 0.05/total
SNPs (total SNPs: 7307,089, —log10 (P) =8.16).

Transcriptome

The breast muscle tissue was lyophilized in liquid nitrogen,
dissolved in TRIzol reagent, and prepared for subsequent
library construction. All extracted RNA quality and quantity
were assessed by Nanodrop and agarose gel electrophoresis.
RNA samples were reverse transcribed to cDNA with the
use of PrimerScript™ RT Master Mix (RR036A, Takara,
Dalian, China) following the manufacturer’s instructions.
Twenty-four library preparations were sequenced on an
Ilumina X-Ten platform, and 150-bp single-end reads were
generated. The average output was 6 Gb per library.
Sequencing adaptors and low-complexity reads were
removed by trimmomatic version 0.36 software in the initial

data filtering step. Quality control and read statistics were
estimated with FASTQC version 0.10.1 software. Then,
clean data were mapped to the Pekin duck reference genome
(GCA_003850225.1) using TopHat version 2.0.11 software
(Trapnell et al. 2009). Read counts per gene were obtained
by running HTSeq version 0.6.1 software (Anders et al.
2015). CPM (counts per million mapped sequence reads)
for each gene were calculated by edgeR version 3.20.9
packages (Robinson et al. 2010), and genes with averaged
CPM among replicates >1 at no less than one time point
were considered expressed and retained for further analysis.
Differential expression analysis of the two species (Mallard
vs. Pekin duck) was performed using the edgeR version
3.20.9 packages. An adjusted P value <0.05 and log2 fold
change > |2| were set as the thresholds for significant dif-
ferential expression.

Genome scanning for divergent regions

We calculated the value of Fgp for each SNP site on chr3
(11.00-12.00 Mbp) using VCFtools (version 0.1.15) among
30 Pekin ducks and 40 mallards. We then used extended
haplotype homozygosity (EHH) for the core haplotype
(chr3:11396601) to assess the value of each core haplotype
by the decay of its association with alleles at various dis-
tances from the locus among Pekin ducks and mallards by
selacan (version 1.20) (Szpiech and Hernandez 2014).
PLINK (Purcell et al. 2007) was used to calculate the
linkage disequilibrium (LD).

Results
Phenotypic and genetic parameters

We measured a total of three muscular histological traits
(fiber area, fiber diameter, and fiber density) of ten Pekin
ducks and ten mallards at 8 weeks and found significant
differences in the breast muscle fiber, especially in muscle
fiber diameter (P = 0.007, Fig. 1a, b and Table S1).

Then, we collected a total of five muscular histological
traits (fiber area, fiber diameter, fiber density, perimysium,
and endomysium) for 479 individuals of the F, segregating
population and estimates of heritability (h*). The coeffi-
cients of variation for fiber area, diameter, and density were
23.52%, 12.6%, 27.92%, respectively (Fig. 1c and Table
S2). Our results showed that the estimated heritability did
not vary noticeably for these muscular histological traits.
We found that fiber diameter and fiber area displayed a
moderate heritability at 0.32, and the estimated heritability
for muscle fiber density was 0.20.

Phenotypic and genetic correlations among five muscle
fiber traits mirrored one another. We found that high
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Fig. 1 Pekin duck and mallard and their muscle fiber histomor-
phological data. a The distribution of muscle fiber diameter is pre-
sented under the muscle fiber images. Blue and red refer to the mallard
and Pekin duck at 8 weeks, respectively. b Pekin duck and mallard
muscle fiber histomorphological data at 8 weeks, including muscle
fiber area, muscle fiber diameter, and muscle fiber density. ¢ F,

positive phenotypic and genetic correlations existed
between fiber area and fiber diameter, while low positive
correlations existed between fiber diameter and endomy-
sium, fiber diameter and perimysium. In contrast, we found
negative correlations between fiber density and fiber dia-
meter, fiber density and fiber area (Fig. 1d).

