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Functions of MdTINY, a member of the apple dehydration
responsive element binding-A4

ZHANG Haiyuan, WANG Xun, WANG Qing, YOU Chunxiang”

National Key Laboratory of Wheat Improvement, Shandong Collaborative Innovation Center of Fruit & Vegetable
Quality and Efficient Production, Apple Technology Innovation Center of Shandong Province, College of
Horticulture Science and Engineering, Shandong Agricultural University, Tai’an 271018, Shandong, China

Abstract: The dehydration responsive element binding (DREB) transcription factors play an
important role in plant growth and development and are extensively involved in plant responses to
abiotic stress. The DREB family contains six subfamilies, and TINY belongs to the DREB-A4
subfamily. The Arabidopsis thaliana TINY gene, AtTINY, plays a role in regulating plant growth and
responses to stress. In order to investigate the evolutionary characterization of the DREB-A4
subfamily and the biological function of the MATINY gene in apple (Malus domestica), in this study,
we used the databases GDDH13 and TAIR and online tools (Expasy and WoLF PSORT) to study
the biological information of the DREB-A4 subfamily in apple. In addition, the tertiary structures of
the proteins were predicted. The apple DREB-A4 subfamily contained 22 genes, all of which had a
conserved AP2 domain, and subcellular localization predictions showed that DREB-A4 subfamily
proteins were mainly located in the nucleus. The transgenic calli of MATINY were obtained by the
Agrobacterium-mediated transformation method, and the main biological functions of MdTINY
were explored by quantitative real-time PCR (qRT-PCR) combined with anthocyanin content
determination. MdTINY shared the highest amino acid sequence similarity with AtTINY. The
coding region of MATINY had a full length of 759 bp, encoding 252 amino acid residues. Analysis
of the promoter elements and expression patterns indicated that MATINY was responsive to light and
multiple stress conditions. MdTINY was localized in the nucleus and had transcriptional
autoactivation activity. The overexpression of MATINY in calli inhibited normal growth and
promoted anthocyanoside accumulation. These results indicated that MATINY negatively
regulated apple plant growth and promoted fruit coloring, providing a candidate gene for the
breeding of apple varieties with high quality of fruit color.

Keywords: apple; MATINY; anthocyanin; vegetative growth; subcellular localization

AP2/ 2 ¥4 Wi [ Al -F- (APETALA2/ethylene-
responsive factor, ERF)J&AH ) i KR 4% 5% A
THRGZ—, E—FRNB A REB RS 1 8
242 60 NEIERRKJERI R AP2 25103
WL m JF o AP2/ERF %% 3t [N F 5% i v 43
DREB. AP2. ERF. RAV (related to ABI3/VP1)
il Soloist ix 5 MZ . DREB ZEHEEEN ™
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{33552 3 ICE1 M HOS1 2 b3 57 A+ 1y 9
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fie 1), DREB1 #l DREB2 % 545 ABA JE4K
i 1e, MEs DREB KM 17E ABA K
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FAE

AtERF040 J& T#IR5 7t DREB-A4 WV 5% ik
B, b #iE AtERFO40 SEULIRGTF IR IRgh AN
HEFRAR A, POl Tl IT e AR K, Rk
SEH A4 ATINY U0 5 30k ATTINY bk
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BR) 4= W1 & B B0 i AR i g sk 8 s
tiny 1/tiny2/tiny3 —H R 4K BR /T M
A KON BUBNE 2 FEAIG, BR {5 5 5% A DG I
PRI 14 2 SR 17 100 27 30) J 2 s i), G BH ALTINY 17 i
2 BR 55 M 0l T LR ST I E R A K
AtTINY BEG% 15 1AA19, RD29A il CESAS 41
S0 07 R (R e ik, R T B R PR 1 P R
PRI, Hr¥(Rosa chinensis) RCTINY2 K& [ ft) 3¢
IKIKEAZ 3] ABA . T FRNER AL FHE ) 1 2 50
ReTINY2 & &S FA iz, 76 ik 40 i
H B SR A T M . 1 F8 RETINY2 (4
FSTAE IR, TEFD T & gl i A K 2 R B
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B
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NaCl PRGN, AR Z A K AR £ 12
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A DL H 454G DRE 27 55 5% 6 ZmDREB4.1
THE AR, FEAR T MR i i, il TR AR
Bl AR AIZE A E A 5 [ Es BIR TR AR ) 4y
44, FBURE I 5 E/NP R (Solanum
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B FERSELHT BETHE . i %5 SDREBA4
HIFEAE T TR AR . /KR (salicylic acid, SA)
MOIGERFAN DG A RIL, iR
T AR 5 R T B2

