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Abstract

NAC gene family is one large family of plant-specific
transcription factor that plays various roles in plant
developmental stages and stress responses. The possibility
of bioinformatics studies on NAC gene family in barley was
provided with completion of the genome sequencing of
Hordeum vulgare cv. Morex project. In this research using
genome scanning, 73 non-redundant NAC-encoding genes
in total were identified from the genomic sequences of
Hordeum vulgare cv. Morex. A composite phylogenetic
tree was constructed with HYNAC protein sequences and a
number of known rice and Arabidopsis NAC protein
sequences and tree was classified into 15 distinct subgroups.
It is revealed the uneven distribution of the HYNAC genes
on barley chromosomes. Most members of NAC genes were
not located in groups (singletons) and few members of this
family were located in groups with two or three genes. Most
detected cis elements in upstream and downstream of
HVNAC genes were involved in response to light, response
to abiotic stresses and relatively low in response to biotic
stresses. In silico gene expression analysis revealed that
HVNAC genes were expressed in a wide range of tissues and
is not highly expressed in developmental stages. Also, the
HVNAC genes partly is expressed in stress conditions,
especially in abiotic stresses and relatively less expressed in
biotic stresses. This bioinformatics information provide a
framework for genomics and functional studies of this gene
family in barley.
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1. Transcription Start Site
2. Transcription binding site
3. Cis-Acting Regulatory Element
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Special barley Extracellular
ATAF Nuclear

Special barley Extracellular
TERN Nuclear
Special barley Nuclear
NAP Nuclear
cucC Nuclear

3. Homologous
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1. Euclidean method
2. Hierarchical clustering
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Name of motifs Upstream Downstream

Function

3-AF3 binding site 0 2
E2Fb 0 2
ELI-box3 0 2
F-box 0 2
motif | 0 1
Pc-CMA2c 0 2
Y-box 0 3
4cl-CMA2b 1 0
AAAC-motif 1 0
AACA_motif 1 2
CG-motif 1 1
chs-CMA2a 1 6
chs-Unit 1 m1 1 3
GATT-motif 1 1
H-box 1 1
MBSI 1 1
MBSII 1 1
MSA-like 1 1
OCT 1 1
ATCC-motif 2 1
ATC-motif 2 4
AT-rich sequence 2 1
chs-CMAla 2 3
C-repeat/DRE 2 3
EIRE 2 7
GC-repeat 2 1
HD-Zip 1 2 2
JERE 2 2

part of a conserved DNA module array (CMAZ3)

elicitor-responsive element

cis-acting regulatory element root specific

part of a light responsive element

light responsive element

light responsive element

involved in endosperm-specific negative expression

part of a light responsive element

part of a light responsive element

part of a light responsive element

part of a light responsive element

MY B binding site involved in flavonoid biosynthetic genes
regulation

MY B binding site involved in flavonoid biosynthetic genes
regulation

cis-acting element involved in cell cycle regulation
cis-acting regulatory element related to meristem specific
activation

part of a conserved DNA module involved in light
responsiveness

part of a conserved DNA module involved in light
responsiveness

element for maximal elicitor-mediated activation (2copies)
part of a light responsive element

regulatory element involved in cold- and dehydration-
responsiveness

elicitor-responsive element

element involved
mesophyll cells

in differentiation of the palisade
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Name of motifs

Upstream Downstream Function

OBP-1 site
plant_AP-2-like
asl

AT-rich element
chs-CMA2b
dOCT

Gap-box
GTGGC-motif
HD-Zip 2

TGA-box
WUN-motif
AT1-motif
box E

Box Il1
C-box

CE3

E2Fa
LAMP-element
MRE

TGG-motif
TATC-box
TA-rich region
AC-I1

CTAG-motif
motif Ilb
rbcS-CMAT7a

box Il

L-box

3-AF1 binding site
AC-I11

ERE
ATGCAAAT motif

AuxRR-core

box S
ATCT-motif

TCCACCT-motif
GA-motif
as-2-box

RY-element

AE-box

GCC box
TATCCAT/C-motif
TCCC-motif
CCAAT-box
GATA-motif
TGA-element

2
2
3

3
3
3
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10
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16
14
6

16

33
5
15
10
21
21
30

cis-acting regulatory element

cis-acting regulatory element involved in the root-specific
expression

binding site of AT-rich DNA binding protein (ATBP-1)
part of a light responsive element

cis-acting regulatory element related to meristem specific
activation

part of a light responsive element

part of a light responsive element

element involved in the control of leaf morphology
development

part of an auxin-responsive element

wound-responsive element

part of a light responsive module

protein binding site

cis-acting regulatory element involved in light
responsiveness

cis-acting element involved in ABA and VP1
responsiveness

part of a light responsive element

MYB binding site involved in light responsiveness

part of a light responsive element

cis-acting element involved in gibberellin-responsiveness
enhancer

abscisic acid responsive element

part of a light responsive element

part of a light responsive element

part of a light responsive element

light responsive element

ethylene-responsive element

cis-acting regulatory element associated to the TGAGTCA
motif

cis-acting regulatory element involved in auxin
responsiveness

part of a conserved DNA module involved in light
responsiveness

part of a light responsive element

involved in shoot-specific expression and light
responsiveness

cis-acting regulatory element involved in seed-specific
regulation

part of a module for light response

part of a light responsive element
MYBHUv1 binding site

part of a light responsive element
auxin-responsive element
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Name of motifs

