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Abstract

[ Object] Upland cotton is an important natural source of textile fibers and one of the important economic
crops. Xinjiang is the main cotton production base in China, accounting for 91% of the total national output.
But with the development of cotton breeding in Xinjiang, the use of traditional breeding techniques to
improve cotton yield has become a bottleneck. Research has shown that improving the lint percentage of
cotton accessions is an important factor in increasing yield. Therefore, it is crucial to analyze the genetic
basis of cotton lint percentage traits in Xinjiang and explore germplasm with aggregation advantages to
promote high-yield cotton breeding in Xinjiang.

[ Methods] This study used all approved cotton upland cotton accessions, backbone parents, and breeding
intermediate accessions in Xinjiang from 1978 to present as research accessions. Based on population
genome ten fold resequencing and lint phenotype data under multiple environmental conditions,
Genome-wide association study (GWAS) was conducted, and significant gene loci regulating lint
percentage traits were identified through eQTL combined analysis. According to the early development
model of fibers, fiber cells begin to differentiate at -1DPA, and the number of fiber cell protrusions
determines the cotton's lint percentage score. Key candidate genes for lint percentage (LP) could also be
directly identified through co-localization analysis and transcriptome-wide association study (TWAS);
Using CRISPR/Cas9 technology to create mutant accessions for candidate genes related to lint percentage,
providing suitable mutant accessions for further functional research; And evaluated the aggregation of LP
advantages and disadvantages in the cotton breeding process in Xinjiang, which will provide important
theoretical and accession basis for the innovation of high-yield cotton germplasm resources.

[Results] The main research findings are as follows:

1. Genome-wide association study of lint percentage

(1) This study constructed a population of 312 upland cotton accessions for analysis. The lint percentage
trait exhibited extensive phenotypic variation from 2018 to 2021 (2018SHZ LP, 2019SHZ LP,
2020SHZ LP, 2021SHZ LP) and were significantly correlated among four environments, with a variation
range of 27.08% -50.36%. The phenotypic variation of lint percentage in the 2020 SHZ-LP environment is
the largest, while the phenotypic variation of lint percentage in the 2019 SHZ-LP environment is the
smallest, with a generalized heritability of 86.46%. The correlation coefficient between environments is
0.48-0.84.

(2) This study identified a total of 2,481,993 SNPs with MAF>0.05 for subsequent analysis. After SNP



annotation, the population was divided into 4 subgroups based on genetic structure, which could not be
completely distinguished and also carried genetic markers from other subgroups. We also attempted to
classify accessions according to population accession types, breeding years, and suitable planting areas, and
found that accessions classified by different types were mostly concentrated in the middle of the scatter plot
without obvious separation. . Analyzing the linkage imbalance within the population, the r* at the whole
genome level decays to half at a physical distance of approximately 1,028kb.

(3) In four different environments from 2018 to 2021, a total of 11 SNP loci significantly related to lint
percentage trait were identified. Among them, two significant loci were identified in 2018, and zero, five
and four significant loci were identified in 2019, 2020 and 2021, respectively. At the same time, we also
performed BLUP on the 4-year data, and association analysis revealed 4 SNP loci significantly related to
lint percentage traits. Among them, the same significant SNP locus Ghir D05 38870550 was identified on
the D05 chromosome in 2021-SHZ and BLUP-SHZ.

(4) Based on the 14 significantly associated SNP loci and LD decay distance previously identified, we
identified a total of 1,438 candidate genes (like ERFI. CYP7849. ROPGEF5. RGLGS) et al) with SNP
salient loci as the center and a distance of 1,028 kb extending from both ends as candidate intervals.

(5) ERF'1 (Ghir_A12G022760) mutant plants were created based on CRISPR-Cas9 technology. This study
obtained T1 and T2 mutant plants of the gene and found a significant decrease in lint percentage phenotype
compared to the wild type, proving the reliability of the candidate genes identified based on GWAS
analysis for cotton lint percentage improvement in this study.

2. Transcriptome analysis of upland cotton during the fiber initial stage of -1DPA.

(1) 52,357 genes have expression levels at the initial stage of fiber development. 44,056 genes showed
expression variations, accounting for 62.8% of annotated genes in the TM-1 genome. And 13,859 eQTLs
related to 10,105 eGenes expression were identified.

(2) In the initial stage of fiber development, There are fewer genes regulated by transcription in the A
subgenome than in the D subgenome, and there is an unequal transcriptional regulation pattern between the
two subgenomes. However, The number of SNPs in the A subgenome is greater than that in the D
subgenome. Due to the inconsistent size of subgenomes, there may be slight differences in the number of
genes, and there may be equal or coordinated transcriptional regulation between the two subgenomes.

(3) Nine candidate genes related to lint percentage were identified based on TWAS (FDR<0.05). These 9
genes are expressed in both ovule and fiber development stages, Ghir D11G026650 and
Ghir_D03G012490 have higher expression levels in the fiber initiation stage compared to other fiber
development stages, and are differentially expressed in the population. Based on the TWAS localization of
candidate genes, Ghir_A12G025980 is also regulated by QTL.

(4) Using co-localization strategy and combining GWAS and eQTL data, 20 candidate genes related to lint
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percentage trait were co-located and expressed during ovule and fiber development stages. Among them,
three genes (Ghir_A12G027820, Ghir_A12G025990 and Ghir_A12G022500) are specifically expressed in
the fiber initiation stage.

