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Abstract

All kinds of crops including foods, feeds, and turf grasses are
damaged frequently by various environmental stresses such as drought,
salt, and high temperature, which cause the loss of agronomic
productivity. Many abiotic stress responsive genes have been identified in
plants and they have been applied to breed crops tolerant to
environmental stresses through transgenic approach. Creeping bentgrass
(Agrostis stolonifera L. cv penncross), commonly used for landscaping of
home garden and golf course, is a valuable economic grass. In this study,
NAC family genes that seem to be inducible by abiotic stresses were
targeted and thus 9 partial cDNAs containing NAC domain sequence were
isolated. Their mRNA expressions were responded to abiotic stress such
as salt, drought, heat, or dark. From their deduced amino acid
comparison, five of AsNAC318, AsNAC319 AsNAC320, AsNAC323,
AsNAC324 belonged to the no apical meristem (NAM) subfamily and the
remaining four of AsNAC316, AsNAC317, AsNAC321, and AsNAC322
ATAF1. Especially, from three genes of AsNAC316, AsNAC317, and
AsSNAC322 induced significantly by salt, drought, or dark stress as well
as belonging to the ATAF1 subfamily, their full-length cDNAs were
cloned by 5' and 3' RACE PCR. AsNAC317 was confirmed to be localized
into nucleus by transient assay using onion epidermal cells. Several kinds
of binary vectors for plant transformation were constructed to analyze the
biological role of the genes in plants. Each AsNAC316, AsNAC317, and
ASNAC322 placed under the control of CaMV 35S promoter were

transformed into Arabidopsis thaliana.

_Vi_
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[. A&

T

7HeE, &, A, AL, 1 (salt) @ ZFE A rHA] A AEd s AE
S99 A H&oA Holasle]l FrSmirnoff et al., 1998). &3] ¥z +=
Hol= AAAAY gEo] T2 A A (Westgate et al., 2000; Tuteja

et al.,, 2005), 18]a1 29 %3 (Ranjan et al.,, 2001)7} hFE A o]t} o]ef3t H

o] & Q3}l}(Tuteja et al., 2005). AEEo] Ay Ao A7l € <+ A=
2EY 2o wEHW Y 2EHAE XY FAlC A4 Alse] Wit
AT FARL SOl wel S AE 2 vhgele B fHAbEe] dAF
A 2EE AL, o] FHAEY AbEo] HFEHOR AEY o tig AEe A3
S =9 F3 AAS A7 fAEES gt (Shinozaki et al., 2000,
Shinozaki et al., 2003). 2l&o] SH~EH 2o A3 sl7] Hejres AadDEHr
Az, @Az, AArzdFdaa T 29 e FR AR dofs)
= oz A AtHChen et al., 2002, Cushman and Bohnert, 2000). 3+
BrE# 2o whgetE oAl dAARRIAIE= DREB/CBFs, AREB/ABFS,
NACs (NAM, ATAF, and CUC) o] &¢&#A vk(to et al, 2006, Kim et
al., 2004, Kizis and Pages, 2002, Jeong et al., 2010, Xue et al.,, 2011, Hu
et al.,, 2006). L FlA] NAC family proteine N &tk 2] NAC domains
7hl 2w ol AARRIALRA, Balg wio] wEW of Aol A 11771, W ol
M 161708 FAAE AN S AR AEolA Wol EASaL A= super

family AAFeI=}o]tH(Kikuchi et al., 2003, Fang et al., 2008, Kikuchi et al.,
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2010).

1992w o) o7&t e] RESPONSIVE TO DEHYDRATION 26(RD26)4A
1S cDNA7} Hi% o]% =% (Yamaguchi-Shinozaki et al., 1992), 19969l
Petunia® no apical meristem (nam) mutant@3at A& oA NAM A x}71 uf
oty F<toll shoot apical meristem (SAM, &714734) FAo Fao3sty £
of Tz A 7 AAA S AAAAY &S st Vo] AFoeE Hil
7F A (Souer et al., 1996). 1 %, NAC domaine 7} cucl?® cuc273
A7F E3 o} el VHES FEE AT delA o (Takada et
al., 2001, Vroemen et al., 2003), ©] W, petunia® NAME X 3}35}o] 7|E9
Haxolxl of 7174t el o] cDNA cloneE< Hluwg Az, Nawhe] HIEH A
A& Felste, o] H9S NACNAM, ATAFL1,2, CUC2) domain®lgl 4319
tHAida et al., 1997). HelA Hig NAC family?l TNAM-BIfrdA=
grain protein, L2]al ofdAd} A 3FS S Al ErbolUP} w3tel v Eof
Jthar G FHH(Uauy et al, 2006). 53], &3t 572 NAC transcription
factor 5 ATAF subfamilyoll &3t FAAES oe] T/7Y A=A A,

19, 7HE 5o 2EdYA T o x3el #AHdE Zow HuHEY

N

(Ohnishi et al., 2005). ¥ 9] STRESS-RESPONSIVE NACI (SNACID)S 7}&-2
Eds A8elA 5 HAAETES Holw, SNACIS HEEAI7 W FH A
T 7 d=EdzolA 22-34% AEE ok HvlE] Aol Erhal &
A ATHHu et al,, 2006). Lol HolA Fel®l TaNAC6I= 7Ha=Ed2 &
Fol A AAE HHEAL, o] FAAE Dol RE AHE o NEAEYA
o thal AL A A7) AoE BHuHEJTHXue et al, 2011). o]¢ #
o], NAC familyfrdae A& waa ~EfzolA tekst 7]sS atv, oy

M B AE L] i A Vs A5 d-ste] @ol dytE oA

Beard, 1975, Huang et al.,, 1998a, b). o]#3 1 2~EH

@ 9% Bu ol FAT o TR AP o] REL Fuketn, oA o

1>
rlr
rfo
o
>
i‘—";
o
Lo
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2 e By el i AJAdS ok A 4 At (Mark Tester and
Antony Bacic. 2005). wtehX, 2tz 245 o|xb4 s dov|= dFAET
2o i AL w32 F e A7t

= e AP EaSR oA S ~EY 2o whedhs NAC familyr3d
e FREste] RAAEQl ofr1gdel gAxeste] A lsE Avln

WSS S R FAA7E Re 9 A%, BASES Fael aYsET
2~
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1. AEAS

B dye " ERYS fstel A Y A" WEISE
(Agrostis stolonifera L. cv. Penncross)E AF&3slglorn, FHx 7|5 A&
At FAAS Aol RAAEQD W7 (Arabidopsis thaliana L. cv.
Columbia)E ©]&s}ltt. Aeg WMEItA9) of7| A= 7 21T, Fd=xd

(16h light/8h dark)e] 2] EAFA A 2] = ATt

2. RNA %2 9 first ¢cDNA strand®] 34
215 RNAE ASE AFAAA dAdrd w5 97 ARG A=
o] iz A7 mppAbe] Yan A AA4E Fojrie 3 U et

7HA] B A FH T RNase—free 1.5ml micro tube (Axygen)oll Trizol reagent

il

7]

e,
=2

(MRCO) Iml< w2 B #38 AEE Yo T3 5 AXRAbelA Algd A7
Wiiol et total RNAE F=6t3lth F50] 2 o]Fo FHeAl= 58 RNA
5 1% op7tE 2 Ao 1ngs A719&

1st strand cDNA+ 31E 1pgel RNAE 0.5puge oligo dT primer,
M-MLV 5x reaction buffer, 10mM dNTP, 25unit RNasin Ribonuclease
inhibitor, 200unit M-MLV reverse transcriptase (Promega), DEPC dH:0&

&3tsl & M-MLV reverse transcriptase A ZAFe] B S uhg} 42T A 14]
o

N

g o Al

HA2EH 2 §EHE AsNAC §AA dHe 2

ol ofal] et ASNAC dAes w28k Slsl o717 microarrary

w
ok

djo]EfHlo] A(http://www.weigelworld.org/resources/microarray/AtGenExpress) & ©]-8-3}

of 7ha, 94, AL T3 #2 SAF2EYE 3 kgl fREEE of71dH NAC
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family FHAES] A7IME AEE £33 v, B A7IAGHEE ofv| it
AME= A3k & ClustalX ZEIHS o]gsto] @il AF5dS vl sl
NAC domainol| A M =& Zholl A5Ao] ¥& H$E o] NAC F1, NAC F2,
NAC R1, NAC R2E& =33 T 47019 ZfolE Al &etaitt (Table 1). i
Agy ot w3ty oA FE3 RNACA A E 1Ist strand cDNAS F8
o2 PCRES M¥3le] TZH &3 DNAE Atk 53" DNAE pGEMT
easy W (Promega)ol 2493t T ZE& AASY] A& 4719 7]
(GTAC)E QA ete Rsal Adtasis ol&ste] 20970 FH S885 A
S, 1.0% ol7bz2s A Aol x

y
AEAom F 9N HYH aH FAA4E FRAA.