Upstream Downstream Function

GCN4_motif
MNF1

Box |
Box-W1
TCT-motif
W box

HSE
CATT-motif
GARE-motif
P-box
AAGAA-motif
CAT-box

O2-site
TCA-element
CCGTCC-box
TC-rich repeats

A-box
GC-motif

I-box
ACE
Box 4

GT1-motif
LTR

5UTR Py-rich stretch

GAG-motif
ARE

circadian

MBS
CGTCA-motif
TGACG-motif
ABRE
Skn-1_motif

Spl
G-Box

CAAT-box

TATA-box

21
21
23
23
23
23
24
25
25
25
27
28

29

30

36

37

39
39

39
40
42

42
42

45
49
50
53
70
101
101
126
134

200
323

992

1405

38
16
38
25
25
27
28
29
27
19
39
34

30

43

31

28

35
29

43
30
41

32
16

26
41
68
70
63
71
70
60
132

169
193

1137

1660

cis-regulatory element involved in endosperm expression
light responsive element

light responsive element

fungal elicitor responsive element

part of a light responsive element

cis-acting element involved in heat stress responsiveness
part of a light responsive element

gibberellin-responsive element

gibberellin-responsive element

cis-acting regulatory element related to meristem

expression
cis-acting regulatory element involved in zein metabolism
regulation
cis-acting element involved in salicylic acid

responsiveness

cis-acting regulatory element related to meristem specific
activation

cis-acting element involved in defense and stress
responsiveness

cis-acting regulatory element

enhancer-like element involved in anoxic specific
inducibility

part of a light responsive element

cis-acting element involved in light responsiveness

part of a conserved DNA module involved in light
responsiveness

light responsive element

cis-acting element involved in
responsiveness

cis-acting element conferring high transcription levels

part of a light responsive element

cis-acting regulatory element essential for the anaerobic
induction

cis-acting regulatory element involved in circadian control
MYB binding site involved in drought-inducibility
cis-acting regulatory element involved in the MelJA-
responsiveness

cis-acting regulatory element involved in the MelA-
responsiveness

cis-acting element involved in the abscisic acid
responsiveness

cis-acting regulatory element required for endosperm
expression

light responsive element

cis-acting regulatory element involved in light
responsiveness

common cis-acting element in promoter and enhancer
regions

core promoter element around -30 of transcription start

low-temperature

QUi (B JS8) s903 Jolyo o (F USd) () (25
9 () UL-’ Q«U‘)Sl )A)S &) ub.b Cowl 0dus 0313
shel s o lis |y oF ole BB o ) b

HYNAC sl 5 o U
Soi ol e dule ganads ask
(v JS) tajpd a5 olislesl 5 HYNAC



A gl ple Gl 58 4 Cuns Hao
owlesl > MLOC_64057 (CUC)
Albina f-17 lcwy; 0 lbyw 4 )6l
(GSE10332_4) Xantha b-12 (GSE10332_2)
JsiS 4 cuws (GSE10332_5) Xantha s-46
MLOC_59162 5 b ol le lbl 2
» MLOC_37104 (NAC3) ; s (ATAF)
GSE10332_1) lLyw 4 Bl il
P GSE10332_4 GSE10332_2
Albina e-16 sl wg; ,» (GSE10332_5
Xantha s-46 5 Xantha b-12 Albina f-17

il ot ol Gl 353 JS 4 s

oiwlejl ;> MLOC_37104 (NAC3) .3
b & Cond 0bsST 23loyw > GSE27821_3
S ol b iol8l saiiie 30U

(NAC1) s MLOC_37104 (NAC3) 5
(GSE10330) g Slus 3Ll ,» MLOC_64240
opesyee i s9) Jgwle o Sl ooy
Jlosh 1 J8 & cus Jgisle jlow Jlosl 5l s 5, ¥
oy s ol 2ol Jsisle o

2 by » HICl cuows 86 (wy
MLOC_37104 (NAC3) .; (GSE15295)
i s ok ORI S 4
sealS S 4 cows MLOC_64240 (NAC1)
Sb ol ol

o5 o iale)] (o0 ks (saad g Al
ooy L ¥ IS 0 HYNAC gy o
o > MLOC_59162 (ATAF) 5 «usl 0
ol ol 4 28 Cosl A e
MLOC_64240 5 o (GSE12584_1)
ok owlEl o lina cwg;  » (NACL)
s ol (GSE12584_2)

4 oS MorexX cuigs ;] GSE33398 yiulojl )
(Fusarium graminearum) pslisd (s low
MLOC_37104 5 .5 odlil cusl wlus

- e b 1381y 5l 5YL Log2 Fold Change
w8)S e ) jbdxe Gl Rl Y Gl raS gl
Slgis 4 gl slaahln, gelel p
;1 22 K Affymetrix gene chip L uwjue
-4 4 NCBI el o5, GEO s
oy HUNAC sy ole (e aludes ot
JREEW

