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Abstract

Objective: Cotton is one of the sources of natural fibers. With the rapid development of society, the demand
for cotton fibers is increasing, and traditional cotton varieties can hardly meet the needs of the high-end
textile market. In addition, cotton fiber spiralness is one of the key factors determining fiber strength, a core
quality trait. The SPIRAL gene can affect the spiral growth of plant organs by regulating microtubule
dynamics, but its function in cotton fiber development remains unclear. This study aims to identify the
SPIRAL/SPIRAL-like (SP/SPL) family genes in cotton, clarify the function and regulatory mechanism of the
key member GASP1L4D in cotton fiber elongation and spiral growth, and provide theoretical basis and gene
targets for improving cotton fiber quality through molecular biotechnology.

Methods: Using upland cotton "Xuzhou 142" as the research material, this study analyzed the chromosome
localization, gene structure, conserved motifs and promoter cis-acting elements of SP/SPL family members
in the genomes of Arabidopsis thaliana, Theobroma cacao and 10 cotton species respectively; based on
upland cotton transcriptome data (PRJINA248163) and qRT-PCR, the expression characteristics of SP/SPL
genes in different stages of fiber development were analyzed; the GhSPIL4D gene from upland cotton
SP/SPL family was cloned, and Arabidopsis heterologous expression experiment and tobacco subcellular
localization analysis were carried out; through virus-induced gene silencing (VIGS) technology, the
biological function of GASPIL4D in fiber development was further explored.

Results: 1. Identification and analysis of cotton SPIRAL/SPIRAL-like family genes. A total of 172 SP/SPL
members were identified in 10 cotton species. The phylogenetic tree divided them into 6 branches.
Orthologous genes in the A/D subgenomes of the same cotton species mostly formed terminal homologous
pairs; genes were mostly distributed at both ends of chromosomes. The SPR1/SP1L group contained 2-3
exons, the SPR2/SP2L group contained 4-6 exons, 83.4% of the members had no introns, and all members
contained motif4 and motif7 conserved motifs; the expression of upland cotton SP/SPL genes in fiber
development stage was higher than that in vegetative organs, among which GhSP1L4D expression increased
in fibers at 10-25 DPA, peaked at 20 DPA, showing fiber-specific high expression.

2. Functional analysis of GASPIL4D affecting plant growth and development. To study the effect of
GhSP1L4D on plant growth and development, Arabidopsis sp1-1, sp1-2 mutants and wild-type Arabidopsis
were used as materials to analyze the phenotypic and cellular characteristic changes after heterologous
expression and complementation of GASPIL4D. The roots of Arabidopsis spl-1 and sp1-2 mutants curled,
root length and elongation zone cell length were significantly shortened, and cells arranged in a curved

manner; after complementing GhASP1L4D, the root spiral phenotype of mutants disappeared, and root length,



cell length and arrangement were restored to the wild-type level; root length and cell length of wild-type
Arabidopsis overexpressing GhSPIL4D increased significantly; subcellular localization showed that
GhSP1L4D had strong fluorescence signal in cytoplasm, matching the spatial localization of microtubules.
3. Functional analysis of GhSP1L4D aftecting cotton fiber development. To study the regulatory role of
GhSP1L4D in cotton fiber development, upland cotton "Xuzhou 142" was used as the material. The
GhSP1L4D gene was silenced using VIGS technology, and changes in fiber phenotype, physiological
indicators, and molecular mechanisms were analyzed. After VIGS silencing of GASP1L4D, there was no
significant change in cotton plant height, boll weight, and 100-seed weight traits, but fiber length was
significantly shortened; the number of fiber spirals increased, cell wall thickness increased from 6 um to 8
pm, and both pectin and cellulose contents significantly increased; RNA-seq identified 4784 differentially
expressed genes, GO enrichment was in "auxin response", "cell wall" related terms, KEGG enrichment was
in "plant hormone signal transduction" pathway; genes in auxin (IAA30, IAA16), gibberellin and other
signaling pathways were down-regulated, while cell wall synthesis genes (XTHB, Prx72) were up-regulated;
PPI network predicted that GhSP1L4D might affect fiber development by regulating microtubule arrays and
auxin signals.

