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B E CHmEE-3-wER M A M (glyceraldehyde-3-phosphate dehydrogenase, GAPDH) & # B figi it F2 11 5%
B . 1E N GAPDH FIE R, GAPC(cytosolic glyceraldehyde-3-phosphate dehydrogenase)f# {4, 3-fif iz H i
AL AR A 1,3- R H MR , (H 2 0% T GAPC 7E AR AR i S22 A F BB AL H HEA 78 o AR FE N
o [ N (Triticum aestivum)F 52 % H T TaGAPC1 3£ X (GenBank No. KU246046) , 4w 337 MR LR ,
FF oo B 2L R B3 973 bp IR 41 K Hofir 44 N P973 . JE ik il A 43 €4 %< ) 2K 1 (green fluorescent protein,
GFP) 5 JE [ , 4 FH 32 DR A 3 % N 6 A0 7 L (Allium cepa) 3% 52 28 0 33047 S0 44 i 5 457, 45 5 55 7R TaGAPC
FEAEM TR . Al F 92 26 % 2 & PCR(quantitative real-time PCR, qRT-PCR)F; A , 70 M7 TaGAPC1
FERIFERR 22, BT 52(PEG8000) - #5(NaCl) it 7% 2 (abscisic acid, ABA)FMIKIR (4 C)IEAEM e~
MR . G5 RER I TaGAPCT BEHTE AR 2 R B 24K KT %, 75 PEG8000. NaCl F ABA Jiiii
THFREERE BT EX 4 CHym RN . R4 PLACE (http:/www. dna.affrc. go.jp/PLACE/) #ll
PlantCARE (http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) E 4 & 431 , P973 Ja &) 1 7 51 A
W N5 ABA A R B 475 55 B aE i) AR B oA, a0 582 J6#F (drought-responsive element,
DRE). i % N & o AU % ABA M5 014 (ABA-responsive element, ABRE).MYB %4 & 7 £ (MYB-binding
site, MBS)F1 WUN-motif 5. RN A o rE 07040, 578915 20 54N 3 27 5'm i 26 v B, 43l i 44 4
P844.P738.P605.P475 F1 P256. 1% 6 5% J3 21 37 4 il & -7l %1 b 1 BRI 5 K] (B-glucuronidase, GUS) (1)
FIB MR, H BRI AL B (Nicotiana batacum)FEPE , Wl % PEG8000NaCl.ABA 4 C il £ 3 2+ 3K
B GUS BE . 25 R W, -973~-605 J& 3l F X I AE TaGAPC HE K B %7 PEG8000 F1 NaCl i i 2 A %
BAEH ,-973~-475 JH 3 1 X B B2 ABA B B0 E Z . AR TENG FIKFHIZ BB T TaGAPCI 5
AP IE R I OE 2R, NIRRT BT 16 4 T ML 35 T JE Atk

XgER H R -3-BEER I A B (GAPDH), ARG , 5 307 e e
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Abstract Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is a key enzyme in glycolysis, but the role
of GAPC (cytosolic glyceraldehyde-3-phosphate dehydrogenase), which is a cytosolic GAPDH isoform and
catalyzes the conversion of 3-phosphoglyceraldehyde to 1,3-diphosphoglyceric acid, against abiotic stresses is
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largely unknown. In this study, the TaGAPCI gene encoding 337 amino acids and the TaGAPCI promoter
named P973 were both cloned. We fused the TaGAPCI to green fluorescent protein gene (GFP) and
transformed it into onion (Allium cepa) epidermal cells, the result showed that TaGAPC1 protein localized on
the cytomembrane. Quantitative real-time PCR was used to detect TaGAPC1 expression in leaf, root and stem
or under PEG8000, NaCl, ABA, and 4 °C stresses, the results indicated that the expression levels of TaGAPCI
gene in leaf, root, and stem gradually declined, and T7aGAPCI expression was induced by PEG8000, NaCl, and
ABA treatments, but it did not response to 4 C treatment. The PLACE (http://www.dna.affrc.go.jp/PLACE/)
and PlantCARE (http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) database indicated that some cis-
acting elements responsive to abiotic stress were present in P973 promoter, such as Drought-responsive
element (DRE), ABA-responsive element (ABRE), MYB-binding site (MBS) and WUN-motif. Based on the
position of cis-acting elements in TaGAPCI promoter, 5 deletions named P844, P738, P605, P475, and P256
were respectively amplified. After the 6 promoters were fused to [ - glucuronidase gene (GUS) and
transformation into tabacco (Nicotiana batacum) was performed, GUS activity driven by the 6 promoters under
PEG8000, NaCl, ABA, and 4 ‘C stresses were determined. The result suggested that TaGAPCI promoter
region from —973 to —605 was essential for the response to PEG8000 and NacCl, the region from -973 to —475
was essential for the response to ABA. The study illustrated the relationship of T7aGAPCI gene with abiotic
stress response at molecular level, and lay foundation for further exploring TaGAPC1's molecular mechanism
under stress.

