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Abstract: To identify the members of the UDP-glycosyltransferase(UGT) gene family in the genome of Citrus medica C-
05 and to explore the roles of UGT genes in disease resistance and stress tolerance, the members of the UGT gene family
were characterized and bioinformatic analysis was conducted based on the genomic information of Citrus medica C-05,

and their expression profiles in response to infection by Xanthomonas citri subsp. citri(Xcc) and other stresses were
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analyzed. The results showed that a total of 56 UGT gene family members were identified in the Citrus medica genome,

which were inferred to be widely involved in plant growth and development, hormone responses, and stress tolerance. The

CmUGT proteins were further classified into 11 subgroups. Based on transcriptome data from leaves of resistant Citrus
medica C-05 and susceptible Citrus sinensis, as well as RT-qPCR validation, three genes including CmUGT20, CmUGT43

and CmUGT44 were significantly upregulated upon Xcc infection, and their expression levels in Citrus medica C-05 were

markedly higher than those in Citrus sinensis. The expression of Citrus sinensis UGT43 gene was found to be upregulated

under waterlogging stress and co-infection with Candidatus Liberibacter asiaticus and citrus tristeza virus. It was revealed

that UGT43 might play an important role in regulating citrus stress tolerance and disease resistance.

Keywords: citrus bacterial canker; Citrus medica C-05; UDP-glycosyltransferase(UGT); adversity stress
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Fig. 1 Phylogenetic tree of Arabidopsis thaliana and Citrus medica UGT proteins
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Table 2 Physical and chemical properties of CmUGT protein
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Fig.2 Conserved motifs and gene structures of members of the citron UDP-glycosyltransferase gene family
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Fig. 4 Cis-acting element analysis result of members of the citron glycosyltransferase gene family

H E4(a) ] L, CmUGTHIA & )7 X I =0/ E
RTCHREZ R, 256 R Box 4F1G-Box. £
15 P& B2 ARE A il i B AH G MY B MY C
Sa RS T LA T TR CmUGTEE R 1 )3
BT A R BTG AE CmUG TR A 47
Mz, RETT RS 5EMMEE TS,
WCmUGTHERFRIL . BN, J75: R 15 518HIE GARE-
motif T AT AR M B R B L R 0k, YA )
AR s TNV BR A 5 AR W B kA
ABREJCHFA T BRI RIE,, 2 5 Y00 R N2,
FREHER, BMENCmUGTHERFRILHE LA
FHER A FE CmUGTHE R FEMAE H e R
FKE EA7F7E 2 2 (B4(b)), IX AT g e T e 1ER

BN BRI R .

25 MBUGTEREZ XcoiF SRIEMHREREE
ITEER

I FH TR o ot R R 00 ol o % C-05 1
BN B, R 56 D Cm UG THREIR (1) 221548
Wik iT Rg . &R (BIS)ER, CmUGTY.
CmUGT221E R RS 1) [RIJRHE R 52 Xeoifs SR S v 1
W, HRIEKFIE S THEC-051: CmUGTI4.
CmUGT27. CmUGT29. CmUGT37MCmUGT3S8{EIX
2P 3552 Xeclds F 3805 . (EHEME2~8d, Hkk
C-05 CmUGT28+ CmUGT43FCmUGT44%% Xccifs
SR e B B 4ERFm RIS KT, CmUGT201AEXE
FKILEETEMG6~8 dFr 8Tt &, HHRIEKF R



5245 52

LTRGESE MR UDP-E Ik H5 72 I 2 DR 5 MR 468 5 L HL i [N A 15 7 TR 152 e ) B B 0 81

& e T E AR (R5). WFFRR ], fEMIRC-05
RIS P 2 S 2 2k A ik 3k L TR AT BE S MEHARS S5

FILANH Bl CmUGT20. CmUGT28 . CmUGT43
MCmUGT44, #H4T7 F 0.