U5 sla ool 5l ye dludis (candbgd Al
o3ls L5 ¥ US55, HUNAC (el g (i
MLOC_59162 (ATAF) (cla; -cunl o
MLOC_64240 5, MLOC_37104 (NAC3)
Cgme S oy Suis i yilejl > (NACL)
4 s (GSE6990_1) s, 7V 4 SB
OF osemen ol oli ply Bl s
G5 byl > MLOC_37104 (NAC3)
Aoy NN 4 SB T gime &S Jloj S
o5 ol I3l Jy5S 4 s (GSEB990_2)
2l

05 iwlesl 3 MLOC_37104 (NAC3)
B joy 3 (Suid & polie HSAL-1 iy > (Suis
w55} » o (GSEL5970_3) Suis i las!
Suid i Jlesl ¥ ey 3 (Sis 4 polie Martin
ol ole o8l J558 4 cuns (GSE15970_6)
»»MLOC_37104 (NAC3) 5 & sl s 315

Jol 5oy » (i 4 wlus MOroc9-75 Cuis;
& cuws (GSE15970_10) Sis is sl

JrS & G (Sid 15 Jloel 0 595 ) 9 J S
pomed B ol ole w8l (GSE15970_13)
Martin . ,» MLOC_64057 (CUC) 3
i S Jleel gy > (St 4 polie
S 515 el 5 aw 595 0 ¢ (GSE15970_6)
oU5 ol il S & o (GSEL5970_8)
Al
sinlesl > MLOC_37104 (NAC3)
s> ;> Dicktoo _wsg5 5 GSE10329_3



ya & obbﬂ& u_i..:l.a”mly; UL" ).Jb] 9 d.\uw ;U’JL»LA» :J)KAJ» 9 uL.w)b

s 5391 s MLOC_37104 (NAC3) 5 ol
b 59l 5l am el YA MoOrex cuig; o> olS
Sl plp ply 2 Z3639 g6 oty age
ol Gl ¢opsiman (GSE33398_3) 1 sanlie
MLOC_64057 (CUC) S
MLOC_59162 (ATAF) .; MLOC_37104
oS aliw 5341 ;> MLOC_70929 (NACA4) ,
wow b (S 5l am celo 85 Morex cuig; o>
s 018l 35 Ll b ol ;3 Z3639 2 )5 i

(GSE33398_4)

1.1 o
8_1

GSE15970_4

le)

5

278
GEE103

GSEL5970 7 .
GSEZ782: ¢
78
GEE15970 9
GSE15970 1
GSEE990
GIEE3
GSE
GEEL10330
GSE15970 &
GSE15970_8
SE15970 3

o

|

-

GSE15970

5341 > MLOC_59162 (ATAF) 5 (NAC3)
S 5l aw el 8 MOreX iy g olS alius
ST e ol 5 GZTAD )5 asily jtas aspe b
o (GSE33398 1) wob ol sl il
MLOC 37104 .MLOC 64057 (CUC)
(ATAF) s MLOC_57427 (CUC) (NAC3)
g} 5 obS i 591 5 MLOC_59162
OB g dgw b Sog)l 5 am cel 45 Morex
GZTA0 6 ail jias apw »p ,» Z3639
Lialsdl (GSE33398_2) wols bt ol talsdl

1.5
-

— o~ m o momool
| I T e PR S U O A & NN I
Lo = e T N T o o O o A o RN B R B = T
-0 oEMmEMMMo Mool m
M oMo mEE@mo Moo @ o)
[ T W e o W O e s [ s s o e O == BN Y b }
I T T B B e i BT IR B o B B
T T O I
D omwmnwwwnwnnonnnn
[UBRUER UNR U /AR VRS U U UNS U L U U U]

-0.18337369

0.40831316

-0.11594236
0.44202882
1.0

|

1.0
MLOC_57427

MLOC 56162
MLOC 37104
MLOC €4240

HvVNAC LSI)f u_....«.u))*; L;lmui;.;}' LSLQ’L):‘:’.L")'T uul).n i (SAoddg> dids Y J.fw:

-1.5

AR
on v G Ov O Gy 0O N
[ Sl e e S =
€1 €1 1 01 1 01 M o=
O oo oo o Mmm
1 01 1 01 c1o01ofm
MoE M EEEEE
w mmninwnnnn
[URR U URR U U G

.‘

o
Jany
[ia}

SE33398_3

GSE33398_5
GSE33398_4

GSE33398 1-
GSE33405

,..
-

GSE12584_ 1

GSE33405_3
GSE33405 4

0.045667052
0.5228335
1.0

|

-0.28087627
0.35456187

1.0

MLOC 64240
MLOC 64057
MLOC 37104
MLOC 59162
MLOC 709269
MLOC 57427

HUNAC (sly s sloyis sl skl (o5lye dudas (sainddes aias ¥ S



(W—\"(b) yyay )LQ(Y ¢W§J5W b)l.ou:} ‘Mn.lb JL» ‘u.cl)) ULQ‘.S d)5ldwu) @'bef - uolf— <\l:>m Yo

