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Abstract: [ Objective ] Banana (Musaceae, Musa) is one of the most important food plants, widely distribut-
ing in tropical and subtropical countries. Banana is particularly sensitive to most of the abiotic stresses,
such as freezing, drought and salt, which would cause heave decrease of the yield and quality. Therefore,
investigation the molecular mechanism of the response of banana to abiotic stresses is of prime importance
for improving stress—resistant ability. Moreover, over the last decades APETALA?2/Ethylene Responsive
Factor (AP2/ERF) proteins have been found to be involved in a variety of biological processes. Based on
the number of the structure domain, AP2/ERF superfamily was divided into four families as AP2/ERF,
ERF, RAV and soloist. The proteins of ERF family only contained an AP2/ERF structure domain and
were studied more deeply than others in all transcription factors family. The genes of ERF family played
an important role in regulating plant response to abiotic stresses. The purpose of this study is to clone the
key ERF transcription factors of banana and to identify their functions in response to abiotic stresses in or-
der to provide a basis for improving stress—resistant ability. [ Methods ] The relative transcriptome results of
AP2/ERF superfamily genes of Brazilian banana involved in responding to abiotic stresses of leaves were

obtained. The expression profile analysis on AP2/ERF super family genes of banana were conducted by us-
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ing MeV software. In view of the sensitivity to low temperature stress, MaERF25 and MaERF27 were iso-
lated from banana using RNA reverse transcription cDNA mixture from various tissues and organs of ba-
nana as template. By using ExPASy, DNAMAN and some other related biological analysis softwares and
on the basis of protein sequence homology, the sequences homologue and the basic characteristics of pro-
tein were analyzed. In addition, the transient expression vectors containing MaERF25 and MaERF 27
gene were constructed on the basis of plant expression vector pPCAMBIA1302. PCAMBIA1302— MakE-
RF25-GFP, pCAMBIA1302-MaERF27-GFP and empty vector (pCAMBIA1302-GFP) were respectively
introduced into onion epidermal cells by Agrobacterium tumefaciens—mediated transient transformation
and the fluorescent signals were observed by a FluoView™ FV1000 laser scanning confocal microscope to
analyze the effecting position. The transcriptional activating activity of MaERF25 and MaERF27 proteins
was detected in yeast strain AH109. The yeast expression vectors including full length and deletion frag-
ment of those two genes, MaERF25, MaERF25-N/MaERF25-C and MaERF27, MaERF27-N/MaERF27-
C, were respectively constructed on the basis of the vector pBKGT7 (pBD) carrying the His and LacZ re-
porter genes. Then, the expression vectors were transformed into yeast competent cells to detect its tran-
scriptional activating activity and to confirm its transcriptional activating region. Finally, the expression
level of MaERF25 and MaERF27 under different abiotic stress and ABA treatment were verified by
Mx3005P quantitative real-time PCR.[ Results ] The study acquired 110 gene expression information from
the transcriptome results. The result of heatmap analysis showed that AP2/ERF super family get the high-
er gene expression level (90.91%) under cold stress treatment compared with that under other aboitic
stress treatments, the up—regulated genes accounted for 73.64% under cold treatment. In addition, under
high—salt treatment, the differential expression genes accounted for 82.72%, and the up—regulated genes
possessed 45.45% . Under mannitol treatment, the differential expression genes occounted for 79.54%,
and the up—regulated genes had the proportion of 42.27%. MaERF25 (GSMUA_Achr2T20280) and Mak-
R¥27 (GSMUA_Achr10T15510) were chosen as the research objects acorrding to the results of heatmap
analysis, and their CDS sequences were cloned. Sequence analysis confirmed that their CDS sequences
had higher consistence with Elaeis, Phoenix dactylifera, Nelumbo nucifera and Vitis vinifera. The con-
served domain analysis by NCBI showed that the amino acid sequence of MaERF25 and MaERF27 were
respectively located in the 52-110 and 68-126 amino acids both harboring a single AP2 domain, which
were consistent with the ERF families’ features and indicated that MaERF25 and MaERF27 were AP2/
ERF transcription factors. MaERF25 and MaERF27 full-length sequences respectively inserted into the
plant expression vector of 35S: GFP (pCAMBIA1302—- GFP). Subcellular localization analysis revealed
that MaERF25 and MakERF27 were located in the nucleus. MaERF25, MaERF25-N, MaERF25-C, Mak-
RF¥27, MaERF27-N and MaERF27-C full-length sequences inserted into pBKGT7 vector, and then
transformed into AH109 yeast strains, respectively. Yeast one—hybrid assays demonstrated the presence
of transcriptional activity in the MaERF25 and MaERF27 proteins and their C—terminal domains. The
transcription response of the two TFs in response to mannitol, salinity, low temperature and the treatment
of abscisic acid (ABA), showed MaERF25 and MaERF27 were involved in the response to freezing,
drought, salinity and abscisic acid, and were induced in different degrees. The highest level of induction
of the two genes was found when treated with low temperature. [Conclusion ] Two ERF transcription factor
family genes, MaERF25 and MaERF27, were isolated from banana. Their proteins were all located in nu-
clear and had transcriptional activating activity, being involved in the responses to abiotic stresses.