WHETT 2 MEMY AL . K.
ZERF R, B A RS RS AR, &
PR RSN T ) — I bR, bl 20 5
G, ZIER s RPN R T A 6
TFHAPAML . EHERIEHEESETIRE, TR
FE A Z R A8 A HEPTAE T, [R] A 2 A o A
Yt i — > A BEAR AR,

AW ST E R X SE IR A, E
T3 DREB-A4 Wik 22 A3, 18 &
B RSFIY AP2 PREFASA I, IV 20 R 057 T i
AN, G O 6 T A A, R
AT T = REEWEM . T 2 e
X DREB-A4 W55 WA W1 2= D fig , BE B AR
IF AtTINY (DREB-A4 W5 Ji% )& F 45 1 AH AL Y
MATINY $E5 A%, 13k MATINY
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BRI AR GDDHI13 3 A 41 804 2
(https://iris.angers.inra.fr/gddh13/) 3% 75 3 R
DREB-A4 V. % hk PR A 11 B 417
1.2 MADREB-A4 BIEHERF S

K HTEL B AMF Expasy (https://web.expasy.
org/protparam/)X} MdDREB-A4 WV ji% /) 5 1 5 43
T SRR SR T IO A s A AL B
SWISS-MODEL (https://swissmodel.expasy.org/)
% 3 4T = 945 H 45 709 . NOVOPRO
(https://www.novopro.cn/tools/secondary-structure-
prediction.html) JF 17 4 171 5T — Z 45 44 LL X 5
MEME-SUITE (https://meme-suite.org/meme/)itt
fr & B LR 0 M s i Plant CARE
(https://bioinformatics.psb.ugent.be/webtools/
plantcare/html/)i#47 3 ) T IRAAE FH T 53 #r 5
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185 11 5T 40 B o€ A7 F 5 AT PSORT
(https://www.genscript.com/psort.html) #1715 5
PRI RS 5B,
1.3 #HikigiE

WG E VI L, DS IRAES T GL3
f cDNA S5k , PCR §34 Fr s 2 1) H B9 P41
If e H B R B fdE A ] 5 2 B R A
35S:MdTINY-pRI101 . 35S:MdTINY-RDKY .
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K, ARG FF B s S, e BH P TR R
PRBUTRL, FALE] GV3101 A L,
L4 REHBINEREMH

ML SR TEAM (Oriny @44, 1
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Fraffl, IR HEIEAR—2, K 12d EAK)
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AULFL | ODeoo £ 0.5 ZEAT I BRI, RS FRIE
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PR IGFE 15 min, FETCARATHUME R IR I F 1
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1.5 KRN EE PCR 2

i 1 RNA FEP BG5S (b st B el
YRR R, $RIBCE IR d i 22
H) RNA; il A0 6% a0 G (B9 A 8 =)
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x1 KAREASY

Table 1  Primers used in this study
Primer name
Md18S (qRT)-F
Md18S (qRT)-R
MdTINY-F
MdTINY-R

Sense primer (5'—3")
GGGTTCGATTCCGGAGAGG
CCGTGTCAGGATTGGGTAAT
ATGAGCGCTGATCAACCCCAAA

ATTATTATAGTCCCATAACAAACCC
TCA
MdTINY (qRT)-F TTTGGTGGGTAAGTCGGTTTCTTGG

MATINY (QRT)-R CCTCCTTCCTCGCCTTCCTCAC
MADFR (qRT)-F GTTGAGGGAGATAGGGTTTGAG
MdDFR (qRT)-R GGTAAATGTAAAACAATAGAGAGG
MJANR (qRT)-F TCAACAAAAGATACCCCCAG
MdJANR (qRT)-R GATAGCTAGCTCGATACATGC
MdF3H (qRT)-F GCCGATCACCTACACCGAG
MdF3H (qRT)-R GTACAAGAAGTGGGAAGGC

W, RSB LR R ODeoo 2 0.9 A4, BWEE:
10°, 107", 1072, 107° 3% 4 MKEHE. Y2H
[ t:7E SD/-Leu-Trp il SD/-Ade-His-Leu-Trp 1%
FRik FAER 2d Zed, MR RARAER,
1.8 HiEFRIT O

i B AL B R 45 (data processing systems,
DPS) Ao T B Bl (0 B & 25 5%, AR/
B RACER B 1 22 7 (P<0.05) . BN LI i
3WAEY FELE M3 REAREE

2 BZRE5OM

2.1 3R DREB-A4 THELXEREME
BEoMHh

7F TAIR % Evp, & F ATINY
(AT5G25810)% 17 Mg JF DREB-A4 W5 %
BB, {H At1G63040 F: A 7E TAIR BN
RAER, FEEFH 2K B, fEAT
FHPATHEHEAREARFER .  TIRFRER
DREB-A4 W% 5 A5 B, #4575 GDDH13
(IFER NS IR, 81 WP 51 HT
SRR IE R 2 AL 6 £ 22 4~ DREB-A4 LA

