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Abstract: [Objective] The GDSL esterase/lipase (GELP) family comprises a group of multifunctional hydrolases with broad
substrate specificity and catalytic versatility, playing an essential role in plant growth and developmental processes. The GDSL lipase
gene GhGELP23D from Gossypium hirsutum is highly expressed during cotton fiber elongation development. This study aims to
investigate its function in plant cell elongation and provides references for the mechanism elucidation of GELP-mediated regulation
of cell growth. [Method] The GhGELP23D was cloned from upland cotton fibers. Bioinformatic analyses were performed to
characterize its physicochemical properties, structural features, and phylogenetic relationships. The promoter region was analyzed

with PlantCARE to identify putative cis-elements. Expression patterns were detected based on public transcriptomic data and
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RT-qPCR validation. A GUS reporter construct driven by the GhGELP23D promoter was generated to examine the tissue-specific
expression of GhGELP23D in stably transformed Arabidopsis. Subcellular localization of GhGELP23D was determined through
transient expression in Nicotiana benthamiana leaves. Transgenic Arabidopsis lines heterologously expressing GhGELP23D
(GhGELP23D-OE) were obtained using the floral-dip method, and phenotypic analyses were conducted. Additionally, virus-induced
gene silencing (VIGS) was employed to suppress GAGELP23D expression in cotton. Silencing efficiency was verified by RT-qPCR,
and the resulting changes in fiber length were assessed in GAGELP23D-VIGS plants. [Result]l GhGELP23D encodes a
356-amino-acid protein that is stable, weakly basic, and hydrophilic, containing a typical signal peptide but no transmembrane
domain. Transcriptomic analysis and RT-qPCR detection showed that GhGELP23D was highly expressed during cotton fiber
elongation. Subcellular localization analysis revealed that GhGELP23D is predominantly localized to the extracellular space.
Analysis of the GhGELP23D promoter indicated the presence of multiple cis-elements related to light responsiveness, hormone
signaling, and stress response. Histochemical GUS staining showed that the GAGELP23D promoter can drive reporter gene
expression in various Arabidopsis tissues, indicating broad tissue expression activity. Heterologous expression of GhGELP23D in
Arabidopsis (GhGELP23D-OE) significantly enhanced plant growth and development, resulting in increased plant height and longer
primary roots and root hairs. Furthermore, complementation of GhGELP23D in the mutant resulted in a pronounced recovery of
primary root and root hair length similar to that of the wild type (WT). In cotton, the fiber length of GARGELP23D-VIGS lines was
significantly reduced compared with that of empty-vector control plants, with an average decrease of approximately 13.14%.

[ Conclusion] GAGELP23D encodes an extracellular GDSL lipase that is highly expressed during the fiber elongation stage of
upland cotton and plays an important role in plant cell elongation development.
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SR s R B PR 400 Pl 7 5 A A R L 5% )RR A4 M o K

0 315 JOE s £ 4 3R PR B A AP A I S 2 A B A Y

[t 50E XY B (Gossypium hirsutum L.) J&
IR ARIE AT YA, AT Tl T
MR AT i J5ORH . KA — R Rk R R
A (R BRE B0 R 45 4, AR A A T,
A )2 FAETR T 5 40 A K 5 40 it B 5 il ) 48
AR M gE R W YR 4 AN E SR
YRR PR RAEREIER A, o,
BRI e T 2P 4E KBRS BT, 2 A fE 42
GrHOR I OCBERT BT BRI, IR R AR 4P K A iR AL
Hil, APETHRRIELR4E S . HEBIGT Uk e e
TORBESCHE . LT ANAEFUEE R Y HE A A0 M A2 —
AN IR AR, 232 R SRR R
T, GhMYB201 1 GhMYB212 %% 5[ 1 nf
DL o 07 A0 M B A st R R L R R T IR
JH (LR RERE I SR AR R AT i K, B KR
W AUX/TAA 1 ARF SN, k4T 4E4n
Hudl e A KO R IR R B A, e X
T A MR ZEBH N AL BT /K it (xyloglucan
endotransglucosylase/hydrolase, XTH) [ {f F #2
G D s =i U8 N STE R SO 15 S Py UB T
T mE A A5 2 PORR AR Oy 2 [ 40 P BE,  DLiE
S E D e Liv PR AT R Ma 50T,

