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Abstract: In order to reveal the sequence and expression characteristics of RAV gene in Mangifera indica, the se-
quence of the RAV gene family was analyzed using bioinformatics methods, and the relative expression level of RAV gene
family was studied by qRT-PCR during the infection of Colletotrichum gloeosporioides and Xanthomonas campestris pv. man-
giferaeindicae. The results showed that six RAV gene family members were identified from the mango genome, and the enco-
ded proteins had the conserved domains of the AP2 and B3 superfamily, named MiRAVI-MiRAV6. MiRAV1 and MiRAVS
were unstable hydrophilic basic proteins, MiRAV2 and MiRAV3 were unstable hydrophilic acidic proteins, MiRAV4 was a

WS B 85 20201125 stable hydrophilic acidic protein, and MiRAV6 was a
i EHHA -11-

HETIE . [15 T A0 LS 0 (2019YFD1000504) ; 1 [E 444 4 I B stable hydrophilic basic protein. The proteins encoded by

22 AP 25 0L T (1630042017019 RAV gene of mango were mainly located in the nucleus,
VEEGN PN F(1995-) 5, EE =W A, B HHF55 4 B9 5 ) and random coil and a-helix were the main elements of
AEYARY . (E-mail) sunyuqp@ qq.com secondary structure of six MiRAVs proteins. Phylogenetic
BIREE .5k B, (E-mail ) atzzhef@ 163.com; i 4 % , ( E-mail ) cata- tree construction combined with motif analysis showed

spjj@ 163.com that, among mango and Arabidopsis thaliana, tobacco, ap-
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ple, pineapple and Populus tomentosa, the RAV family genes were diverse and their structure was conservative in evolution.

The results of qRT-PCR indicated that the relative expression of RAV gene in mango was significantly down regulated during

the infection of Colletotrichum gloeosporioides. During the infection of Xanthomonas campestris pv. mangiferaeindicae, the

relative expression levels of MiRAVI-MiRAV6 were significantly down regulated at 3 h, and the relative expression levels of
MiRAVI, MiRAV2, MiRAV3 and MiRAV6 were significantly up-regulated at 6 h, and the relative expression levels of MiR-
AVI, MiRAV5 and MiRAV6 were significantly up-regulated at 12 h, 24 h, 48 h and 72 h, respectively. These results will

lay a foundation for further study on the function and mechanism of RAV gene family members in mango.
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1.2 fRE&EFAKIERKIE

fo R o4 O OA B s Ok T ONCBI
(PRINA487154) , ARG+ AHFL R (Malus domes-
tica) P % (Ananas comosus) \TEHeA% ( Populus tricho-
carpa) 5 DYIFP I R 4L HT RAV 3 RE B 90 R TR
F NCBI ( https ://www. ncbi. nlm. nih. gov/ ) Fl Plant-
TFDB ( http : //planttfdb. gao-lab.org/ ) E & ¢
1.3 LR RAV ZEERKRRERE
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P41, I AR S A 300 X0 G 70 AR A PR 28 i 2 v
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tp://pfam.xfam.org/ ) KI5 2 AT R AR o 20 R
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ZER I, P 2 SWISS-MODEL 75 £k T 5% 2 1 Ji
PRSP = R TN ; A MEME 764k 8008
XFATER RAV S0 (1 26 1 PR <7 38 7 2R 740 B
P38 2 DNAMAN 6.0 {4 47 & R IR 25 1 B = 9
R 75 X
1.5 REHARSH

FIH Clustal W 2 75 X6 41 S AL R F L 40 S
R BRI RAV F5 AR 2 IE R 51 E
TFLIFHN AT, 315 RAV & & 5L/ T 51 )5 18 1]
MEGA 7.0 3R 38 13 405 30 v 44 gl kAL A, A 6
S Bootstrap HIXE M1 000k E &> o
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%1 qRT-PCRE|¥FEF
Table 1 qRT-PCR primer sequences

