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HE: A A B R st f= RT-PCR # A, A% 548 3F R ( Malus domestica ( Suckow ) Borkh. ‘Zihong Fuji’ ) ¥ 0% 7 13 A
NAC #: 3 B -F A B : MANAC40~45, MANAC47~53 ( GenBank % 3 5 % MG099877~MG099882, MG099884~MG099890 ). A~
) 5 Hr &R, H- FF 3% 7 1% 4E ( ORF, open reading frame ) %~ %] % 1470 bp. 1065 bp. 912 bp. 885 bp. 948 bp. 1041 bp. 1182 bp.
639 bp. 705 bp. 1830 bp. 1980 bp. 747 bp #» 1137 bp,, #45 £, MANACE1 /& T AINAC3 41, MANAC40, MANAC42~43
F2 MANAC45~53 & T NAM 20, MANAC44 /& T VND 48, T %0 Je & 4 Fa il 48 R 2 7, MANAC40~45, MANAC47~50 F=
MANAC52~53 T4 245 T itz F s MANACS 1 7T 48 F A% A8 4 O R4 A% P o Array 45 R 277, 13 A MdNAC AR £ 16 A~
AN LB LR P A R R AR L g A3t Rk KB . RNA-seq %R 27, MANAC43 . MANAC45 . MANAC47 . MANAC49 F= MdNAC51
#) kAW R B 5 % v 9m A ( AAAP, Alternaria alternata apple pathotype ) 1% 42 6935 3., S0 % k2% PCR 2 A7 &M, &
150 mmol/L NaCl 4 22 F , "% w5 21 3% ¥ W MANAC45 . MANAC47 F= MANACS2 #) 4% KT % 2] 3% 5, fa MANAC40, MANAC48
F2 MANACS1 # % FKF T ; 42 300 mmol/L H 55 BE AL 22 F , MANACS0 4% AT % 335 %, MANACA] #: FKF TR, XX
Wl MANAC KB % 2 m AR &K, 25 5 %% E (AAAP ) NaCl Fo BB F TR TB, TR AL PR FRAKRKLF foid
Vit Sad A2
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Cloning, Sequence and Expression Analysis of Thirteen NAC
Transcription Factors ( MdNACs )in Apple

LI Hui-feng', DONG Qing-long”, ZHAO Qiang’, RAN Kun'
('Shandong Institute of Pomology, Taian 2710003 *Research Institute of Pomology , Chinese Academy of Agricultural Sciences
Liaoning Xingcheng 125100; > College of Horticulture Science and Engineering , Shandong Agricultural University, Taian 271018 )

Abstract: NAC transcription factors are one of plant-specific transcription factors that participate in the
regulation of plant growth and development as well as the responses to environmental stress.In relative to
the in-depth study of NAC transcription factors in model plants Arabidopsis and rice, there are few related
studies on NAC transcription factors in apple.In this study, to explore the role of NAC transcription factors in
growth and development, as well as biotic and abiotic stress response of apple ( Malus domestica ( Suckow )
Borkh. ) , full-length coding sequences of 13 MdNAC genes were isolated by search for sequence homolog
and RT-PCR.The obtained cDNA sequences were used as queries in BLAST P searches against NCBI.The
open reading frame ( ORF ) and amino acid sequence were analyzed by DNAMAN 6.0, and phylogenetic tree
was constructed by MEGA 6 software.The conserved domains were predicted by Pfam 26.0 and Conserved
Domains in NCBI.CELLO v.2.5, PSORT and SoftBerry ProtComp 9.0 were used for predicting subcellular
location.As a result, thirteen MdNAC cDNAs from ‘Zihong Fuji’ were obtained ( designated MdNAC40-45,
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MdANAC47-53, with GenBank accession No.MG099877-MG099882 , MG099884-MG099890 ) , with sizes of
open reading frame ( ORF ) of 639-1830 bp.By phylogenetic analyses, MANAC41 was assigned to AINAC3
group, MANAC40, MdANAC42-43 and MdANAC45-53 were NAM group, and MdNAC44 was belonged
to VND group.The subcellular localization prediction suggested that MANAC40-45, MdNAC47-50 and
MdANACS52-53 were in the nucleus, while MANACS51 was located in the cytoplasm or nucleus.The results
from array analysis indicated that thirteen MdNAC genes were expressed in all examined tissues with various
transcript abundance.RNA-seq data showed that the expression levels of MdNAC43, MdANAC45, MdANAC47,
MANAC49 and MdANACS51 were induced in response to AAAP infection.qRT-PCR results showed that, under
150 mmol/L NaCl treatment, the transcription levels of MdNAC45, MANAC47 and MdNACS52 were induced,
whereas the transcription levels of MdNAC40, MANAC48 and MdNAC51 were down-regulated in ‘Gala’ tissue
culture seedlings under 300 mmol/L mannitol treatment, the transcription level of MdNACS50 was induced,
while the transcription level of MdNAC41 was down-regulated.These results indicated that 13 MdNAC genes
were expressed in all examined tissues, and these genes were inducible under AAAP infection, NaCl or
mannitol treatment with different degrees.Taken together, these results laid a theoretical foundation to further

