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Identification of 14-3-3 gene family and functional analysis of MdGRF13

gene in apple
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(College of Horticulture, Gansu Agriculture University, Lanzhou 730070, Gansu, China)

Abstract: [Objective] In this study, the physicochemical properties, structure and evolutionary relation-
ships of 14-3-3 proteins in the apple genome, as well as their expression in different tissues and under
stress conditions were analyzed. Meanwhile, overexpression of MdGRF13 in apple callus under stress
was investigated. The purpose of this study was to provide theoretical references for exploring the func-
tions of 14-3-3 family of genes in apple. [Methods] The 74-3-3 genes of apple were blasted via Arabi-
dopsis and rice protein sequences, and then the conserved domains were searched by SMART and Pfam
online websites to remove the apple sequences without conserved domains. ExXPASy and SOPMA tools
were used to predict the protein’ s physical and chemical properties and secondary structure, respective-
ly. MEGA7.0 software was used to construct the phylogenetic tree. The gene structures and protein con-
served motifs were analyzed by online tools GSDS and MEME, respectively. Tbtools software was
used to analyze the synteny among apple, Arabidopsis and rice, and the protein interaction network was
analyzed through STRING protein interaction database. The qRT-PCR was used to analyze the differen-
tial expression in roots, stems and leaves of the Gala seedlings. The expression of /4-3-3 genes treated
with 15% PEG, 100 umol - L' ABA and 200 mmol - L' NaCl at different time points were measured in
Gala plantlet leaves. The MdGRFI3 was cloned and transformed into Agrobacterium tumefaciens strain
GV3101 cells. The recombinant plasmid pCAMBIA1300- MdGRF13- GFP and the control pCAM-

BIA1300-GFP were genetically introduced into Nicotiana benthamiana leaves. After the tobaccos were
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cultured in dark for 2 days, the GFP fluorescence was observed under a laser confocal microscope. Fi-
nally, the apple callus was genetically transformed by GV3101, and the transgenic callus were identi-
fied by PCR. The fresh weight, MDA content, and the enzyme activities of CAT, POD and SOD of wild-
type and overexpression callus were measured after 15 days of PEG and NaCl treatment. [Results] Ac-
cording to the sequence analysis of the apple /4-3-3 genes, the amino acid lengths were 98-1006 aa, the
molecular weights were 11 221.52-113 854.16 Da, and the theoretical isoelectric points ranged from
4.68 to 10.55. The secondary structure of the 14-3-3 proteins was dominated by alpha helix, followed
by random coil, beta turn and extended strand. Phylogenetic analysis revealed that 14-3-3 gene family
members in apple were divided into e-group and non-g-group, as well as conserved motifs showed that
each subfamily gene contained motif 3, which was highly conserved. Meanwhile, the analysis of gene
structures found that the distribution positions and lengths of exons in different subfamilies had obvious
differences. MdGRF11, MdAGRF 14, MdGRF23 and MdGRF27 had only one intron, MdGRF16 and
MdAGRF26 had two introns, and MdGRF7 and MdGRF24 had 14 introns. MdGRF24 and MdGRF33
were significantly longer than other /4-3-3 genes. In addition, MdGRF2, MdGRF8, MdGRFI3 and
MAGRF28 belonged to the intron deletion class, and all sequences only contained different exons. The
synteny analysis revealed that 10 syntenic gene pairs were contained in this gene family, and there were
6 gene pairs tandem duplication. The 14-3-3 proteins had obviously interacted with FT2, MdFT1 and
XP_008366662.1, which were involved in growth, development and flowering regulation processes.
The prediction of subcellular localization indicated that MAGRF13 proteins were localized in the nucle-
us, cytoplasm and cell membrane. The /4-3-3 genes were expressed in different tissues, and they were
obviously up-regulated in stems. With ABA treatment, the expression levels of most genes were down-
regulated. With PEG treatment, 14 genes were up-regulated. With NaCl treatment, the expression levels
of MdGRF4, MdGRFS5, MdAGRF13, MdGRF14 and MdGRF16 were significantly up-regulated com-
pared with the control. The phenotypes of the wild-type and overexpression lines treated with different
concentrations of PEG showed that the growth of wild-type (WT) callus was weaker than that of overex-
pression (OE), while the growth of callus by 2% PEG treatment was better than that by 4% PEG. With
NaCl treatment, the growth of transgenic (OE) callus was better than that of wild type (WT), and the
growth treated with 0.06 mol - L'' NaCl was better than that with 0.08 mol - L'' NaCl treatment. With
0.08 mol - L'' NaCl treatment, the fresh weight, MDA content, the activities of CAT, POD and SOD of
WT callus were not significantly different from those of OE. While with other NaCl and PEG treat-
ments, the fresh weight, the activities of CAT, POD and SOD of WT callus were lower than those of
OE, the MDA content of OE was lower than that of WT. [Conclusion] In this study, 36 members of ap-
ple 14-3-3 family were identified by bioinformatics. Phylogenetic analysis showed that they had high
homology with Arabidopsis thaliana, and the members of each subfamily were conserved. Subcellular
localization assay showed that MAGRF13 protein was localized in the nucleus, cytoplasm and cell mem-
brane. Overexpression of MdGRF'13 enhanced the drought resistance and salt tolerance of apple callus.
It provided a theoretical basis for the study on apple 14-3-3 family in response to stress.
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Table 1 qRT-PCR primers of 14-3-3 gene family in apple