+ AF 15cm, #°] 20cm?] shiolr =%, %, JF=21E 742 21T, 60%,
12h® ZAx= AGANA FA =AUt

1 (hea) 2EH 2~ tix279] dFAES 38T, 60%, 12h lightollA] 3
Fol g WA 38T & #FA7IHEA FAAIAL.

o} (dark)=E#~=E 3mMe MES bufferell 1d4¢] =Ze]s WE 18}~
S g F gAEY A 271 (21T, 60%, 24h dark)el A =3+S A PAZ T

AW (n vitro)l A A& A28 WE2et2o) 4 =3t 93} w3sle]x] o
olo] A% zeolE Bl AP WEG R T FIE AT
100% EtOH®} 2% NaOCl=Z Ahatdk & MSujAof }Fsiqlct. 2&d A2]%

Eggtas 25TolA Y%7 (16h light/8h dark)e.® AdAZHon 185

Fo w3p7F WaE Ay 3R e AS 7H7E BElete] WIS A FH s

Z4zbol 2Ed 2o w=Ey oS AFSte] -70To] B ol total RNAE
FE39t. &% total RNAE 2E# s weE @3S ®B7] 98 1pg9
RNAE cDNAZR 3Hdataivh. 59140 9719 Hi4 NACHHAES] HEH A
A FolA subdomain®] AAF-EAM ZHzte] fFHA Hol# ¢l ZefolnE

(Table 1)3F t}& semi-quantitative PCRS 435} t}.

ol
-

HS

r
4

ol *{01‘

1%
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5. AsNAC @98 fAXREY 4548 &4

AsNAC &9 RS A4S 2437 98 7|0 Hud 24
2 HEE NCBI Genbank HolEHo]~5 T3l 33t =84
A NEET} AsNAC & HFHAES FASTA formate® AEd vhd
ClustalX Z=2Ia95 F3lo] #2438 & MEGA Z=2a3& &

|

joining®¥ © & Phylogenetic treeZ WER]ATE.

6. Full-length ASNAC cDNA FAAE9 224

07le] =AMl BH GAR FolA AEd o] W= A FARE
Aesiginy. AgE Ale FRA{HAAES 7247 5/3-Full RACE(rapid
amplification of cDNA ends) Core Set (Takara Bio Inc, USA)S A}-&3le] A

A A A79e 229 s

Oft

H#], 3’RACE PCRS 9384 3sites Adaptor’} € oligo dTES o] &35}
=3k 9lo] RNACIAM cDNAS #438k3ith. 938 cDNAT AlZ2AblA Als3t
3sites Adaptor primer (5'-CTGATCTAGAGGTACCGGATCC-3")¢} zZtzhe]
upstream primer(Table 1)& ©]83}9 PCRYFSS %3] NAC domaing A A
SEAAAES THFoEHA I T NEES A sk

5° RACE PCR 7]&ell a1 gl= Mde wEor 5 2 25 QrtaiA
70 wgs Zeholw(Table DE cDNAE #A4S Gt 4% cDNAE T4
RNA ligase(Takara)= GU7te-S AAAA FHAAY &dax}; s AES 23
ato] YAlg Zefoln(Table D& ©l&

unknown A €& F=24 3T
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PCR productE2 1.2%°] ol7t22~ AoA H7]gsS S HdAFS gAsgith

8. Full-length ASNAC cDNA FAAES 2EF2E Wad iy

232 AAS FEPHETZ 29 EAE 2% NaOCIZ A3 1/2 MS
Ao FE=Q ). FETH EA= 25TCo|A 24X 7F LS F= A 2710w

AE gt
A Sal)2EH2=E HEEs7| 98] A 3HETIdg 29 109 % 2t
FRE ek A @A 24 237 WAZRE AAR F 50ml Foof
Q2
[

200mM NaCl €9 10mIAE Y31 R ey Arje=
El

i

I %, 2EYAE 7L a3
-70Co] B3R,
7}F% (Drought) ~E# 2~ A8

ot
=2
[
I
i)
[»
o
—
(@)
ilied
o
=
oX,
o3
>,
Y
Ho
ko
il

FEE 2ot U A ow v AREH ZAEHA A7 § 200mM 2
Mannitol &No] & 3 12A)7F wit} M= W
Fameeash T set vlaretz] S13 273 NaClg-2) 3 Mannitol
=

golg WEY] A5 ASUR 1ASFFO F2 3

9. Subcelluar localization ¥4J
AsNAC31 728 E43=8& A9Jste] PCRe Sl +3%3 & AEiA

S 58 e ©HS green fluorescent protein (GFP) reporter--d A7}

¥3t¢ GFP fusion ®ME <l pGA3811 ME(Kim et al, 2009)] A& 3} ).
Z x4 ¥ GFP fusion construct (pCaMV::AsNAC317-1-GFP)%} GFP fusion

control (pCaMV35S:GFP)2 -7 %}2] subcellular localizationi-2]-S ¢]3}]
Fuke] 9] A Eol =YAZTH
particle bombardmentE F8J3s}7] ¢lste] WA, &Fupe] EIHE HA MS

=z fol & HA &9 #Het 3 3 YAk GFP fusion construct®} GFP
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fusion controle Z+Zt ZYSISIY. & 4AF ¥ W2 g Zrh WA,
Ao AMEE FEE FYAES 1.5ml micro tube(Axygen)ol] Bo] Wi
70% EtOH= A7 &l 1 % 1shotd 0.8ul®] DNAE 93 8mM
spermidine, 0.6M CaCl,, SDWE 300ul 37} ¥ == Y=t} 1 v
1/1081¢] 3M NaOAce} 2.581¢] 100% olgr=-& Yal -20Tel|A 203t
g 5, 70% ANrEE A7 gk A7 Foll 10 F:=o] 100% NTES
=1} ShotswH] & l8lA 4 x2S AWl XA 5, & <] DNAZ}
e 297 A8 20uE F E=Estar o] gakeith A Uiohs
-76mmHg = 7+%}38F & particle bombardmentS 4783} th SFupAM| L= 25T,

Gz A 2427HEH MSHIA Bl A WFE T FBAN 4G Boko] fAR)

2

AV

10. Binary vector 2 Agrobacterium® 2 A3

Agrobacterium tumefaciens EHA1059] fAAE =9187] ¢3te] nlol e
#HE pCAMBIA3301(www.cambia.org) = AFE¥H AT 44} construct= A
AR AZAAGE S AT bar #AA7E £F Hol dow, AsNACHAA=
Y EE ARl 2lERo] E3HH B-glucuronidase &%} (intron-gus)E A7
sk Qo] AdEHAY. bar FHAL}E ASNACHZH A= cauliflower mosaic
virus(CaMV)35S promoterel] && ZAH}(Fig 1). bart- A A= =FEHH &
AasrsE Asfgre 2R phosphinotricin (PPT, X+ glufosinate)¥} bialaphos
(phosphinotricyl-alanyl-alanine)ol] ©™3l #34S <3} phosphinotricin
acetyltransferase® o.38}3tt}.  A.tumefaciens EHA105Z binary vector

DNAE =¢38}7] 18t freeze-thaw'HS AF&3FATHAN, G. 1987).
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Pmill Balll EcoRl

’ 570bp

whol #hal

Pmill Bulll EcoRl

Figure 1. Maps of the T-DNA region of the binary plasmids for plant
transformation. T-DNA regions of pCAMBIA3301-AsNAC317-1 (a) and
pCAMBIA3301-AsNAC317-6 (b). RB, right border of T-DNA; LB, left

border of T-DNA; P35S, CaMV35S promoter; nos poly—-A, nopaline

synthase gene terminator; bar, basta resistance gene; LacZ alpha,

beta—galactosidase fragment.
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o7 tel FHAAE =dst7] 93l Floral Dip®¥#H(Steven J. et al 1998)<
ol-gstaltt. 1 WS sl Awstd vhgdk Ak o7 21T, Fdx
71 (16h light/8h dark)e] AEAGANA 45 < FGA7IaL, o717l &
gl FAES AlA ST Agrobacterium tumefaciens strain(EHAI105)2 YEP
HiAl 30mlel A 16-24A417F5<9F ODgoo 0.6-0.88 =% wigsd = A4l
(3000rpm, 15min, 4C)3ste] & FH3SUY. FHE F55 5% Sucrose®t
0.05 silwet L-77& 23st 84S 5% Yil dgste] FHsIo. dgd
Foll o7 del & 5xVFF @ F HId=E shRest H2 F AU
A8 A7 o7 FAZE thA] R u7bA] 21°TColA AL, Hs
H A= Tt 78E S F3AE T FES HoolEV 44T
Al Bl sFsidt. et 159 $ol vpAER320ul/1L)E At

oBL

i 9}

Hds B7] 9kl e A4 AEPET A2 AAELE ol&ste %
AbApk R kil ol AMELS Trizol reagent(MRC)E o] &-3fo] A%
Abel wardel mEbA total RNAES F=3H3th =¥ RNAS first ¢cDNA
(Promega M-MLV Reverse Transcriptase)E st =¥ 9] AL
= YARlE primer(Table DE ©]&3&to] PCRE &8 34 =43 ddd=
gelste] HFHow JAMSAS At

12. T2Ad FEAS AEA Y 2EHX A

ArEY oAl ves AHuYs 21C, FYU%7 (16h light/8h dark)
o of 71 vk ZAolA 200mMe] NaCl €948 #AFA7)HA TFE3 o
717k k2] A &3l

MEaEdas B8 FAE 21T, FUEA (16h light/8h dark)el A 25

ok Qo] WslE #zEl)
13. 38 A3 A (homozygous) A& A+
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mN

FAAGE AEA ZFoA =FHTAZ HAwstr] $98te] Phosphinothricin
(7.5ng/mD< A7k MSHjAlel T2Athe] FAAsA o] FAE5 Fakqint. of
N3y FA= 2z 100% EtOHS$} triton-X100¢] H7Md 70% EtOH® %9
et 5 Aol el dx AA A wiHSlel S el 3F F 2
1C, 49=x7 (16h light/8h dark)e] Aol A wjdS s

14. T3AW FAAEA &9 2EH2 AT

FAHA3A A= 7ME2EdE AP S H7] 98] Leaf disk floating

assayS 3 th 3mMe] MES buffere] 300mMe] MannitoleS ¥ 21T, &

=7(16h light/8h dark)ellX 3585k A&AZ f718de] & He F 2

5TCe] &d=x71(16h light/8h dark)elM L&t o] WS Avnginh.