PUR ARG, A FEE R AEMI#C-05H 2 2 H i

1g(FPKM fi)
A HAH 10
CmUGT22 T e emuGT49 s
gmgg;i? e e T T omUGTs0 |6
m & & & &8 & & 88
CmUGT46 Q " » © £ N " » © EY 4
CmUGTIS NN N R RN S S Sy 2
} CmUGT42 e R R % 0
CmUGT45
I CmUGTS56 14
CmUGT24 | I I O A | CmUGT32
CmUGT23 — T [ T T omucrs4
e 1 CmUGT47 ST T T FE S
T & & & & & & 8
VRIS A S, R S
s &S
H
B4 14
CmUGTS3
CmUGT41 g [ ' C:';Ugm
‘ ‘ CmUGT3] 1 | | CWIUGT52
SR - 1L lcmuGreo R R S
IS R AR S SRR S S AT W T T T AT T ST LT
S Y AT S S Y el Q7R QR QL L L L L
N N N S N S NS RN N M R
T & ¥ ¥ 3
CH4 K4
C T e - i I I 4-CMUGT10 C T T 0T T T [ T CmUGT37
8 & & 8L S R A T R A S
,;Q/ .;'\/' Ab/‘ 4‘9 4‘? QQ/ Qq// Qv/k Qé oq/, ég/ ér\/' 4% .;k/) ACS (JQ/ (:\/' Qb; Q‘S Q‘?
R S
E4 LA
CmUGT20 CmUGT27
CmUGT25 | CmUGT29
— CmUGT9 L CmUGT30
CmUGT38 CmUGTI4
, CmUGTI7 | CmUGT43
CmUGTS r CmUGT#4
‘| CmUGT35 1 CmUGT28
' CmUGT54 CmUGTI3
CmUGTI11 CmUGT36
ﬂ [ CmUGTI6 CmUGT33
| CmUCT? CmUGT39
R R ¥ CmiGT2%
S &7 A& {ké éqf QQ/ C:\/' Qb/\ Q‘? (ﬁ ‘ CmUGTI2
s & & & &S = 1 " cmucts
P4l Qs? f f f S E vsf b@ %@‘
\ [ [ ] [ 1 [__lcmUGTI9 AP A A N A Y S ST S eX
T T T T T T T lemUGr2! ¥R %
ISR I R AR R SR S Y
Q v » © % N Vv > © % K44
NEEENIERNIE N é/é&/‘g/ Q,&V Q,&G/@&V [ 7T [ W [ [ [ [ 1CnUGTSS
ISR S IR R SR SR
oAl ST LTSS SIS
—] CmUGT3 ISP S SN
| CmUGT?2 AR A A
CmUGT]I
' —CmUGT4
¥ 8 88
> @ & éé A AN A A A
s TS S

IHRMIC-05; BTCERHITE: 0 dpionAffEflXee; 2dpi. 4 dpi 6dpis 8 dpifd M RIERMXcc/F2. 4. 6. 8d.
E5 MECmUGTE Xccifs SaRILRIHAE

Fig.5 Heatmap of the expression of members of the citron CmUGT genes induced by Xcc

TENAR JG BALERFE AR S R a8 K #E6 dpiltd
X 3AN R A R R I Sk B e e . R Xec S
CmUGT285E ] [f1AH % 2k & 75 i A K M i C-05
B — e RN B, (EHEAE2ANR I 2
AEZE ., PFWHHHEN, CmUGT20. CmUGT43 .
CmUGT44 7] REAE I C-05HRA Xee N2 K 8 T i 7
R —EER .

2.6 CmUGTE R #1557 B R AIRT-gPCR
LS R
RT-qPCR 45 R (Kl 6) K B, fEXecc 5T T,
CmUGT20, CmUGT28. CmUGT43M1CmUGT44i%4
AN DR 1) 2R IE AR AR 24N B 5T b S5 AN TR R FE 1 7
Hre M Xee)g, MIEC-0591 CmUGT20. CmUGT43.
CmUGT443 R A ik 53 2 T, 2