FR AR Bk N EE
Gene name Forward primer Reverse primer
MdAGRF1 5’-GGAGGAGGCAAAGGGAAGTGAAC-3’ 5’-TGTGGACGCTGATGGGAGGAG-3’
MdAGRF2 5’-CACAACCTGTTGACGGTGGAGAG-3’ 5’-GAGATTATGCCCAGAGTGCGTAGC-3’
MdAGRF3 5’-CAGGCAGAGCGATACGATGAGATG-3’ 5’-CGACGAGCACCAACAACATTCTTG-3’
MdAGRF4 5’-CCAAGCCCCAGCAGTAATCGTATC-3’ 5"-GGAGAGAGGAGGAAGAGGTGAGTG-3’
MdAGRFS 5’-TGTCCGTTGGGGTCTCACTACTG-3’ 5’-CATCGTATCGCTCTGCCTGCTC-3’
MAGRF6 5’-CCGAGCAAGCCGAGCGTTAC-3’ 5’-TGTACCCAACCGAAAGCAGATTCC-3’
MAGRF7 5’-CCGAGCAAGCCGAGCGTTAC-3’ 5’-TGTACCCAACCGAAAGCAGATTCC-3’
MdAGRFS8 5’-TTGACTCCAGGCTCATCCCATCC-3’ 5’-TCGGCAAGATAACGGTGGTAATCG-3’
MdAGRF9 5’-CGACGGCATTCTCAAGCTCCTC-3’ 5’-TCGGCAAGATAACGGTGGTAATCG-3’
MdAGRF10 5’-CGACGGCATTCTCAAGCTCCTC-3’ 5’-TCGGCAAGATAACGGTGGTAATCG-3’
MdAGRF11 5’-CCAACTCAGCAACTCGGACCTTC-3’ 5’-CAGCGGATGAGGGTGTGAAAGTC-3’
MdAGRF12 5’-GCATTGTCCAGCAGCATGTAAACC-3’ 5’-CGACGGCTTTGTTGAAGAGAGGAG-3’
MdAGRF13 5’-GCGTTACGAGGAGATGGTGAGTTC-3’ 5"-TTCTTGTAGGCGACGGAGAGGAG-3’
MdAGRF14 5’-TGCCCGCTGGATTCTTCTTCAAAG-3’ 5’-ACTACCTCGTCGTCAACCTCGTC-3’
MdAGRF15 5’-GCTCGTCTTCCAACACCCATTCC-3’ 5’-TGAACTGGACCATCTCCTCGTAGC-3’
MAGRF16 5’-GCGTCGGCCAGTAAGTACAAGG-3’ 5’-AGTGGAAGAGCAGCAGGTAGGC-3’
MAGRF17 5’-TTGAGCAGAAGGAGGAGAGCAGAG-3’ 5’-CGGCAGATGAGGCAGATGGAATG-3’
MdAGRF18 5’-GCGTCATGGCGGATACTGTCTTC-3’ 5’-GCAAGCTCGTCTTCAACCCTCTG-3’
MAGRF19 5’-CCGAGCAAGCCGAGCGTTAC-3’ 5’-GTACCCGACCGAAAGCAGATTCC-3’