Key words: Banana (Musaceae, Musa); AP2/ERF; Gene clone; Subcellular localization; Transcriptional

activation; Quantitative real-time PCR
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Table 1 Primers sequences
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Gene name Primer uses Size/bp Primer sequence(5’-3")
MaERF25 TR 684 F:ATGGAGTTCGAGGAATCGTC
Cloning R:TTCATCGTTCCACAGTGGCG
MaERF27 ol 750 F:ATGGATTTTGAGGATTCCTC
Cloning R:GTCCGCCCATAACGACAGGT
MaERF25 qReal-time PCR 174 F:GCCCTCTTCCTCCTCCT
R:GGCTCCCTCACCTCACA
MaERF27 145 F:GCCATCCGCTTTGTTTGTG
R:CAGGTCCATGTGGTGTTCG
MuRPS2 325 F:TAGGGATTCCGACGATTTGTTT
R:TAGCGTCATCATTGGCTGGGA
MaERF25 PR 684 F:CATGCCATGGCGATGGAGTTCGAGGAATCGTC
Construction of expression vectors in plant R:GGACTAGTTTCATCGTTCCACAGTGGCG
MaERF27 750 F:CATGCCATGGCGATGGATTTTGAGGATTCCTC
R:GGACTAGTGTCCGCCCATAACGACAGGT
MaERF25 iR TR A £ 684 F:GGAATTCCATATGATGGAGTTCGAGGAATCGTCGTCGT
Construction of expression vectors in yeast R:CGGGATCCTTATTCATCGTTCCACAGTGGCG
MaERF25-N 324 F:GGAATTCCATATGATGGAGTTCGAGGAATCGTCGTCGT
R:CGGGATCCCGGGAAGTTGAGCAGGGCCGACT
MaERF25-C 363 F:GGAATTCCATATGGACCTCGCCGGGACTCTGCC
R:CGGGATCCTTATTCATCGTTCCACAGTGGCG
MaERF27 753 F:GGAATTCCATATGATGGATTTTGAGGATTCCTCCTCC
R:CGGGATCCTTAGTCCGCCCATAACGACAGGT
MaERF27-N 372 F:GGAATTCCATATGATGGATTTTGAGGATTCCTCCTCC
R:CGGGATCCTGGGAAGTTGAGGTGGGCCGATTC
MaERF27-C 381 F:GGAATTCCATATGGACTCGGCCTGGGTTCTG

