= % NI
: 20222012008 BAACHS: 10759

¥8 1t SCAMP EREZKIELEE K GhSCAMPI 3 it
VAL R

¥ oW oE A TR
T W #32
1 A K A REF+
R, 4K L
F R M Y A
BoOE % K K%

HIE e FTE e AT
2025 £ 6 A



% G AFF

=
20222012008 FALARAS: 10759

ARFKREF

¥81E SCAMP EREZKIELEE K GhSCAMPI 3 it
VAL R

¥ fr oW o A FTRA
¥ 0% # A R
ik T K R R+
$H . B4 K e
# R F A fe A A
BooE ¥ K KRB

HE e FEBHATF
2025 £ 6 A



The identification of the SCAMP gene family in cotton and the study

of the salt tolerance regulation mechanism of GhSCAMPI3

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of

Master of Agriculture

By

He ZhaolJie

(Crop Science)

June 2025



AT F RS 0 SO ) e P B R i 4 )

FArR IO A% PR

AN R XRER SIS TRTOT AT HERRBOT AR 7
RAR, BXHELEHZANATS, ARXTFEER MM ABLRELRTiLHH

TR MR ETR M BRI A AN, WEEXHET HREBAHER
m.

Fae A I A i Lo5w S A 28

fERE

AAFETREFTAFELRE. EHEMRIMIE, FRARRELAIRY
SAER TSR ENNE TR XN TR A FRR S RET
BEEHAFEER. FREFRFTEARSARITRAT RIEFRANTRS .
B AL AR I M EIC R . RENPARIEREFERFNE.

woang. L3 w Qs 5 A 2] B
siza Ji A M. 208 € SR 2 A




me

[H]Y FfER A LR EENEF e —, HARARHFMAGRSMEFNE. 5HAAEYD
FLG, RN Sh R, (HEEE SRR RS ILHHE, TIESREL SO T e T R4t
RIBH— KRG Bk, K385 HAGRT Eh AR OG0 B O T L is e o R AR AR 2. /A
# M (Secretory carrier membrane protein, fij FRSCAMP) FEMYIEK K B RKIEE ZFEMERIER,
TE— LRI FE T AN KGRI S ST Eh ARG, (HTERS AL R WARIE . ACHF 50 I (R 20
K HHRTESCAMPE IEHEAT 1 R G HT, FHEXF GhSCAMP 13RI EL T REREAT T FE, B AEH R
PERRACT EVE A 2 L o X —RF SO AT MR AL TS ERAIL ) A2 0 i 3 o DR B
(7775 (1) BT SR A, S Rh R« 5 S SIE WA A 55 52 48 [ (1 SCAMPEE IR 5K ik ik
ATRFLE A3 HT, I A FL S A B P AT B R A R AR A AT, 45 b ol 1200 2 e ol H AV S5 6
K IIGhSCAMPIED o (2) XFI7ie 15 3 () GhSCAMP 1 3347 015 B2 3, B3EGhSCAMPI3 {4
SPEAE M. A RGR BN KRS TIREKAEH T8 (3) 5T GhSCAMPI3AE # A T
FIEACFIAEA, PR EEE ST (VIGS) BoRTTERIZIEN, i i ik 2 800 52 % s
B, T GhSCAMP 1 3TEMFAET EE R I ThfE . (4) MIEGhSCAMP 131 Tk AR I AL R IF, BOAIE
P RS 6 IO UL R TR SR PRS2 . (5) K GhSCAMPI3F: R FYICRISPR/Cas9 % K g 48 214
AR LA MO, SRAT R DR R R AR AR A R, S R BT R B IR . (6) i I RNA-seqfi#t HT
GhSCAMPI3{ERRAETH EhVE T 1) 70 TR AL H], @3 8 8 BAE L LUCSE 6 73 i GhSCAMPI3 5
GhNHX7bIHAEFR F, R VIGSH ARITERGhSCAMP4 (GhSCAMPI3[FIJRFERD, FHAERIR T it %
1% GhSCAMP4SAE ALY EEPEH 1) ThRE o
[48]) (1D AR FILETE HSINSCAMPEER, R E il KR N A TWEE, Hoh 4K
53 SR VU AR HEAESCAMPEE R 5 — A5 AR AEAE R — b4 3 3 b o SEERIEM TR I, HRIRE S B
R SCAMPHE R 04 3k 1 30K 5 /7. MEME T B IR [ {5 5 45 F15 % 2 38 7 T SCAMP ]
motifRFIE L I A il AR TG 3 TR B, GhSCAMPs) 12 2 S5HE KR B I ARV
IS . RNA-SeqMIqRT-PCRI M 7, KEZBGhSCAMPsHE L M At m ik (. XM 4ifN
B3, FEE. TR, EAMNE T EMEREIA.