&: 010-64807509

RO, 3k B 51 45 A ORAT 1Y AP2 S5 R
S DREB-A4 % AR 63 85 5 AH X 437 o &
i+ F 19 413.55 (MD08G1213600)-44 015.92
(MD07G1099500) Da, 4% % X K B 4+ F
534—1203 bp, H:H MD07G1099500 F) 2 hid X
4 1 203 bp, it 400 PR 7 DREB-A4
W PR B BT R SE R A T 4.82-7.56
MDO07G1099500 Ay, HAh S0 1 54 35 i
Mo B SR 0 A0 AZ X R 35 AR 2 )
REHAHEER L, AR IR E S5
(nuclear localization signal, NLS)¥JJ& T4 #iAZ% ¢
fif5 5 (cNLS), f45 2 26: B4 NLS (43 2 Fb
AR . patd Fl pat7) ALY NLS (bipartite
), W g5 R B oR, MDO01G1196300 .
MD07G1263200 . MD12G1019000 . MD14G1017000
REBA patd BN HBEA pat7 B0, VA B EN
{5 5 0] L % % MADREB-A4 #5551,
EAS TR, BEER S, BENESSH
MdDREB-A4 W58 i 45 1 B PR A5 B L3 2, %)
VAR DREB-A4 WK 11 BL i AT — Rt e
(& 1), 450 &P, DREB-A4 R EEMAF
e 38 2L = 7 H P IR
2.2 R DREB-A4 THREK R TINY B
FHtext 5 B s+ 5 1

B RIT AtDREB-A4 WV 5 At1G63040

SN 16 DEIEFEIS MATINY (MD08G1114100)
BT P B R 4T, 25 UK, MATINY
5 AtTINY (AT5G25810)#F F HA L1k
F, Hih AP2 fRSF4E R 75 MATINY 2K &
FIEE 65-122 (i 24 MR (K 2). & 94
MRS R B, MATINY 5 AtTINY 2 1%
M) R BB AR . MATINY 8 H
i R TC A I & ey, R 59.94%,

i X 4K 759 bp, Zwfid 252 NEIER (K 3).

J T BRI E R MATINY B9 4E ¥ T fE
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%2 ¥ MJDREB-A4 {RIESE

Table 2 Information of MADREB-A4 in apple

Sequence number Molecular Number  Theoretical Subcellular NLS: pat4 and NLS: bipartite

weight (Da) of amino pl localization pat7
acids
MDO01G1083000 20591.89 186 6.07 nucl: 12, mito: 2 4: 37-RKRR 37-RKRRWGKWVSEIREPRK3
4: 51-PRKK 8-KRRWGKWVSEIREPRKK
7: 51-PRKKSRI  39-RRWGKWVSEIREPRKKS
MDO01G1196300 25057.82 235 4.94 nucl: 11, mito: 1, - -
plas: 1, golg: 1
MD02G1060200 29 869.77 275 4.90 nucl: 14 4: 82-PRKK -
7: 499-PDQKRAR
7: 82-PRKKSRI

MDO02G1217800 39 382.54 359 6.15 nucl: 13, chlo: 1 4: 79-KRKK -
4:201-KKKR
4:264- KRKK

MDO02G1217900 30247.09 278 5.79 nucl: 13, cyto: 1 4: 80- KKKR 66-KKGQRPNNEKEQGNKKK
4: 116-PRKK
7: 116-PRKKSRI

MD04G1060400 28 796.56 260 5.41 nucl: 14 4: 112-PRKK -
7: 112-PRKKSRI

MDO04G1067700 29 004.90 264 5.68 nucl: 14 7: 109-PRKTKRI —

MDO06G1053600 28 062.89 253 5.25 nucl: 14 4: 110-PKKK -
7: 110-PKKKSRI

MD07G1099400 31984.32 292 5.38 nucl: 13, cyto: 1 4: 92-KKKR 78-KKGQEPNNEKEQGNKKK
4: 128-PRKK
7: 128-PRKKSRI

MDO07G1099500 44 015.92 400 7.56 nucl: 13, cyto: 1 4: 33-KKKK 58-RRRTKWVSEISDKGKKF
4: 34-KKKR 59-RRTKWVSEISDKGKKFR
4: 218-KKKK 250-RKNGKWGSVISQKGKKL
4: 219-KKKK
4:220-KKKR

MDO07G1151700 21 019.20 188 5.79 nucl: 14 4: 36-RKRR 36-RKRRWGKWVSEIREPRK
4: 50-PRKK 37-KRRWGKWYVSEIREPRKK
7: 50-PRKKSRI  38-RRWGKWVSEIREPRKKS