R:CGGGATCCTTAGTCCGCCCATAACGACAGGT

T IR BRI A BT 575 B PR AP A o

Note : Blod fonts are restriction site and protective bases.
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Fig. 1 Expression heatmap of gene from AP2/ERF super

family under different abiotic stress in banana leaves
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Table 2 The ratio of differential genes under different

abiotic stresses %
E[RE7] WEZEFRN  LRER NRER TREE
fitrif Significant Up- Down— fb3E
Abiotic differences regulated  regulated  No significant
stress of gene gene gene changes
G 90.91 73.64 17.27 9.09
Cold
HEglE 8455 45.45 37.27 17.27
Mannitol
f=E 82.73 42.27 37.27 15.45
High Salt

PEFER T M 7.27%FE K (MaERF2,-20,-24,-32,
-38,-41,-60 F1-78) FiAHTC i FA5 14k

1 25 50 75
T Query seq.
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AT DIIER K EPEEL M A cDNA S
Wi, 5k T 2 A ERF K % JE [ MaERF25 Tl MakE-
RF27, H: ORF 43 %124 684 bp #1750 bp, ExPASY 43
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Fig. 2 Conserved domains analysis of MaERF25 and MaERF27
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VvERF BESERDCSSPSESS. .o vvvnsay ESQTRCSIES . s covansssnnsnnnnas s KRIAGRRKFRETRHH 50
YRG element RAYD element
a-helix
MaERF27 = FLAEWVRRAZLERBEMF 152
MaERF25 FAPEWVRRAATERVEMF 136
EaDREB SSAEIRRAASKRAEMF 138
PADREB SSAERIRRAASKAREMF 143
NnDREBI1 SSSATPRICIARLERRELF 144
NnDREB2 SLAVBSICZARLERAELF 141
VvERF SSARICRELETSCSED 130
AP2/ERF domain
MaERF27 GRASETRSQQFSSSSTMPPAAPGEAGRTPATLGREAVAAPERAAWMPSA SLEN LD L 231
MaERF25 BESEE . oo vnnas TPAGLAAVSDAEGSGGRKEN. ., TTTEDAAAP.S5AR LEN IE Gl 205
EaDREB BEAVS. .covastasansnnsansns SBAPEVR. ..csessanss PAA SLEN LD e 184
PADREB BTVS . o oo ovswensssssssens HEAPQAQ. . convvsosnns PR ML EN LD g 189
NnDREBI REVKSAS........ ACTTSSTSSAYLPQMVIN....RTRRVPE.PST S LEN IL Qg 210
NnDREB2 BRATAS .« ovinwin CISSSSS...HQGIKVE. .. .SEEKVAE.DST LEN IH L 202
VvERF SEBQLES..cceveaass REKKVVG...VALEDSE....SSEGAPYGSST SLEN IN cL 191
MaERF27 250
MaERF25 228
EaDREB 202
PADREB 207
NnDREBI 229
NnDREB2 220
VvERF 210

MaERF25. 7 #8 ; MaERF27. 4 ; EaDREB. 4% ; PADREB. ¥ % ; NnDREB1. fif /& ; NnDREB2. fif £ ; VVERF. %] (CAN79383.1), FfLis
2 . AP2/ERF PRATESHIEG Tk 3 A B 4 IAE . o BRIKE B9 5455 . YRG DGR RAYD Joff.

MaERF25. Musa AAA Cavendish ‘Brazilian’; MaERF27. Musa AAA Cavendish ‘Brazilian’; EaDREB. Elaeis; PADREB, Phoenix dactylifera;
NnDREBI1. Nelumbo nucifera; NnDREB2. Nelumbo nucifera; VVERF. Vitis vinifera. Single line. AP2/ERF conservitive domain; Arrow. three  folding;
Box. a helix; Horizontal Brackets. YRG element and RAYD element.