(2) MEHuRR P SERE T GhSCAMPI3, FH) i, 125 B cDNA4K954bp, #ifid317 & HE
2, HEAF IS SCAMPIRSY 45 I MIDUF3552 5 i sh tis, e hifE g, Jazh 7obr
W), GhSCAMPI13E A7 KEFAHMPEAH RN EH T, WIMeJARE CRFIRAHK ). SARE (K
FRAHR) . qRT-PCREG R IR, GhSCAMPIZTEMR R mKIE, FHAEZEMHE ThAI12hRIA & B2 T .
GhSCAMPI13FRANEFVIGSUTERGhSCAMPI 35, TERRI ERIENG 38, T ZEHTEM RIS E G ERE
(CAT). LEADIEE (POD) FIFEAMYIEALEE (SOD) i) BERm, A (MDA) S E&E



TR, TLESNRE IF o Id RIA GhSCAMPI 3V T 30N EhVE AR, H 3 ZEHUAG B 1 2 PR, =
i (MDA) %% EE .

(3) RNA-seq4: R, VIEMEIRTRV: GhSCAMPI3TE A N _EiHSEER A& RN, 2
HBERAARH =P B, RIS ) S B A i 28 A & B, F R IMAPKAS 5@ B AH DG N . TR
YESXHTIESE, GhSCAMPI13Y5 GhNHX7PAFAE HAE KR, HEM #h & B S PR, BoR
GhNHX7b RFEIE [ HIEAE 11 GhSCAMP 1 338 i 41| GRNHX7b ) 2 15 2 2 7 H

(4) VIGSTLERGhSCAMPI3 ) [RYEIE N GhSCAMP4)5 , AEAKTH 2 PEFRAK, T EH AL BTG I &
FZREAC, WM (MDA SEEE BJ, MAEMF T h i Rk GhSCAMP4N S Bum #h 1 1, 2%
PUEALEETETE 2 ETF, A8 (MDA) & PE R % T

[4518) RS T Hi1ESCAMPHRER SR AR AE S HAE AR AR Pl de me B vk S FE DI RE, 48
7~ T GhSCAMPI3FERGALTN Eh 14t R 44 FUR 2 A F 9T iid 5 GRNHX 7B & 1 EAE T st bR 8 X
[ e IR I T 3 ) Y52 K GhSCAMPAIE P WAL HOTR B 1
KRB [ o WMEBARER FISCAMP; it #hPE; RNA-seq



Abstract

[ Objective] Cotton (Gossypium hirsutum) is one of the most important economic crops in the wo
rld, with significant economic value in its fibers and cottonseeds. Although cotton exhibits relativel
y high salt tolerance compared to other crops, soil salinization has become a major obstacle to its
sustainable development due to global warming and improper agricultural practices. Therefore, ident
ifying genes related to cotton salt tolerance is crucial for genetic improvement in cotton. Secretory
carrier membrane proteins (SCAMPs) play diverse roles in plant growth and development and have

been shown to be associated with salt tolerance in plants such as Arabidopsis thaliana, Triticum
aestivum, and Glycine max. However, no reports exist on SCAMPs in cotton. This study systemati
cally analyzed the SCAMP family in cotton at the genomic level and investigated the salt toleranc
e function of GASCAMPI3, aiming to elucidate its molecular mechanism in regulating cotton salt t
olerance. This study is of great significance for elucidating cotton salt tolerance mechanisms and i
dentifying salt tolerance genes.

[ Methods] (1) Based on the latest genomic data, SCAMP genes were genome-wide identified in f
our Gossypium species (Gossypium hirsutum, Gossypium barbadense, Gossypium arboreum, Gossypi
um raimondii) Gene expression profiles were analyzed using public transcriptomic databases, and s
alt stress experiments were conducted to identify salt-related GASCAMP genes in Gossypium hirsut
um. (2) GhSCAMPI3 was subjected to bioinformatics Analysis, including the identification of cons
erved domains, protein structure, phylogenetic tree construction, and promoter cis-element Analysis.
(3) Given the expression changes of GhSCAMPI3 under salt stress, virus-induced gene silencing
(VIGS) was used to silence the gene. Plant phenotypic observations and enzyme activity assays we
re conducted to analyze the role of GASCAMPI3 in cotton salt tolerance. (4) An overexpression v
ector of GhASCAMPI3 was constructed and transformed into Arabidopsis thaliana to validate its eff
ect on salt tolerance. (5) A CRISPR/Cas9 gene editing vector for GhSCAMPI3 was constructed an
d used to transform Gossypium hirsutum, and the resulting knockout mutants were analyzed for ph
enotypic traits. (6) RNA-seq was performed to elucidate the molecular regulatory mechanism of Gh
SCAMPI13 in cotton salt tolerance. Protein interaction assays and LUC (luciferase) experiments wer
e conducted to analyze the interaction between GhSCAMP13 and GhNHX7b. Additionally, VIGS
was used to silence GASCAMP4 (a homolog of GhSCAMPI3), and its function in plant salt tolera

nce was validated through overexpression in Arabidopsis thaliana.



