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TaNAC69-1 MPM AAMPALPP F F P LIV L AA MP PVPIIA V I PW LP
MPM AAMPALPP F F P LIV L AA MP PVPIIA V I PW LP
MPM AAMPALPP F F P LIV L AA MP PVPIIA V I PW LP

ALF W FF P P A P AA W A AIL PA I V ALVF
ALF W FF P P A P AA W A AIL PA I V ALVF
ALF W FF P P A P AA W A AIL PA I V ALVF

PP V WIM L AA M L WVL I LP F
PP V WIM L AA M L WVL I LP F
PP V WIM L AA M L WVL I L F

V V P AF L L F PMAIA L LL V
V V P AF L L F PMAIA L LL V
V V P AF L L F PMAIA L LL V

AAL LLL A A A A LPP PLI PPW L V I
AAL LLL A A A A LPP PLI PPW L V I
AAL LLL A A A A A LPP PLI PPW L V I I

A A LPP PLI PPW V V I

VP LP A V M M L L LPA MLI PFL L M
VP LP A V M M L L LPA ML PFL L M
VP IP A V M M L L LPA MLI PFL L M
VP LP A V M M L L LPA MLI PFL L M

G-SS G R H TDEE HY RRQ S S E N YKCN D G
TaNAC69-2 GSSS G R H TDEE HY GRQ S S E N YKCN D G
TaNAC69-3 GSSS G R H TDEE HY GRQ S S E N YKCN D G

**** ************************** ****************************

TaNAC69-1 K GENE Y S RDRKY NG R NR GSGY K TGTDK ST NES G KK
TaNAC69-2 K GENE Y S RDRKY NG R NR GSGY K TGTDK ST NES G KK
TaNAC69-3 K GENE Y S RDRKY NG R NR GSGY K TGTDK ST NES G KK

************************************************************

TaNAC69-1 YRGK KG KTD HEYR T DNRTTKRRGSS R DD CR HKKCGN N SSSDQ
TaNAC69-2 YRGK KG KTD HEYR T DNRTTKRRGSS R DD CR HKKCGN N SSSDQ
TaNAC69-3 YRGK KG KTD HEYR T DNRTTKRRGSS R DD CR HKKCNN HN SSSDQ

*************************************************.** *******

TaNAC69-1 EQEHEQESS-T EDSQNNHT SS KSE DGDGDDH Q QQ R KSCS TD NT
TaNAC69-2 EQEHEQESS-T EDSQNNHT SS KSE DGDGNDH Q QQ R KSCS TD NT
TaNAC69-3 EQEHEQESSTT EDSHNNHT SS KSE DGDGDDQ Q QQ R KSCS TD NT

********* *****:*****************:*:************************

TaNAC69-1 DY SH D--G G SSSD G DYQ EN YSQ QQT HYNNNN-GY NNET
TaNAC69-2 DY SH D--G G SSSD G DYQ EN YSQ QQT HYNNNN-GY NNET
TaNAC69-3 DY SH DG G G SSSD G DYQ EN YSQ QQT HYNNNNNGY N DT
TaNAC69-4 G DYQ EN YSQ QQT HYNNNN-GY NNDT

*********** *******************************:****** **** :** 

TaNAC69-1 D Q E R DDYG NGDKYNG KRKRSSGS YCSQ Q DQYSG H SQQ H
TaNAC69-2 D Q E G DDYG NGDKYNG KRKRSSGS YCSQ Q DQYSG TH SQQ H
TaNAC69-3 D Q E R DDYG NGDRYNG KRKRSSGS YCSQ Q DQYSG H SQQ H
TaNAC69-4 D Q E H DDYG NGDRYNG KRKRSSGS YCSQ Q DQYSG H SQQ H

****:*** *********:***************************** **********

 

Supplementary Fig. 1. Sequence alignment of three TaNAC69 proteins and TaNAC69-4 from a wheat EST 

TaNAC69-1 (AY625682), TaNAC69-2 (DQ022842), TaNAC69-3 (DQ022843), TaNAC69-4 (wheat EST 