82 WA R K2R (A SRR 2EAR)  http:/xb.hunau.edu.cn

202654 H

201 CmUGT20
a B0 dpi
15k 4 dpi
i a 16 dpi
H a % 8 dpi
® L
T 10 \
= %Q
= \ a
St c S\\\ be
m N L
0 1 VQ\ i Il |%‘
Y BTC
150 CmUGT43
W0 dpi
& D4 dpi
@ 100} 236 dpi
i% 8 dpi
= b b
= =
50
I | L
0 L ¢ {—‘ 1 €
JY BTC

Isr CmUGT28
W 0 dpi
a 14 dpi
36 dpi
8 dpi

BTC

ARXFFRIL B

w

I ﬁ
0 j .
Y
301 CmUGT44
a m 0 dpi
4 dpi

26 dpi
= 8 dpi

20

b
10
c
Oj 1 N
Y

ARXFRIL B

d d
I SN

BTC

7 e

AR R FRIR AL BRI 1 25 R SR 2 U(P< 0.05); TYFRHMIKC-05; BTCERHE: 0 dpidémRiERliXee;
4 dpi. 6dpi. 8 dpifHIRRERMXcc/F4. 6. 8do
El6 A EHABINR UG TiZi% £ E e R A% 5 5w E R R B Rk K P

Fig. 6 Expression levels of UGT candidate genes in different citrus germplasm in response to Xcc infestation in citrus

2.7 CmUGTTEIEEYIIMB R EMIE TR FRIA
SR
TE AT 18 52 A ) 38 B AR A= ) 3 1) e S 2
B, AR B RATA R S xS, bR
SR g5RETEY, UGT20. UGT28F1UGT44
TE & A HEAH 5 0 B4 H (A IR AR, HE

3K 3/ S5 DAL 0 R T 7 v il 5 5 R B T AR
PLRAHOCIBER S 5 BRI . AEMT AR IR 2 2357
e DA S5 ARG F i AL, UGT43
(RIAE N RIS B RO I AH A B s 75~ Ak
U (Poncirus trifoliate x C. sinensis)fili A _t 437l #2
Pl RH AR 52 1B 995 B (citrus tristeza virus, CTV)AN[A] 40

UGT43
UGT44

1g(FPKM {t)
luGT20 ¢
UGT28 3
3
2
1
0
Q4
& o
P
@ ¥ 1g(FPKM 1)

7%
2
§ 8
I
NOw
O—=NW AL

& ¥ %@MW # SEEES N S
P8 EE T s &
& & %5%;5-» % ,5,;?‘”
UGT20
UGT28
UGT43
UGT44
T I
& & ¥ i ¥ Rl
& FF ORE & F
& §F O F FF
S W&
& @ SF wF
®

2 MAI4 Ml ARE G G2 41
(a) JEEiE; (b) EYNE
E7 CmUGTWE R IESE HMIRE & MAE T HIRIE 47

Fig. 7 Expression analysis of candidate CmUGT in response to abiotic stresses and biotic stresses



5245 52

LTRGESE MR UDP-E Ik H5 72 I 2 DR 5 MR 468 5 L HL i [N A 15 7 TR 152 e ) B B 0 83

W Z& MG WR R AR (Spiroplasma citri)« T %95 B
(Candidatus Liberibacter asiaticus, CLas), [FIFf 158
2R TR A BRI AR, A T R S
FPortt. SERREH(ET), e i TG R R s &
55 E bk RILF RN S AT G AL B, RERE
UGT43 1A% RIAE BAEFM G2 H F4 H i b
W, HBeRt a2 B M RE R B m T A
(), 22U ELAE AT X I 2 2R M e i R S
Al 82 5 AU B i .
3 Tig