TR 22, SR A0 0 BE b Bk £ ) AR AL v e Y
g Jpp 38 2% 1 F0 e T AR 40 A4 . GDSL iR i i
& AT IR ) e DT e K, R T
K INTE E TR AR AR I K R, RS — MRS
GDSL /7, 18 N iy A AL i, XS HE7K 1
KNG 7 R 15 4 AT w4, 31X 5 BT GxSxG R 5
JF 51 it A G il 2 AN [H) 0. GDSL IR I g ¢ 1 15
RZ LY, (R ITEA S IR BRI A A Kk
AR EENED . BT TBR I
TBL3 {47 GDSL Z5f3, i i R IR IR
S Y G R 27 4 2R R 2R, DT 7 4 i R g
G T SE SR SR g i 2 (S T Ry 3
GDSL fig il it 72 BrEXL6 0] G 1eH# 12y
HE KRR, R AR AR TR R R B B AR 2 k
ki N B, KW BrEXL6 SR K E B VI K.
KHE BS1 & —FP gAY ) GDSL s, 18It id ¥k 4:
I Hu B AR ZREBE S WAL, AT 52 M 41 P RE 45 1) 5 4 4
MAFAN L deah,  ME T RRLE RS AL 27 4 A K rh & 4%
FHEZEM . SMEMEEHR (C16:0) &% & U
Y 5K, JUHAE 5.0 pmol- L™ 9K FE N 474k 1
K BRI T 53.4% . A IR th o 4T 4 K AT
BRI, B AEERG TR (very long chain



3498 moOE Kk

W B2 59 %5

fatty acid, VLCFA) 7EHEE4H M fifi K e 5 o 24
s I 0 G sk — AR g £ 4 1 AR KR
REW IARBFRUIANSY Hiir, SHPFREY,

GDSL JIig /7 T 5 4547 440 160 v K AR 4 e B A i o 75
MREREELAEM, R, TR TR
1 A )y e AR PEHLEIIAS B . T D AR
KOG RS GDSL AR il [N GhGELP23D {EMR£T
e K B3 BRIE, RS 54T
YN B KAH DG B o LR P 1) DG B 1) 8 ] AT
FLHGe GhGELP23D JF WL, JEAT IR AR IE 7347
JA B A FH TSR0 V. 40 B 5 A7 56 iE 4 43 A
T 1% DR 0 B T AR A6 st A D e S, A
i) W GDSL IR [ i 5% o) A1 400 40 K 5 1) Th g R
SRR EE S,

1 MRS

1.1 iRgewdd

I T 2024—2025 SFEAEA TR A RR o
Bt 5 %

FUFETT (Arabidopsis thaliana) FIHE (Gossypium
hirsutum L) G FP AR 49, LLATORI A pCAMBIA1391
pCAMBIA1300 1 pCLCrVA 4 d1 4] 1 K284 ar Bl
AN AR BOR L S = iR k. GhGELP23D
[ YR FE R S AR A RS 7+ (SALK_091361C) T T4
MR A I AR AT R ]

1.2 BEAE GhGELP23D BISERE 5 Rk IR

FRIURRAE 7 RNA, IFRFERA % cDNA. i
S S Pl MR LA 5, FH SnapGene 7.1.2 #%
PTHZEEN CDS F B By RS (Kt 1, 3T
PCR 34, Ky H (4541 Kb o 2iAG JE 7415 C601
B, A, BRIHPE SR T I .

AR M6 2 32 sy 20 B v B A T Sk
$§t Bt (Fragments Per Kilobase of transcript per Million
mapped reads, FPKM) i, 43 #rHpieA [F] 4 28
GhGELP23D [RIE/K - KA M HAT AN [F] 2 T B B
(PRERFNETHERE b, JRERICREINS (0] -3 11 0 DPA, £F
YEIURER ] A 5,104 15,20 F1 25 DPA. f# ] SnapGene
7.1.2 B GhGELP23D ¥ 3514, UL GhUBQ7
MBS HEE, H3E4T RT-qPCR Kyl 2347, 3 kA4
FEM 3 KEARESR . A 288 U 53 R A T
Rkt
1.3 GhGELP23D BB B E 9

M ProtParam (https://web.expasy.org/protparam/)