B3 MaERF 5Hft# % ERF FiRSEERFFIH bt
Fig. 3 Comparison of the homology sequences of MaERF and other proteins

MaERF25 MaERF27

M. Markers 1. JFokz ;2. S 25 5 358:MaERF27-GFR 355:MaERF25-GFR

M. Marker; 1. Plasmid; 2. The results of N . . AL et I T,
arieer . Hhasmic o resuis o 1,47, PEAEN 3 B NS5 2.5 .8, BOELE IR BB T M4 (5061 23, 1

H2&5:6.4 5585;9.7 58 &4,
1,4, 7. Out—look of onion epidermal cells; 2, 5, 8. Green fluorescent signal under

FluoView™FV1000; 3. Overlap of 1 and 2; 6. Overlap of 4 and 5; 9. Overlap of 7 and 8.

double-enzyme.
B4 MaERF25 #1 MaERF27 B91E
W RAE AR E A RAEEYIIEIE

Fig. 4 Results of the recombinant
B 5 MaERF27 #1 MaERF25 T 4R7E i

Fig. 5 The subcellular localization of MaERF25 and MaERF27

plasmids digested by restriction

enzymes



55741

et 55 LLPHAR 2 ERF % S A - X 1 s S DB 813

C Ter

pBKGT7-ERF27 APZ/ERF dnmain‘ N Finger

124

pBKGT7-ERF27-N APZ/ERF domain | N Finger

pBKGT7-ERF27-C RSN AP2ERF donain

pBKGT7-ERF19 APZ/ERFdomain‘ N Finger

C Ter ‘228 < V|

pBKGT7-ERF19-N APY/ERF domain | N Finger

pBKGT7-ERF19-C [RIEEINN APY/ERF domain

108

SD/=Trp SD/-His X-a—D~gal

w» i@ @ @ e ¢ @& 6

@ O O

6 MaERF25 R)B B RE B ED T
Fig. 6 Transcriptional activation activity of MaERF25 in yeast cells

IR FE L, TEEH X- a-D-Galactoside i35 35
BE b SD/-His b 1 A K 08 LA AR BR A5 A8 Bl
W (1, W pBKGT7-MaERF25 . pBKGT7-MaERF25-
C .MaERF27 Fil MaERF27-C A{UELTE T His 41245 3
JIE TS TR Y Lac 045 3604 . ik sb 2 400
I MaERF25 Al MaERF27 & K43 1) 40,15 5 SR 3805 X
S, I L SRS DX R4S T %8 7 JEE DR 1) C i, B
LT 3590 M 372~750 F11 324~684, Tl N A 3 I B A7
B SR T
2.5 AREIELEWEMET MaERF25 71 MaERF27 By
LT

FIH SEEEE 1 PCR ¥ 5 2% MaERF25 Fil Mak-
RF27 FE AR H 2 =5 F ABA A B R A 3
IR AT AT . SRR, 55X IEAE L, MakE-
RF25 Fll MaERF27 JE PR ZE AR TRLAD B Y 4 X 3k (H
Y R T HEREE i ABA 4t A EH . K
TRALFRTR | FUGE BERH L, MaERF25 56 [ 14 26 35 S 4
gk FREEY, K E S d(R5d) Ji ik B i K AH ; MaE-
RF27 FEAL B 10 h B 8 25 1, FF iR 8 f K ME, 10 h
JEFRIkE TR FE RS G TR RIS/ ME . T EREEAL
BT, O BEAH G, MaERF25 7EALFE 0~17 d Y4348
A 17 A E R KM ; MaERF27 £EALFE 0~7 d
IR T, 25 7~15 d A A gk,
AEPE 17 d 5 RS WA R I K X AL Y 2k
i AR ALELR AU BRAH EE , MaERF25 il MaF-
RF27 %] b iH3Eik, MaERF25 7EAL T 0~24 d $74% |
PRI (AR SR IA T BN ; MaERF27 7EAL B 8 d
BB, 8~24 dFR2E T, IR BIR K ME . ABA WAL
FRIS , A% REAH G, MaERF25 7E AL FHE 0~24 h i #2 b,

S5 BTG R LEALBE 6 hik B i KA, AR LA S
% MaERF27 ZEAL (K 0~2 h 3% M, 6 h if 3
B TR (B X IR A i, 6~24 h R RFLE
AR IR R (E 7).

