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T: POSCAs AR B3 TRBAERET AL TR, KER., RAHFT. WEHAFRIERATH., REAESHE
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vhAa AR P o9 R A B A LIAT 3.76 F2 3674 45, [ £ ] PIOSCA % B i feid 2 7 R I h — R 91, Fhmddk
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Genome-wide 1dentification and drought stress response analysis of
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Abstract: [Objective] This study aims to reveal the structural characteristics of the OSCA gene family in
Poncirus trifoliata and its expression profile under drought stress, providing a reference for PtOSCA gene
functional analysis and drought resistance research. [Method] Bioinformatic methods were used to identify
and comprehensively analyze PtOSCA gene family members across the whole genome. RT-qPCR was used to
analyze the dynamic expression profiles of PtOSCA genes under PEG treatment. [Result] Thirteen PtOSCAs
were identified in the P. trifoliata genome and named PtOSCA1—PtOSCA13 according to their homology with

Arabidopsis thaliana OSCA genes. Chromosomal localization analysis indicated that these genes were unevenly
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distributed across 7 out of the 18 chromosomes in P. trifoliata. Phylogenetic analysis showed that PtOSCAs
were divided into four groups, with 5, 6, 1, and 1 family members respectively. Analysis of protein
physicochemical properties and conserved domains revealed that there were differences in protein length and
molecular weight among PtOSCAs, while the motifs were relatively conserved, with all PtOSCAs proteins
containing Motif 1 and Motif 3. Cis-acting element analysis indicated that the promoter regions of PtOSCAs had
numerous cis-elements responsive to drought, abscisic acid, anaerobic induction, and low-temperature stress.
Gene expression analysis demonstrated that PtOSCAs had tissue-specific expression and responses to drought
stress. Under drought stress, the expression levels of PtOSCA family members changed to varying degrees in
both leaves and roots. In leaves, 11 PrtOSCAs were induced by drought stress,and in roots, 10 PtOSCAs were
upregulated, with PtOSCA4 upregulated 3.76-fold in leaves and 36.74-fold in roots after drought stress
induction. [Conclusion] The PtOSCA gene family shows evolutionary conservation and shares a close
phylogenetic relationship with the OSCA genes of A.thaliana and Citrus sinensis. Functional differentiation
exists within the PtOSCA gene family, and PtOSCA4 may play a key role in drought stress response of P.
trifoliata. The results of this study provide an important basis for research on the molecular functions of
PtOSCAs under drought stress in P. trifoliata. [Ch, 6 fig. 2 tab. 27 ref.]

Key words: Poncirus trifoliata; Citrus; OSCA; drought stress; expression analysis

B Poncirus trifoliata 2 5% Citrus PN & Z AR, HOAMRERN . BIEDLRGE
5 W A T AR AT, B2 0 3E PR R BR BT T 0 R BE R A2 U B A S S T
(Ca®") H4 i & (hyperosmolality-induced [Ca®'] increase channel, OSCA) J&—2KHA Ca™" B BRI H &
THEEA, JIZAAE TR TSR AR, LR RRE A A N S Cat AT, DTS Bl A
Yy N EREE A, JUHAE T R PR B EZEMEH . HAT OSCA K S5 AR AT S 1 o 4 H i AR
. YUAN 5503 o) 56 T 85 AR M it AL T e SR, 7E =B B N 40 B3 iR U RI I Arabidopsis thaliana 5
R OSCAL.L, I KIN OSCAL J&— D RAM S B E MM EE, WTRAEBSENMETREEM.
OSCA1.1 J& THIRG T OSCA SEH F MG — 51, B Ak Y fn sz B4 vh o RS P i R i R
Jo A AR I 3 T 5 R 3 (DUF221), 7E B IRET, TET 55T, OSCA HEHE BB LI
FRUTE , ITANMY Cat YR, SR AP R RN, ARSI RBIE R (ABA) RS, B
MR F . 2D E OSCA FERAET 2 T ik B, WEK Zea mays ZmOSCA2.4 $ = r IF Y
it S, it Solanum Iycopersicum SIOSCA6 Fl1 SIOSCAS 1E 5 £ % (PEG) 4bHl R ik g% FiRY, /K
i Oryza sativa OsOSCA3.1 TE1T S N W R BT Rk B,

ARWFFE ST T A OSCA FER F R ML W5 B4 tE, S P SARAE . BARME 5 DA K 3hF X sk A
IREAE T, ) )R P 2 S5 2 RN SE I 2% % 52 B PCR (RT-qPCR) 4381 OSCA LA F AR . AN
TR AR T FRIBRAE, IS BT OSCA VR R MIARERE AR % i S AL AR 32 S DR J A A il A
it B AR LR 2R
1 MHE5r*E
11w