ST ARSI BB F ProtScale Chttps:/web.
expasy.org/protscale/) 73 3£ B /K 5 7371 Ff TMHMM
2.0(https://services.healthtech.dtu.dk/servicess TMHMM-
2.0/) 1 SignalP-6.0 Chttps://services.healthtech.dtu.dk/
services/SignalP-6.0/) 43 By i JIi 45 Ky A {5 5 )ik H
Plant-mPLoc Chttp://www.csbio.sjtu.edu.cn/bioinf/Plant-
multi/) - IANRES: FIH SOPMA (https:/npsa.
lyon.inserm.fr/cgi-bin/npsaautomat.pl page=/NPSA/Npsa
sopma.html) F1 AlphaFold Chttps://alphafold.com/)
TN 8 A ik . 4 il MEME Chttps:/meme-
suite.org/meme/tools/meme) F1 CD-Search Chttps://
www.ncbi. nlm.nih.gov/cdd/) 43 #18 A IR 57 37
AR SFR, R TBtools T H g siml #ltk;
DNAMAN 8.0 Fil GeneDoc {1 HEAT £ J7 41 LL X,
I MEGA 11.0 IFHERGRE T W MAISER S
B4k PE I GhGELP23D %% 5%l 4R A+ i 2 000
bp WP FIVE NN R 15 FIH PlantCARE
(Chttps://bioinformatics.psb.ugent. be/webtools/plantcare/

html/) BEATWEAAE G2 7 o
1.4 EYRIEHERIIEGE

H BamH 1 1 Sal 1T X g U) AL W) 3R 18 & 4K
pCAMBIA1300-eGFP, ¥4 U 5 L (1 844 v Bt 5
GhGELP23D f] CDS J@A A &R, M 35S:
GhGELP23D::eGFP @l & # {k. ik PCR k13
GhGELP23D W)JA5) 1 v Bt, J#155 BamH 1 Al Hindlll
XU V) pCAMBIA1391-GUS  #% 44 3% 452, # 2
pGhGELP23D::GUS HEH#ifk. s SGN VIGS Tool

(https://vigs.solgenomics.net/) I sl B4 Fe (1) 95 £ 175

SEEFPTER (virus-induced gene silencing, VIGS) F
BT, 3t PCR 3545 VIGS FBE, )5 Spe T il dsc |
MGV pCLCrVA # ik 1E#:, ## pCLCrVA:
GhGELP23D iR %
1.5 GhGELP23D BT HIFF RIS R

¥ & GhGELP23D J3 &) T (¥ & 4 # 1
pGhGELP23D::GUS ¥ A ARAT 18 GV3101, 34T BB
Bio JeIRAE P RAEIZ QB AR R T (WT) .
WSCEB A R 1 2] B R pUPE T IR 2602, 3R T3 AUR
T FFEDIBR R MU GUS e ta il 7 S e K DU R 7
IIET AE ZREMMRSE 4 B SR, 22 70%4
BELES 3 U, RIOMEE, LA 35S:GUS HeFE AR
I+ B e
1.6 GhGELP23D %& H K4 40 B 7 3 53 4

MR D5 oA M4, GhGELP23D & v]



16 34 oz sk, [k GDSL AE Wil N GhRGELP23D SR A M fs K 5 & 5200 3499

[ < AR R 1B N 1 - T 11 S W S Y A WP (4
35S::GhGELP23D::eGFP T4l % {4, Jf:LL 35S::eGFP
TERAR Ry 0 R S 5 BRI A ) B A A 1 3
& (mCherry #xicd) "R FI M 0 0T, F Lk Ek
Oy DAL RFT T GV3101, SKAGMITEREMR)E, 76
A 4—5 JE R AT IR Rk . RS,
G E I, AR E IE B FE 48—72 he fEHIEOL
R B BIMBW LI 5 WA, I BHR AT
%5 5
1.7 SBERIE GhGELP23D ¥ E E I T RIS

BRI RN A 2k 35S::GhGELP23D::eGFP
AR B GV3101, 3RIFHIPERE K. GRGELP23D {E
PRI R I RIJRFE R N AtGELP67. % [EAE PR Yeil:
O AL E R R TF AN atgelp67-1 SAFAKRI R TF o
SR E P, P8 TR E RN R, T
Ja BT
1.8  GhGELP23DEIVIGS IR R S RIEN