ID: 203331236). TaNAC69-4 is an EST clone in the wheat EST database, identified by homology 

searching using the TaNAC69-1 sequence. 
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TaNAC69-1 LPP F F P LIV L AA MP PVPIIA V I PW LP ALF W FF
LPP F F P LIV L AA MP PVPIIA V I PW LP ALF W FF
LPP F F P LIV LM AA V PVPIIA V I PW LP ALF W FF
LPP F F P LIV LM AA I PVPIIA V I PW LP ALF W FF
LPA F F P LIV LM AA IP PVPIIA V I PW LPA ALF W FF
LPP F F P LIV L A P PA IIP V I F PW LP F W FF
LPP F F P LIV L M P PV IIP V I F PW LP F W FF
LPP F F P LIM L A P PV IIP I V F PW LP A F W FF
LPP F F P LIM L A P PV IIP I V F PW LP A F W FF
LPP F F P LIM L A P PV IIP I V F PWVLP A F W FF
LPP F F P LII L AM P PV IIP V I F PW LP A F W FF
LPP F F P LIV L A P PV IIP V I F PW LP A F W FF
LPP F F P LVV L AA VPLPV IIA I L L PW LP A F W FF
LPP F F P LIL L VA IPLPV IIA V I L PW LPA A F W FF

P P A P AA W A AIL P-- A I V ALVF PP V
P P A P AA W A AIL P-- A I V
P P A P AA W A IL P-- I V ALVF PP V
P P A P AA W A IL P-- I V ALVF PP V
P P A P AA W A AIM P-- I V ALVF PP V
P P V P A L W A AI I V LVF PP V
P P V P AAV W A AI V V ALVF PP I
P P V P AAV W A AI A-- V I ALVF PP V
P P V P AAV W A AI A-- V I ALVF PP V
P P V P AAV W A AI A-- V I ALVF PP V
P P I P A V W A AI A V I ALVF PP I
P P P A V W A AI L V ALVF PP I
P P A P AA W A PIL A V V ALVF PP I
P P A P AAA W A IV L A V V ALVF PP V

WIM L AA M L WVL I

WIM L A A M M L WVL I
WIM L A A M M L WVL I
WIM LV A A AA M L WVL I
WIM LI-- I M L WVL I
WIM L A M L WVL I
WIM L M L WVL I
WIM L M L WVL I
WIM L M L WVL I
WIM L P-I M L WVL I
WIM L - P P- M L WVL I
WIM LI P PPAA A L L WVL I
WIM LV-- PI L M L WVL I

G R H TDEE HY RRQ S S E N YKCN D GK GENE Y
Hv G R H TDEE HY GRQ S S E N YKCN D GK GENE Y
Os-I G R H TDEE HY NQ S KC E N YKCN D GK GENE Y
Os-J G R H TDEE HY NQ S KC E N YKCN D GK GENE Y
Sb G R H TDEE HY NQ S C E N YQCN D K GESE Y
Mt G R H TDEE HY CNQ TSK C S E D YK D E DKSE EENE Y
At G R H TDEE YY RNQT SK C S E D YK D Q EKTE GENE Y
St G R H TDEE YY RYQ TSR C S E D YK D E EK E GENE Y
Sd G R H TDEE YY RYQ TSR C S E D YK D E EK E GENE Y
Le G R H TDEE YY RYQ TSR C S E D YK D EK E GDNE Y
Mc G R H TDEE YY KNQ SR C S E D YK D Q DK E GENE Y
Cs G R H TDEE HY RNQ TSR C S E D YK D Q EK E GEKE Y
PtxPt G R H TDEE HY KKK S T E D YK D E SK T GEQE Y
Gm G R H TDEE HY SKK S S E D YK D D K T GEKE Y