¥ &&2 Plant Efficiency Analyzerg AHE-3s}
<~ E

ol FAABA] AF5HS 0] A5kl A MSHA o

2
e
o
ol
2
i)

A dFdFor 71 pHG336 lined}t pHG339 lined &
100mM, 150mM, 200mM, 300mM<e] NaCle] H7hg sjx]o] 31
Az (16h light/8h dark)olA 1045¢t A& G2EY~
& A7 A &5 Fresh weights SA st Hd= AL

THEAEY e dAASA ] A eHE 1By 95
oM AdFUEet 719 pHG336 line® pHG339 lined HFHTAES OmM,

ofl
W)
o
i‘—",
il

ftlo
o
3

=

O

4d=x7A (16h light/8h dark)eld 109%<t #2383 th. 7MHEAEd 2~ 204
A& 59 Fresh weights& SA3to] H& ALbst & 28238 319l
THr~Ed oA o] FHAASAES doledHE B7] 9Jske] MannitolS
100mM, 150mM, 200mM, 300mMe| s=H=E H7FE MSHAE W& 39
At pHG336-132 pHG339-39] &d Al Ta5 dF3ste] 21T, 4d
71 (16h light/8h dark)ellAl 1443t ZGAIA Hold o7 Fd] TAE 54
5 aez=s) 3ol

/\é Xo]-

rok

.

BN

rot

_11_
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Table 1. Gene-specific PCR primers used for semi-quantitative RT-PCR

Gene Cligo name Clige sequence (5"—3") Usa for
NAC=F1 GGNTTYCGNTTYCAYCCNAC
NAC-R1 TAYTCATGCATDATCCA .
NAC NAC d
NAC—F2 CTGCAGGNTTYCGNTTYCAYCC omain
NAC-R2 TAYTCRTGCATNACGCA
pHG316-F CCTGCCCATCGCCGCTCCCETE pHG316
pHG316-R ATCGCCACGGCGCGEGEGEAGCCCA
ASNAC316-F2  CGCCTCGCTGATGTTGATCGA
full316-F ATTCCAATCTTCCCCAAGAGD AsNACI1E
full316-R GAAGCTTGCACGGCTAATTAG
KHGEO AGCACGTGCGGCTGTTTCTGAC
J16A1 ATGCTEGETAGAACCCGETAGT
31642 GAGTGCGTTGTTGGACTTCT
ASNAC316 31681 TTCGTCATCGACGAATCCCT
31652 ATCCGTCAGAAACAGCCGCA
A31EP TATTAGTGGGCTAGG 5'RACE of ASNAC316
31641 ATGCTGGTAGAACCCGTAGT
31642 GAGTGCGTTGTTGGACTTCT
21651 TTCGTCATCGACGAATCCCT
31652 ATCCGTCAGAAACAGCCGCA
KHGET TECACACGGACTCCAGCTCC
KHGES CCTTCATTATTCAGAACGGC ASNACS16=1
KHGED TGCACACGGACTCCGRCTCG
KHGT0 CCTTCATTGTTCAGAAGGGT AENGELGTR
pHG317-F GCAGGCTGCCTCCATGCCCTGE
pHG317-R TGTTCTCGCTCGCCGRCGTCEA
HGE317rc-A CCTGGTCAGAGAAGTTG pHG317
HG31 Tre—F1 AACGGTATGAAGAGGAAGAGATC
HG317rc-R1 ACACGTGGCTAGATGCTTGACAA
H3=-317=1F GAAGCTTATGCCGAGCTCCGCC
Spe1-317-1R  GACTAGTCATCTGCAGCTGCTG ASNAC31T
Bolll_a17_F GAGATCTATGCCGAGCTCCGOCAC
JT=1F TTCTCCTCCTCCTTGCACCCATC ASNAC]7-1
317-1R AATTTACAGCCTTGTACTARACG 2 o
AsNACITT 317-6F TCTTCTCCTTCTCCTTCCAGCTA _
317-6A TAATTTACAGCCTTGTACTAGCT AENAEI T8
15317-6 CCGCCCTTGCTGCCTTTCAG
2A317 CGGTACTCGTGCATGATCCA
25317 AGCCCGOTGATCTACGGGCA
A3 TP TAATCACGGTCATCT 5'RACE of ASNAC317
“1A317-1 TGTTGTTGAGGEAGTCCTCA
1A317-6 TETTGTTGTGRGAGTCCTCE
183171 CCGGCGCCATGGCGACTTTT
KHGE3 TGGCGEACTTTTCAGCCGCCGGEAG
KHGEA GCACGCCGCTGTACTGGTCTGAA ASNAC317-1
KHGS8 AAGCTTCATCTGCAGCTGOTGE
— 1 2 —
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Gene Qlige nama Cligo sequence (5'—3") Usa for
KHGES CGETCETCCGATGCCECCGCCCTT
AsNACITT KHGES GCACGCCGCTGTACTGATCTGCT AsNACITIT-6
KHG59 AAGCTTCATCTGCAGCCGCTGG
pHG31E-F CAAGGETCTCCGACTTCGGCTTC HE318
ASNAC318 pHG318-R ATCCCGACCAGCCTGCCGCCGT o
piees pHG319-F GCTCAAGGTCGACGCCATCGCC oHE31g
8 pHG319-A TCTTCATCCCGACGACCCTGRE
AsNACIZ0 pHGE320-F GCECTCGACCACCGECTTCTGCT Hoa20
s pHG320-R CGAGGATGCCCCGCCCACGGAA F
PE— pHGE321-F CGCAAGGCGGCCEGGECAGCEE oHG321
pHG321-R ATCCCCATGGTCCGTCCCCCA
pHGAZ2-F AACCGCGCCGCCTCOGTGCAG ki
pHG322-R CTGCCCGRTGGCGGCGTCGTG P
Jz2al TTCTECAGGETACTEGCTGETTG
30242 GAGACGTTGCGGAACTTGAT
32251 ATCTCTGAACCAGCTCCTCT J
ap282 CTCAAGGGTTCATGCTTCGA 5'RACE of ASNAC322
AJZEP CCCAATCAGATTCCT
Jz2a1 TTCTECAGGTACTECTETTG
aza2az GAGACGTTGCGGAACTTGAT
AsNACIZ2
full322-F TEGCCACCATTCCTCGAGATA
full2322-R GCATCTGCAAGATTGTTGGTG AsNACIZD
KHGE! AAGATCTCATGTCGACGGCGA
KHGE2 TCACGTGCAAGATTGTTGGTG
KHGT1 TCECCGACTACGAGAACTTC
KHG72 GTCGAACATCTGCGCGAGCG AStALIE2~2
KHGT3 TCETTGACTATGAGAGCTT AsNACIZE-4
KHG74 GTCGAACATCTGCGCGAGCT
pHG323-F GCTCAAGGTCEACGECCATCGEOA
ASNAGIZE  pHaa2a-R TCTTCATCCCAACGATCCTTGG PhisIED
pHG324-F MAGCTCACCEGGECCEGECEAGCAT
ASNAGS24  pHGaze-R TGCATCGCCGGCGCCAGTGATG PERREA
. AsActini=F TCTRGECATCACACCTTCTACAAC .
AsAct Ashy
sfchn AsActini-R CAGTGTGGCTGACACCATCACCA sAcHn
Ascab-F TTCCACATTATCCAGTACCTG
Ascap Aecab<H GTTTCAGGGCCTCAAGTCCAC Ascab
— 1 3 —
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Im. 23 92 %

1. NAC familyf3AE9 £24

dolEjrlo] =5 T3] HxEF e vk 87019 o714t NAC family
FAAEE 7]HEo 2 A subdomain® D subdomainAbe]ol 4] degenerate ~&}
olm & tAFI(Fig2-a)ste] PCRe F3ist Ay}, 400bpH L] od¥ Alo]=9]
DNA7} ZZ5%13(Fig2-b), ©] % %¥ DNAZ pGEMT easy = E] 413k A
T}, pGEMT easy ¥WE] A4UE DNAE A3 F2o] ol family 24l o]
B2 ooy T/ A dHe] EFE AS AoE 4 k. webA, 59
Nel A7IHL(GATOS A s
A EARQ Rsals o]&3te] 7t F29 Agtas @S wuse}y. olee 3
A4S AAA, pHG316, pHG317, pHG318, pHG319, pHG320, pHG321,
pHG322, pHG323, pHG324°] F 979 S=HAJA 2 dAS Ik
(Fig2-c). 584 970 84 @] domain DS 7HA oL opv| it AE5AS
g A3, BEE domainol A% 40%-90%4 o AEAS Hols AR