3 4 i

T WFSE PG A AP2/ERF 3 R AE A A AE A4 9
Jipia b 3R IR F O, AT RS 110 4> ERF
LR R B, JH v o7 AT TR B3 e BURR , 25 S A
PR PR 8 90.91% , Ho O H B8 B FN s £k, 4
B 84.55%F182.73%, LAl 255 835 LRI IEH
W ARIR A N2, 5 73.64% , i H & A=
R 45.45% F142.27% . FEMIEGIA R HEA= 8
JolR 360 R A7 BN TR 1), R B R i R R T
PRAVHLER , AT AT = ) S siAe vk i 8, 3
A e IR A T AR A L H R B A S 2 1 i
o IX—GEHRFRI ELP AR b Y MaERF S K e
VR A1 SEN R B A g R NN U SE O NI
URK, TATTAE A e 107 25 R A Y e Y 5 R ke
HHEEAEM . AT Z B 7 H -+ ERF &
P 3 e A s A A 45 B A BRI A AR S S 5
R R B 3 a0 7, A 5T I8 F SR
SE B PCR 7 V%) MaERF25 #1 MaERF27 1555 57K
X H BRI AR AR AT ABA B R A AT I IE
SERFW | 5% IRA LG, MaERF25 F MaERF27 ¥/
[ R BA Fe 2R REa B3 BE . X —
S5 5 SR F IR o P A5 R AR — 3, 12
SHETR IO e UR . 4642 ARERF6 R F I+ RAP2.6
FEIRATH R8T, A PthERF807E NaCl Jifial
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Fig. 7 Q-RT-PCR of MaERF25 and MaERF27 under different stress treatments

T A5 f LeERFO54 JFR XM JeERF 1 #F 100 mmol « L™
ABA ZbFER 3R G LI 5 MaERF25 Fl MaERF27
FEARN WpiE A BE R A F R I O — 2770 eAk,
ERF LR 1935 A I T AEAR OS24, andul g
I¥ RAP2.6 £ JE PR 5 o i) aok SRR 35 1 %15
(AT 32 7, Zhang 5518 75 il TERF2 ()33 3235
B IR T 00 R A I DRI R R R 3R T e TR A7
CpRap2.4a 1 CpRap2.4b )it Rk 7 A JXS
TG TR 22 P, DL S5 R R G Sk gl Rk ik 4
H 5 q—PCR ARANAIE Ay 45 S AR — 250, %G I
TE I N B B 2 . BRI 3 DR () k4w TSR
FERR X B2 0 3 1 it 32 1, DA T3 8 T AR AR A BT
Witk RIERATERE R 24 ERF 2 H 25 T EF A
SR A i 17, I PT 7 L PG A ARG R e o AR
TR FEE SRR

20 B DX T 2 S DRl 1T 5 e — S EE A R AL
#l, K GmERF6 Fl GmERF7 3L [ 1Y GFP fili & 45 1
SRV 28 3% 2 R 4 A ARSI 1) 25562, Sun 5558
1 B 2 T BN 358: LeERFO54-GFP #4 A F[41)
BT JEAE AR I AEAZ R I 2 T 2865 % . Gao
LAY BT B AE 6 1 ERF JE [N, 38 1o B I ke
5264 ERF ZER Y MR I ARl
FF T8 A5 04 341 j 5 32 AFF 5% L P 48 ERF 25 11 1945
i, % B MaERF25 Fll MaERF27 5 5% K 1 ¥ 47 T 48
Mk, @A A . T ABFGEIESE ERF 7 5 TR R
B SR VT - B A A AE T4 D QR
NtERF3 F1 # F§ 7F A9 AtERF3/4 Fl AtERF7- 12,
AtERF4 38 535 58 55 R 4 B TR PDF .2 163K
5 R BN O R, 0 B NtERF2/4 UL RE JF
AtERF1/2/5, K 46 ORCA3 K ili (1) Ptid . /N3 TaE-
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