DA R it B ehobs 49 S RDRE, AL — A
Tt SE A T I By v 3R TR B o # pCLCrVB Chli
Wik . pCLCrVA k. pCLCrVA::GhPDS
CBHPEXT D A1 pCLCrVA::GhGELP23D T4 4 44 7y
W HEACRAT T LBA4404, ¥ 17 pCLCrVB 5 Al 3
Pl AR () AR AT B AR AL S LU PR A, AR T
Mo RYSE, BRI, REERREE 18—
20d, WLEBHME IR IE 275 I A R 2, DASGIE
VIGS 7R 2@ A 2. R B R BLE, I Se
952 5 PCR (RT-qPCR) #3ill GhGELP23D i Bk H
¥k (GhGELP23D-VIGS) - Z5 %30k WE R A 25 R
¥ GRGELP23D [13RiE/K V. UL GhUBQ7 hWZ
LA

2 #ZEH

2.1 AR GHGELP23D B EFNEMIE R FE S

2 PCR Y738, RAFIUHC/ NI H 447 (Bt ]
D, ST 5FHItex, kA GhGELP23D.
kX GhGELP23D [ I FEAFRIEREAT 2081, 45
RIE78, GhGELP23D AW 356 Mg,
Wk 38.43 kDa, FEIBZEHL AN 8.62; MR IR
BN 82.84, “VHIZEH/KIMEFEEL (grand average of
hydropathy, GRAVY) }j-0.004, X Bi% 4t 14k
SE90RKME; AT TR ECy 18.65, RILN
Fase 1. GhGELP23D & [ 156 /K PE 4R £ 0 -1.989
—3.200, GhGELP23D # 18 Al o K 2 (I 1-AD

TMHMM 2.0 50l 73 47 % 7~ , GhGELP23D &[4 —
AN S AR S i R, R B e A T
M AN 3. W] GhGELP23D 4 [ 1] fig Ay 43 s 750 2
OB 1-C) o fF S IR s, 1% G A
) Sec/SPI #4{5 5 ik (& 1-D) . Plant-mPLoc ¥}
3MT 7R, GhGELP23D 2R [ e A fE AN I B . 45
P s, AU MAE A, Sbmik
46.07%; [FII 75 A 85 i Lol (1) o-98 5 (38.20%) Al
DB GEREE (15.73%) , REAB 28 RIE
PE. FIH AlphaFold T H ML =45k, 5%
S5 RTNARRF (B1-B) .
2.2 [EHRAR GhGELP23D FEAT R EIMIE FRIE

BT NS A, oMbl GhGELP23D
FERBAE AL P (R IBNFAIE . 45 R B, SN
ERAYE R H W BRI (B 2) o LR
kB, EREBNDHERN, a4 RE
PR ] (3—10 DPA) S vEmik, e
fib 2 F I 30 A R AT AH O AR OK T o ik — G UE
GhGELP23D fEfifeer 4k g MrhifEN, FH
RT-qPCR ¥yl GRGELP23D &[] & 1 By B IR Bk
MILF e 1) Rk Ko 45 RE7R, GhGELP23D AL
YRR B, JUILAE 10 DPA £F 4 ik 3|
WA, RIEACTHEmE TR 200 5, ZREEHYE
XA MEREM BB SN — 8. &Y
GhGELP23D W REAEMGAE LT 4t (1 PR Kl F2 rp &
FEETEM.
2.3 GhGELP23D EHHIMR TS H LT

FIF NCBI ' BLASTP 1_ &, UL GhGELP23D &
ARSI, W T 13 SRR A A IR
G, ZFHLNMARRKE 7. dRExR, &
A ARAALE Sl 80.49%, T A 2R 13 AL — A N Ui
HIE 5 TE A0 ) SGNH_plant lipase like 45143,
(B 3-A) , KW GELP fEA[RIR R i B A
o RERBM R, BiHE GhGELP23D 5 KA
(Hibiscus cannabinus) 1] HcGELP 2 A—3%, HF4)
AR A 82.05% (B 3-B) o R W H 25200 R,
A Re AU T3k A G I A A I R R KR T DI RE IR OR
SEPE . X LECE LG R BARE S AT AR FLEE, 3[R
B REY) GDSL 55 I Mg Wi AL A 11 70 Rt A ae s o
R T 854 5 DhRe M RSy E
2.4 GhGELP23D & H R F&M4FE K B &) FIR=1E