[Results] (1) A total of 53 SCAMP genes were identified in this study. Phylogenetic Analysis gro
uped them into five clades, with most tetraploid cotton SCAMP genes clustered with diploid cotton
genes. Collinearity Analysis revealed that tandem duplication and segmental duplication were the
primary drivers of SCAMP family expansion. Using the MEME tool and protein domain Analysis,
the motif characteristics and domain composition of SCAMPs were identified. Promoter cis-element
Analysis indicated that GASCAMPs are widely involved in cotton growth, development, and respo
nses to abiotic stress. RNA-Seq and qRT-PCR analyses showed that most GASCAMPs are highly e
xpressed in multiple tissues (with roots, stems, and fibers being the most significant) and exhibit d

ifferential expression under salt, drought, cold, and heat stress.

(2) GhSCAMPI13 was cloned from Gossypium hirsutum. Sequence Analysis revealed that the f
ull-length ¢cDNA is 954 bp, encoding 317 amino acids, with the protein containing conserved SCA
MP domains and the DUF3552 superfamily domain, localized to the plasma membrane. Promoter
Analysis showed that GASCAMPI3 contains numerous defense- and stress-related cis-elements, such

as MeJARE (jasmonic acid -related) and SARE (salicylic acid-related). gqRT-PCR results indicated

that GASCAMPI3 is highly expressed in roots and its expression significantly increases atlh and12
h under salt stress. Knockout mutants and VIGS-silenced GASCAMPI3 plants exhibited enhanced s
alt tolerance, with significantly increased activities of antioxidant enzymes (catalase (CAT), peroxid
ase (POD), and superoxide dismutase (SOD)) and decreased malondialdehyde (MDA) content. In c
ontrast, overexpression of GhSCAMPI3 in Arabidopsis thaliana reduced salt tolerance, decreased ant
ioxidant enzyme activities, and increased MDA levels.

(3) RNA-seq Analysis revealed that the silenced plant TRV:GhSCAMPI3 upregulates flavonoid
biosynthesis genes, promotes secondary metabolite synthesis, inhibits amino acid and sesquiterpene
biosynthesis, and downregulates genes related to the MAPK signaling pathway under salt stress. Pr
otein interaction assays confirmed that GhSCAMPI13 interacts with GhNHX7b, forming an antagoni
stic regulatory model in salt stress response: GhNHX7b positively regulates salt tolerance, while G
hSCAMPI13 negatively regulates it by inhibiting GhNHX7b expression.

(4) VIGS-mediated silencing of GhSCAMP4 (a homolog of GhASCAMPI13) resulted in decrease
d salt tolerance, reduced antioxidant enzyme activities, and increased MDA content. Conversely, ov
erexpression of GASCAMP4 in Arabidopsis thaliana improved salt tolerance, increased antioxidant e
nzyme activities, and decreased MDA levels.

[ Conclusion] This study systematically elucidated the evolutionary characteristics of the cotton SC
AMP gene family and its potential functions in abiotic stress responses. It revealed that GhSCAMP

13 negatively regulates cotton salt tolerance and interacts with GANHX7b to form an antagonistic r



egulatory model. Additionally, the study validated the positive regulatory role of its homolog, GAS
CAMP4, in cotton salt tolerance.
Key words: Gossypium hirsutum; Secretory carrier membrane protein SCAMP; Salt tolerance; Y2H;
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Abbreviations
i PELAATR T4 R
Abbreviation English Name Chinese Name
ABA Abscisic acid It 7 TR
AS Dimethoxy-4-hydroxyacetophenone LT 2 i
BR brassinosteroid T2 N R
bp Bae pair Bl A %o
cDNA Complementary DNA H4MDNA
CDS Coding sequence EdS Pt IRl
CTAB Cetyltrimethylammonium Bromide TAL 7S bt = L2
CRISPR Clustered Regularly Interspaced Short FIAaE 8] ol R
Palindromic Repeats T SCEE P
DNA Deoxyribonucleic Acid it A% AL IR
DDO SD/-Trp/-Leu PR = g 7R
DMSO Dimethyl sulfoxide iR A7)
DAPI 4',6-diamidino-2-phenylindole 4',6- - JPRFE-2 - 2R T 5] Wk
EDTA Ethylenediaminotetraacetic acid LN 18
JA Jasmonic Acid FRFTR
Jin668 Gossypium hirsutum Jin668 Fifi 1 F3Jin668
KT Kinetin il N
LB LB Culture LB IRk
LUC Luciferase IR
MAPK Mitogen-activated protein kinase 22 2R )G A B T
MES 4-Morpholineethaneulfonic acid N gk 2, T R
mV millivolt =N
ml Milliliter =Tt
OE Over Expression BRIk
gRT-PCR Quantitative Real-time PCR SER 28 E & PCR
RNA Ribonucleic Acid A AL
rpm Revolution per minute IR
SA Salicylic Acid KR
TDO SD/-Trp/-Leu/-His P BE DU fh 35 77 Jk
ul Microliter Wt
VIGS Virus-induced gene silencing 993 55 175 T AR S DRI U R
Y2H Yeat Two-Hybrid P BE X AR AL
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Fig.1-1 plant salt stress
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