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Abstract: [Objective] Ovate Family Proteins (OFPs) play roles in the growth and development, hor-
mone response and stress response of plants. In our previous study, the MiOFPI gene was obtained
from a screen mate and plate library of mango flowering genes. However, the information and function-
al characteristics of the MiOFPI gene in mango were limited. To clarify the function of the MiOFP1
gene, its expression pattern and transgenic function were studied. The exploration of the MiOFP1 gene
would provide a reference for further exploring the molecular mechanism of the MiOFP1 gene in man-
go flowering and resistance to adversity. [Methods] To learn more about the expression and regulation
characteristics of the MiOFP1 gene, the promoter sequences in the 2000 bp region upstream of the cod-
ing region were analysed, and cis-acting elements of the promoter were analysed by NEW PLACE and
illustrated via TBtools. The expression of the MiOFPI in different tissues and different growth stages
was verified and analysed by quantitative real-time PCR (qRT-PCR). The transgenic function of the
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MiOFPI was investigated by overexpression of it in Arabidopsis thaliana. The phenotypes of homozy-
gous plants of the T3 generation were observed, and the expression of the FLOWERING LOCUS T (FT)
and FLOWERING LOUS C (FLC) in Arabidopsis thaliana was determined. The seeds of the T3 genera-
tion and seedlings of the T4 generation were treated with ABA, the germination rate and root length
were observed and photographed, the physiological indexes, such as proline (Pro) content and peroxi-
dase (POD) activity, and the expression of ABA-related genes, such as ABA-INSENSITIVEL (ABIl),
MOTHER OF FT AND TFL (MFT), DESICCATION-RESPONSIVE PROTEIN 29B (RD29B) and Nine-
cis-epoxycarotenoid dioxygenase 3 (NCED3), were determined. All data were analysed with IBM SPSS
Statistics Version 22 (SPSS, Inc., Chicago, IL, USA), and the statistical validity was analysed by one-
way ANOVA. Duncan’ s multiple range test was applied. [Results] The promoter sequences of the
MiOFP] contain many hormone response elements, such as abscisic acid (ABA), gibberellin (GA), sali-
cylic acid (SA) and ethylene response elements, and stress response elements, such as Slat, Dehydra-
tion, MYB and MYC binding sites. The results of tissue-specific expression analysis showed that the
MiOFP] gene was expressed in all tissues and organs in different development stages of mango, with
the highest expression in the juvenile and adult stems and the lowest expression in the ripe fruit. The
temporal expression pattern analysis showed that the MiOFPI was highest in the vegetative growth
stage but lower in the flower induction stage and flower development stage and gradually increased in
the leaves during the fruit developmental stage. The transgenic Arabidopsis overexpression of the
MiOFPI gene showed that the bolting time and flowering time of three overexpressing lines were 2-4
days later than those of WT. The detection of the expression level of endogenous flowering genes in
Arabidopsis showed that the MiOFP] significantly increased the expression level of the flowering inhib-
iting gene AtFLC in transgenic Arabidopsis but significantly decreased the expression level of the flow-
ering promoting gene A¢tFT. The ectopic expression of the MiOFP]I in transgenic plants resulted in high-
er tolerance to ABA. More specifically, the transgenic plants showed high ABA level tolerance manifest-
ed as increased seed germination and seedling growth. In the medium without ABA, the transgenic
seeds germinated slightly faster than WT seeds; on the medium supplemented with ABA, not only con-
taining 2 pmol - L' ABA but also containing 5 pmol - L' ABA, the germination of all seeds was inhibit-
ed, and the germination of transgenic seeds was significantly faster than that of WT seeds. For root
length, no significant difference was observed in growth phenotype or root length between the transgen-
ic Arabidopsis overexpression of the MiOFP1 gene and the WT plants under normal growth; however,
the transgenic plants showed significantly greater root elongation than WT plants under 5 pmol - L'
ABA and 10 pmol - L' ABA conditions. These results suggested that heterologous overexpression of the
MiOFP1 could promote root elongation in Arabidopsis. Furthermore, under 20 umol - L'' ABA stress,
the Pro content and POD activity were increased, and the transcript levels of the several stress-respon-
sive genes (AtABI1, AtMFT, AtRD29B and NCED3) in the transgenic lines were significantly upregulat-
ed compared with those in wild-type plants. In addition, the ectopic expression of the MiOFP1 in Arabi-
dopsis resulted in insensitivity to ABA. [Conclusion] Promoter sequence analysis showed that the
MiOFP]1 promoters contained multiple hormone and stress cis-regulatory elements. Tissue expression
analysis showed that the MiOFPI was mainly expressed in juvenile and adult stems. The temporal ex-
pression analysis showed that the MiOFPI was highly expressed in the vegetative growth stage. Further-
more, the overexpression of the MiOFPI had a significant impact on the bolting time and flowering
time. On the other hand, compared with those in WT plants, the overexpression of the MiOFPI would