MAGRF20 5’-CGCTCGTCAAGCAGTACAGATCC-3’ 5’-GGTGGTCGCCGAAGGAACAAG-3’
MAGRF21 5’-CCTGACCCTGTGGACCTCTGAC-3’ 5’-TTTGGTTCTTCGGTGGGCTTGG-3’
MdAGRF22 5’-GAGGAGCCCACCGTCGAAGAG-3’ 5’-GGAGGAGACGATACGCCAGGAG-3’
MdAGRF23 5’-GATGAAGGGCACTACCACCGTTAC-3’ 5’-CTATGTCCTGGGCAGCCTTGTAAG-3’
MdAGRF24 5’-ACAACCTCACTCTCTGGACCTCTG-3’ 5’-ATTCGGCGGCAGTTGGTTCTTC-3’
MAGRF25 5’-ACAACCTCACTCTCTGGACCTCTG-3’ 5’-CAGATTCGGCGGCAGGCTTG-3’
MdAGRF26 5’-GGCGTTCGTCAGATCCAAGGTC-3’ 5’-CGGTGGTAGTTGCCCTTCATCTTC-3’
MdAGRF27 5’-GGAGTTCAAGTTCGCCGATGAGAG-3’ 5’-ATGAGTTGGTGACAGATCCGCAAG-3’
MdAGRF28 5’-CACAACCTGTTGACGGTGGAGAG-3’ 5’-GAGATTATGCCCAGAGTGCGTAGC-3’
MdAGRF29 5’-GCACCTTGTTCCTTCGGCTACC-3’ 5’-TCGGCGGCGGTCTTTCTCTC-3"-3"
MAGRF30 5’-TTGAGCAGAAGGAGGAGAGCAGAG-3’ 5’-GCGGAAGAGGCAGACGGAATG-3’
MAGRF31 5’-TTGAGCAGAAGGAGGAGAGCAGAG-3’ 5’-GCGGAAGAGGCAGACGGAATG-3’
MdAGRF32 5’-CAGGCAGAGCGATACGATGAGATG-3’ 5’-CGACGAGCACCAACAACATTCTTG-3’
MAGRF33 5’-CAGGCAGAGCGATACGATGAGATG-3’ 5’-CGACGAGCACCAACAACATTCTTG-3’
MAGRF34 5’-GGAGGAGGCAAAGGGAAGTGAAC-3’ 5’ -TGTGGACGCTGATGGGAGGAG-3’
MAGRF35 5’-AGCCGAGCGATACGAGGAGATG-3’ 5’ -TTCTTGTAGGCGACGGAGAGGAG-3’
MdAGRF36 5’-ACAACCTCACTCTCTGGACCTCTG-3’ 5’-ATTCGGCGGCAGTTGGTTCTTC-3’
MdGAPDH 5’-GAGCTCGCAGGTATCCTTTCT-3’ 5’-TACCAAGCAATGACCTTGACC-3’
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(MdGRF8) . 1M B ¥ A i 0% (MdGRF13) ~7.93%
(MAGRF16) , %E{#1 8 5 2.04% (MdGRF13)~22.65%
(MdGRF33), 3 T (5 LR /N
23 ER14-3-3FKEEFF LS