AW, i RG MM UGTHE R K% %
0, KRBT N3 (A~CAH . E~LAD)H, 5
PR IFUGT KR 7> Mk R —3, HERZD. M.
NG, REIHHRR G - AR, BRIT
D R 7t UGT73C E A IE 55 2 5 25 38 il -0 H # [1)
AW R2), KR AR A A 5 A B IS s T R
BB AR, BTRRIE T A
WFon U AR 5 SR IR I B 1 e 20271, HAH AL &
2N, SR IR UGT 7630 4RI , 2207l e
TFHR PR SE 5K IR (SA)IBE AL B 1A 5%, AT RE
T I A SARITE T 2P % 5 AR K o TEMHR B
FOAI, 2EEATN v B2 T E(Citrus clementina):
BRI ) Cit UG TR R FGIT e TIRANER T, FL% e
H 136 CitUGTHE R P8, iZ FRAMN L& 3 e I+
HHRIE ) 14T 2L (AN, BSR4
SR R LA HT 43 4(O~RE) . ASHF TR L,
CmUGTSSTEM R IT h AR R R B [FJREER, K255
HAbF B H R R G R R, ARG
SRIGE o BEAL, A TR B UG TH: R K MR LA Kk A
BRIk, ZAIE ISR, RAREREES
FHAN Y W S AR E SRS
VAT 2 R 2 (WS 8 ) S5 470 Jo P e 129300
AL, X R R SR B RARE AL 7 7k T R 5 A i
WiE MR AE SO R FE B IR G . RS
£ K E.(Glycine max)UGTR:R K WA #HIE, K
T UGT %: A i@ 3 3 5K (W GmUGT73C20 F
GmUGTSSE19)S: B 57 sl B AL A2 1) 2 4k, A
e = AR = ) A BEE R EPY, ZE A2 ANl BT
SR AR AR Bl BT B P Xeo S5 I 1 6 S 40 50, RN
CmUGT43F1CmUGT441X 24N LA R 53 75 f097 B 5 A

& C-05 1 AT M Xee s e e 1 B RIA, JR4f =
RRAZHRAREL YRS S — 8 ik
AU =PI BE IS, 3ETTT 25 M C-05 XA A
BoER P AR . Ak, FETE B AP
18 (a3 5 AR 4 B E A Y E (i RIR . 5
A 3 3l 1 DX ) OB 1 F oo A R 5 0 R s A
T4iG, BalERRE, (R KL DY,
W BT AR SR AR ™4, 8 iR R ) T8 353 £ i
SRR ARSI, O JEBFouE W
Jotb AL R i ER i N S5 M G A FH TG AR Cm UG TAE A v
ATz, WS EbEE N FIMYB. MYC4Z: &4
&, S5 REW PN JARESE . i HEHEN, 0%
Fiip A8 RN 2R 155 S AE R 15 CmUGTZR 15 DA R 3R 45 48
A R v R A FH (1 4)
RAMAETZR PR B S P ) A B 22
PR N SR AT R AT B2 (5360, AR5
9 BP0 ol 5 ARG C-05 B b o B, T e
XeeJa AR (8] j )t Fr 3 s 0B, 20 W ik
Fi 5 C-05 1 44 Xk Xeo =z e 52457 e 4 i) 7 P 45 126
REICmUGT20, CmUGT28 ., CmUGT43 . CmUGT44,
T 1 26 J5 PR E AN [F] 47086 M 5T 2 [ () R 08 k4T
RT-gPCR % iE , & I CmUGT20 . CmUGT43 .
CmUGT44EMIEC-05 %2 Xec s 7 B B, T4E
Ty S 5T E PG R JC B SR S, HAN RO RS2 5
Wi 55 P55 R i JS7 B TR AAAE R 22 5, FH R D T e Jie
PRIE Xee NS IS T BEXT FLr= AR B o thAh, Aol 52
(i)~ G W S A AR, T
JeEER S KA FFRI RS S AR B AR, T R
Hr= g 5 R38R =R #(CTV) ] 3
B A Z A BTN, P ELN AT R SO
FET IR0, X AAMBE L Cm UG TR RITEA A7 T8 52 Lk
JE I ) FRIE KT BEAT 04, KL UGT432
FHAGRTE5 3 B e 1 5 A A SR B LA G
8 N AR . WF SR BIER B, BE A (Citrus
mandarins) ™ CitLGT'S5 CmUGT43)7 5 5 FEAALL, I
8 S KT 5 R A A R e A o K 6 B Y AR A
ERA—F, WHCHLGT @IS sk i R sL
FrAG e 3 U0 AT A v 2 PR b . A
Foe MG S M AR Hh 5 AR WA 35 1) S B A )
B, AMXBEXR R RHRSEAEFFIEH, 0
Z Pl IR B B AR B, iR RE T B U R A