DIARERFRE R A 3 AN A B9S2 AR i o0l T, B 2024 422 Ah )2 5 A a), T
Al K2 E AR R A O YD A U R R R — AR A P . BRI A — B0 3 AR TR R
25 °C, AHXHREEN 75%, JERETRE A 4 000 Ix, JERMIN 16 h BHE/8 h BEE KM AN TAMEEN, HE
BF R EERRR)G, BA&ME T 2 L KBS, R Hoagland B IR HRGFE 1 do 7% 5l
20%PEG 6000 /] Hoagland 5= PN T 5 pa ™", 23050 TALHE 0 min (T}, k). 5 min (T,). 20 min (T3).
1h(Ty). 6h(Ts) f124h(Te) 5, REMMBIAMIESS Lins 2. 3 eI, HHEE TR
SRR, B REE ST 3 A E R, FIRER S AR, FERARARES, RAFFE-80 °C



1156 WroIL R R K A R 2025412 A 20 H

UKFE
12 1 OSCAERFRERRETE BEUMERS T REBEEN
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BHRIFI, VENSZFH) ., WET AR R FE R FE DR 2H 8046 /% (Citrus Pan-genome to Breeding Database,
CPBD, http://citrus.hzau.edu.cn/) F 3R BUEHAE Citrus sinensis . #14>F 4 &3 W2 7% . f# F TB tools #kf4:
Two Sequence Files F2 /7 X 41 . &R . ARS8 H P50 2 T e, e X HEEAE (B) <107, DUIafifi e
YRGS W E N, IR E FRE >60%, LATREIEL B3O AR SF I RIREE RN i 2R A i
IR OSCA R iEAEE I . 18 H LINUX HIML R 5, KA HMM Search DIRERAF L5 R, J45 &
Blast 7047, XTHETE ML OSCA P R 1 35 3 HEA T LRk, RS, AIHET RS FE e a
J7 WS 52 BCARY B BE (PFAM) (http://pfam.xfam.org/) X i3 $6 {5 19 FE R 3 47 00 o0 87, e 48 0 1ok 11 5 52 4
DUF221 Z5My3k i 3E R, IEf 5 & N ST AR OSCA WFER FE MR . Ait—4 28 OSCA iy
fie, FIH WoLF PSORT (https://wolfpsort.Hgc.jp/) #E47 #1 OSCA £& 1 1 30 41 Ji 2 A7 Wi o [ B, 1)
ExPASy (https://web.expasy.org/protparam/) X} # OSCA F& K ZE % i, b2 1) 35 1 e 51 3647 43 B DA S = 6 iR K
LT AR T AT
1.3 EEZEHREARTERFESH

M CPBD 3K HUH OSCA 3 K 4% AF B8 ¥ 51 Ko Ho 2w 5% ¥ 51 . f# i MEME T H. (https://meme-suite.org/
meme/) XJ A1 OSCA B Gt 1 35 [ BT E AT IR SF R 400, I B 7 (Motif) K BEE Bl 6~50 2 541
2k Motif B0 5 R 20,  LLF 9% HL 356 3 0 e A1 HE B I o i B TBtools %% 4 H B9 Gene Structure
View(Advanced) HJBEXT /4725 S 47 2 K 254 ) T ALK
1.4 1 OSCA ERE R G5 th &3 3 FX IR 4 A 7T 4 i

NG M OSCA SER F G LR, S EEBIR ST FIETE OSCA LR FIEME X IR, M@ RS
KER . M TAIR-Home Page 3k UL R I+ OSCA K G 741, M CPBD KU AT OSCA ¥
F, KA. i OSCA H )P H5 A MEGA 5.0, R Clustal W #4725 )55 uxt, SR AR R SATE
(Maximum likelihood) 14 2 & Gt #F fL A4 (Bootstrap {H 1% & 1 000)", Ff5, FIH ITOL ZEZEMuk (hitps:/
itol.embl.de/) X IF A5 A HEA T G4 5 T IR AL B

R it — 253 it PtOSCA A 2l F X A=A FH e, 1 5808 TBtools $i& Ui S & i i I Ui
2 000 bp AYJF %), 7F PlantCARE (http:/bioinformatics.psb.ugent.be/webtools/plantcare/html/) [ 3 XF 41 OSCA
FE DR 1) Bl DA T 0 A TR i T A
1.5 1R OSCA RIEEBERIL S