2 S 3w 59y ¥ S p gl > a8
A5 ) 1y 35, (GSE9365_15) Y p s
A oLt ol Al (2w o) ¥ s
el )3 oy (Sjale dloye 3 0F cal (pripen
Siles 3l el VY 4 cund cele VY
VE 4 o s VY p gl )3 5 (GSE9365_4)
el VY o (GSE9365_9) salss 5| m ceslus
(GSE9365_10) _ijalis 31 s sl FA &y
(NAC3) 5 ob s gl el
lbaalS )3 wls o Liolojl ;s MLOC_37104
2 5l a9y V8 & s (alS jlam 59, VO i
S 3l axs gy A oyl o 4 (GSE9365_11)
iel33l (GSE365_17) _ils j) das 59, F 4y su
2 5l Gl Galefl 3 f e 5 0 (L ol
wcelo YA (GSE9365 1) wele YF agals
Connss (GSEQ365_3) aelus VY 5 (GSE9365_2)
celo Y ppgnl 0 (S cls
VY 4 (GSE9365_6) cclo FA (GSE9365_5)
& Cons 38l 5 e (GSE9365_8) el
S5l 3l ol VY gl 5 9 ] b
(GSE9365_9) _sels 5 yms s YF &y
(NACH) o5 ob ol gl il
ok Silss Lol 5 MLOC_70929
JiS a4 cund wsls VP aalS
celo YE ppgyl 5 (GSE9365 1)
U8 el 4y i 3l § s (GSE9365_5)
o celo VY asals o g cuh ol il
LinlS’ (GSEY365_4) celus YF 4 s 3jelsn
40 » MLOC_57427 (CUC) 15 o ol ol
V¥, (GSE936512) A ,» o «b
s pyusg il > _mlS ) ans 59, (GSE9365_13)
(GSE9365_14) V& yicmon « aM5 il dw o, ¥ &y
3 dm s A by s p gl > (@IS 5l ey S
3w 59y YO o3 el O i Gly GRIE a8
A (GSE9365_15) ¥ 4 cuws a8

(NAC3) MLOC_64057 (CUC) slay
,»» MLOC_59162 (ATAF) 4 MLOC_37104
trichothecene mycotoxin L saidsbel s
Morex ;i > olS a5 > deoxynivalenol
celw VW (GSE33405_ 1) cels )
A= (GSE33405_3) el V¥ 4 (GSE33405_2)
5 o s oy Gl S8 sl 5 (S
cels VW MLOC_70929 (NAC4)
A= (GSE33405_3) el V¥ 4 (GSE33405_2)
sl s ol Gl 58 s 5 (Sogl 5

sl (ol Al ganads asd
ol 0 Ui 3 HUNAC &l s> g9e8 ol
2 YAV Gpe Sl wyp 0 Cal odd edb
03 2 2 099l sl S sl el
Jos jl eslizel L MLOC_64240 (NAC1)
DS Sy 3 YAV Gpee clanty oy
(ATAF) bo s s (GSE8712_1)
MLOC_37104 (NAC3) 4 MLOC_59162
Py Yarv Gy opead s ks
Lol ol glo alisl (GSEB712_2) oy yus
» oy s ;3 MLOC_64057 (CUC) 5
o5 5 ol ol (GSE8T12.3) Jys
ol ol el MLOC_37104 (NAC3)
RN

bl > MLOC_64057 (CUC) 3
prragl 3 Sile 3l am Celo YV ol il
V¥ & G 5 (GSE9365_8) Jyus s 4y s
b ol sle il (GSE9365_9) alyl celus
Sidlgs Liolejl > MLOC_59162 (ATAF) 5
JiS o & Cons aislo YF wpalS 5
& o Siallex 5 s el VY (GSE9365_1)
-a5alS 1> (GSE9365_5) p yuusgil y3 J s clls
3 59) V¥ & G (25l tms 55, VO 4y sl
A oo b g, (GSE9365_11)  asl8
5l A 39y (GSE9365_13) V& 4 (GSE9365_12)



Yy u’) obbﬂ& u_i..:l.a)}o;ly; UL" ).Jlj 9 d.\ua\a,.lo ;U’JL»[M» :O‘)K.o.h 9 uL.w)b

Jl e g, ¥ Morex ¢ 88AD536 wliwe;
5 GSE33842_1) wols olis tals _jales
(GSE33842_2

i dsse 3 MLOC_64057 (CUC)
wls ) (GSE16754_2) Bl cns Sudy, ,» aib
&y G &l > (GSE16754_4) Sy &y Copu
WL & caws ab 4 (GSE16754_5) LJ
of ob ol ol il (GSE16754_6)
Wl s Sits, ,» MLOC_59162 (ATAF)
o b ol gle el (GSE16754.2)
(NAC3),  MLOC 70929  (NAC4)
sy 4 Caws &b MLOC_37104
W & cews 4b > (GSE16754_4)
WL & caws &b p» 4 (GSE16754_5)
s wb ol ol il (GSE16754_6)
s, MLOC 57427  (CUC) oy
Sy 4 Cans b > MLOC_64240 (NAC1)
W 4 cews @b (GSE16754 4)
By a4 cews ab o (GSE16754 5)
ol s e Liulsél (GSE16754_6)