Keywords Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), Abiotic stress, Promoter, Cis-acting element

/NZE (Triticum aestivum) /& 54 b i F B BHHEY T GAPC KR & & A& BN

BAEMZ —, ¥R 29 17% RIED R RE T AR, i
T 30% B AATTHE HE AR 19 & 0 K JF (Mayer et al.,
2014), H/NE I B A K HE 2T 5 R A 5
#h 55 2 Fh AR 2E W) W38 (1 11 £ (Bohner et al., 1995).
PRI, S5 /N 22 rh o 0 R DR Ok — B 0 9 L R
7T AL T N e padi it f A
IN:I-9'E

H v 1 - 3 - R i & I (glyceraldehyde-3-phos-
phate dehydrogenase, GAPDH) J& §# i fift i 72 1 1)
KB, fERE YDA M N = 2R 1E . GAPC (cyto-
solic glyceraldehyde-3-phosphate dehydrogenase) #&
GAPDH Il BT A , o 3-8 IR H i s S A A Bl 1,
3- WERR H R (77 /555, 2013). H AT NIE, GAPC
FE DK C 2 AH 4k 2 Tk P v e s B HE R R OK
(Zea mays)~ U Fd I+ (Arabidopsis thaliana) & 5 FE V)
Craterostigma plantagineum F1 5 85 % (Solanum ru-
berosum) 25 (Russell, Sachs, 1989; Shih et al., 1991;
Velasco et al., 1994; Laxalt et al., 1996). A~ [F] T DA
1 GAPC F: PRAE 9 X FE B IR Bk R Z 11)
WKL GAPC £ — M2 IR H, K 5T 5.8
IR | e S Y/} B E N VRS PN G
2013). T 51 7% R (abscisic acid, ABA) i T,

F W (Velasco et al., 1994); £h JB 18 15 40 75 T+ 1 As-
GAPCI B [H () ik & 12 25 32 /=1 (Jiang et al., 2007);
TEIE FRIE OsGAPC3 W FEEE R KR, AEAR 1) 3h e
Utk 2 $E 5 (Zhang et al., 2011); (KM E T, &
K GAPC3 Fll GAPC4 & K £k & i , @ i i 2
GAPC4 J3 37 BRI Rk R G0, )3 37 [
YEF7eME TGGTTT Al GCCCGG #2 M S AR 48 ik e oty
W4 7 B (Hansch et al., 2003).

KT GAPC FE A A AU B T FK FE (Oryza
sativa) 1 CEH T BRI & ABALE /N Th R 5T 5F
RN o 1A S = 7 WA 50, /N2 1) GAPDH
5% 18 1 FE R 21 5 o A i 8 R (Zeng et al.,
2016), SEI 7% 't € B PCR(QRT-PCR)#E W TaGAPCI
(GAPDH 12)3E R %} 54 ol 3 Ry 0 )97 g oAy it 3% 5 B8] 1
L5 TaGAPCLHATIR N /3T o AR TLRE 1 /%2
TaGAPCI 3[R, 347 1 040 B 2 1o F a8 175 5 3Rk
P T s [ 5% T TaGAPC J5 )1, H il il 5%
) 2% 34 2 M0 B (Nicotiana batacum) AT J5 ) 1 6 2k
30T, TR E 1R E AR AE Y T R 4 R R SR
(1) G488 3 31 v B, NIRRT i (4 7 7 AL
Pept 7SI .
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/N TaGAPCI 2R X LR 31 (K 5 5 D Re 7 i 1641