Conclusions: This study systematically reveals the evolutionary characteristics and functional differentiation
of the SP/SPL gene family, clarifies the role of SP/SPL genes in plant cell elongation and development, and
identifies the molecular mechanism by which GASP1L4D affects cotton fiber elongation, spiral growth, and
cell wall material deposition by regulating microtubule arrangement and auxin signaling. It provides an
effective reference and key gene targets for further breeding of excellent cotton materials.

Key words: Cotton fiber development; Cell elongation; SPIRAL/SPIRAL-like (SP/SPL) genes; Cell

deflection; Cell wall thickness
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F1E XEGE

1.1 1RIET4E 4% BHLA

1.1.1 #RTEHhR

Wi1e (Gossypium spp.) J&—MH WK RS EY), A AT SR 2 E0E,
I AR AE 7= iR RO E A, HES AR VR K2, FER YR, e
ZUEM I TG JEA R, M4 B A BRI IE SRR, 2 R flig A a]
BUBR AR RIE, AR RE N R KB Pe = E & AN E & s E p i sl R
WAKE, MACRSFESNDF 2R, HMRZik 52 5, A8 45 DR FiF 7
ANPUREAR R 3X P Z2 BRI T AR AL 5 DR 2 285 1) R0 D TR 5 81 Y ) 2
TR TR RG, IE AW 2 ARG At | B AR AR AL 1),

WRAEII RIR A ARG LT SR, ARAEREFT S AT 4k B DS AR 30 1 MR AE
R R R AT B LG 30T AN — R B “OiGUEY” R CIEEA IR RL” W
PERIZ AR, MO GG SO SE At TR S 8, HOE & RN Y R A AR AL
FEFF, MR RE IR AT RREE K R I ) AR T B DTk O TR R AR A4 B
REFFMETEH FIEE N2 fE, 17 B 100 24 E MR, S 0850
K E 150 2AEFK, Gndll—APe K758 5y 25000 R 1 5 ZRp i E 502 E L 28
B RE S RRRINE (78 e e dH, JHorp e B R 57 B KRR K 2 —, SR
LI 5 gz M, DL EYE1, 2024-2025 FEERIEF BT 616.4 Fil, iX—
m e AR R E e A )T Bt bR, AR R SRR . R
R] 20 2 i R AN Sty T 2R B iR R A 2 4R R R 54 B i p [ se B g U214 AR R
Fe P R TRI I, R AR A A 438 ) e DK 3 . e 3 A FE B SCHE AL ] R M R R 1 2
SAEY . MRAETE S /N . FORSEAEMRe VR I FE v R A A - 80 85, SR HBh R 26
[15-17]

JUE AL B & b 2 R PE, AR KR B KR T I & W 2 Phik, A
ZAYEAREYIINE, TSR AR AR R . VAR AR KR B I R i 2
oA FP Pk, IR AR, R 1 A R 4 G AR S R T R B R SR,
S8 [ 50 R ARG 27 4 0 . FREE D00 IR T A B AL 1 3R 1 2L
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1.1.2 FREFLERA