84 WA Al K2 (B SRR AR)  http:/xb.hunau.edu.cn

202654 H

BIHAT NS, S e ST T CmUGT43 2 15 %
ST s ACHRE,  BURZIE A S MG b
PEREAL TN FESCIBG, I i B 5% DR AR B S b 2 ()
Thee, DIHDMMRDIE B R S5 .

4 Z5ip

AT FEAE UM A 15 57 995 Fh 5T A 12 C-05 Hh 4L 25
JE H 56/ IR 1 BB S 17 7% Bl (UGT) 5k IR ik
R, RAKEITEREH, MIBECmUGTHER ]
¥ N2 3 (A~CHL. E~LA), T2 3 54
KRE BN S i o @i Ay C-05
RIS o 5 BRI e SR A i 4 RT-qPCRERAIE
RIL, CmUGT20. CmUGT43R CmUGT443%3 3R]
5 Xeclfs 3 FiAZRIE, HIEAEMBRC-05H 1RiE K
PRE S TEER . 2P AL A HE &
W, CmUGT437] e 855 5 Whhid, HIAE RS
MG IR R Y 55 N TR 2D BiRiL. DL E
SRR, G UGT437] REAEMAE ST AHTIH I L
TR IEE B

EEPEE

[1] NAQVISAH, WANGJ, MALIKM T, etal. Citrus
canker: distribution, taxonomy, epidemiology, disease
cycle, pathogen biology, detection, and management:
a critical review and future research agenda[J]. Agronomy,
2022, 12(5): 1075.

(2] EEE REY, RIS MG R A L R
GBI EAR]. WAL EE, 2020, 59(24): 122-123,
127.

(31 Zasl, kbE, MRE, 5. WE RN E 2 &S
PEUE 5 T 0w 150 T[] WA R B 22 R (E SRR
k), 2022, 48(6): 691-698.

(4] XIAR, BEmewE, fIPNZE, 5. AHGEUZ R LI R
FIH 258 b A [J]. A E R 7 A, 2025, 54(2): 56—
59.

[5] BAHE, F4:, Bke=, 5. WK O ORI A
A5 I8 98 BR AAM] Z LB ST ] TR ARl K 2
(ASRRIIR), 2017, 43(5): 544-550.

[6] ZFEoim, Rk, SE/0M, 5. A ERIACsNBS-LRR
I SAE T SRR B R U] 2R,
2020, 47(5): 817-826.

[7] AKREYH, WM, IR, S MR EN G5B 1
PR, PEEM, 2021(1): 43-49, 110-111.

[8] DENG ZN, XUL, LID Z, etal. Screening Citrus
genotypes for resistance to canker disease(Xanthomonas
axonopodis pv. citri)[J]. Plant Breeding, 2010, 129(3):

(9]

[10]

(1]

[12]

[17]

(18]

[19]

341-345.

FUHY, ZHAOMM, XUJ, etal. Citron C-05 inhibits
both the penetration and colonization of Xanthomonas citri
citri to achieve resistance to citrus canker
disease[J]. Horticulture Research, 2020, 7(1): 58.
PARRA-ROJAS JP, LARGO-GOSENS A, CARRASCO

T, etal. New steps in mucilage biosynthesis revealed by

subsp .

analysis of the transcriptome of the UDP-rhamnose/UDP-
galactose transporter 2 mutant[J]. Journal of Experimental
Botany, 2019, 70(19): 5071-5088.

RN FRMEGCGEM & S K CsLARRI CsUGT844
[ SR LBIFE AT [D]. Kb: Wik AL RS, 2022.
LIUX G, LINCL, MAX D, etal.

characterization of a flavonoid glycosyltransferase in

Functional
sweet orange(Citrus sinensis)[J] . Frontiers in Plant
Science, 2018, 9: 166.