1 HRSH®
IR

/NG (Triticum aestivum) ' [E 3 SR R (NVico-
tiana batacum)~ K % ¥ B (Escherichia coli) Top10
il AR S A T 1R (Agrobacterium tumefaciens) EHA105
PP 16318-GFP(4 2.7 ). 85 [, green fluorescent
protein) i& 137 % 44 | B- ] %] B% H & B (B - glucuroni-
dase, pC0390-GUS)Fl pC35S-GUS 4 ¥ ik # A 1)
A SZ B ARAE , pMD-19T #4411 T TaKaRa 2
(KI%).

AR AE P il iE A3 - AR T 5 | BRI R 1D e A
1, 43 %) F 20% PEG8000+ 250 mmol/L NaCl A/l
100 pmol/L Jiit 7% 2 (abscisic acid, ABA) & WU HE P
I — o0 3 11 /I 22 K R B V7G 6 ) A MR A AR 1) et
s FE AR P 0 A 3 o, 4 7 i — 0 A P /N 22 PR
B 6 J& IR SRR L RS 2 4 C G IR B IR AR N RS 9%
AN JE 4> BITE 041.3.6.12.24 .48 F1 72 h BT HL
H P BURE , MBS 36 24 h 5 BTECH: Fr BURE o

&1 KHARFAASIY

Table 1 The sequences of the primers used in this study

1.2 SEIGKF

RNA $2 B 5f] Trizol. LA TagdNTP Mixture.
T. DNA Ligase. 5' Full RACE kit with TAP {7 £ .
3' Full RACE Core Set with PrimeScript™ RTase it
71 & - PrimeScript™ RT reagent Kit with gDNA Eras-
er 2 % 057 % - SYBR Premix Ex Tag™ Il 7€ &1k
FIENE T K% TaKaRa 23 7] . DNA B Gt &
JrekL N R G T AL 5UR MR A B 5 2% Tag Master
Mix I F-Ab 5 R 20 22 7], PCR 514 45 oAl
HiAb st WAL A R #E4T o Pst 1 \Xba 1\ Hind I A1
EcoR 1 Bl ¥E N 1) | Pierce”R BCA Protein Assay
Kit I F 3% [H Thermo Fisher Scientific A 7] . 2-(N-
NS IR Z R (MUE'S) 4 FF 32 <p= 17 i - B- ] 2 i e PR Y
(4-MUG) 4- ! 3 4= J% I (4-MU) , #] %1 45 H R (X-
Glue)ly 13 [ Sigma ¥ A F] o

1.3 FLWAHZE
TaGAPCI F#E R e H A 31 1 v b
K FH Trizol 42 BUrp B 35 /N 32 5 RNA F R 3E

1.3.1

FIAATFR Fr31(5'~3" g

Primer names Sequences Applications

TaGAPCI-5'GSP1 ~ CCTTGATAGCCTTCTTGATGTCATCA 5'RACE SE56

TaGAPCI-5'GSP2  GCTCAGGAAGAACCTTACCAACAGCCTTAGCA 5'RACE analysis

TaGAPCI-3'GSP1 ~ TGACTACAAGAAGGCTATCAAGG 3'RACE 556

TaGAPCI-3'GSP2 TTGAGGAGGATTTGGTCTCCACCGACTT 3'RACE analysis

TaGAPCI-F CGAATGGGGTTACAGCAACC KN 2 E B PCR

TaGAPCI-R CGCATAGACAAAGCAGGGACA Quantitative real-time PCR analysis
Actin-F CGACTCTGGTGATGGTGTGAG