ZEEY) . RNA 48 BURH & ( KARA L RHE A B
ONFEFE ) UL B ik, R RevertAid First
Strand ¢cDNA Synthesis Kit i 7] & 5 % 5% 58 1 8%
cDNA 2
1.7 TR RAV ERRERIEDH

FIIH QuantStudio 6 Flex HYSZHT o ERE f& PCR K
T 2R G e 0 5 9T T 1 200 T 4 L R T A e R A
R RAV FIGSEA R FRA &, 51 IR 1, RNKR N
18.0 wl, I & 2 N fL, W JF S M UlraSYBR
Mixture JRF & 8B 5 (b5t B R 20 A M4 A FR
ONEIEA) TR, DITAR Midctin ERINSIEA
0 h FaRE X IE G827 2 ki B ge i, 1
SEMIRAVI ~ MiRAV6 BYAHXT F5 1> il 12 Heml
1.0.3.7 BAF A b5 8 AR A JE T AR X Rk
T REISEGE BB ) 11, NS A B A
2, i/ IMER 20, B BRAE R 2 ;15 55 A0 T4 S BB A
YRR I SR (SIE BB ) R 1L, NEUs AT
BUAR 2, e/ IME -2, N ERIEN 2, AR
AMESF TR EEE A RECh 2.,

HH B (5—3") EEl (5'—3") HBER/IN (bp) Y 2 IRLEE (°C)
MiRAVI ATCGAGGCTGAGTCAAGGAA GCCGTTTGTTTGAAGTTGGT 209 81.69
MiRAV2 AGAAGCATCAACGGGTATGG TTGCTCTCTTCGAGCTCCTC 235 74.15
MiRAV3 AGAAGCATCAACGGGTATGG TTGCTCTCTTCGAGCTCCTC 235 71.79
MiRAV4 TGCCCTAAATGGAGGAGTTG TGTGCCCTCACAACGATAAA 190 73.75
MiRAVS GCATCACTGCTCAAGAACCA CTGAAATAGCTCACGGCACA 197 77.79
MiRAV6 CGAGGCAGAGTCAAGAAAGC GCCGTTTGTTTGAAGTTGGT 207 80.52
MiActin GTTTCCCAGTATTGTGGGTAGG AGATCTTTTCCATATCATCCCAGTT 167 83.73

2 R0

21 ZERFEAKFLEEIR RAV EE KKK R
FEFT IR 20 450408 e v i 4T Blastp £ %, K
MR RAV SRR EA 6 Dk 6L, o 5l iy &4 K
MiRAVI ~ MiRAV6 , 83 A= W) 42 26 53 T 2 Prot-
Param XT #25 RAV JE K K% 6 4~ B 5t MiRAVI ~
MiRAVG6 4wt i) 2 1 5 & 3L R 7 91 i) B Ak R A 7
TorHT, a5 58 (2 2) £W,6 4~ MiRAVs 2 A X 43
T 32 523 340~ 44 122 280, 8 [ F 25 1 5o
5.83~9.34 A0 IR 2, e ¥ 48 B R 58.93 ~

74,31, G KRB 281~ 392 A, AR E R BN
34.14~46.61, FE K- 50 -0.506 ~ —0.863
I, X 6 4~ MiRAVs F HH MiRAVI fil MiRAVS
FIAFEGE 2B KL B A BT, MiIRAV2 ~ MiRAV3 AR
R iE SE KR M #E 11 5T, MiRAVA 58 5 36 K PR 1k &
F BT, MiRAV6 A2 SRk i & 5

XTACARE RAV S B D3 1 A7 S0 240 b 7 Y0300 , 245
R(F£3) BoR, BN EZE N TAMZED, ke
TSR AT AL W% Z N R AR T
WAL AR E b, Hr, B MiRAVL #l
MiRAV4 WA E AL T 44K, MiRAV4 Fl MiRAV6 %
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Table 2 Basic information of RAV family proteins in mango