M CPBD #1341~ OSCA R BUATERA . . k. HRAFZHZIHY FPKM {H, 5T log, FPKM
(A B R FRIA IR N A, BE TR SRAEHR AT 0SCA BT RE TR, hETR, HET
0 R AL 2T £ R KE, DL FPRM E o JERl, 454 |log,FC|= 1.5 H. P<<0.05 4y §ifi % 4% 141510,
Horp, FC 2SR, TRk AT T2 MhE T 535 25 5 R0 PrOSCAs FEH o FEH ik A B 1 2
W1t TB tools #AFH Y HeatMap IHAESE M., LLRIR PtOSCAs FHAEA[RIZH L K AR 530 414 R 26
R o JETAEAN R AL 20 i 238 R0 S P mT AR 000 Vs 7 R 28 () D) RE R IR R 1T,
1.6 FEEHHE T 0SCA EEH RT-qPCR 47

K HAEY) RNA $2 50 £ (SteadyPure, ZCRFHG A1) SRR MAR A B RNAL ) R S0 &
(Evo M-MLV, &R ) #EAT 5 SN . MR3E PrOSCA FEIR () CDS A HHIN 514, BAEERVEY
FHECA BR S 7 & (3% 1) RT-qPCR 7E CFX96 real-time PCR {¥ (Bio-Rad) 1 #£ 47, >k HI 095 & K
SsoAdvancedTM SYBR® Green Supermix, PCR F2/F4: 95 C 3 min, 95 °C3s, 60 C iRk 30s, 40 MM
5 72 °C ZEMf S min, 4 °CAR1F; JEMRIIZE 65~95 °C, 4 0.05 s EHER 0.5 C.
1.7 HiiE4biE

Fo DA X ek i TR 2720 Dy e, FEPA R /K-8 ) Excel 2021 #E4740 07, B 0 3%
P22 57K SPSS 29.0 e it AbHH, 2P Prism 10.0.
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F1 ZHWHEE= PCR 5|

Table 1 Primers for quantitative real-time PCR analysis

FEH 44 IE5 (5 —3) B 514(5'—3")
PtOSCA1 TGGAACGAGCAAGGGAACCA TATGTTTGCTTGGCAACGGAG
PtOSCA2 GCACACCGGTGCATTTGTAA ACAGCAGAATCCAATCCCCC
PtOSCA3 CAGAGGGAACAAGACCGACC GCAGAAGCTGCAGTTACCCT
PtOSCA4 AGACTGAAAAGGACAGGGCG GGGTGTCACTGTGGCATACA
PtOSCAS CCAAACCCACCGAGTCAAGT AGCAGAGCATGTGAAGGTCC
PtOSCA6 GGAGCTGCAATTGCTTTCCATT TAAGGCCTTGCACAACCAGC
PtOSCAT CTTCCGTGGCCACATTTCCA ACTTTCTCGGACACTGCGTT
PtOSCA8 TGGATCAACAAGATGAGCTGGA CCAATCTCTGCCGTCTCTGC
PtOSCA9 TTTGGAACGGAGGACGTCAG AATGCCAGCCCATCCATCAA
PtOSCA10 TTCTTCAGTTGTTCCTATCATTCG CCACCAGACCTTTGAACAAGC
PtOSCA11 CCGCTCAGTTCCTCCTCATC ACTCCATGCATTCCTTTTTCAAT
PtOSCA12 ACAGTCGCATTCGGTTTCAC CCCTGATGATCCTTATGTCCAGA
PtOSCA13 AAGGCTTGACTCGACTTCACC TTGCCCCATAATGACCAGCA
PtActin CCGACCGTATGAGCAAGGAAA TTCCTGTGGACAATGGATGGA

2 HEREAM

2.1 1 OSCA ERFRELEEESTREERALTE

FI ARG 4 JE R AL P 51 R OSCA H& K K5 (R P SF 454 DUF221, 3 i A4E W0 15 8,24 43 B 25 5 15 31 A
OSCA FEF F W) 134 FE W, JFEMR P78 e 0k L@ A0, 8 X 28 3 AR IR £y 4% 4 PtOSCAl~
PtOSCA13 (3% 2). i, PtOSCA12 Fl PtOSCA13 R4 i R B ARGt i, JHL A 5K DRAS 38 45 i 43 A 70 AR
18 gk 7 R Qe ek b 2 50 afk [ 44, 4 S fRR s Sk b4 214, 35 6 5 A
TSR A A XS EERR SR . SRR R EAEER
PtOSCA FE K 4 2 103~4 497 bp, PtOSCA % F 14 F 1~ 46 921.00~93 051.95 Da, FH{E N 81.34
kDa. PtOSCA W& LR RN 409~807 1>, FHIME R 716 1~ FH R 6.75~9.52, FHME N 8.77. R
P W41 i % A 00 &5 SR, PtOSCA4 F PtOSCAS %€ o7 T 20 M B5E . 40 g BE Fn - 28 4K, PrOSCA2 Fl
PtOSCA9 5EAL T A MRE AN i, JHAR 9 A4S BB D) o7 T 4H g .
2.2 8 OSCA BERE Kk RSt (i