Actin-R AGCAAGGTCCAAACGAAGGA

TaGAPCI-SL-F
TaGAPCI-SL-R
PTaGAPCI-F
PTaGAPCI-R-1
PTaGAPCI-F1
PTaGAPCI-F2

CGGCGAGTAAGCAAAGGG
TCAGCAAAGAACAATCACCATC

AACTGCAGATGGGCAAGATTAAGATCG
GCTCTAGACTGAGTCTTGGCCATGTGG

CCCAAGCTTCGGCGAGTAAGCAAAGGG

P TaGAPCI-GFP 344

Construction of TaGAPCI-GFP fusion vector
el TaGAPCI J3 8 T

Cloning of the TaGAPC1 promoter

HEE TaGAPCI JR Bl K H 5 AN K A B

PTaGAPCI-F3
PTaGAPCI-F4
PTaGAPCI-F5
PTaGAPCI-F6
PTaGAPCI-R-2

CCCAAGCTTCGTCATAAATAAGACGACCG
CCCAAGCTTTCTAGGCGCAATTTTGAATG
CCCAAGCTTCCCATTGGAGTTGCTCTTAGC
CCCAAGCTTCCTCGCATTTTATGGGTCCT
CCCAAGCTTCGTCTGGATTTGTTTAGTTTCC

TCCCCCGGGTCAGCAAAGAACAATCACCATC

FSSEY AU
Construction of expression vectors of TaGAPCI1

promoter and its 5 deletions

TRIZRER > AT AL Pst | (CTGCAG) Xba | (TCTAGA)-Hind I(AAGCTT)H1Sma 1 (CCCGGG)FIN 54
The underlined nucleotides form Pst I (CTGCAG), Xba I (TCTAGA), Hind I (AAGCTT) and Sma I (CCCGGG) restriction sites
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o B AR AR« #R 5 Ensembl £ 4f 22 (http://ensem-
blgenomes.org/) ' TaGAPCI 3£ R 751, % it P4k b
514 TaGAPC1-5'GSP1.TaGAPCI-5'GSP2 i T- %
5'R U 41, P92 T 51 W) TaGAPCI-3'GSP1
TaGAPCI-3'GSP2 H T2 K 3 Ry ¥ H4 (K 1). §'
cDNA K %i PR 3# §7 44 (rapid amplification of cDNA
ends, RACE)F 3'RACE 51562 i K% TaKaRa 22 ]
WA B BT . SRACE RN FEF :94 C FiiAs
P£ 3 min; 94 ‘CAPE 30 5,57 C (— % PCR)/60 C
(—% PCR) Bk 305,72 ‘C ZE{#H 1 min, 25 MEH
72 “C & FEAH 10 min. 3'RACE [ N AL : 94 °C T
AZ P 3 min; 94 'C A% 30 s.55 'C (— % PCR)/
65 ‘C (% PCR) Bk 30 5,72 C &/ 1 min,25
#EIR 572 °C £ 4E{H 10 min.

K FH 2 RRR 7S Jt Ak = Y YR AL 8% (hexadecyl
trimethyl ammonium bromide, CTAB)£$2H 1 [E %
/N2 JE A 41 DNA. R 45 Ensembl %% 4 2
TaGAPCI 2K 1K) BV P 1, Wit 514 PTaGAPCI-F
FPTaGAPCI-R I T A2 79 1. PCRAKFR : 10x
LA PCR Buffer 2 puL, dNTP Mixture (2 mmol/L) 1.6
uL, DNA #4420 ng, LA Taq 2.0 U, £ RiE5141(10
umol/L) % 0.5 uL, LA R ZE 7K #h 5% %2 20 uL. PCR #2
¥ :94 CTiAZYE 3 min; 94 ‘CAEME 30 5,55 ‘CiB K 30
$.72 ‘CZEAH 1 min, 32 MEFA ;72 ‘CA AL 10 min.
¥ PCR =42k [FIW , 7 % %2 pMD-19T £k )5 , #%
. E.coil Top10 BAZZASAMMI, BH 4 T 26 2 =T
1.3.2 TaGAPCI BEPRIFRIEREA M