2 FAzAEE AS g & F dden, 7T Biuw A", la-c¢
[la-co} #& 5EA REHIES I35 HJeong et al.,, 2010). 3+ RE S 9]
pol2 e HYAA Aoz FulE 4 AJHFigd-ab). 7 FEE Fa3t
o] AsA EAolA pHG317¥ pHG322, pHG3163 pHG321e 27 70%4 =
pHG318%} pHG320L 75% A =2 44, 181 pHG319
o} pHG3232 90%°]d9 =2 s dS HAth(Fig3-c). A dME1e} 2~ A
S2493% 99 HHA FEET 7|9 Had NAC familyFAAHEIH= 9

|3k A S HolE=x Felety] $lste] AeBMETgt A F2YH 979

1 i dHEs 47 f3 gRe=

N

lo,
o
2,
off
2
o
o,
3
K

i

NAC domainA €3} 7]&o] By F4d422 NAC domainX €& Huste] A%
A4S gt 2 A3, NAC family @2 34 F 79 2Fo=2 vd
duoem, Hy¥E NAC familyFAAES 7se5s &3 H&E 2Ee} ~EyX

oF HEsto] AR 715S & Aeolgta 43 5 A
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IyFHE g A F2YE 9/ FHA FolaA pHG318, pHG319,
pHG320, pHG323, pHG3247F #e 189 &3stgon, pHG316, pHG317,
pHG321, pHG3247} 2o a5 o7 FEA o] HHFig 4).

pHG316, pHG317, pHG321, pHG3227} 3= o] gl aEo] 3 4%
E2 2E# 2o oA FE7F HAY 2Ed s didt A4S YERSITH
HEAH o5, SNACI(Stress-resp onsive NACDHFAA = 7HE, S2EF 2o
et A&dAdE SV T Hark JRA3(Hu et al., 2006), OsNAC4+= WS
kS o] EXAel HR cell deathd F%& w7ldtc}(Kaneda et al., 2009). 3
OsNAC59} OsNACG= WA ~Eg 2o o9& 55 42 OsLEASS
o] fFAAES] Uds xHFoEHN FAALEY 2o gE APdE vt B
a7F A tH(Takasaki et al., 2010).

b, o] AE Fato] FRYI 9/ FHAA FollA pHG316, pHG317,
pHG321 183l pHG322+ FHA2Ed 2z 98] fFert HAY JEdA A

7}
I d=e & 2= 99t

o S o A~ [e) [e)
A& I5T & de FEAAY Aol 3, AR
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B ) C _

ATAFI - - LPPGFRFEPTDEELY HYLCREDAS S SVF-- TiED YR DPWELP: A {C----"  EW PP PRDRKYP G RPMR 4 SGYWEATG DRP
ANACO58 ====LPPGFRFHPTDEELY HYLRREC SAPLAVR-- IME D.YE DFWELPA ASFC---<0_ EW/ FF° FEDREYP G RFHRAATSCGYWEATGTDRP
ANACO4S ----LPPGFRFHPTDEE ' THYLKER FHIRFT. TG AD  HE? P LPE AR E! FRCORDREYPTGHR HRATVSGYWHATGEDRE
ANACO13 =-----PGFRFHPTDEELV " YLEKFE BR KLFVE--FICETDVIE DPEELPE A YETR--D0 Wi EF - LRDRE R ‘RATERGYWEATGED WV
ANACO17?  ------PGFRFHPTDEELV | YLERE CR RLEVH--. 10V INYRMDPEELP KT0--D W P PRSAKYP A R HROTE! U GYWEATGED vV
ANACO14  ----LPLGERFRPTDEEL IEYL LK NGEDLEVR-- IFE/IVCE =P LP ETD--D_EW FECFRDREYP' GER HRATD IGYWEATGED T
ANACO61 MCEELSVGERF PT-VELLT XLAI HATIHS- LIPTLDV: SVEPTOLPHLAGECRGD IFPVPROE EARGCRP-RTTCSGYWRATGS PGP
ANACOQ3 -----PVGLRFCPTDEE 'V :B..-b:..-':r DTSHVDRFINT. PVCH LDPWELPC R KLE- -DVEWCEERP: - HKYCRGD MRETESG WK TG PRP

% i A—

ATAF1 TGLP---F PG KR IVEY A GRAP: GERTHW MEEYRL: VI REVR-- FERENS | RLD VLCRIVHEEG ERRGFFPRNVIGIEIM FPR
ANACOS5S LASDGHOENVG BEEALVEY - GEFP GVE: UW I MHEYRLI N FINRPPCCDEGHERNS | RLDO VLCRIYER REVDED KOH'M
ARACO4S IFRCEG-CLVG ERTLVEY TGRAP: GERTHWVMBEYRLDG-1 Y STH=-~--=---HLPETAR-DE W CR. THE A--PSTTITTTEOLSR----I05L0H
DAV IYRK -GSO PR GEQUGAPT IEESWRED CDUD

ANACP1S  TRCDS--7 PVGERKTLVE RGRAPUGE THWVMEEYTLA B L
ANACO17 TEVHS---SVG ERTLVEYRGRAP: GE T WWMHEYT D D:L i el el s .
ABACO1d  TESEE--MI G EETLVEYRGRAP: GE THW MEEYRAT B LDGTG---nmmmen-f PYVLER HE--- B0 S-——CDPABCES TERV FTET
ANACOS1 VESEDH-VIG BET VY GEAPTGRETENEM BY A0V TASVETI P mmmaae B R-P0 05 CRIYTR: GSSR FORRETE i il
ANACO03 TMRUR--(01GERFIL FYTSRE- - -~ W EEYHGFSHNOMAMT - - - = = === - === === YL MPHOGURER: $55PS550VS G TROSRRDS L

> 3. B
V2

)\ -3
VA

Figure 2. Cloning of NAC family genes depending on PCR from creeping
bentgrass. a Comparison of amino acids of stress or senescence
inducible NAC gene in Arabidopsis for the design of primers. The
conserved subdomains are underlined. The red arrows indicate parts of
designed primer. b Amplification of NAC family genes by PCR with the
cDNA from senescent leaf of creeping bentgrass. Lanel, between the
NAC-F1 and NAC-R1 primers; Lane2, between the NAC-F1 and
NAC-R2 primers; Lane3, between the NAC-F2 and NAC-R1 primers;
Lane4, between the NAC-F2 and NAC-RZ2 primers. ¢ Digestion of
cloned AsNAC genes to pGEMT easy vector (Rsal). The red arrows

indicate specific patterns. I, Clones of lanel; II, Clones of lane?2; III,
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Clones of lane3; IV, Clones of Lane4. Red arrows indicated the unique

band patterns.
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q Sub- b
BrouPs 317 ~GFRFHPTDEEL VYYLTR 2ASMPCPVE | -IAEV '_.?__
pHE322 AGFRFHPTDEEL ! L-YLRI AASVOCFVPI -IA VD - o
pHE321 AGFRFHPTD! ELVE' YLCRK:.GIRLEVE  -TAEVD = ta
DHE316 ~GFRFHPTDEELVMYYLCRKCCGLPTAAP ~ITEVD o, 2 ﬂ;{"’-“
pHE318 ~GFRFHPTDEEL  TYYLTREVSD P FTTRA-IA VDLIEKJEP TH IR THRATE SGYWRTTGEDKE T % Ly
|| pHE320 ~GFRFHPTDEE | ' 5 YPTPEALDERFCSC - I-EVDLUK(EPWFLPS AR G--E E--WYFFCH -m“ RATE SGYWEATGEDEE T ey
pHE324 GFRFHPRDEELVLDYLLERLTGRRAVGG DIV VDLUKUEPWDLPEAAC G- -G B- -WYFFSLRDREYATEORTHRATRSGYWRATGRD! PI
||| PEsLe ~GFRFHPTDEE LVSYY LKRKVLGRPLEVD - IAEVDLYKLEPWDLEL R/ B--5/ | SOWYFFSRPDRE  “NR' RTNRATCGYWKTTGED: E
o DHG323 AGFRFHPTDEE LV VY LKRKVLGRP LEVD /- IREVDLYKLEPWDLPA R R--5 [ SOWYFFSRLDRE' “NR RTHRAT GYWETTGED E
up— .
aroups ppez17 SEN G KR:LVFYRG PPEGVET W MHE
pHE322 TG OOVG . KA LVEYRGREPRGTRT W MHE
pHE321 “RT)GRELLVFYAG: APKGVET W MHE
DHE316 —-RAVL KKALVFYAG PPRGVET W MHE
DHG318 ~CRI VEMEKTLVFY GRAPKGEKT - WyMHE
|| pHE320 —CT | VGMERTLVEYRGRAP GTET WVMHE
pHE324 S22 VM RTLVFYOGRAPRGTT TEWVMEE
||| EPHE319 —:R VGMEKTLVF AGRAPKGE T WVMHE
pHGE323 -PROVGMEETLVE AGRAPKGE T WVMHE
C
Seq-» pHG317 pHG322 pHG321 pHG316 pHG318 pHG320 pHG324 pHG319 pHG323
pHG317 D 0.721 0.672 0.645 0.606 0.573 0.504 0.508 0.508
pHG322 0.721 D 0.672 0.620 0.614 0.573 0.560 0.491 0.491
pHG321 0.672 0.672 ID 0.699 0.561 0.540 0.536 0.569 0.569
pHG316 0.645 0.620 0.699 D 0.3%0 0.544 0.535 0.564 0.564
pHG318 0.606 0.614 0.361 0.390 D 0.752 0.632 0.647 0.647
pHG320 0.573 0.573 0.540 0.544 0.752 ID 0.616 0.560 0.560
pHG324 0.504 0.360 0.536 0.535 0.632 0.616 D 0.5%90 0.574
pHG319 0.508 0.491 0.569 0.564 0.647 0.560 0.590 D 0.975
pHG323 0.508 0.491 0.569 0.564 0.647 0.560 0.574 0.975 ID