**.***********:::** :. * *..**.*:::*: :** ** *: * :.***** 

TaNAC69-1 S RDRKY NG R NR GSGY K TGTDK ST - NES G KK YRGK KG
Hv S RDRKY NG R NR GSGY K TGTDK ST - NES G KK-------------
Os-I S RDRKY NG R NR GSGY K TGTDKS ST -TSDN G KK YKGK KG
Os-J S RDRKY NG R NR GSGY K TGTDKS ST -TSDN G KK YKGK KG
Sb S RDRKY NG R NR GSGY K TGTDK ST -TGQN G KK YGGR RG
Mt S RERKY NG R NR T SGY K TGTDK KSG-----SKQ G KKS YKGR KG
At S RERKY NG R NR SGY K TGTDK HSG-----SSN G KK YKGR KG
St T RDRKY NG R NR SGY K TGTDK YS ---NKY G KK YKGK KG
Sd T RDRKY NG R NR SGY K TGTDK YS ---NKY G KK YKGK KG
Le T RDRKY NG R NR SGY K TGTDK YS ---NKY G KK YKGK KG
Mc  T RDRKY NG R NR T SGY K TGTDK YSG----- KY G KK YKGK KG
Cs S RDRKY NGTR NR T SGY K TGTDK YGG-----SKY G KK YKGR KG
PtxPt S RDRKY NG R NR TSGY K TGTDK TS---NG QK G KK YGGK KG
Gm S RDRKY NG R NR SGY K TGTDKT TS QGG QES G KK YKGR KG

:**:****** *****: ***********.*         . :*:**:**** *:**:*:
%Ide %Sim

TaNAC69-1 KTD HEYR T----- DN-RTTK-RRGSS-- R DD CR HKK 100 100
Hv ------------------------------------------------ 99 99
Os-I KTD HEYR TGTS--- NSTTTTKQRR SS T R DD CR HKK 86 92
Os-J KTD HEYR TGTS--- NNTTTTKQRR SS T R DD CR HKK 86 91
Sb KTD HEYR T D--- DGKTT KRRGGS-- R DD CR HKK 84 89
Mt KTD HEYR -----GSQKQT-SKH GS—- R DD CR YKK 74 83 
At  KTD HEYR H-------DSRK S-TKRNGS-- R DE CR YKK 75 83 
St KTD HEYR S-------DSKSQTYSKQSGS-- R DD CR YKK 74 86 
Sd KTD HEYR S-------DSKSQTYSKQSGS-- R DD CR YKK 74 86 
Le KTD HEYR S-------DSKSQT-SKQSGS-- R DD CR YKK 75 87 
Mc KTD HEYR T-------ESKHQ KQHGS-- R DN CR YKK 73 83 
Cs KTD HEYR N----- -D TRQ YKHNGS-- K DD CR YKK 74 81
PtxPt KTD HEYR ENSSS R DS TKKGGS-- R DD CR YKK 72 84
Gm KTN HEYR -----DN-NK K KDSS-- R DD CR YKK 75 85

**.********                   :*  ****:******.**
 

Supplementary Fig. 2. NAC proteins from other plant species that share the highest homology with 

TaNAC69-1 in the NAC domain among wheat NAC proteins present in the wheat EST database. Only one 

NAC protein per plant species sharing the highest homology and > 70% identity with the TaNAC69 NAC 

domain is presented. Hv, Hordeum vulgare NAC (gi: 21182621); Os-I, Oryza sativa indica NAC 

(AAAA02030644); Os-J, Oryza sativa japonica NAC (gi: 29674907); Sb, Sorghum bicolour NAC (gi: 

45949087); Mt, Medicago truncatula NAC (gi: 11910349); At, Arabidopsis thaliana NAP (AJ222713); St, 

Solanum tuberosum NAC (gi: 21920677); Sd, Solanum demissum NAC (AC154033); Le, Lycopersicon 

esculentum NAC (gi: 5604792); Mc, Mesembryanthemum crystallinum NAC (gi: 26564003); Cs, Citrus 

sinensis NAC (gi: 38051081); PtxPt, Populus tremula × Populus tremuloides NAC (gi:24106131); Gm, 

Glycine max NAC (the sequence derived from three EST sequences gi:17962878, 9987195, 21677753). 