GWAS identified a QTL associated with muscle fiber
diameter

We performed a GWAS for three muscular histological
traits (fiber diameter, fiber area, fiber density) on the Pekin
ducks x mallards F, segregating population, in which 461
phenotype F, individuals were genotyped with 7307,089
SNPs. The GWAS analysis was performed based on the
Pekin duck reference genome (GCA_003850225.1). The
quantile—quantile (QQ) plot revealed that SNPs deviated
from the distribution under the null hypothesis, which
indicated an association between SNPs and phenotypes
(Fig. S1). A single significant locus (—log;y P = 8.99) was
detected at Chr3:11396601 bp of the Pekin duck reference
genome in muscle fiber diameter and passed the Bonferroni
significance threshold (—log;y P> 8.164; Fig. 2a and Table
S3). However, a quantitative trait locus (QTL) range from
Chr3:11.16 Mbp-11.40 Mbp was also associated with
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0.2 015 -0.26 0.25

Perimysium (PM)

population muscle fiber histomorphological and heritability. d A
heatmap depicting Pearson’s correlation coefficients between pheno-
type means (low triangle) and genetic correlations (upper triangle).
Asterisks indicate significant correlations using a two-tailed z-test
(**P<0.001 and ***P <0.0001), and the values between parenthesis
indicate SE.

the muscle fiber area and muscle fiber density (Fig. S2).
In addition, this QTL contained three annotated genes
(NDUFAFS, ESF1, and TASPI).

Then, we examined the lead SNP (Chr3:11396601 bp)
closely by calculating pairwise LD between the SNPs
within the QTL (Chr3:9.39-13.39 Mbp) surrounding the
lead SNP on chromosome 3. Thirty-five SNPs spanning a
region from 11.36-11.40 Mbp were highly correlated
(pairwise > >0.4; Fig. 2b and Table S4).

Fine-mapping identified five SNPs as candidate
causative mutations

To further determine the causative gene for muscle fiber
diameter, we compared the mRNA expression of three
candidate genes based on the transcriptome data in breast
muscle tissues between Pekin ducks and mallards during
duck growth and development (2, 4, 6, and 8 weeks), with
three Pekin ducks and three mallards at each time point.
Only TASPI mRNA expression was higher in mallards than
in Pekin ducks at 6 weeks (log, FC = 0.85, FDR = 0.10). In
addition, 6 weeks is the time of the fastest development
stage for duck breast muscle, which suggests that TASP1
is a potential candidate gene. However, the candidate
genes (NDUFAF5, ESF1, TASPI) were not differentially
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Fig. 2 GWAS for muscle fiber
diameter and selective sweep
analyses for the QTL region.
a GWAS analyses of muscle
fiber diameter. The gray
horizontal dashed lines indicate
the Bonferroni significance
threshold of the GWAS (—log;o
P>8.164). b Regional plots for
the loci ranging from 11.00 to
11.50 Mbp associated with
muscle fiber diameter trait. All
genotyped SNPs are color-coded
according to their pairwise LD
with the leader SNP
(Chr3:11396601) calculated in
the F, population. SNPs are
colored based on the strength of
LD values ( values)
considering the most strongly
associated SNP and the other
SNPs in the region. ¢ Fixation
index (F'st, blue dot) for
chr3:10.00-12.50-Mbp SNP
between Pekin duck and
mallard. d Nucleotide diversity
(rt) for chr3:11.35-11.45-Mbp
SNP between Pekin duck (red
line) and mallard (blue line).

e Extended haplotype
homozygosity for core

S
%25
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expressed at any developmental stages (Table S5). Finally, a
comparison of the two breeds resulted in 2024 differentially
expressed genes (DEGs), and the numbers of DEGs at 2, 4,
6, and 8 weeks were 13, 50, 1523, and 582, respectively
(Fig. S3).

To wvalidate and fine-map the QTL region
(Chr3:11.16-11.40 Mbp) for muscle fiber diameter, we
calculated the Fgr (fixation index) value of each SNP site
between the Pekin duck population and mallard population
and identified high fixation of 22 SNPs (Fgr> 0.7) (Fig. 2¢
and Table S6). The Pekin duck population showed lower
nucleotide diversity (m=9.3 x 10 than the mallard
population (= 2.6 x 10~%) in the QTL region (Fig. 2d and
Table S7). The lead SNP as a core haplotype shows EHH,
and we found that the homozygosity of Pekin duck haplo-
types containing the lead SNP variants extends on average
nearly 100kb but only 2000 bp in mallard haplotypes
(Fig. 2e and Table S8). Our results indicated that this region

Chromosome 3 (bp)

in Pekin duck had undergone strong artificial selection
during domestication and breeding, which led to increased
muscle fiber diameter.

To narrow the candidate region, we characterized the
recombination events in the candidate region and identified
three recombination breakpoints that divided the 440 F,
birds into thirteen haplotypes (Table S9). Only the haplo-
types in block 2 (Chr3: 11,390,000-11,397,000 bp) located
on the TASPI gene could absolutely distinguish the indi-
vidual phenotypic values of muscle fiber diameter (one-way
ANOVA: muscle fiber diameter: P=1.4x10"%). These
results indicated that the segment of block 2 was the
minimal candidate region responsible for muscle fiber dia-
meter and that the effect of this block genotype could
increase muscle fiber diameter by 5.21% (Fig. 3a).