(5) The study found that seven representative hotspots regulate a varying number of genes from 36 (Hot192)
to 191 (Hot28) during the fiber initiation stage. Hot26 is an extremely important regulatory hotspot,
regulating the expression of 186 genes involved in important pathways of fiber initiation and development,
including cell differentiation, plant hormone synthesis and metabolism, lipid synthesis and glucose
metabolism, and NAD (P) H oxidase H>O> formation activity. Hot28 regulates gene expression in the same
way. Hot26 and Hot28 simultaneously regulate 5 pairs of homologous genes, and we speculate that these
two hotspots have a synergistic effect in regulating gene expression. Hot160 regulates the transcription of 8
candidate genes in the GWAS interval (104,527,859-104,561,245bp), and the hotspot for regulating gene
transcription level expression is located on chromosome A12. Hot132 is an important regulatory hotspot in
the TWAS interval (42,571,666-42,571,667bp), which regulates expression of Ghir D03G012470,
Ghir_D03G012480 and Ghir_D03G012490.

(6) This study identified 269 differentially expressed genes related to yield traits, including upregulated
genes in 212 high lint accessions and downregulated genes in 57 high lint accessions. A lint percentage
related gene Ghir A12G025990 that overlaps with the downregulated gene was identified through
co-localization analysis. Based on GWAS analysis, there are six differentially expressed genes identified in
the candidate interval, of which five genes are upregulated (Ghir 410G024040, Ghir A12G021010,
Ghir A12G021150, Ghir_A12G021380, Ghir_A12G022360), with one gene downregulated
(Ghir_A12G025990). Among them, five differentially expressed genes are located on chromosome A12,
and one is located on chromosome A10.

(7) In order to determine the genetic basis for cotton domestication, we compared and overlapped the
selected scanning signal positions with the identified loci in this study. The results showed that there were
five QTL intervals that overlapped with the selection scanning signal , namely qLP-A11, qLP_A12 1,
qLP Al12 2, qLP D05 1, qLP DO5 2. The genetic diversity of gene loci in semi wild cotton is greater
than that in cultivated cotton accessions, and the identified gene loci in the domestication selection interval
have been subjected to varying degrees of domestication selection. Candidate genes that have not been
domesticated have great potential for application in breeding.

(8) We evaluated the accumulation of favorable alleles in 312 cotton accessions. A favorable allele locus
resource library was constructed using lint percentage related gene loci from 312 accessions. The more
favorable the number of allele loci, the larger the accession's lint percentage phenotype. The statistical
analysis of phenotypic values for accessions with the same cumulative quantity reveals that there are

differences in phenotypic values for the same cumulative locus among different accessions, which may be
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due to the presence of promoting or inhibiting loci in different accessions. In most accessions, the higher
the accumulated number of sites, the higher the lint percentage. However, there are also some accessions
with more accumulated sites and lower lint percentage. In a small number of accessions, there may be
antagonistic effects between the advantageous sites. The heterozygous sites contained in both parents have
genetic stability and are stably inherited in offspring, but heterozygous sites contained only in the paternal
or maternal parents may not necessarily be inherited in offspring. We provide a method for predicting the
phenotype of offspring from aggregated parental heterozygous loci through heterosis. The hybrid offspring
may aggregate excellent loci that were not aggregated in the accession of this study. The higher the
proportion of allele loci occupied by the aggregated loci, the higher the lint percentage, which can help
predict the selection of parents to cultivate high lint percentage accessions.

(9) Resl (Ghir-D11G026650) mutant plants were created based on CRISPR-Cas9 technology. This study
obtained T2 mutant plants with three editing types of the gene, and found a significant decrease in lint
percentage phenotype compared to the wild type, proving the reliability of the candidate genes identified
based on TWAS analysis for cotton lint percentage improvement in this study.

[ Conclusion ] The population accessions in this study exhibits extensive phenotypic variation and
significant correlations among four environments. Although environmental factors have a slight impact on
it, genetic variation in lint percentage remains relatively stable. According to the analysis of population
structure, it was found that the genetic relationship of the population accessions in this experiment is close,
the genetic background is narrow, and the kinship relationship is relatively close, which makes it
impossible to completely independently distinguish each genetic subgroup. Based on principal component
analysis, a new germplasm resource with improved lint traits and rich genetic diversity was discovered. The
extension distance of the candidate interval in this study population is relatively large, which may be due to
the close genetic relationship, stable and single population structure, and unclear separation of internal
subgroups. However, there is also some genetic differentiation in this population. Based on genome-wide
association analysis, a total of 14 significant loci and 1438 candidate genes regulating cotton lint traits were
identified. This study preliminarily verified the reliability of the candidate genes identified based on GWAS
analysis for cotton lint improvement through mutant materials.

This study utilized population transcriptome data to identify eQTL hotspots and candidate genes that
regulate lint percentage traits. The expression variations of genes regulating lint percentage status were
analyzed at the transcriptional level, and candidate genes upregulated for lint percentage traits at the
genome and transcriptome levels were obtained using whole transcriptome association analysis and co
localization strategies. By analyzing the aggregation of the optimal sites for regulating the trait of lint
percentage in 312 upland cotton accesssions, this study identified high lint percentage accessions with

aggregated optimal sites, providing a reference for selecting parents for breeding. And based on the
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