study the mechanism of NAC transcription factor in the regulation of apple growth, development and stress

responses.

Key words: apple; NAC transcription factor; gene cloning; sequence analysis; expression analysis
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(1) R B B, S i — 2D E 58 NAC §% s I 7163
RAK L F Mol 72 v i T 8 288 A DG H IR
Hehit
1 ME5EGE
1.1 E%HE
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94 °C 1 min 20 s, 56~60 C 1 min 20 s, 72 °C 3 min,
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Table 1 The primers and sequences used in this study

JEpoS EIE/E2S EHES1FE (5 -3) REIFA (50 -3)
Use Primer name Forward primer sequence ( 5" -3") Reverse primer sequence ( 5’ -3")
ORF ¥} MdJNAC40 ATGAGTAAGAGTAATTTGGGGTCC CTACCCATGATGATCTGGGTTGTC
Complete ORF amplification ~ MdNAC41 ATGGAGAGGGAAAACCAAGCCACC TCACACCTGAAAGCCAATTAATTG
MdJNAC42 ATGGGAAACATCAGCAGCAGCACC TCAGGAGCATTTCCAAGCTGAGGT
MdNAC43 ATGGCAGCCAACACTATAGAACCT TTAGAAGTTGAGAATGTTCGCCAA
MdJNAC44 ATGGAGATGGAATCTTGTGTTCCA TCACAAGTCTTGGAAGCATCCAAG
MdJNAC45 ATGGGAGGAGCATCACTGCCACCA TCAGAAGGGGTTTGGATATCTCAG
MdNAC47 ATGAGCAGTAGCAGCATCAGCAGC TTAAATCTCCATATCATCTGGAGA
MdANAC48 ATGAGCAGCAGCGTCGCACCTGAA TTATCCCAGCTGTTCCACTGGCTC
MdANAC49 ATGAGCAGCAGCAGCAGCATCACA TTAATTAAAGCAATAGTTACTAGA
MdANACS50 ATGGCTCGCGGCAAAGAGAATTCA TCACCTGGTATAGATATAGCTCCC
MdJNACS51 ATGGGTCGCGAAGCTGACCTTCAG TCAGACCTTCCTCTTCAAATCCTC
MdANACS2 ATGGAGGAGCTACCACCAGGTTAT TTAGAGGAAATTTAGTTGTTCCCA
MdNACS3 ATGGGTGACGCTCAGTTTTCTCTA TTACATGTGATGTTTTTGACTTGC
POLE R PCR MdNAC40 GAGTAAGAGTAATTTGGGGTCCA CGGCTTTCCTTCGAACTTGT
Fluorescent quantitative  MdNAC41 ACTGTCGAGCGATGAACTTG CGCACTTCTCATCACTGCTT
PCR MdNAC42 TCCGGAAATGATCAAGCAGC GAATCAGATGAGATGCCGCC
MdJNAC43 TCCTCCTCCTCCCATGTACA AGAAGTTGAGAATGTTCGCCA
MdJNAC44 CTATGAGGACGACAGGAGCA GTCCCGACGATAAACTTGGA
MdJNAC45 CGGCATGTCACCATTCTCTG AGCGACAAAATGATCTTTCGGT
MdNAC47 GCGGCAATCTTTAATTCCAGAT ATGCACACCATCTCCCAGTT
MdNAC48 ACCCACCAAGCAGATGAACT GCTCTGCAATCACGTCACTT
MdJNAC49 CTGGCGCCTGAAGAACATG TGCTCTACTGGCTCTGCAAT
MdNAC50 AGACGGGATGTGTGGTGATG GAAGCTCACTACAAGATCCTGA
MdJNACS51 TCAACATTCTTCAAGCCCGA GGGCCGATAACTCATACAACG
MdJNAC52 CAAATTCAGGAGAGCTTGGTGA GTGGGCTGCTTCTTAGAGGA
MdANAC53 TGCAGAGTCACAGCCAAAAG CCAGCAACGTCAGGAAAACA
®2 ¥R MINACERER
Table 2 The MdNAC genes in apple
— v1.q Hde 7 1D GDI?H B ID  GenBank Ht 5 %’é’éﬁiﬁffj . Hjﬁ( ’ﬁ%ﬁa P