1 MiRAVs SR /b

HEHR BIR)T 5 ARX 237 i EHL i A IR ARESRRE KRR
MiRAV1 GWHPABLAO11374 44122 280 9.34 74.31 392 42.32 -0.560
MiRAV2 GWHPABLA020547 32523 340 5.83 58.93 281 40.09 -0.828
MiRAV3 GWHPABLA020764 32574 470 5.89 59.96 281 41.05 -0.816
MiRAV4 GWHPABLA022421 38588 950 6.73 59.61 332 34.14 -0.863
MiRAVS GWHPABLA025995 39717 050 7.08 69.97 344 46.61 -0.506
MiRAV6 GWHPABLA033587 40575 860 9.03 67.78 361 36.18 -0.591
F3 LR RAV RIRE BRI A E (LT
Table 3 Subcellular location prediction of RAV family proteins in mango
HH B 0 MR A 4h sk iy iRzt gtk dEYRER B W
MiRAV1 11 - - 2 1 - - - -
MiRAV2 8 1 1 1 - - 2 - 1
MiRAV3 10 1 1 1 - 1 - - -
MiRAV4 13 - - - - - - 1 -
MiRAVS5 10 1 - 3 - - - - -
MiRAV6 11 1 - - 1 - - - 1
RO B E L,

it SOPMA TELRERFXF MiIRAV1 ~ MiRAV6 5
FIPEFT b M m , 4nr 1 iR, 6 4~ MiRAVs 2
I JCHE I 25 h 2544 |5 e R 44.58% ~ 54. 85% , a-12iiE
25K 5 T 21.88% ~ 31. 67% , FE 4% 45 4 5 LR
16.86% ~ 19. 13% , B-%% i 45 #4 5 Lk 4 4.85% ~
7.56% ., R, W00 JC 0 ih A o-8R e 2 6
MiRAVs 85 [ 45 M ) B0k, LR 2 I fh 6
M B-FE 41
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Fl Class 1) , 255 8,6 MR RAV 8 KA
FHE A AE—E, A RAV 7EEfL i R AR X R
o BATSCPBIELE 2 MR RAV B, o Class T
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F 1A Class AR 2 4> S 4 4> 988 2 MR
IF 54 ;Class MEEHHR 2 4~ BAA 2 4~ JHE 4 S
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AV2 MiRAV3 735 5 AtRAV1 AtRAV7 45 R ik,
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(P IRE.,
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Fig.1 Secondary structure prediction of RAV family in mango
2.3 TR RAV K& E BB motif MRTFEMIHS  ZHALAP2 B3 Z5HI 2454

i
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FPHEATA T (B 4) 76 RAV S5 FRIGh S 5
MRSF R, FEMARSF T A 4 4 (motifl ~
motif4) , N ¥ AE LR SF I motif1, C S A EAE AR SF I
motif2, H: 1, MiRAV4~ MiRAV5  AtRAV3~ AtRAV4
MDP0000526584 . MDP0000534780 ., MDP0000165802
MDP0000207722 . MDP0000485280 . Potri. 018G109200.
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i 7 DNAMAN 6.0 3K {4 XF 44 6 4~ RAV & H
AR TT 7 A MR 5 A SR 11 A g8 2 4~ B
B 5> RAV EASITZ P I X, 4558 (K S5)
KIL,MiRAV1~MiRAV6 5 5 MY RAV G5 5% K
T RIGAFAE 2 AR PRSP A FPRSF 5L B, fR5F
WA 5 motifl FAES, fR5FIEL B 5 motif2  motif3
HATE S, HIL, oT LIHED motifl , motif2 F1 motif3