Ide, identity; Sim, similarity. Note: to ascertain whether the above non-cereal NAC genes are the most 

homologous to TaNAC69 among wheat NAC genes, the NAC domain sequences of these non-cereal genes 

were used to search the wheat EST database that currently contains 561 100 sequences, using the ‘tblastn’ 

program. The NAC genes from these non-cereal species exhibited the highest homology with a wheat 5′-

sequence EST (gi:23401647), which contains the partial sequence of TaNAC69-1. 
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TaNAC69-selected oligonucleotides - DNA-binding site I RBA (%)
SO1         gagatcCGTgcacagtACGtaactgttaca 100 ± 2.4 
SO2       tcaagtggCGTatggtatACGtaactacag 98.1 ± 3.0
SO3 gacctgattgCGTatccattACGtaactac 96.0 ± 3.8 
S04 ggagtCGTgtgcgtcACGtaacctcctgca 95.3 ± 2.7 
SO5 ctgagagaCGTataggacACGtcactcgaa 94.2 ± 2.9
SO6  gggtgtggagaCGTgtttcttACGgcactg 89.1 ± 2.5
SO7  ggcctgaagagaCGTacctgacACGgcatc 86.4 ± 1.8
SO8  ggaattgatagCGTatcgtatACGcaacct 82.0 ± 3.4
SO9  gggaagCGTaatggatACGcaacccacggc 79.3 ± 2.8
SO10 agctggaaagCGTatgatacACGtaatc 77.5 ± 1.5
SO11 gagtgaCGTatgaggtACGtaatcaggcgc 74.6 ± 2.3
SO12 aagatgCGTacacgatACGtaacccagtcc  70.2 ± 4.0
SO13         gatggCGTacatcatACGtaacttatcgcct 68.0 ± 1.9
SO14 gcaatttCGTgtgtgtcACGtcactgcatc 67.4 ± 2.2
SO15 aggtagCGTagctcatACGtaaccgtgagta 65.0 ± 1.7
SO16        taaagaCGTgattaccACGtaactccatgac 63.2 ± 2.8
SO17 agagaCGTggacatcACGtcttcaggactat 60.9 ± 3.1
SO18         ggttgCGTaaggtctACGtattcctagtg 58.8 ± 1.4
SO19      caagattgCGTaatcaatACGcaactc 57.0 ± 1.8
SO20        ggatagCGTgaggtgtACGtaattgtagtg  56.2 ± 2.3
SO21         gatgcCGTgtcttatACGcaagtgtgaatc 55.7 ± 2.0 
SO22    gccccgttgcCGTacagtgcACGtcatcgt 54.2 ± 1.6
SO23 acctgagtgaCGTcaggttcACGtaactggt 44.8 ± 2.4
SO24 gctagCGTatggagcACGtaactctatggtcaactc 42.7 ± 1.3
SO25 gctagCGTatgcattACGcaactaatacgtctgctc 41.2 ± 1.8
SO26      cacgaaggCGTgaggtacACGtaatcattgc 38.6 ± 1.7
SO27 gatcgccaacatgCGTaaagtatACGtcacc 38.3 ± 1.9
SO28 caaagagcCGTatgtgctACGcaacagtgc   35.0 ± 1.4
SO29 cggattCGTatcgatgACGtaaccgaagct 31.8 ± 1.8
SO30 cagaatatCGTgttgctcACGttacttgga 31.3 ± 1.3  
SO31      tgcgttatCGTggttcatACGtaacagtca 24.9 ± 1.5
SO32       tcgaaggCGTatcctacACGgatctgttcg 23.2 ± 1.2
SO33   caacgatagCGTaaggcctACGttatcgaat 19.9 ± 0.9
SO34         agtaaCGTgccgtacACGtcttgtactctgc 14.0 ± 1.2
SO35         gacgcCGTacatgatACGtcactcgttggt 13.1 ± 1.5
SO36        gagggaCGTggcacgtACGgaactcaagcc 12.6 ± 1.4
SO37 acggaagCGTggatccaACGtaattcctag 11.2 ± 0.7
SO38 cgacaatatCGTtgacctcACGtaaccagct   9.1 ± 0.8
Consensus    rrwdnCGTrnnnnnyACGtaayy

r r w d n C G T r n n n n n y A C G t a a y y
A  16  15  16   13    9    0    0 0   22    9   10    3    8   17    1   38    0    0     0   27 34    0    2 
C 0    3    1     0    5   38   0     0     1    7     9  10    9 5  15     0   38   0     6     9    0   26  16
G  22  18    1   17  18    0  38     0   14    6   13  15    9     6    1     0    0 38    4     0    0    1    1  
T 0    2  20     8    6    0    0   38     1  16     6  10   12   10  21    0    0    0   28     2    4   11  19

