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Transcriptome sequencing-based analysis on the formation mechanism of fiber
micronaire differences between two sister lines derived from Gossypium hirsu-
tum-G barbadense hybrid

Zhang Xi, Wang Guang-En, Li Shao-Qi, Liu Yi, Li Jun—Lan*, and Qian Yu-Yuan"

Institute of Cotton, Hebei Academy of Agriculture and Forestry Sciences / Key Laboratory of Cotton Biology and Genetic Breeding in Huanghuaihai
Semiarid Area, Ministry of Agriculture and Rural Affairs / National Cotton Improvement Center Hebei Branch, Shijiazhuang 050051, Hebei, China

Abstract: The fiber micronaire is a comprehensive index for characterizing the fineness and maturity of cotton fibers. How-
ever, high micronaire value hinders the production of high-count yarns in textiles. Reducing the micronaire remains a major
challenge in breeding high-quality cotton cultivars. In this study, transcriptome sequencing was conducted on the fibers of
sister lines derived from Gossypium hirsutum-G. barbadense hybrid, namely LM (line with low micronaire value) and HM
(line with high micronaire value), at 15, 20, 25, and 30 days post anthesis (DPA), respectively. These two lines exhibited
highly significant differences in micronaire values, while showing no significant differences in fiber length or strength. The
mechanisms underlying the micronaire variation were investigated from multiple perspectives, including cellular structure,
phytohormones, cellulose synthesis, and gene expression. Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis and
hormone quantification suggested that auxin is likely the key plant hormone influencing secondary wall development in both
LM and HM lines. Observations of fiber structure, measurements of cellulose content, and KEGG pathway analysis indicated
that the orientation and arrangement of cellulose microfibrils may play a more critical role in determining micronaire than
cellulose metabolism itself. This developmental process relies on coordinated biological events, including cellulose biosynthe-
sis, cellulose synthase complex (CSC) formation, and the precise localization and dynamic adjustment of microtubules, actin
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filaments—all of which are modulated by auxin. Additionally, the differentially expressed genes related to cell content degra-
dation may contribute to the differences in lumen size between mature LM and HM fibers. The identified metabolic pathways

and differentially expressed genes provide a theoretical basis and genetic resources for breeding cotton varieties with opti-

mized micronaire values suited for textile applications.

Keywords: cotton fiber; fiber micronaire; secondary wall development; transcriptome sequencing; auxin; cellulose microfibrils
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#1 BT RT-qPCREIEMERREEEREIINFT
Table 1 Differentially expressed genes selected for RT-qPCR validation and their primer sequences
FEP ID is L TSI FED TR
Gene ID Upstream primer (5'-3')  Downstream primer (5'-3") Gene annotation
Ghir_A03G018430 ATCCATTGCCAAGCCT  AGCATAAACAACCGTC 46 kD FK506 &5 & EHFEEH
GAAACT CTTGAC 46 kD FK506-binding nuclear protein-like
Ghir_A03G018940 GGTGTCATTGGCTACG ACTAATCGGAGGGATT %5 & 1 GOBAR AA21012
GTGT CGGG Hypothetical protein GOBAR_AA21012
Ghir_A404G002750 CAAAACCTGAAACCGG TCTGAGCATCTTCCATC  fii P4 2-M i — RRAK #6114 XU &L i AOP1.2
GCAG GCC Probable 2-oxoglutarate-dependent dioxygenase AOP1.2
Ghir_A412G001260 TATACTCTTCCGCCACC TTTGGATGGGTGTTTGT ¥ FF 3k — BhAfE A i B ity
TCTCC GGC Hydroxymethylglutaryl-coenzyme A reductase
Ghir_D02G003770 GACCGTCCCCAAAGGA GGCAACCTGAACTGTC 18.1 kD I KM EHFEEN
TCAG TCCA 18.1 kD class I heat shock protein-like
Ghir_D05G039640 GTGTAGATGAGAAGGG GGAGATAGGTGTGGGA M3 1 3 HEEH
TCGGCCT CGGGT Ethylene-responsive transcription factor 3-like
Ghir_D06G003850 GCCGTGCCAGTGATAC ACATCGTCCACACGAT Kelch #FHEH
TCTT TGC Kelch motif protein
Ghir_D06G022850 CGTACGGAATGGAAGG TTGCGAGTAGGCAGGA MM 4% 5E 2 BEE A
GGAA GTTG Clathrin light chain 2-like
Ghir_D07G013760 ATTCGCTTCATCAGCCT AGCCCTCTTGAAATTA el 12 A IR — Bk A B A6
TGG GCCcCC Probable protein disulfide-isomerase A6
Ghir_D07G018470 GGACCGTCTGTGATTG ACATAACCTGCTTGAG KRABMREAMALENA 2 HEA
GCA CCAGA Aspartyl protease family protein 2-like
Ghir_D07G019260 TGAAGTGTGTGGACGT CTCCGACAGAACACGG i E IR A H 11
TGCT GAAA Putative ribonuclease H protein
Ghir_D11G004620 TTTTCGCTAGGGCTTCT ACTCGGAACAATCTTC  60S B bE{AZEH L8
GGT TTGGC 608 ribosomal protein L8
Histon 3 CGGTGGTGTGAAGAAG AATTTCACGAACAAGC #l#H H3
CCTCAT CTCTGGAA Histon H3
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Fig. 2 Observation of mature fiber structure of LM and HM
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Fig. 6 GO enrichment analysis of differentially expressed genes