2.4 R RAV B [E Kk HI BB M Bz

VISR MiActin AE NS IR, 0 h AL BEAE X
HE R qRT-PCR Kl 5387 1 2 Ffs Jt v 42 e ack
FREFPAIR RAV RGN B FRIBFRE . qRT-PCR £
IR, MiRAVI ~ MiRAV6 F1NZ: 3R MiActin B’Jk?:?
fiff e by B0 iR LR 3 0l Ry 81.69 °C (74,15
C.71.79 °C 73.75 °C .77.79 C .80.52 °C .83.73
C, ¥ qRT-PCR 7= ¥4 2% W e B BRI EA T FRL T
R (K 6) b, BAR G B— W, St R/
— 35, ULPA IR 0 5 | ) EAT e S s AT SR B A e I
iR YLt B (8 7A) , MiRAVI ~ MiRAV6 ) FH N} 2%
AR B TR, Horh MiRAVI ~ MiRAVE X 635
HTHE 6 h Ik B RARAE , MiRAVI ~ MiRAVS FARXT
IKHELTE 72 h B3 B e i E, MiRAVE BYAHXS KA &
FE 48 h B I8 B 5 e 8 5 AU SR A0 A P PR ERESA A 1R i
b (B 7B) ,MiRAVI ~ MiRAVG (AN Fik E7E 3
h W44 5. 2 R 8, MiRAVI \MiRAV2 . MiRAV3 F1 MiR-
AV6 RN FTRAE 6 h I3 F iR, MiRAVI MiR-
AVS Fl MiRAV6 [FFRXT I8 F 53 #E 12 h .24 h 48
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Fig.2 Conserved domain analysis and tertiary structure prediction of RAV protein in mango
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ﬂgT Fe s 2 K Bl Mk 2R 1 5, MiRAV2 I MiRAV3 &
FEEK R PR (A T, MiRAV4A Ry Fa 2 25 K IR P
é%lél}ﬁ, MiRAV6 R & a2 2 K B PE 8 B, A0SR
RAV # I FEAFE T A% ToREI 4 i A -1
JESE 6 1~ MiRAVs 8 [ &5ty 2o, ¥ H
A AP2 FiI B3 8 Z R ST A5, AP2 fR<F I = 2%
GEMIEA 1A o MBER 3 A S AT B-FE FA B3
PRSP =R & 1A o885 2 DRI EAT I
B-Hr & P A | 5 e HE W e T FE PR = A R AR
FELEVMRIVERT . AR SR IT R SR 3 R
Rt RAV 5 1 A 8 R G 45 & 55 4 it
ZER IR, 6 DAY RAV 8 5 B 0 HoARG
FE—ie, KM Y RAV FE K 7E U Ak 3o 72 v AH X
S A AR A R T S 5 OGS A a8 A R

FEEIFE ARAVI T AtRAV2 BRI H Class 1T 1,
PRIE HEWT I Class 1173 32N BUALR MiRAV2 il MiR-
AV3 B&FI AT B8 5 N X Ah BU R 3E M R A
ST AR GO0 R BT I B L, MR AT
BAFASAHIT A YA T RE  FER RAV 8 3%
RS RT A 4 4> (motifl ~ motif 4) | N Uit fE7Ef#
SFHY motifl , C YR AEARSEY motif2 , motifl ~ motif
3 5 AR R ST AR AR IS T 2 A2 B Y motif] ~
motif3 FEAS — 3, motif1 5 4§ AR 55120 fF 5 3K 38 A
B TS 2 S A motif 1 FEAR— 2 MRS H A 5 4
Pl RAV 8 AT 28 9 U A5 R Wos  FE7E 2 4>
Eﬁﬁﬂ’ﬂﬁ?ﬁi A FRSFBE B, RAFI A 5 motif] 5
HE PSP B 5 motif2 motif3 FEAEE | KL,
TU\TE{W motifl JEA4 B, AP2 ) FZL45H) , motif2 F