e 3§ TaGAPCI c¢DNA ¥ % , #& it 51 &
TaGAPCI-F F1 TaGAPCI-R F T qRT-PCR 25 , LA
B-Actin (GenBank No. AB181991){: Ay Py 2 ik K (F£
1o K/ ZE 4140, PL K PEG8000. NaCl.
ABA Fl14 “C e 25 5 6] ;S HUAS I /N2 AE 13047
RNA $EHUIF e 5% 3843 L5 cDNA. SR 9% % 8
 PCR ] ) N & & : SYBR Premix Ex Tag™ 5 uL,
ERUESI(10 pmol/L)#% 0.5 ul, cDNA A54R 1 pL,
DL ZE K AR5 22 10 pL. qRT-PCR M FE 7 :95 C
AR 3 min; 95 ‘CARPES s, 60 ‘CIE K L AEH 30 s,
YONMEIR . AP 3 IRER . i 2%
5 TaGAPCI B RAEA R 20 23 S AN [ iy 38 T O ARG
755 (Livak, Schmittgen, 2001), LA Origin 9.1 # {4
TEE.

1.3.3  TaGAPCI £ [ ¥ V.41 jfd 52 A2 73 A

Wil & Pst 1 (CTGCAG) VI AL i 1 i 51 4
TaGAPCI-SL-F. & Xba | (TCTAGA)EE VI 25 (K T
W51 TaGAPCI-SL-R(FE 1), - T4 A& 411 %
155 1) TaGAPCI ORF J¥ 5], 365 1% v Bt WU V) )
BT pCaM V35S 2 GFP # A b , #4) 4 . 200 Jfd 7 or
WAk, {3 R H(PDS-1000, Bio-Rad, 32 [H)i% 4
TaGAPC1-GFP 5 21 35 1k 5 i 5 10 22 1 24038 )% 21
Jfl , pCaMV35S :: GFP £ & F 2 BH 14 X B 7] i %
o Btk 5 I EE A (Allium cepa) 2% 52 41 L 7E MS 1%
Frdk WG EE R 24 h A0 A OGS R AR B
(Zeiss, Obekochen, & [E)FEATHIIE .
1.3.4  JBRBEITFEI T B 38 R R AR A A

2 # PLACE (http://www. dna. affrc. go. jp /
PLACE/) (Higo et al. , 1999).PlantCARE (http://bio-
informatics. psb. ugent. be/ webtools/ plantcare / html/)
(Lescot et al. , 2002) 34 & 7Ll Y] TaGAPC1 J5 8)) ¥
o BRI AR e AL B BTt 6 27 Hind T
(AAGCTT) B V) 1o #5091 3%% 51 %) PTaGAPCI-F1.
PTaGAPCI-F2. PTaGAPCI-F3. PTaGAPCI-F4.
PTaGAPCI-F5.PTaGAPCI-F6, ) 1 %37 ()55 Sma

I (CCCGGQG) & VI Ar 1) T Ui 51 ¥ PTaGAPCI-R
GR 1), H TP KB 5 5108 973.844.738.605.475
F1256 bp 1A 37 Bt PCR VLA TaGAPCI
J& B A K BRI, SOV AR 2 R 1.3
Y IR, TR RN B E T R B il a4 o
P844.P738. P605. P475 1 P256. f# Fl Hind I F1
Sma 1 PR 4 A 1) 5§ % P973. P844. P738. P605+
P475.P256 55 6 1~ A 2l ¥ F BOd AT WU V) 5 5 48
T, JE B & 22 & pC0390-GUS ¥ 2% 15 # 44, BH 1
SLREF (B 1),