A: FFAEJE 15 d; B: FF4EJG 20 d; C: FFAE)S 25 d; D: FFAEJS 30 d; BP: A4t 2 CC: U4 43 MF: - FIhfg.
A: 15 DPA; B: 20 DPA; C: 25 DPA; D: 30 DPA; BP: biological process; CC: cellular component; MF: molecular function.
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Fig. 7 KEGG enrichment analysis of differentially expressed genes

A: FFAEJE 15d; B: FF4EJG 20 d; C: FF4EJ5 25 d; D: FF4EJ5 30 d. A: 15 DPA; B: 20 DPA; C: 25 DPA; D: 30 DPA.
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eggNOG classification of genes during the transitional (15 DPA & 20 DPA) and rapid (25 DPA & 30 DPA) secondary cell wall
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ASFE R RAE B P AR

DPA: days post anthesis. Two genes with unknown functions and one gene related to carbohydrate transport and metabolism were
down-regulated at 25 DPA and up-regulated at 30 DPA. The three genes are not labeled in the figure.
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Table 2 Genes involved in the auxin signal transduction pathway

HI 1D SR S
Gene ID Gene functional annotation D1fferent1a11.y Up/down
expressed period

Ghir_A03G022510 AR FR B HH SAUR6GT 15 DPA T4 Down
Auxin-responsive protein SAUR67

Ghir_A03G022520 AR FR B HH SAUR6GT 15 DPA i Up
Auxin-responsive protein SAUR67

Ghir_A11G013470 R EFEFEH AUX28 (AUX/IAA K i%) 15 DPA T Down
Auxin-induced protein AUX28 (AUX/TAA family)

Ghir_D02G023960 AR F B HH SAUR6T 15 DPA T Down
Auxin-responsive protein SAUR67

Gossypium_hirsutum_newGene_5155 K FENEHEH TAA30 (AUX/TAA FKK) 15 DPA T Down
Auxin-responsive protein IAA30 (AUX/IAA family)

Ghir_D07G016550 R ENEEH IAALL (AUX/IAA KE) 15 DPA, 20 DPA 1 Up
Auxin-responsive protein IAA11 (AUX/IAA family)

Ghir_A08G006730 HEREZIFFHEA 22D (AUX/IAA FjK) 20 DPA 3 Up
Auxin-induced protein 22D (AUX/IAA family)

Ghir_D05G026100 AR FR N H H SAURS0 20 DPA T4 Down
Auxin-responsive protein SAURS0

Ghir_A07G014490 AR FERENF 11 25 DPA N Down
Auxin response factor 11

Ghir_409G023700 R ENEEH IAAL4 (AUX/IAA F) 25 DPA T Down
Auxin-responsive protein IAA14 (AUX/IAA family)

Ghir_D05G005830 R E N EH IAA29 (AUX/IAA F) 25 DPA 3 Up
Auxin-responsive protein IAA29 (AUX/IAA family)

Ghir_D07G014760 ARFRMAERT 11 BEA 25 DPA T4 Down
Auxin response factor 11-like

Ghir_D09G010970 HREMERHT 4 25 DPA i Up
Auxin response factor 4

Ghir_A05G013450 R E N EH IAA2T FEE H (AUX/IAA %) 25 DPA, 30 DPA T Down
Auxin-responsive protein IAA27-like (AUX/IAA family)

Ghir_D01G010790 AR F N H H SAURS0 25 DPA, 30 DPA T Down
Auxin-responsive protein SAURS0

Ghir_A403G020320 |10k -3- Z R -t e & I GH3.1 30 DPA 198 Up
Indole-3-acetic acid-amido synthetase GH3.1

Ghir_A07G022520 HEREZIFFHEE 22D (AUX/IAA FjK) 30 DPA 3 Up
Auxin-induced protein 22D (AUX/IAA family)

Ghir_A11G005380 05| W3- 2 T -k Jie & W GHE3.1 30 DPA 94 Up
Indole-3-acetic acid-amido synthetase GH3.1

Ghir_D02G021740 |10k -3- Z R - Tt e & B GH3.1 30 DPA 198 up
Indole-3-acetic acid-amido synthetase GH3.1

Ghir_D06G004490 ERREBEHEEA 3 30 DPA Ti# Down
Auxin transporter-like protein 3

Ghir_DI11G014250 AR FRNEE T 1AALL 30 DPA 198 up
Auxin-responsive protein IAA11

Gossypium_hirsutum_newGene_10203 K EWNEHEH IAA8 (AUX/IAA Kik) 30 DPA T Down
Auxin-responsive protein IAA8 (AUX/IAA family)

Gossypium_hirsutum_newGene_ 1111 AR BB EAREA 3 30 DPA T Down

Auxin transporter-like protein 3

DPA: JF{EJ5 K%, DPA: days post anthesis.
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