A

 

TaNAC69-selected oligonucleotides - DNA-binding site II RBA (%)
SO39 ggaggtgtttaatgtttacACGtctctagt 93.3 ± 3.4
SO40 cggtgttttgctattccACGcctctttcat 54.9 ± 2.2
SO41 catgctagttcacctgggcACGtttctgga 39.1 ± 1.8
SO42 agactggtcaaatttagcACGcaactactg 33.4 ± 1.5
SO43 agagacttaggcttttatACGtcactttag 31.0 ± 1.7
SO44 tgaaagagtcggttccccattcACGtaacc 29.1 ± 1.6
SO45 cgaagactctatgctccgtACGtcattgca 27.3 ± 1.2
SO46 ccttaattatcataggtaatACGtaatcct 17.5 ± 1.1
SO47 tcgatagtggtgctgtttACGgcactgaac 10.7 ± 1.2
Consensus      rgtskttnnnnnnnnyACGtmwyy

B

 

Supplementary Fig. 3. Sequence alignment of TaNAC69-selected oligonucleotides and their binding 

activity. (A) TaNAC69 binding site I. Oligonucleotides were cloned from the fourth and fifth round of 

binding site selection. The consensus binding sequence is highlighted in bold. The lower-case letters of the 

consensus sequence indicate the bases which are present in > 50% of TaNAC69-selected oligonucleotides. 

Relative binding activity (RBA) is measured as fluorescent units and is relative to the binding activity of 

SO1. Values are means ± s.d. of triplicate assays. (B) TaNAC69 binding site II. RBA is relative to the 

binding activity of SO1. Values are means ± s.d. of triplicate assays. d = agt, m = ca, s = gc, k = gt, r = ag, 

w = at, y = ct. Note: initially, 15 TaNAC69-selected oligonucleotides, cloned from the fifth round of 

Page 3 of 5 



Publisher: CSIRO; Journal: FP:Functional Plant Biology 
 Article Type: accessory-material; Volume: 33; Issue: 1; Article ID: FP05161_AC 

 DOI: 10.1071/FP05161_AC; TOC Head:  

binding site selection, were analysed for TaNAC69-binding activity. Fourteen of them exhibited binding 

activity and were sequenced. Sequence alignment of these oligonucleotides revealed a binding sequence 

spanning 23 bp [these oligonucleotide sequences were presented for supporting the methodology paper 

(Xue, 2005)]. As TaNAC69 binds to a relatively long DNA sequence, many more selected oligonucleotides 

are required for the identification of consensus binding sequences. Thus, 15 more oligonucleotides cloned 

from the fifth round selection and 35 from the fourth round selection were analysed for binding activity. 

Thirty-three oligonucleotides of 50 with significant binding activity were sequenced. The sequence 

alignment of a total of 47 oligonucleotides revealed the two consensus binding sites above. 

TN69L29 LPPGFRFHPTDEEL YL SMPSP II YKC PW LPGK FGENEWYFF
LPPGFRFHPTDEEL YL SKPCP IIP YK PW LPEKTEFGENEWYFF
LPPGFRFHPTDEEL YLKK SVPLP II YK PW LPSK FGEHEWYFF
LPPGFRFHPTDEEL YLKR SAPLP II YK PW LPAK FGEQEWYFF
LPPGFRFHPTDEEL YLKR SVPLP II YK PW LPAK FGEQEWYFF

SPR RKYPNG RPNRAAGSGYWKATGTDKA G KKALVFYRG PPKG K
SPR RKYPNGVRPNRAAVSGYWKATGTDKA G KKALVFYKGRPPKG K
SPR RKYPNGVRPNRAATSGYWKATGTDKP G KKALVFYGG PPKG K
SPR RKYPNG RPNRAATSGYWKATGTDKP G KKALVFYSG PPKG K
SPR RKYPNG RPNRAATSGYWKATGTDKP G KKALVFYSG PPKG K