1ol 4% 5 MLOC_64057 (CUC)
2 S ] Sl &1 s S ] sl 9 S >
seol 56 5 (GSE18758_2) als )9
ab ool p IS 4 Cens Sy
oy SINT assly e 5 4 (GSE18758_3)
absgmdl p JES 4 Ces sepse
w0 gl ol by Lil;8l (GSEL8758_4)
Sl s Sl sl g S Sl
Lials (GSE18758_5) wls 19,81 )5 Sy
(NAC3) o5 » Sbp b s ol
A5 ounlis wsSee wls MLOC_37104
1> MLOC_70929 (NACA4) 5 sl yizmes
4 Cowd (Feoypr slad e SINT sl s
ol Lials (GSE18758_4) wils yepsll 55 S
A5 odalie

5l asy js, (GSE9365_18) V5 4 (GSE9365_16)
2 of ol b s Gle SR p gl > (2alS
Sl 3 s (GSEI365_6) cclus YA o yuusgl]
3 o el VY p gl 3 (J5iS cllo & s
cel V¥ 5 (GSE9365_8) 5 4 cums Sjals>
b ol Laels (GSE9365_9) jalss 5 L
Lt Sidles > MLOC_64240 (NACL) 5 .o
o 4y G (GSE9365_3) csls VY aczalS 3
e (G50l I oy el VYV lneoalS” )3 9 8
o3l giales il (GSE9365_4) el VY &
pyswghil )3 g Al 9ed )3 ¢ pmimmen il L ol
st 39, (GSE9365_7) V5 5 (GSE9365_6) A ,»
Ol G (A S 5y ¥ 4 Cus a5

Ll

pow 4> ye 5 MLOC_64057 (CUC) 3
Ole Gl S & Cad il vy g p)ler
5 GSE23595 3 GSE23595_2) cusb
MLOC_59162 (ATAF) 5 (GSE23595_4
Ole ORI S 4 Cuns Gjalgx pgd dl>pe 5
(NAC3) lay; (GSE23595_1)  cushs
,» MLOC_57427 (CUC) 4 MLOC_37104
Ol il S 4 cond Sialler Jolye adS
sl

(NAC3) 4 MLOC_59162 (ATAF) .;
SLidles S 5l s 59, YV 9 V¥ MLOC_37104
& Cows &b 11-10 i o Karl cusgs ,o
(CUC) o5 9 wb gl glo el Sy
b ol oy i@l MLOC_57427
GSE33413_2 GSE33413_1)
OF osemen (GSE33413 4 4 GSE33413_3
) o= 9 V¥ MLOC_64240 (NAC1)
&l 1 11-10 i s Karl cusg o slidles,§
Bk ol G Sy e cww
(GSE33413_3 , GSE33413_1)

(CUC) 5 s MLOC_59162 (ATAF) .;
w9 9 » e e MLOC_57427



mmmmmmmmmmmmm

i
_Jtn

mmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

-0.2282232
0.3358884

-0.2610345

0.36948276

1.0

MLOC 56162
MLOC_ 37104
MLOC™ 64057
MLOC 7092¢
MLOC 57427
MLOC_ 64240

HYNAC (¢l (5900 Jolpo sl yislejl (lpe dlud (gaiaded adas & S5

Ggiyacusd il edlatwl jslaiea
slodls &S bl b oo JWsl o (S
5 45 (nlaenr B dyse ) (Siloysiilen

B33 ()l ol e 9935 3l 5 s ¢ il
Real 3 jl oslazw! L RNA oxiwcueS cldllas

oo (b)) olen U 5,5 sl time PCR
Dgad (Byxe |y (Mol 059, S (gl

REFERENCES

Aida M, Ishida T, Fukaki H, Fujisawa H,
Tasaka M (1997) Genes involved in
organ separation in Arabidopsis: an
analysis of the cup-shaped cotyledon
Mutant. Plant Cell Online. 9: 841-857.

Chen X, Wang Y, Lv B, LiJ, Luo L, Lu
S, Zhang X, Ma H, Ming F (2014) The
NAC family transcription factor
OsNAP confers abiotic stress response
through the ABA pathway. Plant Cell
Physiol 55: 604-619.

Demura T, Fukuda H (2007)
Transcriptional regulation in wood
formation. Trends Plant Sci. 12:64—70.

Finn RD, Clements J, Eddy SR (2011)
HMMER web server: interactive
sequence similarity searching. Nucleic
Acids Res. 39: 29-37.

Gubler F, Kalla R, Roberts JK, Jacobsen
JV  (1995)  Gibberellin-regulated
expression of a myb gene in barley

4ol 5 HVNAC Lghboj ) UL’ )Jb] 2

bulyd > opizped cilisee sl I (glos s
D5 3 (558 Bad Mie & g uipé D
Sy drgi S5 cpl 4 b adl Nl gl
(503 g odplool Slallas ol (g S domss

G W Pl}ul HVNAC LSLQOS fﬁLoS

aleurone cells: evidence for Myb
transactivation of a high-pl [alpha]-
amylase gene promoter. Plant Cell
Online 7: 1879-1891.

Gubler F, Raventos D, Keys M, Watts
R, Mundy J, Jacobsen JV (1999)
Target genes and regulatory domains of
the GAMYB transcriptional activator
in cereal aleurone. Plant J. 17: 1-9.

Hendelman A, Stav R, Zemach H, Arazi T
(2013) The tomato NAC transcription
factor SINAM?2 is involved in flower-
boundary morphogenesis. J. Exp. Bot.
64: 5497-5507.