However, we did not find high F values in this QTL
with nonsynonymous substitutions or frameshift muta-
tions. To ascertain the causative variations in block 2

SPRINGER NATURE
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Fig. 3 Fine-mapping of the QTL region. a Recombination event
analyses are shown in schematic form in this plot. Red bars refer to
chromosomal segments originating from Pekin ducks, purple bars refer
to segments originating from mallards, and orange bars refer to seg-
ments originating from heterozygotes. R1-10 refer to ten recombinant
types. The left box plot refers to muscle fiber diameter. The numbers
of individuals are given in brackets. The indicated P values are based
on one-way ANOVA. Box plots denote median (centerline), 25-75th

(Chr3: 11,390,000-11,397,000 bp), we examined whether
the genotypes of high F value loci (F > 0.6) are related
to muscle fiber diameter. Ultimately, five SNPs were
significantly associated with muscle fiber diameter
(Fig. 3b). Therefore, these five SNPs located on the intron
of TASPI were considered to be candidate causative
variations.

Discussion

Muscle fiber diameter is affected by TASP1

Animal breeders have long focused on meat production
traits with the potential to increase yield and quality while
decreasing input. More recently, improving meat yield and
quality is of economic and social interest to help meet the
needs of an increasing human population. Previous studies
support that muscle fiber diameter is affected by factors
such as breed (Ryu et al. 2008), selection (Larzul et al.
1999), and sex (Ozawa et al. 2000). However, it has not
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percentile (limits), the minimum and maximum values without out-
liers, and outliers (gray dots). The right breast muscle image shows F,
population muscle fiber diameter segregation of mallard, Pekin duck,
and heterozygotic haplotypes of TASPI. b. The locations of all five
candidate SNPs in the TASP/ gene and these contribute to muscle fiber
diameter in block 2. Box plots denote median (centerline), 25-75th
percentile (limits), minimum and maximum values without outliers,
and outliers (gray dots).

been reported that a single gene affects muscle fiber dia-
meter in ducks. This study is the first to use a systems
genetics approach to identify a gene and candidate loci for
muscle fiber diameter in ducks.

Our study identified the TASPI gene as a putative gene
for muscle fiber diameter increase based on the following
findings. (1) GWAS on the F, populations enabled us to
define the QTL for muscle fiber diameter within an
interval of 240 kb on chromosome 3. This QTL contains
only three genes, including TASPI. (2) The use of Fgr, 7,
and EHH analysis among the 30 Pekin ducks and 40
mallards identified a selection signal in this QTL. (3)
Recombination events detected a 6-kb block located on
the TASPI gene.

Interestingly, we found a special alternative splicing
phenomenon for TASP! in 6-week Pekin ducks that did not
exist in 6-week mallards (Fig. S4). Meanwhile, TASP1
mRNA expression was higher in mallards than in Pekin
ducks at 6 weeks. In our previous studies, increasing muscle
fiber diameter was greatest in Pekin ducks at 6 weeks (Fan
et al. 2020). Evaluating whether alternative splicing in
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6-week-old Pekin ducks directly causes an increase in
muscle fiber diameter merits further research.

Furthermore, our study found that the effect of a favorable
QTL genotype could increase muscle fiber diameter by 5.21%
and significantly affect breast muscle yield (Fig. S5). This
gene is economically important in fowl meat production.

F, population GWAS signal underwent artificial
selection during duck domestication

Compared with mallards, Pekin ducks show extraordinary
body size and excellent meat production performance. The
apparent difference in these traits is due to artificial selec-
tion, especially with regard to body weight (Zhou et al.
2018). In traditional duck breeding, breast muscle weight is
one of the most economically important traits and is
selected for during breeding. Pekin duck breast muscle
weight is nearly three times greater than that of mallards
(Gille and Salomon 1998). Furthermore, muscle fiber is the
primary part of the muscle, and its differences are among
the critical factors affecting muscle weight.

In this study, we first performed GWAS for muscle fiber
diameter and showed a significant signal on chromosome 3
(Fig. 2a). Then, we found that this QTL also has a strong
selective signal (Fig. 2b—e). This result supports the selec-
tion of this QTL during manual breeding. To explain this
phenomenon, it is possible that the trait of breast muscle
weight was strongly selected for during manual breeding,
and the TASPI gene, which appears to affect muscle fiber
diameter, was selected simultaneously.