improve root length, survival rate, Pro content, POD activity, and the expression of the ABA-related
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genes under ABA conditions. We speculate that it is the key gene that affects mango flowering correla-

tion and participates in the ABA response.

Key words: Mango; MiOFP1; Expression pattern; Function research; ABA

i 58 % & A (ovate family proteins, OFPs) 4&
B A R 57 OVATE 45 14 38 1) i 55 IR -, 9 A8 4 P R
A PRI iR ST S th 90 AR R AL T R Y. B
FLRK I, OFPs Z 5P IR A= S BETE B, KR 4L
WRKE I IRER R, BARCRI 2 i SR SE TR
T 86 IR S ) B RA A T il A e R s E AU e ST
it Rk ArOFP1 K IRAE KNI 132 B s mi , i K 8
IRZZD; B, OFPs 2 5 1 W 30 55 K40 A1 7k 55 R
(gibberellin, GA) i 7% B& (abscisic acid, ABA) « )
(ethylene) JZ i =% & P li (brassinolide, BR) % I 3=
(15 5 4£38" ; OsOFP22 il M| GA I BR 15 5 1%
FLW T KBRS KB 4MIE IE I GAs 7 #1
SIOFP20 [ 321K AR TG 5« 25 W 38 A0 15 it o v
Wk-3- 2. PR (indole-3-acetic acid, IAA) Fil ABA fE1ie i2F
SIOFP20 )35, ABA & —F{ER M A K K &
& Fh AR A B 38 i 52 0 R A kS B R AR A
7, Z 51 BOR BT R Y AR KRS AL
BT, SR I ABA W] LUA RS2 R A 32 B
e NS SR I Y7/ SR

R (Mangifera indica L.) 72 % BT H & 1
P KR, R I R K R — T I TR AR A,
A A= W 3 () HRAH 5 77 52 e AT SR 7 A 5T .
OFPs Z 5 M) ) A6 1 1 B 5 10055 i) 18 B %
KUY, H HIAT R M TC OFP 2[R F i T 408 , 75 77
W, 2858 AT SR A e B SC R v i 3845 7 —
AN OFP 3, iy %N MiOFP1 . €45 15 AW 70 Xt
IR MiOFP 1 J TR 1) 2 10 458 AXORN % 5 [R] D g AT
FC, NN MiOFP1 2 500 B A AR S 10 155 B 2%
R FHLHER S

1 BRI

1.1 B R B

LA IR SO DU R AT, ARG T KR
2Bt R bR A [ , $00 I (Arabidopsis thaliana) 7 5f
6 L B A B, b R P R R BB AT SRR
TRAF o HLRIERFVERE W R 5 £ 2022-02-15 R4 6
PRA 34— B0 B U S A AT R (3 4 4D A 11
- ZERIZE (I R AL 80 5 6 Rk K 35— 3500 A 1 %

R W (12 4F 22D &8 1 B i 25 O Rz 3 AL
40 A6, LLACEEAE 5 20 d F1100 d A 47 S S e Fn 5
W BRI ZRIEREMERE SN 6 BR K34 — B g AT 3
WY (1) A, 5 it SRR 1) 54 2021 429 H 222022 4
5H o KRS — 5 N 17:00—18:00, F i K AR 5
ST RSB, TN -80 CUKAE A VR ARAT 4% FH .

1.2 REHE

1.2.1  MiOFPI & % F & 3| % #  # H NEW
PLACE (https://www.dna.affrc.go.jp/PLACE/?action=
newplace) 7 4 J A4 Fil il VY 2= % A MiOFP1 J3 3)) ¥
DX 3 AFE FH 7o, F1F TBtools 2 il & 8 i =04
et BAE B E.