964 TP Ak 2 iR 2021 4E 8 37 B B4l
" e ROV QNCRICAQ] st oRVNLGTFueEeEAsa DihacRER:. DA
e\ 3PS EL Y NELE ﬁé ?'3 t %
2345 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 950
o) W Ms508. Vi TKCHSREVKEKs LKAGD Y F
Motif2 2f
e JALLFE]. aER € 9808V THCHSRFVREKxLKAGD:y
2 4 5 7 10 141516171819202122232425262728293031323334353637383940414 4 54647 48 950
| 0
Motif3 %: ex 9 55 !g& Eg
T4 S e 78910112 13 14 15 16 17 18 1920 21 22 33 24 25 26 37 28 20 30 31 32 33 34
Motif4 g F V M
MEREEE. By ; 26 Kns, Kéﬁ VOILRE T . oRkeeske
123456738 1011 314151617181920212223242526272829303132333435363738394041
3
et iE%BﬁgQéS F DQKQ s
1234 6 7 8 91011121314151617181920
B e PlE JO B
R (MiRAV) 1.60187 [ 1 [ ] I
A (MIRAV6) 1447157 | 1 | P
A (MDP0000128924) 8.491%3 1 1| | I
R (MDP0000939633) 43119 | L[ J I e
A5 (XP_016435989.1) 5.961% [ L \ ]
M55 (XP_016512131.1) 4,511 [ | \ I 000
M (XP_016445426.1) 1.927 | 1] | —
M (XP_016465653.1) 555170 [ 1] | oo 000
B W (Potri.008G117100.1) 2.2071% | 1| x [
ERM (Potri.010G129200.1) 5.58197 [ ]| \ I
M IT (AtRAV2) 2.69-170 \ Il | I 000
PURIIT (ARAVS) 1.0717 [ E— I
HURIIT (ARAV6) 1.077 | — I
PRI (ARAVI) 220717 —— ]
PRI (AtRAV7) 1.74764 —— I
2R (MiRAV2) 7.00°166 J ]| | O ——
A (MiRAV3) 1.8917 \ [ ] D .
T3 (Aco006706.1) 737175 I ]I ] I e
P4 (Aco012003.1) 33714 [ L ] DEEE 000
S (MDP0000945267) 3.63161 I ] | | I
SEEL (MDP0000153589) 4.17-163 | ] | | I
SEH (MDP0000223137) 2 40158 | ]| \ I
SEE (MDP0000321569) 1.891% | | \ [
SEE (MDP0000526584) 42619 —— I
S (MDP0000534780) 21613 I \ I
SESF (MDP0000165802) 472140 \ I | )
BEH (Potri.018G109200.1) 1.3647 I I | I
FER (Potri.018G109200.2) 1.30147 I— I
2R (MiRAVS) 1.79-142 I  E— I
M (XP_016492322.1) 3813 [ I | I —
34 (MDP0000207722) 56514 | 1| | I
3 (MDP0000485280) 279146 | Il | I
AR (MiRAVA4) 6.52-140  E—— s e
FR (Potri.003G212800.1) 7.83-140 | I | e
ST (AtRAV3) 2 7613 | 1] | I
HUREIT (AtRAV4) 1.6913 [ ][ ] I

O Motifl; O Motif2; B Motif3; B Motif4; B Motif5
A:RAV ZJ# motif M7 ; B MEME ARG 5 AMESFA7 5 LOGO [,
4 36> RAV ZEERFEF S
Fig.4 Conserved motif analysis of 36 RAV proteins



FEE AR RV

e F R 2 3L R A7 965

MiAVR6
Ac0006706.1
Ac0012003.1
Potri.003G212800.1
Potri.008G117100.1
Potri.010G129200.1
Potri.018G109200.1
Potri.018G109200.2
AT1G13260.1
AT1G25560.1
AT1G50680.1
AT1G51120.1
AT1G68840.1
AT1G68840.2
AT3G25730.1
MDP0000128924
MDP0000153589
MDP0000165802
MDP0000207722
MDP0000223137
MDP0000321569
MDP0000485280
MDP0000526584
MDP0000534780
MDP0000939633
MDP0000945267
XP 016435989.1
XP 016445426.1
XP 016465653.1
XP016492322.1
XP016512131.1