Jeong JS, Kim YS, Baek KH, Jung H, Ha
SH, Do Choi Y, Kim M, Reuzeau
C,Kim JK (2010) Root-specific
expression of OsNAC10 improves
drought tolerance and grain yield in
rice under field drought conditions.
Plant Physiol. 153: 185-197.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24399239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24399239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24399239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24399239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24399239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24399239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ming%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24399239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Watts%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10069063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Watts%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10069063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mundy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10069063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobsen%20JV%5BAuthor%5D&cauthor=true&cauthor_uid=10069063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20335401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ha%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=20335401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ha%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=20335401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Do%20Choi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20335401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20335401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reuzeau%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20335401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reuzeau%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20335401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=20335401

Yy u’) obbﬂ& u_i..:l.a)}o;ly; QL" ).Jlj 9 d.\ua\a,.lo ;U’JL»LN :O‘)K.o.h 9 uL.w)b

Jupe F, Pritchard L, Etherington GJ,
MacKenzie K, Cock PJA, Wright F,
Sharma SK, Bolser D, Bryan GJ, Jones
JDJ, Hein | (2012) ldentification and
localisation of the NB-LRR gene
family within the potato genome. BMC
Genomics 13:75.

Kato H, Motomura T, Komeda Y, Saito
T, Kato A (2010) Overexpression of
the NAC transcription factor family
gene ANACO036 results in a dwarf
phenotype in Arabidopsis thaliana. J
Plant Physiol 167: 571-577.

Kim YS, Kim SG, Park JE, Park HY, Lim
MH, Chua NH, Park CM (2006) A
membrane-bound NAC transcription
factor regulates cell division in
Arabidopsis. Plant Cell Online 18:
3132-3144.

Kozik A, Kochetkova E, Michelmore R
(2002) GenomePixelizer--a
visualization program for comparative
genomics within and between species.
Bioinformatics 18: 335-336.

Lozano R, Ponce O, Ramirez M, Mostajo N,
Orjeda G (2012) Genome-wide
identification and mapping of NBS-
encoding resistance genes in Solanum
tuberosum group Phureja. PLoS One
7:e34775.

Mallory AC, Dugas D V, Bartel DP,
Bartel B (2004) MicroRNA regulation
of NAC-domain targets is required for
proper formation and separation of
adjacent embryonic, vegetative, and
floral organs. Curr. Biol. 14: 1035-
1046.

Mao C, Ding W, Wu Y, Yu J, He X, Shou
H, Wu P (2007) Overexpression of a
NAC-domain protein promotes shoot
branching in rice. New Phytol.
176:288-298.

Mitsuda N, Iwase A, Yamamoto H, et al
(2007) NAC transcription factors,
NST1 and NST3, are key regulators of
the formation of secondary walls in
woody tissues of Arabidopsis. Plant
Cell Online 19:270-280.

Nakashima K, Tran LSP, Van Nguyen D,

Fujita M, Maruyama K, Todaka D, Ito
Y, Hayashi N, Shinozaki
K, Yamaguchi-Shinozaki K (2007)
Functional analysis of a NAC-type
transcription factor OsSNAC6 involved
in abiotic and biotic stress-responsive
gene expression in rice. Plant J. 51:
617-30.

Nuruzzaman M, Manimekalai R, Sharoni
AM, Satoh K, Kondoh H, Ooka
H, Kikuchi S (2010) Genome-wide
analysis of NAC transcription factor
family in rice. Gene. 465: 30-44.

Olsen AN, Ernst HA, Leggio LL, Skriver
K (2005) NAC transcription factors:
structurally  distinct,  functionally
diverse. Trends Plant Sci. 10: 79-87.

Park J, Kim YS, Kim SG, Jung JH, Woo
JC,Park CM (2011) Integration of
auxin and salt signals by the NAC
transcription factor NTM2 during seed
germination in Arabidopsis. Plant
Physiol. 156: 537-549.

Puranik S, Bahadur RP, Srivastava PS,
Prasad M (2011) Molecular cloning
and characterization of a membrane
associated NAC family gene, SINAC
from foxtail millet [Setaria italica (L.)
P. Beauv.]. Mol. Biotechnol. 49: 138-
150.

Quach TN, Tran LSP, Valliyodan B,
Nguyen HT, Kumar R, Neelakandan
AK, Guttikonda SK, Sharp
RE, Nguyen HT (2014) Functional
analysis of water stress-responsive
soybean GmNACO003 and GmNAC004
transcription factors in lateral root
development in Arabidopsis. PLo0S
One 9:e84886.