Hypothesis of the regulatory pathway by which
TASP1 affects duck breast muscle fiber diameter

TASPI encodes an endopeptidase that cleaves specific sub-
strates following aspartate residues. This protein is required
to cleave MLL, a protein required for the maintenance of HOX
gene expression, and TFIIA (Khan et al. 2005; Lee et al. 2009;
Takeda 2006). The Taspasel proenzyme is intramolecularly
proteolyzed, generating an active 28/22-kDa heterodimer.
RNAi-mediated knockdown of Taspasel results in the
appearance of unprocessed MLL and the loss of proper HOX
gene expression (Hsieh et al. 2003). Meanwhile, TASPI plays
a key role in cancer cell proliferation and apoptosis and can
inhibit tumor growth after knockout (Chen et al. 2012). And
TASPI acting on cardiomyocytes in mouse to inhibit cardio-
myocyte proliferation (Gan et al. 2015). These studies indicate
that TASP1 may inhibit muscle cell proliferation to affect
muscle development. The MLL directly affects HOXA9
function (Erfurth et al. 2008; Faber et al. 2009; Zeisig et al.
2004). Hoxa9 deletion increases the self-renewal and cell-
autonomous nature of muscle fiber-associated satellite cells,
and Hoxa9, in turn, activates several developmental pathways

and represents a decisive factor that separates satellite cell gene
expression (Schworer et al. 2016). The activated pathways
include most of the currently known inhibitors of satellite cell
function, including Wnt, TGFp, JAK/STAT, and senescence
signaling (Brack et al. 2007; Carlson et al. 2009; Sousa-Victor
et al. 2014). Satellite cells act as major myogenic stem cells
and undergo active proliferation and fusion during the for-
mation of new muscle fibers (Ciciliot and Schiaffino 2010;
Moss and Leblond 1971; Zammit 2008).

Considering the gene mRNA expression, HOXA9 was
not significantly differentially expressed at 8 weeks, but
mRNA expression in mallards (CPM = 25) was higher than
in Pekin ducks (CPM =22). In addition, HOXA9 mRNA
expression in Pekin duck had a declining trend during duck
growth and development. Meanwhile, the expression levels
of KAT2B (activating HOXA9 expression, log, FC = 1.58,
FDR = 0.10) were higher in mallards than in Pekin ducks
at 8 weeks, but not significant differentially expressed
between the Pekin ducks and mallards. The expression
levels of the other genes (AFFI, KDM6A, KMT2A) were
lower in mallards than in Pekin ducks at 8 weeks (Fig. 4 and
Table S5). All of these data indicated that the increase in
muscle fiber diameter may be related to this pathway.

Based on the findings of previous studies and our results,
the regulatory process by which TASPI affects muscle fiber
diameter could be hypothesized as follows. TASP! encodes
an endopeptidase to cleave MLL. The variation in TASPI
might influence its enzymatic activity, causing the appearance
of unprocessed MLL and the loss of proper HOX gene
expression. Eventually, HOXA9 expression was repressed,
resulting in activated pathways of satellite cell function and
large-scale growth in muscle cells.

Conclusion

We have provided genetic evidence supporting that TASPI,
located on chromosome 3, contributes to increased duck breast
muscle fiber diameter, and this study is the first to demonstrate
this association in poultry. We also found five SNPs as can-
didate mutations in TASPI. These results may provide a
reference for studies on the muscle development of fowl and
contribute to the genetic improvement of meat yield and
quality in animals.

Data availability

All sequences have been deposited in the Sequence Read
Archive (https://www.ncbi.nlm.nih.gov/sra) with the accession
codes PRINA471401 and PRINA450892. We deposited the
genome assembly, all of the sequence data and SNP infor-
mation in BIG Data Center (http://bigd.big.ac.cn/)65. The
accession numbers are PRJCA000651, PRJICA000647, and
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Fig. 4 The hypothesis that TASPI regulation affects muscle fiber
diameter: TASP1 encodes an endopeptidase to cleave MLL. The
variation in TASPI might influence its enzymatic activity, causing the
appearance of unprocessed MLL and the loss of proper HOX gene
expression, which in turn induces developmental pathways inhibiting
SC function and muscle regeneration. Combined with the gene mRNA

GVMO000015. The Illumina sequencing data used in this study
can be available at BIG Data Center (http://bigd.big.ac.cn/)
with the accession code PRICA001307. Other data sets sup-
porting the results of this article are included within the article
and its supplementary information.
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