MR 4ER I B R RN W), 2 Fa A R A, HIRERR BT M
KL, B MIRR AT YR A B R AEAE I S E B HUN I B, SRRLT4ERRan . . A
KRR A A0 ML BETE SR AT . AP BRI 5 DL R s A T 000, Jorh, KEREF4E ()G
Brnl NN B KRG TAE)E 1-2 R, MRBL4E (FEMFF 5 5 HARN “HE ")
HICER T1E )G 5-10 R LF4EMR MRS 20 K, KIEZAIE 25-30 mmPh 22, 5 47 4
BT I, LF4EZ0T IR IR, A4k 54 IR Z (A7 (R B35
B, BB YEE RO, FAEN SRR 73R AR AR (SCW) £
Yo BB B, AP UERIONR) AE RO 1k, A4 3R & B DURR 212 4R 40 P 1Y) o A 240 i B
B4, 2h e in R R AR AL B R S I B, W BOR IR AT e U e 1M IRER 1
HILFAE S8, BET M R 2 &P, L2 RIE LY 0DPA, LR 4EECIG I B Ee [A]
N 0DPA Z3fr 5 DPAR), LFYEf AR K 2 Ja TR, REHER B IH b, it
Hh, 2GR 2 A B 4 A I T 0 R 2 B PR AR St R A S IR AR 2T o A B B A 21 4
IINTRIL, A YA E DR AR 2 RS4RI s 7 SEP A RUA EE, R 2T 4
RALMK Lip A Liy T HIRER ELBUR, SRR TR R R, P RARARI A 4Erh 5 A
LZHIARFTRMAKEST, RS T YA M BE ) A JR AR AI K -8 4 ! 281, RNA Uo7
PR, PIRMELLT4E SRR H/KEE R A BE T, X528 KEIHK, HAhE
I M 2T A B A R BRI 7 S BT A A5 12022 230 (R Bz Jm s IR AR B B
B, ZMrBoE 2 20 DPA #74: % 60 DPA, HEMRHI. MLA4ErI R EERKRE
JE AT A P B AR ORI B 2R RSB, AR 288 )2 iR 2 A AR,
N A IZ Bl AHPEE L R 70 240221 MR LELE T 1 Eh 4 B R 2R 1 B e BE A AL
PR, A AR S i R R 8 PE AR T, R R A e — P, BER RN, RS
20 R R R DR T AR AT A R o 28 S B P L, FERR AT YRR B AR, A e
25 A 2L ZRN B)) ) 27 2 AR 2T AR S A AR S BE ORI £ 4 A A 98
AL R AT E L 9 B AN A0 2 2 9743 TV w5 F DL 21 R0 201, g A 224 oy
i IR @S E N DA kR b P IR A A E <R a2t i ol Q G G o SR I (e e
I RE T, AP 4EA M RCE I AR I HES, Sl S ERTIUR, (LR 4R R
WMeLNZ5 TaRAYITLS, A g SR A E P i a4

1.1.3 fRLFLEIZREE KBNS

IR A KR Y AR IR, I T EARE . FAH AR e
e e HE A LA S A S B R iR 2 i g A K A IR 2, e S
Yl % (Vitis vinifera) 35200 =B R R 22 35S FRAERE , DL AR 28R} 85 2% (Lagunaria
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patersonia) WIAEIE. 1L RIREHTEIEHE AR (Persoonia helix) HIM &, — ki,

YIRS NI B 2 M) 5E [ 5k oo 1), X2 4B MIZIK e 70 5 da e BE 5K g 2 18]
(RAH ELAE FH 51 RS U4 490, G BE G AT 4 1Y) 25 (8] 0 A TR T 2R R sk Al v, 283E 1 AEY)
AU, ZIURE LIRSS, MR EMA LR il E EEAEA, 53 E A4
UM D A R R TR AT, BRI &, AERZHUNHOLT . A Y20 M i i e A=
K5 EME I EHAA OC, XIS R B HEE 0 M A e 0. A A 4R TR RS
B 5K A RS, 2P YRR AR A T il S R A 5 4T 4R 3R LR e
SERUTAR LA <o A 4R M AE A Al A2 SR HE FH A RF 1, 3 — SR PRV T 2R 4E 3
WEREAZ SR8 BN )8 0, S AFUTRR () 4H B J2 7 JSG AR T RIS T IR e 254, W e
EARGHIRE T MAFAE T A 4ERIR 2, n] DATT 28 40 Hu BE R AN JZ DO, Bl i 44 K2
FH 2300 NMEF4ER KA AR, IXESLFYE R AR A L 4E40 i Al 2R ER AR, B A€ 1)
WE e £ A

1.2 #eieTfEL FHIEMRIAR

1.2.1 HMEXNFYE L BHFM

YIS E MY B 56 R RE S 0T, SHEPI RS R A B 3 B A o
WEAER, JEEM AT 4E g M i P R R 5 S B T Dh el EARZ T E T,
HEE (GA). HKFHM (JA). FKE JAA). 24 (ETH) LLEMSERNEE (BR) #
N R A 4ER IR S K E: Mk, KR (ABA) 5400783 (CTK) NXFLf
YA KSR I A R RB3, JEHAER RN, A KR SR R I A& i 7 18
SR B AETE AN S B e I FELF4E K BFT B, GA. BR. IAA fil ETH %5 5 i@ 4
RIOCBEREDN, B0 MIXTA. MYB5 5 GL2, HRIE/KFIHI ;s MAEIGIEIE A 4
(1) ninl AR T, XECIERF LB W2 TN, #—BENE | MIXTA. MYBS ) GL2
FERRAYE R B 2 A AN AT Bk i1 L