Gene name ID in the V1.0 1D in the GDDH GénBank Chromosome location in the [ j52HE Am-mo MW ol
database database accession number GDDH database ORF acid
MdNAC40  MDP0000618650  MD02 G1068700 MG099877 Chr02: 5573852-5579173 1470 489 54952  6.936
MdNAC41  MDP0000802924  MD04 G1100400 MG099878 Chr04: 18583832-18585692 1065 354 40.198  7.575
MdNAC42  MDP0000835180 MDO07 G1163100 MG099879 Chr07:23818801-23822751 912 303 33.839 6.447
MdNAC43  MDP0000868556  MD10 G1133400 MG099880 Chr10: 21527167-21528831 885 294 33.833  6.702
MdANAC44 ~ MDP0000849944  MDO05 G1042100 MG099881 Chr05: 7064603-7067981 948 315 36.59 6.27
MANAC45  MDP0000119446  MDO06 G1031700 MG099882 Chr06: 3830614-3833754 1041 346 39.563  6.278
MANAC47 ~ MDP0000882983  MDO1 G1092200 MG099884 Chr01:20690900-20692017 1182 393 44461 4756
MANAC48  MDP0000138340  MDO1 G1093500 MG099885 Chr01: 20844530-20846106 639 212 24.129 8204
MANAC49  MDP0000200646 ~ MDO1 G1093700 MG099886 Chr01: 20852376-20853844 705 234 27.109  5.904
MANAC50  MDP0000180605 MDO07 G1073200 MG099887 Chr07: 6967226-6972169 1830 609 67.994 4548
MANAC51  MDP0000437676 ~ MDO02 G1243900 MG099888 Chr02:29381808-29387922 1980 659 71.6 6.253
MANAC52  MDP0000205938  MDI11 G1167900 MG099889 Chrll: 17878685-17880107 747 248 28.38 6.184
MANAC53  MDP0000133636  MD03 G1150800 MG099890 Chr03: 16932074-16936457 1137 378 42359  6.724
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MdNAC40 MSKSNLGSIRSSCLICAKLEEHQMCGSKQCPGCGHKEEGKPCWLGL! IEHLEAKVEAKLSKSHPLICEFMPTIBGGCGICYTHEEKLPGVTR. . LGL: [HRESKAMTTGTHKREK IQTECCLQGGETRMH KTRP 150
MdNAC41 MERENQATENIQL! V] [KNBVTSSE. . ..LPATINTELELYKYNEWEBE PKASECEE. . . . .| TER PNGS] .AAGI] TDRH 102
MdNAC42 . ISSSTATSTTCQSVPLMV. IACF LMK . BMKGENS . . . QACHSEPVIBVCKFE ER. MEEETRYQA YISO INSH] 'KERD 113
MdNAC43 MAANTIEPCHCMTPEEE: LE: [KSMVEGER. . . . LRECTMGEFLNTYHH; GLSKICER. ... .| .o SDRK 106
MdNAC44 .. .MEMESCV! VG [KREINSIC. ...ICLCVAVCIBLYKTHE (QARCKLCYSE. .KI SHES PTGT) . R! 99
MdNAC45 -MGGASL! VG HREVEGIE. . . . FELEVAPVIBLYKEI [EKSFLERR. . .Tl CPR PNGS] K KDRK 97
MdNAC47 MSSSSISSSMTTEEGEAVHVNLIL VS [KNBVQGTLS. . . HERHLMPETEVCKYE} iA. .FFEEL. .QE! SRH] INST] KERE 115
MdNAC48 - . SVAPEEGCAVRVNVSR! Vs [KNETEGTLS. . . HFRHVEPETIVCKYE] iA. .FFEEV. .HG SR1} N . GT} . MDEK 109
MdNAC49 .o B . SSSITTEGGCAVHANVIL! VS RSEIQGTLS. . . LERHTHPETBVCKYE] iA. .FFEEL. .HE! SRE} INST) - KERE 112