122  MiOFPI 48 42 4% bt Ao bt 18] £ ik 451 o4 32
HUAT: SR 2H 23 3R 025 e P A R ) 2 08 A M AR 11
RNA, i #% 536y cDNA £ F , IR ¥ VU Z= A MiOFPI
FE R P41 %1 H9¢ 6 52 2 PCR 5] % qOFP1 F(5” CTG-
TACCTGCCGTGCTACAA 3’ ) . qOFP1 R (5’ CTG-
TACCTGCCGTGCTACAA 3’ ). VIS Midctinl H
W2 %W, 5] % N gActin F (5" CCGAGACAT-
GAAGGAGAAGC 3’ ) . gActin R (5" GTGGTCT-
CATGGATACGAGCA 37 ). S % Y6 52 & PCR X
5N ABI7500. 438 e B AR 5 AR P 2 B8R &
SYBR Premix Dimer Eraser( TaKaRa) ¥t B F5 34712,
123 @ me £ A o4 L=
P47 IU 2 % A0 MiOF P {8 R R IE A, v 44 N
pBI121-MiOFP1 # {£ , # 1k BHA105 /& 32 45 . il it
TR Gk AL B A6 L Y B9 A4 AU R TR0, R L
A= R RE A PCR BE AR % @ BH AR . DA T3 R4 &
TR IS AR EAT AH OGS . e R B %2 - R
F 22 B AR A MIOFP £ # R K I+ b
(1R IR TK P, W0 5%t 5k R 40 7 7 (1% 9tk 2 BF (1) 70 26
—ZEAEFF IR (] B9 e B R, R
LR TF I RSN P YR A S R ) R /KR, DA
B IT AtActin2 N Z 5, 5198 AtActin2 F (57 -
GCAGAGCGGGAAATTGTAAG-3" ) . AtActin2 R
(5’-GGATATCAGGAAGGATCTGTAC-3"),AtFLC F
(57 - ATCATCATGTGGGAGCAGAAG-3" ) . AtFLC
R (5" - TTCAACCGCCGATTTAAGG-3" ) , AtFT F



1102 3 i)

S

40 %

(57 -CTTGGCAGGCAAACAGTGTATGCAC-3" ) .
AtFT R (5’ - GCCACTCTCCCTCTGACAATTGTA-
GA-3") , K7 1EZ % R B SR iE "

124 #ARI& IR0 HAS%E ABA XL H
READE < ¥ e B RO B I T3 RG-S 7R B b1 38 M
T4 0.2.5 umol - L"ABA f] 1/2 MS [l #4855 5 I,
B3 R, DURAR A B AR, & 12 h
W — KR, 10 d JEfids . RKNE %
T3RELE PR R FFHEF T 172 MS [l #5575 5 BB
75,5 dJEEES 0.5.10 pmol - L ABA ¥ 1/2 MS
B IR AR ARSI, A3 R E R, AR5 d
JE RIS R . A ERFR AR 2 3PP 9 d R Ak
TR, KR 12 d JF AT 20 pmol - L' ABA W
Jita AL HE , LAY /K AR B 5o BE, AR B 1 d fE SR ARG IF
M, BN AL 3 R A, SR R S i T 2R
AT E B (T B FERHA R A D
FEHUABA Ab P4 K xof HEZH J0RE T I F 1) RNA, 3
sk Jm il RO E EERRK 2 51 T ABA B
1 Py JR R Gk &, 51 ¥ N AtABIL F (57 -

GTTTTCCCGTCTCACATCTTCGT-3") . AtABII R
(57 - CTTCATCCGTCA TTACATCCCAA-3’ ) , At-
MFT F(5’-CGAGCCGAACATGAGAGAAT-3") . At-
MFT R (5" - AAGTATCTCTTTTCCTCTTGAGGG-
3’ ) . AtDREB2B F (5’ - CATCAGAGCCAAGAC-
CAAAACC-3’) . AtDREB2B R (5’ - TGTAGGAC-
CATTGCCTCAGAAC-3"),
1.3 ¥IESH

V4 T 15 B4 SF ) Excel i3F 47 $ 40 &b B A2 B Fy
#I4E , F F IBM SPSS 22.0 B 43747 5 Z 0 # o