Ramaswamy M, Narayanan J,
Manickavachagam G, Athiappan S,
Arun M, Gomathi R, Ram B (2017)
Genome wide analysis of NAC gene
family “sequences” in sugarcane and
its comparative phylogenetic
relationship with rice, sorghum, maize
and Arabidopsis for prediction of stress
associated NAC genes. Agri Gene 3: 1-
11.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Saito%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19962211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saito%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19962211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kato%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19962211
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=17098812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=17098812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=17098812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chua%20NH%5BAuthor%5D&cauthor=true&cauthor_uid=17098812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=17098812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17888111
https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20X%5BAuthor%5D&cauthor=true&cauthor_uid=17888111
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shou%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17888111
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shou%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17888111
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17888111
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujita%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17587305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maruyama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17587305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Todaka%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17587305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ito%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17587305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ito%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17587305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17587305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shinozaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17587305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shinozaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17587305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi-Shinozaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17587305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Satoh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20600702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kondoh%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20600702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ooka%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20600702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ooka%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20600702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kikuchi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20600702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21450938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=21450938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=21450938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21450938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nguyen%20HT%5BAuthor%5D&cauthor=true&cauthor_uid=24465446
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24465446
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neelakandan%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=24465446
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neelakandan%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=24465446
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guttikonda%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=24465446
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharp%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=24465446
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharp%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=24465446
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nguyen%20HT%5BAuthor%5D&cauthor=true&cauthor_uid=24465446
https://www.sciencedirect.com/science/article/pii/S2352215116300435#!
https://www.sciencedirect.com/science/article/pii/S2352215116300435#!
https://www.sciencedirect.com/science/article/pii/S2352215116300435#!
https://www.sciencedirect.com/science/article/pii/S2352215116300435#!
https://www.sciencedirect.com/science/article/pii/S2352215116300435#!

Redillas MC, Jeong JS, Kim YS, Jung
H, Bang SW, Choi YD, Ha
SH, Reuzeau C, Kim JK (2012) The
overexpression of OsNAC9 alters the
root architecture of rice plants
enhancing drought resistance and grain
yield under field conditions. Plant
Biotechnol. J. 10: 792-805.

Riechmann J, Heard J, Martin G, Reuber
L, Jiang C, Keddie J, Adam L, Pineda
O, Ratcliffe OJ, Samaha RR, Creelman
R, Pilgrim M, Broun P, Zhang
JZ, Ghandehari D, Sherman BK, Yu G
(2000)  Arabidopsis  transcription
factors: genome-wide comparative
analysis among eukaryotes. Science
290: 2105-2110.

Saad ASI, Li X, Li HP, Huang T, Gao
CS, Guo MW, Cheng W, Zhao
GY, Liao YC (2013) A rice stress-
responsive  NAC gene enhances
tolerance of transgenic wheat to
drought and salt stresses. Plant Sci.
203-204: 33-40.

Saga H, Ogawa T, Kai K, Suzuki H, Ogata
Y, Sakurai N, Shibata D, Ohta D
(2012) Identification and
characterization of ANAC042, a
transcription  factor family gene
involved in the regulation of camalexin
biosynthesis in Arabidopsis. Mol.
Plant-Microbe Interact. 25: 684-696.

Shah ST, Pang C, Fan S, Song M, Arain
S, Yu S (2013) Isolation and
expression  profiling of GhNAC
transcription factor genes in cotton
(Gossypium hirsutum L.) during leaf
senescence and in response to stresses.
Gene 531: 220-234.

Souer E, Van Houwelingen A, Kloos D,
Mol J, Koes R (1996) The no apical
meristem gene of petunia is required
for pattern formation in embryos and
flowers and is expressed at meristem
and primordia boundaries. Cell 85:
159-170.

Takasaki H, Maruyama K, Kidokoro
S, Ito Y, Fujita Y, Shinozaki
K, Yamaguchi-Shinozaki

K, Nakashima K (2010) The abiotic
stress-responsive NAC-type
transcription factor OsSNACS5 regulates
stress-inducible genes and stress
tolerance in rice. Mol. Genet.
Genomics 284: 173-183.

Tamura K, Stecher G, Peterson D, Filipski
A, Kumar S (2013) MEGAEG:
Molecular  evolutionary  genetics
analysis version 6.0. Mol. Biol. Evol.
30: 2725-2729.

Uauy C, Distelfeld A, Fahima T, Blechl
A, Dubcovsky J (2006) A NAC gene
regulating senescence improves grain
protein, zinc, and iron content in
Wheat. Science 314: 1298-1301.

Voitsik A-M, Muench S, Deising HB,
Voll LM (2013) Two recently
duplicated maize NAC transcription
factor paralogs are induced in response
to Colletotrichum graminicola
infection. BMC Plant Biol. 13:85.

Wei S, Gao L, Zhang Y, Zhang F, Yang
X,Huang D (2016) Genome-wide
investigation of the NAC transcription
factor family in melon (Cucumis melo
L.) and their expression analysis under
salt stress. Plant Cell Rep. 35: 1827-
1839.

Xia N, Zhang G, Liu XY, Deng L, Cai
GL, Zhang Y, Wang XJ, Zhao
J,Huang LL,Kang ZS (2010a)
Characterization of a novel wheat NAC
transcription factor gene involved in
defense response against stripe rust
pathogen infection and abiotic stresses.
Mol. Biol. Rep. 37: 3703-3712.

Xia N, Zhang G, Sun YF, Zhu L, Xu LS,
Chen XM, Liu B, Yu YT, Wang XJ,
Huang LL, Kang ZS (2010b) TaNACS,
a novel NAC transcription factor gene
in wheat, responds to stripe rust
pathogen infection and abiotic stresses.
Physiol Mol. Plant Pathol. 74: 394—
402.