MiAVRI

MiAVR2

MiAVR3

MiAVR4

MiAVRS

MiAVR6
Aco006706.1
Ac0012003.1
Potri.003G212800.1
Potri.008G117100.1
Potri.010G129200.1
Potri.018G109200.1
Potri.018G109200.2
AT1G13260.1
AT1G25560.1
AT1G50680.1
AT1G51120.1
AT1G68840.1
AT1G68840.2
AT3G25730.1
MDP0000128924
MDP0000153589
MDP0000165802
MDP0000207722
MDP0000223137
MDP0000321569
MDP0000485280
MDP0000526584
MDP0000534780
MDP0000939633
MDP0000945267
XP_016435989.1
XP016445426.1
XP016465653.1
XP016492322.1
XP_016512131.1

EAE KAYDTAACRFRGREA . . V
EAF RVYDTAAVRERGHNA . .
A RVYDIARVRERGHNA . .
A MAYDSARTRTRGNES . . E
A MAYESASTRLRSSES. .
ERF KAYD TAACRFRGREA . . V

A2 RAYDVAVHRERRREA. . V
A SSYDTAVRRERGREA . .
ER0 TAYD SASTRLRSFOANS HRNE
e AAYE SASTRLRSFODANS HRNE
A RSYLD TAACRFRGREA . .
AR RSYD TAACRERGREA . .
B RAYCVARHRERGREA. .
A RAYEVAACRFRGREA . .
EREKTYNTASLKFRGLEA. .
ERrMAYE SAR TRLRGCEC. .

AKX TYDIASLKIRGLEA

EREETYNIALLRERGLER . .
A MAYE SAAVELRNGKD

KRCEESISESIS. .

VVNE
VVNE
VINE
VINE
ITNE
HRNE
.LHINE
.. ITQR

EMAYEDSVAVELXNGKD

. . EVASRGVLENE!
GVDDVEEGE
GEHVNTNRKACONCELEE

MGMNESPTRGVLINE
EEGEIVGSVEDNENVE
. . .EGVEDNENVE

VGFGRGVLEKE!

XEENVTEDIELVE
........... QRVESGSSQEVE
QKVESGSSGLVE
ITVSASSACRGVLINE

AR Y A SURTT SERTRE RAV S AP2 250 2 P81 LUX s B AR % BARAS SE T SER AR RAV S H

B3 S £ P 51 LY

Bs5 HRS5HMS AN RAV EARTEHEIDHF

Fig.5 Sequence analysis of RAV protein conserved domain in mango and five other species

motif3 JEH %, B3 1Y EBELEH
r T SR A R, H UL IR A AR |
2R B B | R AR R s

R R BT AR SELI 5 40 T R PR IR R R R AR

FEEE O TR AT RAV R R A R A6 5 A B S
20 T P PR T A T AU e kB AR Al X R OR
W AT JEE AL AL B -5 A B P BN B 2 e Ak
H, 3858 qRT-PCR FARME A 5AH T8 5 20 1



966 AN N R 3

2021 4F 55 37 4 54 M

M MiActin

MiRAV1

2000 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

MiRAV2

MiRAV3 MiRAV4 MiRAVS MiRAV6

Bl 6 qRT-PCR =4 ikE
Fig.6 Electrophoresis of qRT-PCR products

A

MiRAV1

MiRAV2

Il

MiRAV3

MiRAV4

MiRAVS

MiRAV6

0 3 6 12 24 48
(ZHETA] (h)

B

MiRAV1

MiRAV2

MiRAV3

MiRAV4

MiRAVS

MiRAV6

3

6 12 24 48 72

RG] ()

AR I R Yt B, MiRAVI ~ MiRAVE BIMIRT 635 1 5 B AT SR A0 18 M BB o A2 Yead B b MiRAVI ~ MiRAV6 HUAH X Fe ik it
B 7 R RAVEERKEARREEME THRIE