2 HR550

2.1 MiOFPI ERE BT FI 5

X VUZRE A MiOFPI 1A 3+ 17 511 (2000 bp) it
ARG A F e 7, & B MiOFP1 J& 8§ HA7(E 1)
W BTG 1A S ST, 54 ABA B TG
5, TS SA TR TTA: , 9 A GA M B T4 5 38 B o
A 1A ERIR R TG, 4 AN i /K I S TG, 9 4N MY C 3k
EFRI10MMY B TG0 - D,

37

I
0 200 400 600 800
s ABA response GA response

W Salt response

Dehydration response

T | ]
1000 1200 1400 1600 1800 2000

s SAresponse

MYB MYC

s Ethylene response

B 1 MEZH MiOFP1 BEITEEIRNAER TH
Fig.1 Cis-elements analysis of MiOFP1 promoter in SiJiMi mango
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Fig. 2 Expression pattern analysis of MiOFPI gene of SiJiMi
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A. Overexpression of MiOFP] transgenic Arabidopsis plant phenotypes; B. The expression of exogenous genes MiOFP1 verified by semi-quantita-
tive PCR in the leaf of transgenic plant; C. The bolting time and flowering time of MiOFP1 transgenic Arabidopsis; D. The expression of endogenous
genes about A7FLC and A¢FT were verified by quantitative RT-PCR in the leaf of transgenic plant. Letters indicate the level of significant difference
(p<<0.05).
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Fig. 3 Effect of MiOFPI transgene on flowering of Arabidopsis thaliana
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A. The germination phenotype of transgenic Arabidopsis seeds overexpressing MiOFP1 under ABA treatment; B. The germination rate of transgen-

ic Arabidopsis seeds overexpressing MiOFPI under ABA treatment.
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Fig. 4 Effect of ABA treatment on seed germination rate of MiOFPI transgenic Arabidopsis thaliana
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A. The root length phenotype of transgenic Arabidopsis overexpressing MiOFP1 under ABA treatment; B. The root length of transgenic Arabidop-

sis seeds overexpressing MiOFP1 under ABA treatment; C. The proline content and POD activity of MiOFP1 overexpression Arabidopsis; D. Expres-

sion levels of the ABA stress-related genes AtABI1, AtMFT, AtRD29B and AtNCED3 in 30 d old WT and transgenic plants. Letters indicate the level
of significant difference (p<<0.05).

5 ABA 2IEX MiOFPI ¥ EE T HIZZN
Fig. 5 Effect of ABA treatment on MiOFPI transgenic Arabidopsis thaliana
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W& T WT bk 2 , T AtMFET 13635 K Ewg & F WT
k. £ ABA S, FiR 44N LR ERIA KL
TEESTWTHAKES-D).

3% W

Ja AR F o 58 R B AR VK
RN R AR A W e AR OB, FEAE Y 3E 5
FI T S A O R R 1456 B MR 21 i
SAE ek B, W 5 R E ", MiOFPI i
2000 bp Ji3 21~ HEL F K B IR M . G A A 185
B R ST HE MiOFPI V] 6852 33 AEE Y
18 ALK EJiE MYBVMYC #% 5% R I i 42 A5 &
HRF LR, MiOFP1 B A R IE S 7k,
2 TR B AR AR B (1 2R SRk AR R
SEFI R H Rk AR B . S R AT AR IR, KR
OsOFP{EM K B W R B B E A", # & VwOFP
EFFAERT AL B, AR — B A f5 , /A & W3
TR, /N TaOFP EAR AR RIS e @™ Xt
FEAHE 745 1, o LA, OFP 2 5 2 MW AE K
KB W R HE AN F PR OFP 32 2R I Th REAN
FIEWAL B ATREANH . BEAah, Xt id R IE MiOFPI 1)
P TR T R AU , R B L I (R RD TR AL I (R 2
FIEIR X 5 T OFP1 DhEe AL, AtOFPI 1 90)
R ST ORI I AEIR A I G IR SR R R A
AT s R R, 7R B 3R IK MiOFP1 3B TF ik &
o, BRAE TN JE R FLC 3R 15743 B2 3k, e (e it
FE[R FT 2R I5 52 B4 1], AT ASE A8 490 T 16 I6F 18] SE
IR IXAE B T MiOFPI %} FE R R I T {62 21
POEIVE R . WFFC R B, it B3R IE SIOFP20 I % 7 FF
AC 8] B SR HEIR , SIOFP20 %5 5 I FE B () SIFT %14
AKCERELT WT. Bl ok WA OFPFERT Frh
T [FFE A IR FF A I Th Re Il , (H it & Rk
MiOFPI W40/ I Ak 5 1 8 R85 i SIOFP20 1Y)
TR B IR TF AR I G, HA IR N FT RIS =1
3 3 BRAR , 3R 0 2 AT R I A (R s AL P 3 AR TR
8 FT I, M T S 3R R AR AR B T) F TR 4%, 25
R, HEM MiOFP 1@ IS 520 FLC A1 FTIZRIEIK
SR AT SR AERT [H] .