WIMHEYRLT LD WVLCRIHKK
WIMHEYRLH LD WVLCRI KK
WIMHEYRLT LD WVLCRI KK
WIMHEYRLI LD WVLCRI KK
WIMHEYRLT LD WVLCRI KK

IVH RRQAA VP AEVNI N D AL
NAP IVY RNQTM VS EVDI FD Q
ANAC025 VVH KAD VS AEIDL FD E AS
ANAC056 VVH KAA VA AEVDL FD E AS
AtNAM VIH KAD VA ADVDL FD E AS

A B

TN69L29 D A ILSTPANES--I V K V
NAP E IHSGSSN----V V I
ANAC025 D IFTCNS---HKV V K I
ANAC056 D A VLASDGNQ--KV V K V
AtNAM D A VISTGGGGSKKV V K V

C D

%Ide   %Sim

TaNAC69-1 TD AADNRT-------TKRRGSSMR D 100 100  
NAP TD DSRKAS-------TKRSGS-MR E Y 75     83 
ANAC025 TD DGNLSTAAKPPDLTTTRKNSLR D Y 70 81      
ANAC056 SD ENKPNNRPPGCDFGN-KKNSLR D Y 71 82 
AtNAM SD DNKPTHI---CDFGN-KKNSLR D Y 71  84 

E

 

Supplementary Fig. 4. Sequence alignment TaNAC69-1 NAC domain with Arabidopsis NAC proteins. 

Only NAC proteins with amino acid identity at 70% or higher are shown. In terms of sequence homology 

in five conserved subdomains, the homology level of these four Arabidopsis NAC proteins with TaNAC69 

is very similar. Relatively lower percentages in the amino acid identity with TaNAC69 in ANAC025, 

ANAC056 and AtNAM are attributed to linker length. NAP (AJ222713, At1g69490), ANAC025 

(At1g61110), ANAC056 (At3g15510) and AtNAM (AF123311, At1g52880). Ide, identity; Sim, similarity. 
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Supplementary Table 1. A list of primers used for cloning or RT–PCR 

The sequences underlined are restriction sites for cloning into the DBP–CELD vector 

Primer name Sequence 
NAC69S1 5′-GCAGCATTTTTATGCAGTAGCCA 
NAC69S2 5′-ATTGATTCCGTTCCCACCTG 
TaNAC69F 5′-CCATTTGAACTTGCTGTAGATCGA 
TaNAC69R 5′-TTCTGAAATTTGTCCGTTCTTATCG 
TaNAC69-1F 5′-TGCCTCCCGAAAACCCA 
TaNAC69-1R 5′-TTGTTCACGTAGCCGTTGTTGT 
TaNAC69-2F 5′-CAGCTCCCAGCGGATCAGT 
TaNAC69-2R 5′-CTTTTCGATCCAAGCTCTTTGG 
TaNAC69-3F  5′-AACAATGGCTACGTGAACATCGA 
TaNAC69-3R 5′-AAACTGCCGCTGGACCTCTT 
TaNAC69-4F 5′-CACTATAACAATAACAACGGGTACGTG 
TaNAC69-4R 5′-TCTACATGCGCCTCGGGTA 
TaCCFF 5′-GCTCTAACCCACTCGGCCTAA 
TaCCFR 5′-TCTACACCCCAGTACACATATGACATAA 
C12B07F 5′-GAACTGTCTGGATTGTCCCATCA 
C12B07R 5′-ACAGTAGGCCCACACCAATGTAC 
ANAC029S 5′-CCAGGCTAGCGAAGTAACTTCCCAATCTACCCT 
ANAC029A 5′-CCGGATCCAAACTTAAACATCGCTTGACGATGATGGT 
 
Supplementary Table 2. The final concentrations of components in the association reactions 
Component High stringency Low stringency 
Hepes 25 mM 25 mM 
KCl 100 mM 50 mM 
EDTA 0.16 mM 0.25 mM 
MgCl2 5 mM 4.5 mM 
Bovine serum albumin 1 mg mL–1 0.9 mg mL–1

DTT 1.1 mM 1.2 mM 
Triton X-100 0.067% – 
Nonidet P-40 – 0.02% 
Glycerol – 9% 
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