Fig.7 Expression analysis of RAV gene family in mango under different pathogen stress treatments

FRDERR DA A G ot R TR AT IR RAV G005 2 DX A AH X 36
A, A5 IR, FE AN R IR AR Y o #R P, MiR-
AVI~ MiRAV6 BYAHXT ek 1 5% Bl 22 57 0 35, R W]
MiRAVI ~ MiRAV6 Xt A=Wy 38 A7 W i, RAV FE R 52
R FEIR NI SE , T2 4 P 7E MeJA' NaCl'™ |
ABA FIMIEIR ) AR A Wit I, A B AFERF ST R
PE) RAV R XA AL B 2B ) L i A
B AR P AR S, AR 2 A X A S A
LR AL TR -5 40 P 1 PR R TR S AT, BRI T R
TR T8 43 G 73 P S A6 AR AL T 5 200 TR 1 S B A 2
M2 5 B SRR RS, W] RAV KL[A AT fiE
TSR R B L R4 T SR B ) BE T
FHRWAE T, U MiRAVI \MiRAVS . MiRAV6 Tv 4R T 1k
WELE AR LS RY12~72 h B3 F S, T LE
R I SRR AT R A T SR B ML A e L I

XAAET T 7K B30T T AR 0 R AR ) 9 38 Y BIL
il o

SE 3k

[1] OHAMA N, SATO H, SHINOZAKI K, et al. Transcriptional regu-
latory network of plant heat stress response [ J]. Trends in Plant
Science, 2017, 22(1) : 53-65.

[2] KIMYS, AN C, PARK S, et al. CAMTA-mediated regulation of
salicylic acid immunity pathway genes in arabidopsis exposed to
low temperature and pathogen infection[ J]. The Plant Cell, 2017,
20(10) ; 2465-2477.

[3] PRASAD K V S K, ABDRL-HAMEED A A E, XING D, et al.
Global gene expression analysis using RNA-seq uncovered a new
role for SR1/CAMTA3 transcription factor in salt stress[ J]. Scien-
tific Reports, 2016, 6(1) . 443-448.

[4] SCHWECHHEIMER C, BEVAN M. The regulation of transcription
factor activity in plants [ J]. Trend in Plant Science, 1998, 3

(10) : 278-283.



N T AR RAV B S 1 A B R 2 43 BT

967

(6]

[10]

[14]

[15]

[16]

(17]

GIRAUDAT J, HAUGE B M, VALON C, et al. Isolation of the
Arabidopsis ABI3 gene by positional cloning[ J]. The Plant Cell,
1992, 4(10) . 1251-1261.

SUZUKI M, KAO C Y, MCCARTY D R. The conserved B3 do-
main of VIVIPAROUSI has a cooperative DNA binding activity
[J]. The Plant Cell Online, 1997, 9(5) : 799-807.
RIECHMANN J L, LAIN S, GARCIA J A. Highlights and pros-
pects of potyvirus molecular biology[ J]. Journal of General Virolo-
gy, 1992, 73(1) . 1-16.

KAGAYA Y, OHMIYA K, HATTORI T. RAV1, a novel DNA-
binding protein, binds to bipartiterecognition sequence through two
distinct DNA-binding domains uniquely found in higher plants[ J].
Nucleic Acids Res, 1999, 27(2) . 470.

RIECHMANN J L, HEARD J, MARTIN G, et al. Arabidopsis
transcription factors ; genome-widecomparative analysis among eu-
karyotes[ J]. Science, 2000, 290(10) : 2105.

FINKELSTEIN R R, WANG M L, LYNCH T J, et al. The arabi-
dopsis abscisic acid response locusABI4 encodes an APETALA2
domain protein[ J]. Plant Cell, 1998, 10(6) : 1043.

b S Ah &, L . BRH RAV/PLC SINEY(E By
il I ZRAOW B, 2019, 46(12) ; 36-41,153.

