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The construction of AD-cDNA library of AP2/ERF transcription factors

of strawberry
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Abstract: [Objective] As one of the most numerous transcription factors in plants, the members of AP2/
ERF superfamily were reported extensively to be involved both in the regulation of the process of
growth and development in plant, and in the regulation of ripening process and accompanying physio-
logical changes of fruit. Rosaceae is of great importance to be investigated, because it consists of many
economically important fruits such as apple, peach, pear and strawberry. But compared with the total
amount of numbers of AP2/ERF superfamily in Rosaceae, the quantity of the members reported to be
functional in the process of fruit development and ripening is too small, which means large work needs
to do before a comprehensive understanding of the role of AP2/ERF in fruits’ development and ripen-
ing process is made. To investigate the potential targets of transcription factors like AP2/ERF, Y1H as-
say is one of the most effective methods to use. It is a rapid and efficient way to build an AD-cDNA li-
brary only consisting of transcription factors to be screened, which reduces the false-positive rate and
great labor when using a traditional cDNA library instead. [Methods] With the use of CTAB, RNA was
extracted from strawberry (Fragaria < ananassa) ‘ Yuexin’ fruits, which was then used as template in
the process of reverse transcription for the synthesis of the first strand cDNA. With the help of bioinfor-

matics, the details of the sequences of the members of AP2/ERF superfamily in strawberry were ob-
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tained, according to which the special primers of each member were designed. Each CDS (coding se-
quence) was cloned to pGEM-T easy vector for sequencing. After the plasmid profiles of pGEM-T easy
and pGADT?7 vector were compared, seven special primers were designed to transfer the CDS from
pGEM-T easy to pGADT7 vector, which was then transformed to E. coli and sequenced. The strains con-
taining the CDS of AP2/ERF family members were preserved with 50% glycerol separately at -80 ‘C be-
fore use. To avoid the potential loss of certain plasmids when all of the strains were mixed to proliferate
and extracted, each strain was cultured and extracted separately. The plasmids were mixed with the
same molar quantity for completing the construction of the library. To verify the effectiveness of FaERF-
AD library, the promoter of DkPDC2 which was reported to interact with an AP2/ERF transcription fac-
tor DKERF19, was screened by Y1H assay with the use of the library. The detail process of Y1H assay
refered to Yeastmaker™ Yeast Transformation System 2 User Manual (Clontech) and Matchmaker™
Gold Yeast One-Hybrid Library Screening System User Manual (Clontech). After cultivation of 3 days,
the colonies of Y1H transformants were recorded and photographed. [Results]120 items of AP2/ERF in
strawberry were obtained from DNA nucleotide database of NCBI after repeat records were omitted.
Special primers were designed, and specific coding sequences of 120 AP2/ERF members in ‘Yuexin’
strawberry fruit were cloned with cDNA of strawberry fruits at 4 developmental stages (G, green stage;
T, turning stage; IR, intermediate red stage; R, full red stage) as template. The AD-cDNA library of AP2/
ERF transcription factors of strawberry was constructed successfully after all of pGADT7 vectors with
specific AP2/ERF coding sequence were obtained and corresponding strains were preserved. After the
screen of the library by Y 1H assay with the promoter of DkPDC?2 as a bait, dozens of colonies were ob-
tained from SD/-Leu media with 200 ng- mL™" Aureobasidin A (AbA). The PCR results of the colonies
showed that only two bands with about 650 bp and 1 000 bp separately emerged on the agarose gel,
which indicated at least two members of AP2/ERF superfamily in strawberry could interact with the pro-
moter of DKPDC2. After sequencing of all the bands, the bands with almost the same length proved to
be the same. The larger bands with 1 000 bp was FaERF#87 and the smaller ones was FaERF#83. The
interaction of the promoter of DAPDC2 with FaERF#83 and FaERF#87 were verified by Y1H assays
with AD-FaERF#83 and AD-FaERF#87 as prey. Both the transformants containing AD-FaERF#83 and
AD-FaERF#87 could survive on the plate with SD/-Leu+AbA (200 ng- mL™"). To investigate the relation-
ship between the reported DKERF19 and two AP2/ERFs obtained in this research, a phylogenetic tree
was constructed, which showed that they were all members of ERF IX clade, and DkERF19 had a closest
relationship with FaERF#87 compared with the other members of AP2/ERF in strawberry. [Conclusion]
An AD-cDNA library of AP2/ERF transcription factors of strawberry was constructed. The screen of the
library with the promoter of DAPDC? as the bait showed two members of AP2/ERF superfamily could in-
teract with the promoter of DKPDC?2. The protein of FaERF#83, the ortholog gene of DKERF19, could in-
teract with the promoter of DkPDC?2, verifying the effectiveness of the library to prove interaction among
different species. Also, FaERF#87 interacted with the promoter of DkPDC2, which could validated the po-
tential application of the library to investigate transcription regulation of AP2/ERF.