MDO07G1263200 24445.11 228 4.82 nucl: 9, plas: 3, - -
cyto: 1, mito: 1

MDO08GI1114100 27 755.65 252 5.12 nucl: 13.5, 4: 84-PRKK -
cyto_nucl: 7.5 7: 84-PRKKSRI

MDO08G1213600 19413.55 178 4.85 nucl: 14 4: 22-RKRK -

MD09G1206700 26 222.00 241 6.20 nucl: 12.5, 4:52- KRKR 40-KKPSREQQQVVLKRKRD
cyto nucl: 7.5, 4: 87-PRKK 73- RKRNWGKWVSEIREPRK
cyto: 1.5 7: 87-PRKKSRI  74-KRNWGKWVSEIREPRKK

MDI12G1019000 22 561.87 210 5.03 chlo: 11, nucl: 3 — 40-RRRSSGKWVSEIREPKK

MDI14G1017000 21 723.10 199 5.28 chlo: 10, nucl: 3, 29-RRRSSGKWVSEIREPKK
mito: 1

MDI15G1093800 26 829.79 245 5.11 nucl: 14 4: 84-PRKK -

7: 84-PRKKSRI

http://journals.im.ac.cn/cjben
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(Zi#2 2)
Sequence number Molecular Number  Theoretical Subcellular NLS: pat4 and NLS: bipartite
weight (Da) of amino pl localization pat7
acids
MDI15G1193700 30211.34 281 5.42 nucl: 14 4: 88-PRKK -
7: 52-PDQKRAK
7: 88-PRKKNRI
MDI15G1396500 22 231.94 201 5.28 nucl: 14 4: 19-RKRK -
7: 33-PGKKTRI
MDI15G1396900 19 685.86 180 5.40 nucl: 14 4:22-RKRK -
MDI17G1187300 26449.32 243 5.61 nucl: 12, cyto: 1,  4: 53-KRKR 40-KKPSSEQQQQVILKRKR
mito: 1 4: 54-RKRH
4: 88-PRKK
7: 88-PRKKSRI

Numbers represent WoLF PSORT II predicted scores, nucl: Nucleus; cyto: Cytoplasm; chlo: Chloroplast; mito: Mitochondrion.
The number before the underscore represents the starting position of the signal sequence, NLS: Nuclear localization signal.

B 1 MdJDREB-A4 EH R =R RN E
Tertiary structure diagrams of MADREB-A4 proteins.
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Figure 2 Conserved motif analysis of MATINY and AtDREB-A4 proteins.
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Figure 3 Comparison of MATINY and AtTINY secondary structures. A: MdTINY secondary structure sequence.
B: AtTINY secondary structure sequence. Pink for helix, white for coil, yellow for strand.
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Table 3 Cis-elements analysis of MATINY promoter regions

Cis-element Cis-element sequence Function Location
name (5'—3")

ABRE ACGTG Cis-acting element involved in the abscisic acid responsiveness +252
AuxRR-core ~ GGTCCAT Cis-acting regulatory element involved in auxin responsiveness —816
ABRE4 CACGTA Cis-acting element involved in the abscisic acid responsiveness +888
G-Box CACGTT Cis-acting regulatory element involved in light responsiveness —251
ARE AAACCA Cis-acting regulatory element essential for the anaerobic induction +279
MBS CAACTG MYB binding site involved in drought-inducibility +1 693
LTR CCGAAA Cis-acting element involved in low-temperature responsiveness +2 235
Box 4 ATTAAT Part of a conserved DNA module involved in light responsiveness —1447
G-box TACGTG Cis-acting regulatory element involved in light responsiveness —888
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Figure 4 The expression pattern of MATINY under different stress treatments. A: The relative expression of
MATINY in 150 mmol/L. NaCl. B: The relative expression of MATINY in 100 umol/L. ABA. C: The relative
expression of MATINY in 10% PEG 6000. Error bars represent the X+S (n=3) taken from three independent
biological replicates. Different lowercase letters indicate significant difference (P<0.05).
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Figure 5 Subcellular localization of MATINY. Scale bar=10 pum.
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Figure 6 Determination of MdTINY self-activation activity.
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Figure 7 MATINY overexpression inhibits calli growth. A: Relative expression levels of MdTINY in

transgenic calli. B: Calli growth phenotype of WT and MdTINY-OX. C: Fresh weight of calli of WT and
MdTINY-OX. Different lowercase letters indicate significant difference (P<0.05).
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Figure 8 Overexpression of MATINY promotes anthocyanin accumulation in apple calli. A: Phenotype of
anthocyanin accumulation in WT and MdTINY-OX of apple. B: Anthocyanin content. C: Relative expression
levels of MdJANR. D: Relative expression levels of MADFR, E: Relative expression levels of MdF3H.
Different lowercase letters indicate significant difference (P<0.05).
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