Xie Q, Frugis G, Colgan D, Chua N (2000)
Arabidopsis NAC1 transduces auxin
signal downstream of TIR1 to promote
lateral root development. Genes Dev.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22551450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22551450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bang%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=22551450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20YD%5BAuthor%5D&cauthor=true&cauthor_uid=22551450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ha%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=22551450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ha%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=22551450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reuzeau%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22551450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=22551450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reuber%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reuber%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keddie%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adam%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pineda%20O%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pineda%20O%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ratcliffe%20OJ%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Samaha%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Creelman%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Creelman%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pilgrim%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Broun%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20JZ%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20JZ%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghandehari%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sherman%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11118137
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23415326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=23415326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=23415326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=23415326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23415326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=23415326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=23415326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=23415326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22295908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ogata%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22295908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ogata%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22295908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakurai%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22295908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shibata%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22295908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24036432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arain%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24036432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arain%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24036432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24036432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mol%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8612269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koes%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8612269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takasaki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maruyama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kidokoro%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kidokoro%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ito%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujita%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shinozaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shinozaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi-Shinozaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi-Shinozaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakashima%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20632034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peterson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24132122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Filipski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24132122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Filipski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24132122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24132122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blechl%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17124321
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blechl%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17124321
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dubcovsky%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17124321
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27229006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27229006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27229006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27229006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20XJ%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20ZS%5BAuthor%5D&cauthor=true&cauthor_uid=20213512
https://www.sciencedirect.com/science/article/pii/S0885576510000470#!
https://www.sciencedirect.com/science/article/pii/S0885576510000470#!
https://www.sciencedirect.com/science/article/pii/S0885576510000470#!
https://www.sciencedirect.com/science/article/pii/S0885576510000470#!
https://www.sciencedirect.com/science/article/pii/S0885576510000470#!
https://www.sciencedirect.com/science/article/pii/S0885576510000470#!
https://www.sciencedirect.com/science/article/pii/S0885576510000470#!
https://www.sciencedirect.com/science/article/pii/S0885576510000470#!

Yo u’) obbﬂ& u_i..:l.a)}o;ly; QL" ).Jlj 9 d.\ua\a,.lo ;U’JL»LN :O‘)K.o.h 9 uL.w)b

14: 3024-3036.

Xie Q, Guo H., Dallman G, Fang
S, Weissman AM, Chua NH (2002)
SINATS5 promotes ubiquitin-related
degradation of NAC1 to attenuate
auxin signals. Nature 419: 167-170.

Xiong Y, LiuT, Tian C, Sun S, Li J, Chen
M (2005) Transcription factors in rice:
a genome-wide comparative analysis
between monocots and eudicots. Plant
Mol. Biol. 59: 191-203.

Yamaguchi M, Ohtani M, Mitsuda
N, Kubo M, Ohme-Takagi M, Fukuda
H,Demura T  (2010) VND-
INTERACTING2, a NAC domain
transcription factor, negatively
regulates xylem vessel formation in
Arabidopsis. Plant Cell 22: 1249-1263.

Yang SD, Seo PJ, Yoon HK, Park CM
(2011) The Arabidopsis NAC
transcription factor VNI2 integrates
abscisic acid signals into leaf
senescence via the COR / RD genes.
Plant Cell 23: 2155-2168.

Yokotani N, Tsuchida-Mayama
T, Ichikawa H, Mitsuda N, Ohme-
Takagi M, Kaku H, Minami
E, Nishizawa Y (2014) OsNAC111, a
blast disease—responsive transcription
factor in rice, positively regulates the
expression of defense-related genes.
Mol. Plant-Microbe Interact. 27: 1027—

1034.

Zhao Q, Gallego-Giraldo L, Wang
H, Zeng Y, Ding SY, Chen F, Dixon
RA (2010) An NAC transcription
factor orchestrates multiple features of
cell wall development in Medicago
truncatula. Plant J. 63: 100-114.

Zhao Y, SunJ, Xu P, Zhang R, Li L (2014)
Intron-mediated alternative splicing of
WOOD-ASSOCIATED NAC
TRANSCRIPTION FACTOR1B
regulates cell wall thickening during
fiber development in Populus Species.
Plant Physiol. 164: 765-776.

Zheng X, Chen B, Lu G, Han B (2009)
Overexpression of a NAC transcription
factor enhances rice drought and salt
tolerance. Biochem. Biophys. Res.
Commun. 379: 985-989.

Zhong R, Lee C, Zhou J, McCarthy RL,
Ye ZH (2008) A battery of
transcription factors involved in the
regulation of secondary cell wall
biosynthesis in Arabidopsis. Plant Cell
Online 20: 2763-2782.

Zhong R, Ye ZH (2007) Regulation of cell
wall biosynthesis. Curr. Opin. Plant
Biol. 10: 564-572.


https://www.nature.com/articles/nature00998#auth-4
https://www.nature.com/articles/nature00998#auth-5
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16217612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16217612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16217612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16217612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16217612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitsuda%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20388856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitsuda%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20388856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kubo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20388856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohme-Takagi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20388856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fukuda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20388856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fukuda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20388856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demura%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20388856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ichikawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25014590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitsuda%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25014590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohme-Takagi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25014590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohme-Takagi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25014590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaku%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25014590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Minami%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25014590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Minami%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25014590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nishizawa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25014590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20408998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20408998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20408998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=20408998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20408998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dixon%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=20408998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dixon%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=20408998