ARV OSCA BN R IE D BeFetE LH R G R, BT 151 410SCAs, 12 1~ CsOSCAs Fil
13 4~ PtOSCAs R Gt () )75, W T R (& 1), OSCA FEF A AR 1 REdE
174> OSCAs W5, Hd & 54> PtOSCAs 151 (PtOSCA1, PtOSCA2. PtOSCA4. PtOSCAS5. PtOSCA9).
8 I~ AtOSCAs /¥, B (AtOSCA1.1~AtOSCA1.8) Al 4 4~ CsOSCAs J§, 1 (CsOSCA2. CsOSCA4. CsOSCAG.

*2 H O0SCAEERKER
Table 2 Information on OSCA gene family in P. trifoliata

FEP 2R N 1D HHeKbp AEREEA FEAl SFE/Da Rk A RE L
PtOSCAL P12g013910.1 2280 759 9.20 86 802.76 2 2t i A

P1OSCA2 P2g013930.1 2280 759 8.96 86 861.76 2 YRR, nhakik
PtOSCA3 P12g023140.1 2181 726 9.17 81 688.79 2 2t A

PtOSCA4 P12g028480.4 2319 772 9.30 88 145.30 2 ARG, AnMRE, nhsgik
PtOSCA5 P13g032590.1 3006 758 9.08 86 482.77 3 YA, ZNMREE, nhagik
PtOSCA6 Pt4g000270.1 2127 708 8.74 80 821.35 4 21

PtOSCA7 Pt4g001040.1 2103 700 8.85 81011.45 4 gt

P1OSCA8 P15g011440.2 2229 742 8.50 83 798.96 5 B

PtOSCA9 Pt5g018480.1 2424 807 9.52 93 051.95 5 YUAEME, nhagik
PtOSCA10  P16g003200.3 4494 682 8.86 77 495.58 6 21t

P1OSCA1l  Pt7g021120.1 2424 786 6.75 89 331.88 7 2t A

PtOSCA12  PtUn012370.2 2139 712 8.38 80 420.82 K5 2t ffa 5

PtOSCA13 PtUn037020.1 3 889 409 9.23 46 921.00 K 2
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PR 2 0 30 K HE e 221K 1 55 T il
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Figure 2 Analysis of conserved domains (A) and gene structure (B) of OSCA family members in P. trifoliata
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JTFHEAT TN (&1 3), PRI 6 AN AR Y IAE o, B 25 400 MYB 455 50 (MBS).
IR % T (TCA-element), PRA5 0 N JCAF (ARE) B A R0 R 5S04 (TC-rich) . 4
FI i [ 64 (WUN-motif) AR B JoF (LTR); tbAh, 46 5 Rl A e ooiE: B KR
N TG (TGA-element) . i 7 i W i TG4 (ABRE). 7k % 2 0 L 7T £F (TATC-box/P-box). =& #i iz H i
(MeJA) i i T6 4 (TGACG-motif/CGTCA-motif) . LM N L (ERE) 55, 7E 12 > PtOSCAs H:H s 3+
X, BnT & BT R e N ) ABRE AR F T4 DA SR S5 S ARG/ ARE Joff, 8 4~ PrOSCAs %
IS 3+ X867 LTR Joff, 54> PrOSCAs 2 8418 TC-rich Ju, 3 £L 5L K AT GEAEAR P X0 i
T B N R N R FEAE R o i —25 00t BB 9 > PtOSCAs FE A A 8 7 X3 & A7 MBS Joft, £
XL AT REAE TR N R FEER . Bk, HEM PrOSCAs FE RIS A= Wy ik o g o ELA SCREVE A o
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Figure 3 Cis-elements of OSCA genes in P. trifoliata
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YRR A, i MR ZH 2 13 A PtOSCAs B 53 B AR XS Fe 3R AKEHEAT 20 M, 28 il AR AS [R) 4 4 v
PtOSCA FER F kNI A (18] 4A) . FEA AL BIARAKGINE] PrOSCA13 FRibte, HA 12 AN EEEAEA R4
A RPN RFE R FR ISR =, PrOSCA3 Ml PtOSCA4 TE4 A2 h Rk AR, W HTATfETE
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