BRIR, (T80, ki, 5. 25 Y UGT ZRAT Fu itk
JE[T]. AEMERIE, 2018, 40(5): 443-449.

oy, BUEEIE, PNE, . HEYISEEETUDP-HEEE
Wt FCHERE[D]. AEMIEOARER, 2022, 38(12): 47-57.
YANGQ, ZHANGYC, QUXL, etal. Genome-wide
analysis of UDP-glycosyltransferases family and
identification of UGT genes involved in abiotic stress and
flavonol biosynthesis in Nicotiana tabacum[J]. BMC Plant
Biology, 2023, 23(1): 204.

HUANG X X, ZHUGQ, LIUQ, etal. Modulation of
plant salicylic acid-associated immune responses via
glycosylation of dihydroxybenzoic acids[J] . Plant
Physiology, 2018, 176(4): 3103-3119.

WUT, ZHANGHM, YUANB, etal. Tal2b targets and
activates the expression of OsF3Hosz to hijack
OsUGT74H4 and synergistically interfere with rice
immunity[J]. The New Phytologist, 2022, 233(4): 1864—
1880.

ZHAOMY, JINJY, GAOT, etal. Glucosyltransferase
CsUGT78A14 regulates flavonols accumulation and
reactive oxygen species scavenging in response to cold
stress in Camellia sinensis[J]. Frontiers in Plant Science,
2019, 10: 1675.

MCNEILCJ, ARAUJOK, GODFREYK, etal. Effects
of two citrus tristeza virus isolates on sweet orange(Citrus
sinensis) propagated on a citrus tristeza virus tolerant
rootstock : a metabolomics and
approach[J]. ACS Agricultural Science & Technology,
2021, 1(4): 407-416.

BALFAGON D, ZANDALINAS S I, DOS REIS DE
OLIVEIRAT, etal. Reduction of heat stress pressure and

activation of photosystem II repairing system are crucial

transcriptomics

for citrus tolerance to multiple abiotic stress

combination[J]. Physiologia Plantarum, 2022, 174(6):



5245 52

B HIMUDP B B B DR e A i T

g AR AR 2 1 12 e IR AR IR U M 85

(21]

[24]

[25]

[26]

[29]

[30]

(31]

[32]

e13809.
WU B P, LIU X H, XU K,

characterization, evolution and expression profiling of

et al. Genome-wide
UDP-glycosyltransferase
grandis) fruit[J]. BMC Plant Biology, 2020, 20(1): 459.
RAE, EBERE, =, 5. WEEMRS T Uit E
H& B R[I). YA, 2024, 59(5): 691-708.
R, KICHE, AT . YRR ) 3T R
I A R TG AT 9 3 R (0] R AR B 223, 2021, 57(4):
759-766.

Dkt BHW, whik, 5. Mg SRR R SR
S 78 T L SRR 5 2 08 B AR 3R IK r WT[0]. A
PR, 2024, 54(6): 1142-1157.
YONEKURA-SAKAKIBARA K, HANADA K. An
evolutionary view of functional diversity in family 1
glycosyltransferases[J]. The Plant Journal: for Cell and
Molecular Biology, 2011, 66(1): 182-193.

b, X, TKRERY, . W IRUGTE K 5 ) 4
KI5 S RIE T MALREEDETE, 2021, 34(6):
9-19.

REHMAN H M, NAWAZ M A, SHAH Z H, et al.

Comparative genomic and transcriptomic analyses of

family in  pomelo(Citrus

Family-1 UDP glycosyltransferase in three Brassica
and Arabidopsis indicates stress-responsive
regulation[J]. Scientific Reports, 2018, 8: 1875.

LIAOB, LIU X J,LI'YJ, et al. Functional characterization
of a  highly
CitUGT72AZ4 involved in the biosynthesis of flavonoid
glycosides in citrus[J]. Journal of Agricultural and Food

Chemistry, 2025, 73(9): 5450-5464.

species

efficient ~ UDP-glucosyltransferase

Sk, XUERAE, XE, 2. R I R RS S AR
BT R BERE[]. R 224K, 2020, 47(8): 1610-1624.