1.3.5  LRATFHE AT HIBER 4L

¥ P973.P844.P738.P605. P475 Al P256 ) &
YRS AL Z EHA105 MR AR KT . & P973.
P844.P738.P605.P475 1 P256 B £ 5 KL (1) 4% AT 1
Pk A pC35S-GUS BH 4% B B #k . pC0390-GUS %
BARE I, 7 A B TIBEZ MR (Y 0.5% i % BE,
50 mmol/L MES, 2 mmol/L Na;PO, - 12H,O, 0.1
mmol/L /K FHIR), 14 FHAS 5 1 Sk (1030 5 85 3 N M 2
5 THIEEAT R B % 4, 2 B Sparkes 25(2006) ¥ /7
o BEALJE PIREARZ IR AR K SRR % 24 h s, 20l
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B 23 A 5 B FR (W) pC35S-GUS FH P % 4R 5 1L
A%\ P973-pC0390-GUS F 2 AR AR FE AL R -
AT U e, A R HURE 3 IR IR
4 ¥k 3 4T PEG8000.NaCl. ABA £ 4 °C i &b ¥ ,
AERJTVES L, W iE R SE 24 h, B 12 hjtn 1Rk
FoiR3Es , P i BOR: , A 2 Ak B B A RS 3 0
1.3.6 HZUkZ 0 5 GUS B E Il

Be il GUS e il , WM B 7 BT GUS B il
1,37 ‘CHEE YL 24~48 h, LL70% L EER (26 h, LL
90% LEEML t Z T oe B I, AR IC e et fE
J . GUS BEHE I 2 2 08 Jefferson(1987)F) 77 v2: : B
AbFRZH BRI F 0.2 g, DA i i 2 2 B SR S
JEHHAT AR A BOHEEL ; 44 F Pierce”R BCA Protein As-
say Kitl 5@ A% i 85 A & &, BEbR 00N E GUS fiefb A=

=) 4-MU 156 . GUS B 8 SN 7
B v AR E R 4-MU [ nmol 2.
i b2

F| Fi SPSS 13.0 % 14 %} qRT-PCR %4 & GUS
B AR AT o A5

2 HER5HH
21 TaGAPCIEEFINAMREHZRE S

1.3.7

RACE £ A 5 B i TaGAPCI 3 A 5'3 769 bp
(19 5 511 F1 3'%1 398 bp (147 51, 4 HAE Ensembl 24
JE R BEAT LEXT, 49 367 T/ 22 TDL etk b (1 LA
KT, TaGAPCI 4= 41 326 bp, f.75 1 014 bp
ORF J7%1.93 bp 5'-UTR J¥ 51| F1219 bp 3'-UTR J# %

TaGAPC1 Ja33TF (B-1 ] L TR T A R
TaGAPC1 promoter GUS

-905~+68 | —l ro73
-776~+68 [ i P44
-670~+68 | —E 133
—537~+68 —EE 605
-407~+68 —E 475
—188~+68 [ P256

B 1 TaGAPCI BEHhFREBMEKFERME GUSER

Figure 1 TaGAPCI promoter and its deletions fused to GUS chimeric genes

INFE Triticum aestivum KU246046

% Hordeum vulgare P26517

AN Brachypodium distachyon XP003573317
JKFE Oryza sativa XP015650130

/NFZ Triticum aestivum KU246046

KF# Hordeum vulgare P26517

RSB Brachypodium distachyon XP003573317
JKH& Oryza sativa XP015650130

INFZ Triticum aestivum KU246046 [

K Hordeum vulgare P26517

ZREFIM Brachypodium distachyon XP003573317
IKFE Oryza sativa XP015650130

/N Triticum aestivum KU246046

K Hordeum vulgare P26517

RSB Brachypodium distachyon XP003573317
JKHE Oryza sativa XP015650130 I

INZE Triticum aestivum KU246046
K Hordeum vulgare P26517
AR Brachypodium distachyon XP003573317

IKFE Oryza sativa XP015650130 SRRk Tinsesichie A
5 > -— N — L e e B o 3
0 500 1000 1500 2000 2500 3000 bp
mAET =gy OOsB3E9EMEKX
Exon Intron 5'/3" Untranslated region (UTR) B