Key words: Strawberry; AP2/ERF transcription factor; cDNA library; Yeast one-hybrid
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Table 1 The classification of AP2/ERF

superfamily of strawberry

Family classification Subgroup Number of member
ERF %% ERF family 95
I 5
II 6
it 15
v 7
vV 11
VI 9
VI 3
Vil 11
IX 20
X 8
AP2 5% AP2 family 18
RAV F & RAV family 6
Soloist 1
4t Total 120
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BRI Ndel BamHI
Universal primer GCGGC CGCGG GAATT CGCAT ATG ATCAC TAGTG GATCC GCGGC CGCCT

GEM-T eas 5’... GCGGC CGCGG GAATT CGATT3ATG..... ERF ...TAAATCAC TAGTG AATTC GCGGC CGCCT GCAGG TCGAC ...3'
P Y 30 CGCCG GCC|iCC |CTTAA G|CTA TAC.... CDS ...ATTTAGTG ATCAC TTAAG|CGCCG GCG“GA CGTCT‘IC AGCTGI B

L]
Notl EcoRl Notl  Ecorl  Netl pstt Sall

5... CAT ATG GCC ATG GAG GCC AGT GAATTC CAC CCG GGT GGG CAT CGATAC GGG ATC CAT

Ndel EcoRI g(maII/ Clal BamHI
'ma
pGADT7? —
CGA GCT CGA GCT GCA GATGAATCGTAGATACTGAAAAACCCCGCAAGTTCACTTC ...3"
Sacl
Xhol

AR 51 51 NEEIAL 2T AR B , 274K AP2/ERF 4x K741,
Blue words indicate the mutated bases in the primers, red words indicate CDS of AP2/ERF.

El1 pGEM-T easy # pGADT7 {4k % 5 L& 1F R FNEF 5 14i% 1
Fig. 1 The MCS of pGEM-T easy and pGADT7 and the design of the universal primer

®2 FMRITE ETHEERASIFIER

Table 2 The information of the universal designed primers

GIE/EA S SIFEHNG-37) FEPRAE A7 7] FARRGFYIT £
The name of primers The sequence of primers(5’-3") Direction of insertion Restriction enzyme cutting site
ERF(+)-AD-FP GCCGCGGGAATTCGCATATG + Nde 1
ERF(2+)-AD-FP GCGGCCGCGGGAATGAATTCATG + EcoR |
ERF(3+)-AD-FP CGGCCGCGGGAACCCGGGTATG + Xma |
ERF(+)-AD-RP GCCGCGGATCCACTAGTGATT + BamH |
ERF(-)-AD-FP CCGCGAATTCACTAGTGCATATG - Nde |
ERF(2-)-AD-FP GGCCGCGAATTCACTAGAATTCATG - EcoR |
ERF(-)-AD-RP GCGGCCGCGGGGATCCGATT - BamH |
YRR EIIF ST S pGADTT Ak B IESE—3, “—"Rom 51 F 4175 15 pGADTT #ik i 6t — 5.
Note: “+” indicated the orientation of the primer was in line with the plus strand of pGADT?7, while “~” indicated the orientation of the primer was

in line with the minus strand of pPGADT?7.