MdNAC50 ceeecsrececttttctescresttccttaaanannn MARGKENSL (VWYMEKREVSGEN. . . . FRECPESVIBTYKTE GKSKLETR. . .L: SEL] GNSS] . KD P 100
MdNAC51 - MGREALCLQITPSAAAATIAVAAPLVPPTLEPAPTA VT [KREVCREP. . . . FKEN EVETIYKSE ICKSSLEKSR. . . Lt SAL GNGA 127
MdNAC52 . MEEL! VS| (ONELQGKRE . . . CTRRVAPTVEIYSK] [KLSGELCRG. LK TR EAQGC .o SPGY 98
MANACS53  tiiiiiieie i i MGLAQESLAVESM! [KNELEGEPP . . GRTVEVASEVEICNEE AKSTICSC. ... SEa PNG: KERN 105
Consensus D 1 pgfrfhptdee yylk g p id yk epwdlp ewyffs d ky ng r nr at g wkatgkdr
—
MdNAC40 VMVN. . .GKQKEC H GOHEEEKEGELVVSKIEYQTOBHOCNWSLRASATTGEGS  « ¢ v et v veeveeeeneenenennnnann SCIMATTSRRCSGSGSCSSKEILESHPHRCHEQMAATAVAAVA 270
MdNAC41 IESSCG.TESIf RELCTTMWTSKQKGSMRLLCWVBORVRQKCNNTRSIWECQNSP. . . . . PSYKLGAYTKQVLGPCSNLTNPSIEMVRNYLYKCCPMLEYIEFAS 225
MdNAC42 ISS....THVTC C YBTKPKQGSNTSQGRCPLRCE LKKKPANSMSCN..... -KNLQCTLIGCCLTCPGNGSCIASSSGNLQAATAAALNHLMTP 225
MdNAC43 IVSLSNPKRITEI REPCNCQYLKD......... (OB TYRKATSLKVLEQ. ... MAATEGCQIKNLHASPNSSPPPTSMCTISECSQALQECLTPQT 215
MdNAC44 VLSK...NNII@h 0 [REQTSEHAPP QEEG. IORAFKKPSESHRQG. . . . . FEAWKHAYYVRL INPNQGFHQP . FRSD 206
MdNAC45 VVCQ. . .SCVKEY] L RENCCLAQGTSG. HQGV . KKNEHAHKTHLSHG . -EPKAKRVGSASSSGELMTSTRIIKEPLSISACTSSCASYLHN 210
MdNAC47 IRAEES.KAVI YBTETQVGSKPTKQME . LKNNSASYKKPK. ... . -GCPIRGELACSGANSECLQAVVSLCVNHVIAEPVEHLGEKELG 226
MANAC48  IRAEES.KAVI (INETETKVSSKPTKQMN . LKNMSASYKKPK . . .GDPIHGELALTGATSELCYQAAVSLV. . . IAEPVEQLG. . . .. 212
MdNAC49 IRAEES.KAV. YBTKTEVGSRPTKQME . | LKNM: . ..CCPTHGELACSSANSECLCQAAVSLV. . . IAEPVEHIG. .. . . 215
MdNAC50 IKHN RCVIGR R SNEELEKAGIQQKLP . (OB ITFQKSGTGPKNGEKYGAPVMEEEWLLCCVTCVPGEEARALVVALSEEPHVEAICVNLGAYVEAFCLDQNLCTGIPSESAPPESNEYYG 244
MdNAC51 VKHN. . .CEFV F VCEVEEKAGLGAIQL. . AFVECRVEHKSNIGPPNGHRYAPFVEEEWCCCTKLTLVEGQETRTVAVVSRCAFVVGNCHAACTEQNCYAARSECKVHAAGSEQKVHARRSEQN 272
MdNAC52 VYSSE. .NKVII [RAIEVCCSTTNTPKLG. . HEERECRVYV' . ...RRPLEPVGEBAQQKFSCSTGASTSSLKTTMVEK! CETYSN 210
MdNAC53 VKSG. . . SNVIET VIEHV . E CINEKSQESMVVCRLBKNSEEH INCTTNRGSSGQGPLSTMHKG . .ESAVSEIGNLQGLCKAVECSSKKSTSSHLSQSIEQIDSASLSYQK 226
Consensus i vig kktlvfy grapkg kt wvmheyxl fvlcr ks s s e
MANAC40  ARAPISSYSG.......ICIHQLKSCHESEGPFRKSFLEVGIGGEASTVREGLASGTCEE TREHHQRSVPV( T HFTVSEHHEQQQQHEHQQQQQLHHHQQIATAAAEHISRFSHPISTIISFEELHHTSIILEQESYSRLMLQ 415