B2 ARE#FIE GAPCEBFFILEXT(A) K TaGAPCI ERE 1531 (B)
Figure2 Sequence alignment of GAPC proteins from different species (A) and structure analysis of TaGAPC1 gene (B)

de =

GAPCs &8Il LU i — S R B BRI SRR IR (T 55

The identical residues in deduced amino acid sequence of GAPCs are shaded deep background
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(GenBank & 5t 5 : KU246046). TaGAPCI 3 [A %
WEBTANEERNEATFS . EQASTEN
36.55 kD, %5 HL 5 N 7.07. ¥f TaGAPCI cDNA J7 51
E LN 41 DNA 750 3E4T B it , RILZEE R & A 12
MMETFHUANE T, WE TKBEAE 74~471 bp
Z IA)(E]2).

7E GenBank H L XJ 15 2 5k B £ >4 Fh 1)
TaGAPCI [F¥§ 741 , 1 F ClustalX 2.0 #E4T 7 51 L
Xf(Larkin et al., 2007), K FHH MEGA 5.0 #1T R4 K
B W #4  (Tamura et al., 2011), J7 ¥% 4 Neighbor
joining(NJ)¥% . &5 R KB, TaGAPC1 | [ 5 K&
(Hordeum vulgare) HYGAPC1 £ [ 11 [7] J§ P & ik
98.9%, 5 — #H 5 W & (Brachypodium distachyon)
BAGAPC1 ) [A) Y5 14 =7 3L 97.4% , 18 B M (Populus
trichocarpa) PtGAPC1 5 TaGAPC1 [ [7] Y5 M 811K
1K 85.8%( K 3).

2.2 TaGAPCI BEHFEARRHAFIEEWIME THY
ik

IS qQRT-PCR HE AR 53 Mt TaGAPCT HERITE /N
R 2R i R, DU R 7R 25 Rk 0
X R S 2y AT A R IE BT SRR
B, TaGAPCI JE PRI E 25 1) ek B eI, £E i R (1)
Rk Efm, ZNERR LS5 RPREEE
2PN ZER I 1.2 55K 4).

TaGAPCI % R 1E T 5 (20% PEG8000)- #: (Na-
C I (4 C)FI i & TR (ABA) DU R EAE Wi
(2K 4 BT, 2 LA O h 25 IR 3R 0k = A ot R, &5 SR
T :20% PEG8000 Ji}E '~ , TaGAPCI 2K 3 15 B 1E
3hidZE T, B2 0 h ()6 5447, 7 6 h s 3R +F
FiE &8 EEKT, B S 12 h B2 T (B 5A);

—
0.01

NaCl i 7, R RERAEI B EHF S E R AN
B, 2950 h (1) 12 6%, B J5 £ 12 h i R F 2K K
(5B):4 ClpiE T, FEFIRAFEAE 1T h A3 hivf
BT AR Oh 2 5 R 1.8 6%, fE 12 h /5,
R R IE AL T XA K (B 5C); ABA A T,
FRRIEEAE 1 h W E 5, 78 6 h ik 3 5 = 0
Xt R A 15 4%, 75 24 h i R 1A & N 2K KF
(B 5D). % ik, TaGAPC % R 32 ik & fe 9
20% PEG8000.NaCl #1 ABA i} & %S, %t 4 C
oy JEL A i 87, AEL AN B

2.3 TaGAPCI-GFP @& EBARTHE R ST

ol FH 3 51 4 Y R W S A TR 2 (Allium ce-
pa) 3 A2 W] : TaGAPC1-GFP B 414 [ I 4 (1
9L T A AR, 1T pCaM V35S i1 GFP #4k [ 4%t
6N AT 0 5 AN B R AR A% AN . b
B ERIER, TaGAPC1 2 e AL T4l (& 6).