Figure 3. Alignment of the cloned partial AsNAC genes by using the Clustal X program. a Comparison of amino
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acids of partial AsNAC genes. b Phylogenetic relationship of AsNAC partial genes. ¢ Similarity comparison of AsNAC
partial genes. Multiple sequence alignment was performed using ClustalX, and the phylogenetic tree was constructed

using the Neighbor—-Joining method with amino acid sequences of each AsNAC partial genes.
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Figure 4. Phylogenetic relationship of the partial AsNAC proteins with
the NAC domains of several NAC proteins from Arabidopsis, rice, petunia
and wheat. The red box indicate a group related development, and green
box indicate a group related stresses. The accession numbers of selected
NAC genes listed as follows: the Arabidopsis ANACO036, NM_127259.3;
ANACO01, NM_099983.2; CUCZ, NM_124774.2; ATAF, NM_100054.2; the
petunia NAM, CAA63101.1; the rice OsNACS, AB028209.2; OsNACZ,
ABO28181.1; OsNACI, AB028180.1; ONAC300, AB182278.1; OsNAC?7,
AB028186.1; OsNAC6, AB28185.1; OsNACS5, AB028184.1; OsNACHY,
AB028183.1; OsNAC3, AB028182.1; SNACI, DQ394702.1; the wheat
TaNAC69-1, AY625682.1.
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aa?
T
)

2. IAAEH 20X FHFHE A NAC family FAAEY F &=
THARE] AAR ZH~EY 2o s wa& A

24 al
ofR7] #fste] A EZ RN SRYI FHAQ NACTHHAS] domain

Mol A AEH S wE Zzhe] FEGTS Bt AEdU A0 d-d 5

r$£

ol A= TS TEAES AuEW, pHG316> w3hE QoA Td ol

FolAom], W} GaEY LML SolHel WAAUL HolH Wk T

_l
-

pHG3173 pHG322% A22EWZ tAEd s T8]al =3hd QoA ol
A A FohHTh pHG321FAAE AR AEF 2o Wdo] Folxe
U, dREd Yy nesEd s A9olE ukgel 2 Aboli= Holx] kgt wb
woll, T2 aFd Fd dE FAAES GAEHRGN 2EHAT APE S
5 ¥ UES B2 pHG3245 A9 FHzF giy-ie] ey grEY s
8]al wsfell A MoE 53 Holx FodthFig 5).

SR ~EY A w=slol] wkg-el= pHG316, pHG317, pHG321, pHG3229 #-&
aFol Sl Qe SNACIE 7Hz, 4, ABA, AXAEZ2oA whgo] solx]= Ao
HaEI(Hu et al., 2006), OsNACSE m7 A& AL, 71 o, 1 99 o 7}
A AEsEid o) Wdo] ol As RlskthTakasaki et al.,, 2010). %
gk, OsNACEOhnishi et al., 2005)% A2, 94, 7Fa, ABAX ol o &do] o
Bk olg Al thekd SHEAEH 2] o] W] fRyEE FHAE difio]l 4

i

SE 2o o3 ARAS FEAZ7] wlitel, pHG316, pHG317, pHG321, pHG322
= R R s AE S S FEAE SlolEral oS
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green yellow

Figure 5. Expression of the AsNAC family genes by the treatment of
heat, dark and senescence by RT-PCR. pHG316, Partial AsNAC316;
pHG317, Partial AsNAC317, pHG318, Partial AsNAC318, pHG319, Partial
AsNAC319; pHG320, Partial AsNAC320; pHG321, Partial AsNAC32Z
pHG323, Partial AsNAC323; pHG324, Partial AsNACS324; HO, Control;
H2, Heat treatment for Z2days; H4, Heat tretment for 4days; H6, Heat
tretment for 6days; DO, Control; D2, Dark treatment for Z2days; D4, Dark
treatment for 4days; green, green leaf of creeping bentgrass; yellow,
senescenced leaf of creeping bentgrass. The blue texts indicate partial

AsSNAC genes having significant expression patterns.
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3. AsNAC316, AsNAC317, AsNAC3229] full lengthAAte] 2297 454

S|
SA1~EH oA wSa= pHG316, pHG317, pHG322%-421¢] 7154 4+
HR17] Y3te] Z+2be] full-length cDNAF-AAE E&39 1, F2l¥ full-length
FAAELS 2t AsNAC316-1,-3, AsNAC317-1,-6, AsNAC322-2,-4 2¢1 ™3}
St wgleke BAAA oF 90%9] FEdE Holi= homologous FHAES
7 Beleder. 7t FAAES NEdola Cade o]27] 74A] 2 A
= 1070, BA= 39709 opnliAbso] A ke A AFqie] o] th(Fig.6-a,b,0).
superfamily-fd2= 40979 AHH 715012 gk §d2 HA4e] 445 A
AWM T2 AEdAdeld o Wbyt Ak AR ol MR Qs
U 7)sel gt A QAL ol Apolrh it wE el -dA Wb A
4 Aoz ool Ari(Dayhoff et al., 1975).

full length cDNA-FZAFQ] AsNAC316-1, AsNAC316-3, AsNAC317-1,
ASNAC317-6, AsNAC322-2, AsNAC322-42] A ORFY-E5 7154 7159
dHZ e AEEY NAC familyFrd2AE3% A A3 41S Sl
1 ZA¥, NAC domain®F 7FA a1 Ak o]jde] Ayl sdstA ATAF
subfamily 18 0 2 FF5 AtHFig.7). NAC family-fd A= 7] Hale] up=
W ATAF, OsNAC3 18|32 NAM, |27 Al 7Re] subfamily® u¥ o] A=,
A A2 ATAF subfamilyZF°] 3t F3AAES 2E# 29 Aol Zr
(Ohnishi et al., 2005). AsNAC316-17} AsNAC316-3& 9AZRS 7M1
thar BaE ol OsNACH(Takasaki et al., 201009} <¢F72%2] #& AEAS
HATH T3, ASNAC317-13+ AsSNAC317-6= FH ol 7MHEAEd oA 4-¢

N
)
N
)

o

2 Aol 7)1%5S dE TaNAC69Xue et al., 2011)3 ¢F SORALER =& A
=998 Hom ASNAC322-29 AsNAC322-4= UiLFoA] Fz24 ® w3}

o} ## 9l FHAe] BeNACI(Chen et al., 2011)¢} oF 55%9] AsA& =
Atk o] AR Hol AsNAC316, ASNAC317 18]al AsNAC322= 247t 7}
E 2~ o)

7)
Ef el 2o FAREY 2 THo] S FHAOoR ool HY
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MDLGGGALE LFPGFRFHPTDEE LVMY Y LCRECGG LPIAAPVITEVD LYKFE FWELPEEAAGAPDAREWY FF S PRDREY PHGSRPNRAAGT GYWEATGADE

PVGSPRAVATEFALVE Y AGKPPEGVETHWIMHE YR LADVDES ARARKESHHA LR LDDWVLCRT YHERGVIEEYDTVD SDAMTVEPAARPPARNORAGHY P
B L L R L T e B Bovivinnnnnns 8

WWVPAMETE LSDYGFYOHPSPPATEMLCE DREGSADRDSDHHS LPLLHTDSS55DRALHSPSPDEPSDMDYAR S0H
................. Livevenes. .GREGSADRDSDHHSLPLLHADSRSF. .. cvvvvvennnenanananaBonn Buniiniienininnnan,

DDAAMRCGGGG- -WLGDEWGCGIDDDGEVIDES LIFDPPSPGGFAFDEDAAAFGDMLTE LOEFF
S A N O s e min im

MPSSATMPVLPPGFRFHPTDEE LIWVYY LTROAASMPCPVPI TAEVN IYHCHPWD L PGEALFGENEWF FF S PRDREY PHGARPHRAAGSGYWEATGTDEAT

LSTPASENIGVERALVFYRGEP PEGVETDWIMHE VR LTAADNETTERRGS SMR LDDWVL.CRTHEKC 5 SNLANF SDOEQEQE S STVEDS LNNNN - -TVAS P
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ESEALDGDGDDOVOLOOFCPMAMTESCSITDLLNTYVD VAR LS0LLLDGGGS - - S SDAAGAMATFOPPE S PLIYGOP PWOT LY NITVDVSOLDDRDY G -
........ g D R U g, - S . VY AR I ST (O on ey R - PSR . |