MdNAC41 . . SISEQGTGNTKSCSTSLHENNSNETNELLLVYSICCLINPLKRKPTEGNGYKSFVTPSKRICSRLCYKEEGVNSSTSRECCRAMNLWGVLQSGSACNNLNACQGSSMIEYQELSCLIGEQV . 354
MdNAC42 -LECCLECSGNHLRGEEG. . . . .GGISSLCSTDQVLRCMIQQWKSCAPVGEYLNSLLTLPESTSATSATSAWKCS 303
MdNAC43 . IECAALVIAQEQKLCENAMEIKGSPPPEMYN. . . LPELQVPKF SMOCWIQLTVWTOMSSPWLONLTPLANILNE . . . 294
MdNAC44 I..FLGNQLMELPGLESPTISTSEVTQENILNSNNLSTELYELL QICWKNLCNLLEVQLTCRASESHPSLSSCPQYYEQETRSNHLLGCEQLL. . . - 315
MdNAC45 ESRYSSRATS P..HEVNAMAEFEPASRETNPACEWVSPLLILLS. . SKLYPQLQKAMPNYEQQYEF PSTMSPWQSYEPRE YSNETGLLKMALCTVN( SGHTLCYMGYYGNEENQFEGEDQTSSLRYPNPE . . 346
MdNAC47 ISQVSLSLLD -GCLLTGEWKESCFLCCEATFLELCAEMGEILNSPSQPLOQTPQPHQPEHPHQPSQPHQPQLYCPPTLQSPLHTLPGSVSHVHGLCTRRQSLIPCNISYLEFKNNISTCCENECMGEPECPLGCYLLLSP 364
MdNAC48 . 212
MdANAC49 -LQIETLISSNYCEN... 234
MdNACS50 ETSHYTEHSGCEVELLTKAVI. .GTGETLEYRGLQMEFNYPEHHETVGNPVKNEYMT SQSPECLKEVCLPERYEACAKSVKCECELEPSLL. 'NYSLNEPYLN, TENTPIGEGIELEANEISNPVESTFGEEMLEEYLTYEEANEEIS 394
MdNAC51 GHABRYIKGNGHAAY IGGNGHAGY IRGNGHAARY IGGNGQARYNGENGHGTSIERNGRGISMEGICHGTSVGBGTSVKGTGHGTEGNGHST SVKRYGHVT SVECSGHITSVEGNGHRTSVEGNGHGISVEGNVVEGIGHGTIIVVLLNGTTNEG 424
MdNAC52 . .LGLLPETSAGINSSNREINEGFEE PLIWENEQLNE L. ¢ ettt ittt ettt ieeeeaeeeeaaasasoeeasasasaseeesasasasaseesasasasassasasaseaesasasasanansasas 248
MdNAC53 LVTCAVQALS . . TGHQKGSYDECFYAEILNCLCIININLCESEVPAARMMPVVANNSEAFHGSQCHMQATSLGAVPEQGT SNRRISLRKRKEKERAESQPKALVNRMECCRHALTYVLEVELVLLAVEVSNECE PLVAGSVS 364
Consensus
MdNAC40 NENEQAQQCQCHPHHQQHHKMGARSASGLEEL IMGCTSSSSNIKEESSMPNPQEAEWMKY SSEWPCPCNPLHHG. . - 489
MdNAC41 s . 354
MdNAC42 303
MdNAC43 294
MdNAC44 315
MdNAC45 e 346
MdNAC47 MNTELGLCGVHENNYIGCNCELRSPLLMEI. 393
MdNAC48 212
MdNAC49 . 234
MdNAC50 QYIEEESCCMMGVENYVPEEAPAEQKLVNGETEPQFMGGEHVQPEPQELGGEHLVQPVETEEASASSSKKIAEEKEESEGNYPFIKKASHMMIGSIPAPFAEASEEPGKEAMRRL“ A TAAMIRIRCITSSCNRMCWSEGKLG 546
MdNAC51 NCHETGTACNGHSAPTAENNIVQLTQATSKAIVVVPELPAENQTVLEPCKTERTCCY PMTCVVNREERLLLY PSPGPLCAQPLLTLENRGPGQLRQYKRRRENCSNSNHSNASETSSGMTHCPCSSTTTTASTEASMTTTRNELSALVEYQL 576
MdNAC52 248
MdNAC53 378
Consensus
MdNAC40 489
MdNAC41 354
MdNAC42 303
MdNAC43 294
MdNAC44 315
MdNAC45 346
MdNAC47 393
MdNAC48 212
MdNAC49 .. 234
MdNAC50 VVNLVESVCLSQLLGNSGNLVPVGGSLSGKTGCVVMRGWELEME FEWVLELSMSLKIGSYIYTR. v v v v vveeeneiananans 609
MdNAC51 LESLEPKCTTPAPPPELNAALMESSVPTSCLKYTETLQTETHKISTERETLKFEMMSAQAMINILQARICILNKENECLKRKV 659
MdNAC52 .. 248
MdNAC53 . 378
Consensus