PR FUFE T KRS R B AR AN R DL R

i) 14-3-3 KM E A 7508 3 R Gkt (B 2) .
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Table 2 Physical and chemical properties of 14-3-3 family genes in apple
L ST Ko gy TR RRERM gy 5
Gene name Accession No. Length/aa  pl Mo.lecular ¥nstab111ty Subcellular location Accession No.
weight/Da index (GDDHI13 V1.
MAGRF1 MDP0000216180 348 5.36 39760.68  50.51 40 )i Cytoplasm MD15G1370500
MAGRF?2 MDP0000624357 100 6.28 11508.05  41.69 4l fui% Nucleus MD15G1315300
MdAGRF3 MDP0000461883 265 4.78 20894.45  43.82 it B Cytoplasm MD00G 1176300
MdAGRF4 MDP0000281236 383 6.14 42382.58  46.99 43¢ & Chloroplast MD01G1037700
MdAGRF5 MDP0000192110 375 8.88 4414634  58.87 J# 5 PlasmaMembrane MD00G1176300
MAGRF6 MDP0000327058 295 4.98 33747.02 4883 YU 5 Cytoplasm MD05G1301400
MdAGRF7 MDP0000220423 693 6.80 77731.88  48.57 4l i% Nucleus MD05G 1301400
MdAGRFS8 MDP0000226796 156 10.55 1721573 9843 1% Nucleus MD10G1023000
MdAGRF9 MDP0000846709 263 477 2959927 5278 i35 Cytoplasm MD15G1373400
MAGRF10 MDP0000137688 263 4.77 2959927  52.78 40 )ii Cytoplasm MD15G1373400
MAGRFI1 MDP0000250954 286 9.24 31356.90  49.63 £8:Hi #A Mitochondrion MD06G1027400
447 Chloroplast
MdAGRFI2 MDP0000185486 465 9.35 51163.61  43.71 A% Nucleus MD07G1247400
MdAGRF13 MDP0000795703 98 481 1122152 63.07 i35 Cytoplasm MD07G1164300
4 L1 Nucleus
MAGRF14 MDP0000468464 147 8.81 16 673.50  56.25 R fA Mitochondrion MD15G1315300
21 ff 4 Extracellular
MdAGRF15 MDP0000325949 326 6.51 37143.92  43.05 YT Cytoplasm MD08G 1193600
210 4% Nucleus
MAGRFI16 MDP0000135165 227 9.27 24768.16  64.26 A% Nucleus MD13G1159400
MdAGRF17 MDP0000387626 682 5.29 75232.16 3692 4L J5 Cytoplasm MD07G1096000
MAGRFI8 MDP0000270640 265 5.31 30393.38  51.66 it Bt Cytoplasm MD08G 1184000
MdAGRFI9 MDP0000263569 236 5.53 27138.88  42.29 45T Cytoplasm MD10G1280300
MdAGRF20 MDP0000286065 253 495 2845530  47.03 405 Cytoplasm MDO01G1037700
MdGRF21 MDP0000772373 264 476 2964125  49.39 Y13 5 Cytoplasm MDO08G 1187400
MAGRF22 MDP0000253447 261 4.81 29394.00  45.77 it Cytoplasm MD10G1084500
MdAGRF23 MDP0000483514 198 6.85 22660.12  41.21 A5 Cytoplasm MD12G1114600
MdAGRF24 MDP0000297492 1006 6.68 113 854.16  42.95 J7i 5 PlasmaMembrane MD13G1063600
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Fig.4 Protein functional network (A) and synteny (B) between members of the apple 14-3-3 family
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Fig.5 Synteny analysis of 14-3-3 genes in Arabidopsis thaliana (At), Oryza sativa (Os) and Malus domestica (Md)
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5K Y MAGRF19(MD10G1280300) HF 7t 4% 5t %k
A —F . Zuo VW4l M & 7 K I MAGF14j
(MD10G1280300) &5 [ 1& . ££ 4 Jf J53 A 248 ffa %
5 Ren ST L g AR R o HED I S R AT g2 A
[F) R AS (R B PR A 22 S, DA BEAS [R] it b ] (%) £ 4
BU T 97 346 H B 22 A R ) A R A o