RHah

PRSP I 5 DR 5 i H B, T e



3500 Bk N RBE 59 4
A 40 T T T T T T
Hydropath. / Kyte Doolittle ——
3.0}
2.0}

144y Score
—

o o
— 1
P
-
}
T
—
—

2.0F
3.0 1 ! 1 !
0 50 100 150 200 250 300 350
)15 Transmembrane ML Inside 15k Outside
Cc 12 T r
1.0
z 08}
E
<
=}
S 0.6
[=™)
£ 04
0.2 F
50 100 150 200 250 300 350
Dot T T TI T I T T T T T T I T I T T T i T I T I T —— OTHER
/ {! — Sec/SPIn
1 Sec/SPI h
0.8F / ! ! Sec/SPI ¢
! ! —CS
= i
= 0.6 | :l
5 / "
8 1
2 / 1y
& 04} :II
M f
= I
02f y
0 NNNNNNNN I H b CC0000000 000000000000000000000000000000000000
MDGYCSRRVIMFLVFAFAAISRGYGQESTTLV I TFGDSVVDVGNNDYLPTIFKANYPPYGRDFANKK
0 10 20 30 40 50 60 70

A: SRBUKYE T B: =M C: BEBEEEMIMT; D: 55 IR
A: Hydrophilicity/Hydrophobicity analysis; B: Tertiary structure prediction; C: Transmembrane domain analysis; D: Signal peptide identification

Bl 1 GhGELP23D EHMEMEEF A
Fig. 1 Bioinformatic analysis of the GhGELP23D protein
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Fig.2 Expression analysis of GAGELP23D during fiber developmental stages
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Fig. 3 Protein sequence alignment and phylogenetic analysis of GELP proteins from different crops
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A: Phenotypic observation of root in one-week-old wild-type and transgenic Arabidopsis thaliana; scale bar: 10 mm; B: Phenotypic observation of plant height
in five-week-old mature wild-type and transgenic Arabidopsis thaliana; scale bar: 50 mm; C: Phenotypic observation of root hairs in one-week-old wild-type
and transgenic Arabidopsis thaliana; scale bar: 500 um; D: Determination and statistical assessment of primary root length in Arabidopsis thaliana; E:
Determination and statistical assessment of plant height in Arabidopsis thaliana; F: Determination and statistical assessment of root hair length in Arabidopsis
thaliana
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Fig. 7 Genetic function analysis of GRGELP23D in regulating Arabidopsis cell elongation

4ER R, GhGELP23D-VIGS e Z A YK BE 233k R R E AR .
o IR 2 R, P R FRZ) 13.14% (B 8-C. D) & 3.2  GhGELP23D WiRRSMNESL K TE1E 5
XUegE RN, GhGELP23D {ENIAE A 4640 i 7 1F CA BRI, 7E 1Lk Carya illinoensis JGDSL



3506 moOE Kk

W B2 59 %5

A CLCrVA WT

GhGELP23D-VIGS

Linel Line2 Line3 Linel Line2

C CLCrVA WT

—
[

Line3

—_
(=}

S
)

S
i

AR RIZ K
Relative expression level
=} o
S =)}

f=1

GhGELP23D-VIGS WT CLCrVA Linel Line2 Line3
'ELP23D-VI
Linel Line2 Line3 Linel Line2 Line3 D 35 GHG 4 &
*kk
30
g 25}
5z oof
¥ 5
£8 st
T3
= 10¢

wn

(=]

WT CLCrVA Linel Line2 Line3
GhGELP23D-VIGS

A: GhGELP23D-VIGS ¥k &5 CLCrVA MR &AL, I : 200 mm; B: GhGELP23D JUERZCH M) RT-qPCR 4347; C: GhGELP23D-VIGS ¥k
REX AR 4K T, WP 10 mm; D JBRRREF4EK S I RSk 0. WT; B AEBURTE . CLCrVA: pCLCrVA 78 Honf B .

GhGELP23D-VIGS: GhGELP23D {it Bkt AkK

A: Overall phenotype of GhGELP23D-VIGS lines compared with CLCrVA plants; Scale bar: 200 mm; B: RT-qPCR analysis of GRGELP23D gene silencing
efficiency; C: Fiber length of GhGELP23D-VIGS lines and control plants; Scale bar: 10 mm; D: Determination and statistical assessment of mature cotton fiber
length. WT: Wild-type cotton. CLCrVA: pCLCrVA empty vector control plants. GhGELP23D-VIGS: GhGELP23D-silenced plants

8  GhGELP23D Z IR HER B HITNRED #T
Fig. 8 Genetic function analysis of GhRGELP23D in regulating cotton fiber elongation
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