2.2 MdANAC # 5 H
F F MEGA 6.0 %K 14 X 32 5 NAC & [ A
FEYI Y NAC 8 117 34650

A.B.C.D il E WA 7 B AR R TR 91 B T

The locations of A, B, C, D and E subdomains are indicated on the top of the sequences

1 ¥R MANAC SEBF 5 ERIEL 3
Fig.1 Homology alignment of the deduced amino acid sequence of MANACsSs
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10 73, %
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2.3 MANAC TF4Ra7E L

1o 7E 28 T B A SoftBerry ProtComp 9.0 X

{H B 2 7R ] {5 K ) s MANACS T 5 o7 76 20 g
A2 T 40 LS55 1 T 00 45 (AR X A v (6 3 ). i —20
1) FH 75 & 7910 %% {4+ CELLO F1 PORST %} MdNAC
B IE T 20 M 6, 0 25 2R 7R MANAC 22 7
AL FARZE IR —3, W UL FIWT, MANAC40~45
MdANAC47~50 F1 MANAC52~53 A] RE & i T 41
i % v, MANACS1 1T 68 5 47 78 4 JE 5T 5% 40 Jig
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Fig.2 Phylogenetic relationships from NAC proteins of apple and known function of other plant species
%3 MANAC TE4RAaE (L Fm
Table 3 Outcome of in silico predicted subcellular localization of MANACs
s JR I e MmNz R IR s
R MR Hash ML 2 - A AR
] Plasma ) ] _ Endoplasm L7520 Hik
Location Nuclear Extracellular Cytoplasmic Mitochondrial . . . Chloroplast Vacuolar
membrane retic Peroxisomal  Golgi
MdNAC40 9.16 0.09 0.02 0.32 0.31 0 0.11 0 0 0
MdNAC41 9.94 0 0 0 0 0 0 0 0.06 0
MdNAC42 4.58 0.9 1.3 0.78 1.8 0 0.15 0.05 0.4 0
MdNAC43 9.75 0 0 0 0 0 0 0 0.24 0.01
MdNAC44 9.98 0 0 0 0 0 0 0 0.02 0
MdNAC45 10 0 0 0 0 0 0 0 0 0
MdANAC47 6.61 0.39 0.13 0.4 0.34 0.08 0.11 0 1.94 0
MdNAC48 9.99 0 0 0 0 0 0 0 0 0
MdNAC49 9.98 0 0 0 0 0 0 0 0.02 0
MdNACS50 9.71 0 0.01 0.07 0 0.17 0 0.01 0 0.02
MdNACS51 3.17 1.73 0 3.85 0 0.14 0.46 0.1 0.48 0.07
MdNACS52 9.84 0 0 0 0 0 0 0 0.15 0.01
MdNAC53 8.72 0.19 0.22 0 0.68 0 0 0 0.19 0
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Fig.3 Heatmap of MdNAC expression in various tissues
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Fig.4 Heatmap of MdNACs expression in response to

Alternaria alternata apple pathotype infection
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Fig.5 Expression analysis of MdNAC genes under normal growth ( A ), NaCl( B ) and mannitol ( C ) treatments
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