HU Y X, WANG Y X, LIU X F, et al. Arabidopsis RAVI is
down-regulated by brassinosteroid and may act as a negative regu-
lator during plant development[ J].Cell Research, 2004, 14(1) .
8-15.

SOHN K H, LEE S C, JUNG H W, et al. Expression and func-
tional roles of the pepper pathogen-induced transcription factor
RAV1 in bacterial disease resistance, and drought and salt stress
tolerance[ J ] .Plant Molecular Biology, 2006, 61(6) ; 897-915.
A, DI , RO, 45 BR RAV R K G B A K 2 )
BrLI] B, 2012, 1(16) : 15-21.

FAE Y TR BRI AR, AR RRAE RAV EIR SR I A FE K 4153
BrLJ]ARAEEHR, 2014, 26(6) : 471-482.

CHEN X, WANG Z, WANG X, et al. Isolationand characteriza-
tion of GoRAV, a novel geneencoding a RAV-type protein in
Galegae orientalis[ J ].Genes Genet Syst, 2009, 84(2) . 101.
SRINIVASAN C, LIU Z R, HEIDMANN I, et al. Heterologous
expression of the BABY BOOM AP2/ERF transcription factor en-
hances the regeneration capacity of tobacco ( Nicotiana tabacum

L.)[J].Planta, 2007, 225. 341-351.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Wbkl , 2t =, B B AF. RIS E R RAY SR S 3R
SRR AT ) ] AR BISEIR, 2010, 46(4) : 354.
PENG W, YING F L, JIAN F H, et al. The genome evolution and
domestication of tropical fruit mango[ J]. Genome Biology, 2020,
21(1). Doi:10.1186/513059-020-01959-8.
FINN R D, COGGILL P, EBERHARDT R Y, et al. The pfam
protein families database; towards a more sustainable future[ J].
Nucleic Acids Research, 2016, 44.279-285.
GASTEIGER E, GATTIKER A, HOOGLAND C, et al. ExPASy.
the proteomics server for in-depth protein knowledge and analysis
[J].Nucleic Acids Research, 2003, 31(13) ; 3784-3788.
BAILEY T L, BODEN M, BUSKE F A, et al. MEME SUITE.
tools for motif discovery and searching [ J ]. Nucleic Acids Re-
search, 2009, 37, 202-208.
KUMAR S, STECHER G, TAMUR K. MEGA7: molecular evolu-
tionary genetics analysis Version 7.0 for bigger datasets [ J].Molec-
ular Biology and Evolution, 2016, 33(7) . 1870-1874.
2 B,BWE, R R, 5. B VOZ B IR SRR K
FOXEEA D r 38 0 e B[] PE AL AR A S i, 2018, 38(7):
1228-1234.
LIVAK K J, SCHMITTGEN T D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2 [ -Delta Delta
C(T) ] method [J].Methods-A Companion to Methods in Enzy-
mology, 2001, 25(4) . 402-408.
TR AR R ARG, 45 WA B RAV SRR R 454 5 1)
REZMHT[ )] 2 A2 5 0 A %%, 2019, 38(4): 1658-
1665.
WAL Kk B AR PR EG S BIAROR[T]. P E
Wl 2015(3) ; 38-42.
A, EMITS BSR4 e T A= e S R A0
WA RS A AE [ 1] L3R40 AR ,2019,47(10) - 138-141.
WETREDS BT, SOV, 55, 4 Bl Az By X 7 2R A T R R
i R R B3 [ 0] BRI, 2019(3) + 23-25.
THFYE, AR E IR, SF . TR R A IE R B0 T 1w A5
FLLC//h ERR IR 2. B P 2 25 2012 AF2E R
2SR, AU P ROV REBOR L, 2012 210-213.
LI C W, SUR C, CHENG C P, et al. Tomato RAV transcription
factor is a pivotal modulator involved in the AP2/EREBP-mediated
defense pathway [ J].Plant Physiology, 2011, 156(1) ;213-227.

(ALY 4 TR