WMR, FHkE, %FEH}Z, . HPLCYE R 52 A7 45
ST PSR S = [J]. ﬁﬂﬁﬂﬂﬁii?&(ﬁ%ﬂ
2ER), 2016, 42(5): 543-548.

YIN Q G, SHEN G A, DI S K, et al.

identification and functional characterization of UDP-

Genome-wide

glucosyltransferase  genes involved in flavonoid

biosynthesis in Glycine max[J]. Plant & Cell Physiology,
2017, 58(9): 1558-1572.
BIHEFE, ALESR, XIR, 5. MYBESP TR

[35]

[36]

[37]

[38]

[39]

[42]

Wy S 3 S A R (D). AR EORIE SR, 2024,
40(6): 5-22.

WANG X P, NIUY L, ZHENG Y. Multiple functions
of MYB
responses[J]. International Journal of Molecular Sciences,
2021, 22(11): 6125.

VISWANATHK K, KUOSY, TUCW, etal. Therole

of plant transcription factors in the fight against plant

transcription factors in abiotic stress

viruses[J]. International Journal of Molecular Sciences,
2023, 24(9): 8433.

e, W, WA, . B R G R AT A
FEFF AL T RO RERFAE S HLAI ], T 22574k, 2020,
47(6): 1047-1058.

BLLWE, AR, R, S5 VKRR S IR C-05 X5
i T A KA B R D). R RO RL 2, 2015, 48(7):
1383-1391.

JEEZ, SN, 2R, & RBTRAXT A TR
BURFIEROSEMAL]. 2> A A A, 2021, 19(9): 3096-
3103.

VIVES-PERIS V, GOMEZ-CADENAS A, PEREZ-
CLEMENTE R M. Proline accumulation and antioxidant
response are crucial for citrus tolerance to UV-B light-
induced stress[J]. Plant Biology, 2024, 26(4): 521-531.
FOIA, X, R, & MR RSN IRT
PCRIZ %€ [J]. Wl B Ak K 5224 (AR REFARR) » 2006,
32(3): 273-276.

Sile, WRBOHE, XL, . MG RR R ER G
R exicy A RAT Y A S e (R EL LA T N B
i, 2020, 37(4): 574-581.

KITAM, HIRATAY, MORIGUCHIT, etal. Molecular
cloning and characterization of a novel gene encoding
FEBS

tof <k
R 2

limonoid UDP-glucosyltransferase in Citrus[J] .
Letters, 2000, 469(2/3): 173-178.

TR, Bk, R, & B PRI RKR
Ji BZE M T 2 AN B VS T 2 ] B i 22 Ao o
Koill224%, 2023, 14(10): 154-163.

RN, SeLl s, HRERR, S MIAG L S TR SR 7
BR[N], &WEE, 2025, 46(10): 368-377.

TR (R4FL



	枸橼UDP–糖基转移酶基因家族鉴定及其响应柑橘溃疡病菌侵染的表达模式分析
	1.1　植物材料
	1.2　菌种
	1.3　基因组数据
	1.4　枸橼UGT基因家族的鉴定及生物信息学分析
	1.5　甜橙及枸橼C-05中响应Xcc侵染表达的UGT基因家族转录组分析
	1.6　RT-qPCR引物设计与表达验证
	1.7　候选基因在生物胁迫及非生物胁迫下的表达分析
	2.1　枸橼UGT基因鉴定及UGT蛋白系统发育分析结果
	2.2　枸橼UGT蛋白家族成员理化性质分析结果
	2.3　枸橼糖基转移酶基因家族成员保守基序和基因结构分析结果
	2.4　枸橼糖基转移酶基因家族成员顺式作用元件分析结果
	2.5　枸橼UGT基因受Xcc诱导表达的热图及趋势分析结果
	2.6　CmUGT响应柑橘溃疡病菌侵染的RT-qPCR验证结果
	2.7　CmUGT在非生物胁迫及生物胁迫下的表达分析结果