AbA (200 ng-mL D57 b, A ERF A DXL > 55 A I 4% 77t B 2 b B2 G 23 Fl ik &6 SR L
Es 7R B KEREE AR, TR B2 . HPBKR&E afE 1000 bp /247 (Fika fr
FedE PIFEW A . W BEALERE 1748 NBERE 45D, 1T 55 — AN SR BN I 2% b K B2 40 0 650 bp
PR VEBEAT B IS AN, UK S R, TR 48 (kb FTHE) . 4F PCR A RN W DN 5

2000 bp
1 000 bp
750 bp
500 bp
200 bp

2 BRRpE ARGk B E PCR ERIKAQN
Fig. 2 The detection of PCR from colonies screened by Y1H

FK W, & alll F N FaERF#87, % bl ¥ N pGADT7 #4443 ) il o Bk 4% 4k i 5 X b &
FaERF#83, 349 ERF %5 IX V. 5 R R Y 1HGlod[pDkPDC2-AbAi] i fk H #E 47 B —50IE , 45
¥ & f FaERF#83 F FabERF#87 J¥ % 01 RWE 3 PR, #ALH FaERFHS83 M FaERF#S7 W%
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fit HI5H

pDKPDC2-AbAi

pGADT7

SD/-Ura

SD/-Ura+AbA*"

pDkPDC2-AbAi
+

FaERF#83 FaERF#87

SD/-Leu

SD/-Leu+AbA?"

3 FaERF#83.FaERF#87 5 DkPDC2 & F E{EWIE
Fig. 3 The verification of the interaction of FaAERF#83, FAERF#87 with the promoter of DkPDC2

T ¥ REBEAE 77 200 ng- mL"' AbA 1) SD/-Leu 1%
FR I I H AR K T A X R (k4% pGADTT %%
POMITEIEEZR R AEK ., XS5 RIEH T8
i 75 6 15 21 () FaERF#83 F11 FAERF#87 fit 1% 5 DkP-
DC2WJEBh T RAEL S

BEAL , ¥ i1 b i 5 DEPDC2 4545 () DKERF19
L5 B4E ERF 28 IXOW 0 B 7 3647 13 51 b 43 #r 5 9
R S 25 1% 7 47 R AUl P55 A 4 ) % % R HE AR, 5
W& 4 Jr 7% , DKERF19 Fl %45 1 FaERF#87 [A] Y5 5% £
T, N E R FVEEE , H 5 FaERF#83 [A] Y 0% 5 tH

—————— FaERF#68
L FuERF#69
FaERF#70
] _l FaERF#71
FaERF#72
—1 FaERF#73
FaERF#75
— FaERF#76
FaERF#74
FaERF#78
|I FaERF#79
FaERF#77
FaERF#84
._| FaERF#83
FaERF#81
i FaERF#82
FaERF#80
FaERF486
FaERF#87
— DKERF19
FaERF#85
B
0.05

LU NIEAT SR G K Z 53 W DKERF19, U6 5 A SCPE T 4453 3 (M B4 AP2/ERF ZX 5% 51 o

Red words indicate DKERF19, blue words indicate the members of strawberry AP2/ERF superfamily got by screening of the library.

B4 DKERF19 5%% AP2/ERF RiEHE XL KRR REIRXFRFELR
Fig. 4 The phylogenetic relationship among DKERF19 and members of strawberry AP2/ERF superfamily subgroup IX
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FaERF#87 fll DKERF19 N H & [R5 IE[H, 1 FaERF#

83 N ML Fe A1, I 3k — IE B AT 7t SCEE
S, R, 2B I A — > SE B2 1Y) AP2/ERF
FESRIR TR SCHE , B AR R IR BT A I TE R %, 3k
BREBAF S5 H R E, A LLG
SRR PR R LR

4 #E o

FRIIRIEE T 14 R & Bi%E AP2/ERF X IEFTH
B 5 FE 41045 B cDNA-AD P2, ) 1% S0 FE 34T
i B PR 2 X2 SO e iR I6 45 R, nI ik Ik 5
SCHRARE FH AT ) AP2/ERF JE [R] 5% 1 B 01, 3IE B S
AR, B8 T IE B AR 9T AP2/ERF #% 5% [K 1 J5 5
THAE.
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