CAHMAXRN, R 5EMEKKEF I,
OVATE X Jti i) 22 S 3k IR 38 2 5 W W 25 1 7% B i
S oy B R o AN N GAL T LAY R AtOFPI

R IE R R RIS K ARG OFP1 i 5 GSK2.
OsBZR1 1 DLT HJAH B4 F 2K IE 1 45 BR Wi )3 ; Os-
OFP6-RNAi % JE [K ¥k R I H IEH A K41
AR AR J AT TAA Kb 2R 5 (0 AR 25 5 3 n s 3 SRk
AtOFP8 2 23858 T W IF Pt 2%, KM 71K
ZEAR NG Ry, R E R A R, N
Fo R, TEEEA S RS, A PR
I TR BB 6t 25 B KR8 OsOFP6 A FR 31T T 5
AV A 22, 0 55 R AR ik R /K ELAH X 5 36 T i
LS, Ui OsOFP6 2 5 /K Fg it 1 2 FUIG IR e
1577 A AR 3 OFP SRR 3 R & T R A
IR AR A Y B N I AR (e B 22 7, 0
SEAEARIR T MdOFP 3L R 5 i h 2 AN B R (1 3Rk &
VI A FFREE R EFECY s [RIRE 0 AR AR T, iR
S Wi VIOFP3/7/10/12 %5 5£ N [ 2 1k & BT, #E0
VOFP W] e {E i Al % I Foy 3 e )82 5 D 6 3 AR B (1)
WATVE Y. ABA &M T R R K 2 80w WA R
Y38 [ B E AR 2 —  EFEX R T RS
AR NPT, B AR R YIAR LG, MiOFPI I8 &
RIEWAE T ABA X071 & (1) 1] 4 FRIAR K i
M B2 T MR ABA R BT AR I R R B R
AL S5 A W) Wl 35 M, R 3E T ABA 1A . BE [R] ABIT
MFT 1 RD29B U\ }2 ABA 4 1 % [Nl NCED3 ) %
k. AR BB E T, G5 E I R AE AL,
TR & BT DAAE R 4 RIS 0E 5 5 TR, 40
= AR R & I A A B S L I SR AR T, X 4
J 3 R AR A AP T e A 0 AR A A R 2
il JE W I, 3k B A b 3R W 5 X 4 B 1 B AR
F I8 AR i ABA , $2 i R A A4 P B4 T =ORR
TR A G P AT 8 5 A A2 R AR I A A
IR RE 12 ABITAE ABA (45 5 % 53l F2 o 2 £y
VAR Y, MFT BLAEADH] ABIS 3RL , XF ABA {5
538 P R s R VR Y, AR ABA Ab B A
WS RD2B R EE I =Y. X RIMEY,
MiOFPI TER FTF 16 F1 75 ABA Wi Jo7 o mf G 2L A5
SCAR AR L, HED RS B MiOFPI W] B 2 38 i A &
ABA 15 5 18 % 2 5 Tl 1 & U 428 3 72 0 55 By
It 2, H 2 MiOFPI 72 Wi 2 5 ABA {5 518 %
()« MiOFPI 7& 15 8 W AT S FF 16 fig 35 @ o $2 &
ABA & SR s AT R B AR B D1 AT R, T
Bt — S



%6

TKREHRL, 5 AR MIOFPIFER 2155 D Rg 4

1107

4

gt 1w

HIR MiOFP1 A8 B 25 1) B S A AR v v FE R

A8 T E AR SR SR AT R 3R K KT U 7R R AR
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