-NEYNGMERER 5555 LYCNOLOLPSDOY SGVLVHPE LMOOLOM

MSTATSLPPGFRFHPTDEE LILHY LENRAASVOCPVPITADVD IYEFDPWD LPPOAVYGD SEWY FF S PRDREY PHGIRPHRAAGSGYWEATGTDEPTHDA

ATGOGVGVERALVETKGRPPEGTET SWIMHE TR LAAADPLAANVNTYRPIEFRNVEMR LDDWVLCRI YEKTDRAS PMMAPP LADYENFVDHDD LS GGGPG
........................................................................ L

SFDDATGEYTPSSHS STCRTMITHHOOD - - - - PHAGRLLTIPPISELFDDYALAQMFD TOAEHLAVHPS LNQLLSWSDSTAHVE PSTYAPSS55PVGSAG
........................ L 0 I e B e B TS Ay e

ERETASPEECAGYGHHS SEKRLKGSCFDAPPOSARGLOAASAVLGGLIHOMLFQF

Figure 6. Comparison of amino acids deduced from each of two

full-length ¢cDNAs cloned from AsNAC316, AsNAC317 and AsNAC322,

respectively. a Comparison of amino acids of AsNAC316. b Comparison

of amino acids of AsNAC317. ¢ Comparison of amino acids of

AsSNAC322.
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Figure 7. Phylogenetic analysis of the three full-length AsNAC genes.
Multiple sequence alignment was performed using ClustalX, and the red
relation lines are stress-inducible genes. phylogenetic tree was
constructed using the Neighbor-Joining method with amino acid sequences
of each NAC protein. The red The accession numbers of selected NAC
genes are listed as follows: the Arabidopsis ANACO036, NM_127259.3;
ANACO01, NM_099983.2; CUCZ, NM_124774.2; ATAF, NM_100054.2; the
petunia NAM, CAA63101.1; the rice OsNACS, AB028209.2; OsNACZ,
ABO28181.1; OsNACI, AB028180.1; ONAC300, AB182278.1; OsNAC?7,
AB028186.1; OsNAC6, AB28185.1; OsNACS5, AB028184.1; OsNACHY,
AB028183.1; OsNAC3, AB028182.1; SNACI, DQ394702.1; the wheat
TaNAC69-1, AY625682.1; the Bambusa emeiensis BeNACI, HM626401.1.
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4. ASNAC family$-87te) 7178 2@
AsSNAC3163} AsNAC317, Z18]al AsNAC322 AR 7F Q& 233k g2 7|
ol AE BAL =X, BPL Fohd of= s)ghol A walo] oA Lol ]

oF VBHEZ FAx HHS Wl ~E s B QS Aolga dAE =
6702l AsNAC family 2= E5% 5802 LEA3 Helor Tde 3
Qa 7HE A3 dEAE S BAth. ASNAC3I6-13F AsNAC316-32) wraS 7}
A B, AsNAC316-12 oAM= wao] ofF Qi oo Hd &
Ard A A7 delA dde] Atk PxolAE HHe] fllon
873 o e HES BT AsNAC316-3& AsNAC316-13+= ©27
ANSA 7174 w=3b7F A s = oA wrdoe] " Al sta 7] o] SloA

wEo] Ak e xEA AR mpzrix R ddoe]l
AsSNAC3163 520l =& W OsNACSE §4719 A g3} ol2tol A 714

(VR

sl

Lo wEHS Holau 7|9 Mg e BydS meltta B uE9tH(Raul
et al.,, 2009). AsNAC3167}2] o]&lst 7|3 W&o zpol= AsAdo] &
AAYD Agw zo)7F vetd 4 9lon, w3k el Al F=719 xpolo A

At HEahH o] zpolE e thE 4 9th(Raul et al., 2009).
AsNAC317-13 AsNAC317-6S F 7l9 &7} & gelo] Ao H]S=dH

FFS BT BE V|HA HE S siglon 53], 23 ¥&EF agEa By
oA 7+ 3 HHE R AsNAC3I73 AEAdo] =& TaNAC69= A4

Al A A YRt BElolA 2008 H2 LHAYS HAYXue et al.,
2006). AsNAC317 w3k glrt; HejolA F2 W gdS Kol g7 wie,
TaNAC69%}F fFAMSH 715S & Aojgte d5S & + At

AsNAC322-29 AsNAC322-4v= EAA el wdS A9 gldlen X5F
el wdo] 7hg okl 18]al AsNAC322-2%= skl oA wdo]

Uel wWbHol ASNAC322-4+= %3 o] ATHFig 8).

o] A5 FTHIMA BY, F2YPE FHAES F2 A A BAS
e, Baug v mEw, Bele] HVAIZ e oy 7hA] gzdA
A 2AHE FAAES A7 AEY A dddt d# Xt Xue and
Loveridge, 2004). B3k OsNACI0L ele} ZolA & WdS Helva H

::J‘

M
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a7h HA=l, o] FAAE dAH o spddE FEAAGA HE o B

Jm

SlHoR §AAS FAANZ FAARA A Bo] %, AEi} P A

=

A E2 FAEEFS Holow, el FAE g EY SUFskSival Ay
AAttJeong et al., 2010). we}A, F&EY

d AsNACHAAES o8 7H+] 2E

g oA Q@S & B oh)e JH 2ANME S0 Pejo] w
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Leaf Leaf Leaf

Flower (lmonth) (2year)(flowering) Sheath Stolen Root

316-1

316-3

317-1

317-6

322-2

322-4

18srRNA

Figure 8. Expression pattern of the cloned full-length AsNAC cDNAs by

various organs by semi-quantitative RT-PCR
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5. AsNAC familyF3AA}e] §A2EF 29} #FHEH &g
S~ EG 2o thste] §HAF S-S dheA], WESS shoh o3 |
o] WdS HolE=A] dolry] 95t FUI A 7] AWWIEIEA

Q& AT sl GrEds 2ANA FRAA FAL BRI, T, FFHO

27]959d 3mM MES buffero] =23 E 12}
290 ol HHA AP A AP F 4dolA o FWHAA w3t W=

A% AZHoR B & ggon 10904%E A9l el AelA w3} @
Ae B 5 ANTHFig-a). w3E oo] W wEAMEe AHE dd AE
AL TR fAAE] WHo gAY ofF opor], AZHom g

¢}

H

EA
£8ge] o7l AARY FAY F 4R B QoA PEEe] fAEe @8

fQste] zhzbol Qlel|A] frdAl HE S A ST AsNAC316-13% AsNAC316-3
S g e 7FelA] AR i ZFH U= Mannitol® NaClS 223k A Zof A
A e BdS Wtk 8la NaCl AgFolMds 7] 1247 4 Eokt)
7F Azre] Agdas wdo] A EUT. AsNAC317-13 AsNAC317-6 A}
52 Mannitol?} NaClol|A %7] 12A17HEH 36417 QF A elsh AL EofA
FAFSHAl =& HE S Bt AsNAC322-29F AsNAC322-45AAEL =+
o ~Ed 2 At AFoA BT dd o] viekon TIFo A AsNAC322-2
+ Mannitol®} NaCl Az FolA tiZxzTHu= Hlados w2 W3S vt}
(Fig 10).

OsNACS5+= PEG, NaClHglzdelA wHrgo] Fopxlthe= Zo] KXt
(Song et al.,, 2011). 3, FAAE & AZHES o, ofAYP Hl&l] =2 A
+& Helom, RNAIE ©]§3t FHAE knockoutd S wii= 1 W= ofA)
ol waf e A4gS B

TaNAC69%= 7Va, 119, ABA, A28 HES wslel 22 ~EH 2 X

_29_

Collection @ jeju



N

A o] FrbskthE Aol ElE Sl oM (Xue et al.,, 2006), LolA TaNAC69
FRAAE HLd AHES o, 7Heol tig HgHo] wol Ae Zom At
(Xue et al, 2011). we&tA o] AFE Fdl F2E S AsSNAC family A AHE<]
M GREY 2N w2 2ES A FARED A

al
~Ed s AT BEE J5S & golekn Ade 5 Ao

tllo
f
o
=2
o
2
=2
f
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| 8srRMA

Figure 9. Expression of the cloned full-length AsNAC c¢DNAs in
senescent leaves induced under dark stress. a Leaf senescence of
creeping bentgrass by dark stress. Control (up, left); Dark2 (up, middle);
Dark4 (up, right); Dark6 (down, left); Dark8 (down, middle); DarklO
(down, right). b Detection of AsNACs transcripts under dark stress by

semi—quantitative PCR
— 31 —
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Ci12h C24h C36h D12h D24h D36h S12h S24h §36h

AsNAC316-1

AsNAC316-3

AsNAC317-1

AsNAC317-6

AsNAC322-2

AsNAC322-4

18srRNA

Figure 10. Expression of the cloned full-length AsNAC cDNAs under
mannitol and salt stresses. In this study, were used the seedlings of
creeping bentgrass grown for 10days after germination. Detection of
ASNACs transcripts under drought and salt stresses by semi—quantitative
PCR. C12h, water treatment for 12hour (control); C24h, water treatment
for 24hour (control); C36h, water treatment for 36hour (control); D12h,
300mM mannitol treatment for 12Z2hour; D2Z24h, 300mM mannitol treatment
for 24hour; D36h, 300mM mannitol treatment for 36hour; S12h, 200mM
NaCl treatment for 12Zhour; S24h, 200mM NaCl treatment for 24hour;
S36h, 200mM NaCl treatment for 36hour.
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6. FOAEZ o] &3 AsSNAC317-I1AAAAHES] Subcellular localization
2295 FHARtEe] AAEE FHAAS V)5S 7HIvH Zzbe]l fHx &
MA=2 do=z o]Fslojof St} oAl

Mo FAAR FollA dEAHoR
ASNAC317-15-AA7F A A oz Hog o]%

be waae gasi=ag g

ol

=ot7] st 43 13 AEZE o83 transient subcelluar localization
assay2 38Rtk F e Al GFPHAAE 718 pGA3811(Kim et al.,
2009)& AM&3stel GFP fusion construct (pCaMV35S::AsNAC317-1-GFP)E&
A ZsFA T o] GFP fusion construct®} thZE7+2l pGA3811(pCaMV35 S:GFP)

ok
[¢]

o

4
1o

EIA X particle bombardmentE ARE-3te] 7237 =JA AT =
= FFAnE S Soho] dFslY. AsNAC317-1-GFP fusion
sty FupA|x o] dof localization® ZHE 2l 3l om
control HA| apA|ze] AEHT} e localization® A& & & F+ AUU
tHFig 1D).