24 TaGAPCI BEhFFEINIT

18 F| PLACE Fl PlantCARE ¥ 4f J%2 X TaGAPC]1
JE 35 P73 Hh G BN AE F o AR BEAT 23 A, R W
TaGAPCI JR 8l "PAFAE KR HDE R ot R
CP I L 1] BENVESSTV (e L VRS C ROk 1
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Figure 3 Phylogenetic tree of the TaGAPC1 protein and its homologs by Neighbor-joining method
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The phylogenetic tree was generated with 1000 bootstrap replicates and default parameters
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Figure 8 GUS staining of tobacco leaves

Figure 6 Subcellular localization of TaGAPC1 protein in

onion epidermal cell

-905 CGGCGAGTAA GCAAAGGGAG TGGTGGGGCC CAGATGTGGA CGGGAGAAGT GGATGAGGCC GACCCCGCCG TACGCGTGGT TAAAAAAGGA

-815 CGCGCGCACT GGCTGACGCG TGGGCCCGCT GTCGGTGGT! GTCATAAATA AGACGACCGG TG GTGGCCGCTA GGTGGGGACG

-725 CGGCGGACTA CGAGGAGACG CGCGGCACGT CCGCTTCGCG TCCGCGCCGA CGCATTCTAG GCGCAATTTT GAATGGGAAA TGGATCGGCA

-635 CGGACGCCAG GCGGATACGG TTTGAATTTA CGTCGATGTA TTGGGTCGTC ATTTTTGTCC GCGCCGACAA AAGAACGCGG GCGGACGAAA

-545 TGGGTCGCCC CATTGGAGTT GCTCTTAGCC GCGTTATTTG AAAGCCGAGT AATTTTCTCC CGGCACCGG AGGGAAAGCA AATATGCCTT

-455 ATTCTTTCTT GCGCGAGAAA CCACGCCGCA CGAACGGCAG CAAATGCTCC TCGCATTTTA TGGGTCCTTT CTTTCTTGCC CGAGAAACCA

-365 CGGGCGGCCA CCAGACGTGT ACCTACCCCC AGGCTTCGCA ATGACACGCG GGCCGCGCCG GAGGGCGGGC CCACGGCTCA TCGAGACACC

-275 CGTAGCCGGA GAAAGGCGTG GAAGGGACAG GTCACCGCGC ACCTCGCCCG AAATCAATTC GTCTGAACAT TATAAAAAAA ATCAATTCGT
-185 CTGGATTTGT TTAGTTTCCT CGATATTCCA CTTCGCCTTT TCCTCTCCTG GCTHTATAAA] ACCGGCGGCA TTAAACCCTC CCCACCTCTIT
-95 CATATCCGCT TCCAGACACT TCTCCCGTCC CGTCCCGTCC CCAGCCAACC TCCCATCTCC GTCTCGCGTC GCGGCGGCAG TTCCACTCCC

-5 TCGCC.:TGGG TAATTTGCTC GTCGAATTCC TGCTGCTTCG CATCCTGATC TGATGGTGAT TGTTCTTTGC TGA

B 7 TaGAPCIEEhFRFFI5H

Figure 7 Characterization and sequence analysis of TaGAPCI promoter

BN RIZANIUR R AR T 52 R J0H(DREs) AT ABA W% TG F(ABRES) ; ki 2k AU KA IR B 2 70/ (LTREs) s i {CE MYB
A0 F(MBS); JTHER IR TATAHE s B 5 FOR B B A8 A s (+1) s B AR 6 B 31 v B s o &

Single underlined and double underlined motifs represent dehydration-responsive elements (DREs) and ABA-responsive elements
(ABRE?s); Dotted line represents low temperature-responsive elements (LTREs); Ellipsoid represents MYB binding site (MBS);
The boxed sequence indicates the putative TATA box; Asterisk indicates the translational start site (+1); Arrowheads show the 6

start point of the 5'-deleted derivatives
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TaGAPCI JA 8T Fr Bt sn=3;*: 2 5 .3 (P<<0.05) ; ** : = S AR i35 (P<<0.01)

WT: Wild type (no expression); N: Negative control (no promoter) ; P: Positive control (CaMV 35S promoter); P973, P844, P738,
P605, P475, and P256: 6 fragments of TaGAPC1 promoter; n=3; *: The difference is significant (P<<0.05); **: The difference is

extremely significant (P<<0.01)
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