HEAPE o0 TR B, S R 14-3-3 B2 pl {H /N T
7,1X 52 AEE14-3-3 5 R R R E R 10T L 45
R RGO BRFER 14-3-3 KR
NeFKAMAE 25, HAE e 0T MR 2R (52.8%)
U I (57.1%) A1 31 (58.3% ) EL 47 i - B4 7 -4
W) — RSN B (85.7%) M i (85.7%) , 1E e K 45
LA E, Zuo ZEPVH B TR B, SE B MdGF14a.
MdGF14d.MdGF14i 1 MAGF 14 £& 11 5 S48 () 11 5
4 RFMATFL1 1 MAFT A BEAEH , & 5 0%,
TEARHE T H , MAGRF6 1E & 88 K B W 5 MdGF14i Fi
MAGF14j FHA6, #E00 H B A AL E A« B 5K
B, 14-3-3 £ 1 DA N-35i M1 C-35i AN [7] (1) motif A% 0 25
PR FEAS R T RESY, AR TP R 14-3-3 Kk A e
AR ¢ 280 N-31i5 5 C-ii A A [F] (1) motif, 1% 5k 8
AR SHEAMSG A RIEREYRE. FR14-33%
JEFEDRAT 10 X Fr B 25 2 A0 6 o) 5 Ik B A5 L [N , 6
Fr B E A FL R R R (1 b A AR ke A 4
It B B BRI B S A R T e
r 3 D] SR B L (A R R I R I R A
1 B 5E 37 S0 % B, MAGRF 13 25 [ 78 A7 76 40 o A%
5 AGH i, 5 Ren 25271 Zuo 25T 15 45 B
FEARL, 15084 14-3-3 KR & AEA R A R )
RE , HTT REAE AN BAZ A R SE R R i 5

HLRFIERIEG T T A B H )
fgton, @it QRT-PCR K FISE R 14-3-3 K FE D /E
MR ZEFN A R Rk, AR 2R RIEEE &
5K 14-3-3 ALEYRAE K & A A R ZH R
(1) 22 3K IF 7 45 AR AL, 58 1 14-3-3 5% 1 3 R 76 3
RH— AL T ERE . TR, K
OsGF14b (Y] 5878 %F - 5 F1I5 33 ol 38 i 52 M 1 48
At 5 ABA {5 Tl B A7 %™, qPCR 45 2R BoK,
MAGRF4. MdGRF16. MAGRF18 # MdGRF26 1t
ABA #LFER RIRRIE, AL RS DL B SO,
eI % 5% L K Th e 5 ABA M 9%, R B3E L 14-3-3
HHE RS ABA /3 IR LA MAHSE & 5 328110 52 M)
HAEBE ABA SRR 3 1. TS a2k
EHE P 1 6 & R KA W0 (0 65 B, 338 T Dk % AL 7).
MAEKRE™. 14-3-3"AMENEZEN TR
TAE W8 S B A A A [F) R FE 1 R 18, MAGRF26 £
PEG AbH T = 3R0% , A, 6 N ERE — e &1 LA
Rik . ARHFFAEFER @A H L0 RIE MAGRF13,1E
AN FEVRFE PEG AL 3T, 3 3 DR 8 47 A 3 A4 T 87
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A8, H L 2% PEG &b 2 F K # & ar, 58 4E
CGF14-4" K 32 GF140meg = K “'YE T 5 il N
I RIAHE FL A RAHAL , KIS R IE MAGRFI3 1
7R E AR PR SER YOk E & PCR
K W, MAGRF2. MAGRF4. MdGRF5. MdAGRF13.
MAGRF14 f1 MAGRF 16 1% NaCl 4b 2 '~ K 1A & 7 7
N R ) 18.6.7.6.7.5.2.1.6.5 1 15.6 1% , HLAHE 5T
1F 0.06 mol - L' NaCl &b ¥, #% JE K /5 45 2 4R K 34
T B AR, 5 /NP i KRG R A B
TaGF14b 15 iR S5 A0 58 I 38 5 26 3 i 52 1 1
TF 78 5 FARALL , 3 BH I I8 MAGRF13 4558 13
PSSR E PP, Ti7E0.08 mol- L' NaCl 4b 2
N BN @G A SR B A R R AR R AR,
AT A AT B TR P NaCl A HE ) 1T 5 41 430 A2
Ko W B, AR SCHE A S RS Ren % P"MdAGRFI11
(MD10G 1280300 7F 5 £ 20 23 v iod 2% 3k ] 3 5 g 5
PR R PR 745 B — 3. Ui SR 14-3-3 S
DRIEACAR R e (i A2 TR R 8 T SR A .

4 Z& p

AT AT IS A G B T S e 36 MR
14-3-3 B[R SO R » R B R I 590 R
IFERPER R, B A G5 AR ST o T4 A e
fr i 7R , MAGRF 13 &5 H i€ Az £ 41 M A% 40 i J57 A1 48
Mg, it Fik MAGRF13 3938 1 3% 5L 45 241 23 1)
U A Sh i . Xt — D R 14-3-3 KRk
R e A EEE
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