AAZAAEL oA 253t} aga o] dMAEe o olFd & gl

H

de FukA

4

B

2

constructs= &2

= nuclear localization sequence (NLS)E 71X +=d], NACHWHAEL
NAC domain® C¢ D subdomain®] NLS AMdo] &Ast= o=z daxct
(Kikuchi et al., 2000). ¢o] 23E Fslo, 22 AsNAC3I7-17FAA7} 7]

¢} o] NLSAMEE ¥3tsta gom, AAAoz dlo |ocalization®

I
2
(T
=
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Fluorescene Bright field Merge

p355::AsN
AC317-
GFP::nosT

p35S::GFP
nosT

Figure 11. Subcellular localization of AsSNAC317 in onion epidermal cells.
GFP and AsNAC317-GFP fusion protein were driven under the control of

the CaMV 35S promoter.
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FAAZR HEAY A =Y R TE £
AsNAC3179] 27)9] homologous+3AHE ZH2b ef7]d el =94d T1A
T AsNAC317-1°] =¥ FAHAA = pHG336, AsNAC317-6°] =94 3
A A3A) = pHG3398ka ettt pHG336 lined & TI1AtAlA 1570A&
A3, pHG339 lined TIAHAA & 4170418 AT =9E FHx= As
& oW F-9lol AGE A=l mEbA EA Gl tE g ol e kol whEbA
7159 Zfol7t e %= Qv 2822 T1AM|gelA pHG336-1~4, pHG339-1~7
S Ao ® semi—quantitative PCRES 35} TE negative control®+ ©oFA 3
el o] of 7)1t E AFREF o™ pHG336 line¥} pHG339 lined] zHzf Eo] 3
Zebol W& ARkttt pHG336 lineol A+ pHG336-13 pHG336-3¢] &

o

_

=okom, dHbAd, pHG336-27F w2 WS KT T3k pHG339 lined
pHG339-2, pHG339-3, pHG339-4, pHG339-6 lineolA W% & 9dS

B H(Figl2-b). T1Al's & pHG336-1, pHG336-2, pHG336-3, pHG336-4,
pHG336-5, pHG339-1, pHG339-2, pHG339-3, pHG339-4, pHG339-6 I}
Tt T2HEAE AATH

T2 AEAEL 21T, FUF7 (16h light/8h dark)®] A oA oF
Ay Bg e oot S8 HEHS T Fig 12-a). A= dey
H-E+= NAM(Souer et al., 1996), CUC(Takada et al.,, 2001, Vroemen et
al., 2003)°1A4 Held SolAQl TdH I+ th2A ATAF subfamilyol] &3+
2EY 29t HHE FAAEY] e A 2o e 2 Aol
Holx] greth wepA, 2 APS Soto] 2 FEASA HEsd e T
g el ARG 2EY 2 gk kgl S & TheAol Hre

Ag A5 & 5 Atk
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336-1 336-2 336-3 336-4 339-1 339-2 339-3 339-4 339-5 339-6 339-7 WT

AsSNAC317

Tubulin

Figure 12. Outward appearance of the transgenic plants and expression of
the transgenes in the plants. a Comparison of phenotype of transgenic
plants with wild type. b Transcripts confirmation of transgenes in
transgenic plants by semi—quantitative PCR. AsNAC317-1 lines: 336-1,
336-2, 336-3, 336-4. AsNAC317-6: 339-1, 339-2, 339-3, 339-4, 339-5,
339-6, 339-7. wild type (Col-0): WT. The primers are common in two
lines, 336 and 339.
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8. T2 FAAF AEAY ZIY &4

AsNAC317-13} AsNAC317-6°] =%)¥ pHG336% pHG339 & 3HA
Z}7yo]l T2AEA A ArEd 2ot 7HEFAEd S XHYste nddS AT
otth. pHG336-13 pHG339-32] T2 AEAES 200mM NaClg oS 3
S A AR E Fote] daEd e gigk s wESIth A § dFd
Azt 336-13 339-3 T2 line®] tii-o] ofAPHT w3yt d gy =
AAYE AZAF Q. 25 Tl 183 Wt o st =5 th(Figld).

haEd e dig AYHS BI|9ste] B FA ¥ 25 Fo %¥
S BB ok Y ef7| el M= Qo] miE Al H7)7} glojA] Hdx
Zapol=e] 2o <la] 9lo] He Mol Ei= whio] pHG336-1, pHG339-3

of T2 W71l M= =717k o7t dopglem Qe w2 &7k fur U3

=

HAthFigld). Slo] HA ®ste AL ABE2EY2S tiEFl AFoltt
(Dixon et al., 2002, Cam era et al., 2004, Solecka, 2007). ©]&]3t A3} =
S8 ASNAC317 2Ed e tidt APy ddd 7loe @Ak EaEva
oS sielth. g, Ho Agd APES TSt st s A TA

(homozygote)e] T3A %L Haat ).
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336-1 WT

339-3 WT

Figure 13. Phenotypic analysis of transgenic plants under salt stress. a
Comparison of pHG336-1 and wild type. b Comparison of pHG339-3 and

wild type.
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WT 336-1

WT 339-6

Figure 14. Phenotypic analysis of transgenic plants under drought stress.
a Comparison of wild type and pHG336-1. b Comparison of wild type and
pHG339-6.
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9. T3 PAAT AEAY 2dF &4

T2AHelA & 2} FolA pHG336-1, pHG336-2, pHG339-1, pHG339-3
T3 EFHEA AL 7M1 2EH A A B8 24 AAE)
T},

WA, in vitro WRHORE FHAHZFAEA ] shael digh APl WstE B
7] 913} Leaf disk floating assayE F~335}%th. 300mM Mannitol 8o &
AxZA e} of Y AES S I
WstE AHESTh A Ao R ok E
A& = AAd BAT(Figlo-a). 38 585 543 29 ofdE ) d4Ad
FAEL oF 75% UHQE vd FFA 28-S HATH(Figls-b).

ArEd oA FAAGAEA] AGESE ®7] 9l8ke pHG336-1,
THAFAET okAYF 9 7%
e MSHA el FFete] dFdFE A7 FEE OmM, 100mM, 150mM,
200mM, 300mMe] NaCle] X3t iAol &4 1095t #&salet. 1 A3,

J

PG FAAHA BT NaClo] H7HHA @& WHol i Fgdoln we

i

[.

fh w
rir
&Y
X
_>|~L
2
>52
rTj
apy
0

o
N
o

N
I

i®)

a
)
w
w
CD
[\3
i®)

a
)
w
w
@
)—A
i®)

a
)
w
w
@
CJO
;%
w
=X,
=
lo

e ®3laL, NaCle] 100mMe] H7hel wjA|ol A= <l3} Heje] Aol A 3|
w1 7] AlzHstg7E 300mMol A= Aol AA E A tH(Figlé-a). NAC family4d
A= A& T (Souer et al., 1996, Takada et al., 2001, Vroemen et al.,
2003), =3H(Uauy et al., 2006), 374 2~E# 2 (Ohnishi et al, 2005, Hu et al.,
2006)3 R oy} FAA S o} BrEgIv AL e low, 5412 Sty g
EE 3 BuEAtHXie et al., 2000). wEbA HE]
oF Bt £38ES wESGle W, AdHd @8N pHG336-29 St
7F opA el wlE] wWol FAE AAH Hou NaCle AzE d= wWe of
@3 mlastel ETE zol7h fIuh ERE, A
Fo| M= ofdEy FAHSAE skl Fold s AHAE A Ksiel
(Figl6-h).