R (GA) TEEDRNIEN—Fi R 7, 5 2R BB R . Xk
AR R E R SRR RZEAEK . TERE SR AP, 1Ak, FRERNRRILE
M AFYE K . TELFYE R G2, AN R = TR bR A 4R, Tin £ 2%
M (PAC, —F GA W& ANHIFD W23l 2Rtk gh78, tst, Zhu 55 ABHFER
B, TAA @I58 GA A& BCRIR A48 % BP0 EHAEENZ, HEE, AERM
TR M 2SS, PSR ATRES GA RN 2 5180 A KRSk
A RES, PR FUR I, AR M R IR GA IS BB E & T R A 4R i
T, IXMATETE GA S &2 S GA20 S ALBE I 1% UIAH K0 GhGA200x1 Hifidh ()
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GA20 AL GA W& K ocklg, HidFRikn et GA3 5§ GA4 S ER#
Whn, HEmAELFYEKE Hre8 T, FERT GA Wil gk - e K IR Ao,
SEDIAT LT 4E N I BENE S BESE R GhSUSAT $ESERIERITiBEF AR, RN, 4MNE GA
Wb FE B RETELT4ERN N IG5 S GRSUSAL L6, RN, Jiang S ABFFR KM, &
15 GhSUSAT RTHEMMIRAERER JE RS, 3 M £ 24 7= 5 A0 it i 621, X S8 AL [RIE ST : GA
LI GhSUSAT Wik RAR R LT 4E A b IR AE AL BE (secondary cell wall, SCW)
FRITE R, 32T s M £ 4 A 101 621 3l JUAR BB e gt — 487 1 GA R ERE £F 4E AR K 1) 4y
TAE. £ GA BEZ &I, MHIKT GhSLRI £ 5530 R T GhHOX3 454, #
HIVEBOE TR . )2, 4 GA /K&, GRHOX3 W% GhHD1 M EAFEH,
X — = EWIRENS 1E 1) 2 5 4 M BEAA B R DR 1) R0k . Ik Ah, GhHOX3 1B /4 /F FH 1
iR GA {5 5 IEEE, SEmiGas S0 PR KEN, REREA4EmKOI,

AR JA) B 5EES S5 AYEREAHE, RIMEZRES IR SLIRIESE T JA X £F
YEEC IR IS A E R R A, RMEIRE (0.001 uM) JA {ERELF4Efaas, M miRE
(2.5 uMD ISR LFYERCUR . KR, 4ERF JA PR EEIREXA 05 S 4RinE
KEFE, S PHREM, LKL GhJAzZ2 @B T JA F5HS, W4 iEM
A= A B 25 (1) U RRE, B JA {5 508 2% E 21 4 S Un A ) e DG B FH L66), k4t
FERBAE YZ-1 IS RIE GhJAZ20 TN -4 if 4 S A 4EA8 0, X Fp il 2 it GhJAZ2
5 GhMYB25 WA EAE R ANE] GhMYB25 iE MR SLHT . F—J5TH, JA {5 5@+
N REERTE R F GhBLH7-D06 %% JA 1755315, Bk GhBLH7-D06 7] LLE 25381 JA
W RIS S5 SRR (40 GRLOX1-408. GhLOX2-A05 1 GhLOX3-409) 3%
&, AR R JA SRR YE R O FRE, IR ORI, FERHEN
BRI IR R, 48 B 14 585 5 BOP1 mlid i (2t JA 26 Bk R 3R IA , JOE ATHI,
TEEA T JA WS E, XM JA SR rEENLRISE gt 725007,

KR TAA) 722 5HMNAEKKE SRR S EiEM L, HDjges KkiG K
AL gEEALUMb . ARAME . TR B 0 4R DL /NI S YRAE S R0, TAA
ERZ O, Z5REBREAHEKEISNEB. CHETRRY, F4E4M0N 17
12 1AA WA R Il BN TREFBOS RE A KR A ER iaaM, TTLLE ST 24
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