NNEAEY A A A

ogh
o,

A

O

o2

i

A= (Fresh weight)S =# 3}

o

qEAe] A%e wrl 9lske]  pHG336-1,
pHG336-2, pHG339-1, pHG339-3 T34t ¢l A FA =2} okAF e of 714
= MSHiA] o] HEF3te] dFLAE A7 FH5E OmM, 100mM, 150mM,
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200mM, 300mM®] Mannitole] E3Hel wiAlo] A 1095t #H&sAT. 1
Ay, ofAE I} FAM3A 5 Mannitole] 100mM X&HE 8l x| of] A H-
7F Od RS B, olo] 2w Ao] s, 300mMe] Mannitole] ¥3He
iAol A= FAHZA 9} oY tREe o] AFon, et dHd 1
AFAAME oY= A o] glol B UTHFigl7-a). Ed, BATS =
43 Ao m ofyYI FAARAE vusle] F94 Jde AE o

&% tH(Figl7-b)

ThE~EY oA T WolES F4357] 918 Mannitols H7hek MSH)
Ao ok ¥} pHG336-1, pHG339-39] TAEE TFdte] 25 & AdA<
ol A wigsiict ok A S = Mannitole H7EeE v x| oA A

ol Yy, A& o Mo] gk Zo] gele] HATHFig 18-b). A7} HE
59 wolE Ay W, 100mMe] MannitolS H7FE wjA A= ok &3} &4
AgA BF7F 100%2] HolgS 7hHon, HAAZNAEL 300mME FEE
RS Wk 96% o]t e Wol&S JERRlth Wi, ok E L 150mMell

ki
X
L

A 92% HAFsH Al 300mMell Al 74%8 =2 Wolgo] wolx= AS 11531
tHFig 18-a).

THAoR, T2Ae YA NN B2} ThHeAEd 2o el £
Ads & A3, PR T= AFAHS Uetdlle XA Balou T3A A
© SR E = HUE AolE HolA &tk YA APA P E 2
ofgk A3 Wt ofye}, MYAEEGy AEd FAFANNE FAHUE A
E A v 3 The B 2o dolkgo] ofAFHY AR, F

ARG By oA dEdFe HE ¢ dermE QAo eEH.
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mWT

BpHG336-1
OpHG336-2
OpHG338-1
OpHG338-3

Fv/Fm( %)

Mannitol (300m M)

Figure 15. Leaf disk floating assays for an evaluation of drought
tolerance in leaves of the transgenic pHG336 and pHG339 plants. a
Representative picture that shows phenotypic differences in leaf disks. b
% of photosynthesis retention from leaf segments of WT and transgenic

lines plants after incubation in 300mM Mannitol solution.
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Figure 16. Salt stress response of plants overexpressing AsNAC317-1. a
Response of WT, AsNAC317-1 and AsNAC317-6 OX seedlings after NaCl
treatments. b Fresh weights of WT, AsNAC317-1 and AsNAC317-6

measured after NaCl treatments.
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100 | ——wT
—u— pHG338-1
pHEIIE-2
= 80 pHEE50-1
E —— pHG338-3
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=)
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0 100 150 200 300
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Figure 17. Drought stress response of plants overexpressing
AsSNAC317-1. a Response of WT, AsNAC317-1 and AsNAC317-6 OX
seedlings after Mannitol treatments. b Fresh weights of WT, AsNAC317-1
and AsNAC317-6 measured after Mannitol treatments.
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120
— 1ﬂu i - = e —
s
c 80 r
=
aadl
E a0} : e wrT
(g —8— pHG336-1
20 r pHG339-3
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0 100 150 200 300
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b
pHG336-1 pHG339-3
- -
300mM

Figure 18. Germination assay of plants overexpressing AsNAC317-1. a
Germination assays in drought stress. b Photograph of germination on MS

medium with 300mM mannitol at 2 weeks after incubation at 227TC.
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V. £33z

AT s g etz A SHEY 2 AJAHY TsEs sk
NAC familyFd2tE 29 371 fsliA APS 8gskdtt. NAC family
proteine HXaFojzl wle} o] N Lok AHo] F 5709 subdomain
(AB,CDE)e.2 Aozl NAC domaing 71zl A& Eo]&Ql AAFJAAZA,
W7ol A 11770, Wl = 151708 AR BAHAS Az A=A
Wol] &3} Q= super family HAAFQIAFo]t} (Kikuchi et al., 2003, Fang et
al 2008, Kikuchi et al., 2010).

AgFHETG 2] F 16709 2] partial ¢cDNA®S] AN ES 4] 5o
T FolA HHA AEE 7Rl 979 F8S FREI%a, 15 F pHG31S,
pHG319, pHG320, pHG323, pHG324+= no apical meristem (NAM)
subfamilyell <43t Y™ x| pHG316, pHG317, pHG321, pHG322= A
ATAF subfamilyol] £33t 1 SolAd = 122 A, 7HE, & (dark) Z2Ed 2~
oA JdFF4A (up-regulation)¥l= AsNAC316, AsNAC317, AsNAC322+ =}
25 S2d BAgddAM e AR FE AR 90% olde] FEAde Kol
gate] F 6709 full-length cDNAES F=2Y4 3 717}
AsNAC316-1, AsNAC316-2, AsNAC317-1, AsNAC317-2, AsNAC322-1,
AsNAC322-2% 433}t

AsNAC316 3= wstapgol A Frsal of2] 7HA] S B2 g
Aol BaE v OsNACSSH AAA7IMEY 72%9] Zdsdel AU
(Takasaki et al., 2010), AsSNAC3172 7}gol Whdt AdAdo] Haw Ho
TaNAC695A A9t 80%2] 54 (Xue et al., 2011), 18|31 ASNAC322%= <A
w3ts 2t Baw tuie] BeNACIH-AAeF 55%9] &S BT
(Chen et al,, 201D). °olg% &S 7Ivtew, 29 d FAA7F 71E &
H7 FARES FAE Vs S Hol & Ao®E gk vy ATE s
t}.

- = o)
- E%’é‘

B
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il
offt
%
5y
z
N
9
W
~
h
~
do
2
2
N
s
2

S FHAEE ©]&3 transient assay
53¢ = Fo]  localization¥] &= AL FRlsiitt. o] AFZE, nuclear
localization signal (NLS)S 7} transcription factor?l ©E& NACHHA}
(Kikuchi et al., 2000) A8 AsNAC317-1% 3] oA HAALZA 7|55 & A
oz dqFHAH

FAAe] 7S AEr] Ys CaMV 35S prompterd ZAS WEE
AsNAC316-1, AsNAC316-2, AsNAC317-1, AsNAC317-2, AsNAC322-1,
AsNAC322-25 AzEst 1, ol AMETE FH4AE o714t (Arabidopsis
thaliana) 2 &EAlol =dstdvt. 242He] AXxFA=FE Aol® 1070 o9 T1
FAAS AEAE AU, FAHE AEE d5 A A=A RT-PCR
of =98 AR AL YIS G5k

ASNAC317-13+ AsNAC317-2°] BAXA& A=Al T3AHAAN 247 =
FAA et sHHGA 24524 (homozygous line)S FH3IP oH ol&
Ak AEATE ofAd "z Azl vE @, ke, & 2Ed S i A%
ol S7HHAAN=AE 71U (n vitro) Aol 7IW w2 EA9 87, M2
Ae AEA A9 vt o, 93 7HE 2319 sheAY A T HES F

) ZASHET AR, RE @Al FAADAE GET AplA F)
S S

of 9

o,

2ol HES-EeE AR VTR AolE doZ X Ytt (Tester et al.,

2005). °o] A}t uj9- AFEAo] =& ol TuNACE97F Ho s wAs
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o 7Hgol digk Agdo]l SrkE AFEZE AT Xue et al., 2011). 2822 &

A ole wAAE A WEIR A FAAGe] Hlad HE Wl =de Al

A, A FEAIth NAC familyFdA e 2 A8 FH-aA &4
stal glom, 7le Egk FEE= 97 Wk (Nowak et al., 1997). =e]34l
kol 293 AsNAC317-13 AsNAC317-62] 7]so] ofgr 471 <l

=, o] #dAE HTHEE AA 7S Ve W7ARE Agte FARE 7

7%50] Yl AFolvt. AARE, of71Fel Mol 1004717F = NAC family
= tt (Ooka et al., 2003, Fang et al., 2008). a}A]qk, 2

AR 7lsHoez glE FAAES 9 7HAo] AYA] 2=t} (Zheng et al
2009). NAC familyFdx= 2&9 T (Souer et al., 1997, Aida et al.,
1997, Sablowski et al, 1998, Xie et al.,, 2000, Takada et al., 2001,
Vroemen et al., 2003, Weir et al., 2004) Wo](Xie et al., 1999, Collinge et
al., 2001, Hegedus et al., 2003) 274 =EZ 29 st Hk-E(Collinge et al.,
2001, Hegedus et al., 2003, Tran et al., 2004, Fujita et al., 2004)s T}
&t7] wjZol, AsNAC317-17 AsNAC317-69] ##rdo] of7|ZdidA & 9
g & TFsAE UAAT folA AFE npep o] ofd 5¥HE Ve s 7HAA
= 7% A
EAor H AF3E B3 IgIHEIG M E HxE NAC familyHr
AAE 224 sdlen, ol FHAIE ofg A @B EEd 2N fFEE
BHlsIth. ASNAC317-13 AsNAC317-6 ¥ wF ofue} S 29

Al FAAEE N7 o9 wWep T TASIAEAA HEd AA S~
t}.

Eds AT BAE FA4 V152 ATE Best 92 Ao Am

put
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