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Abstract  Gibberellic Acid-Stimulated Arabidopsis (GASA)
genes are involved in plant hormone signaling, cell division
and elongation, as well as in responses to stress conditions in
plants. In this study, we isolated a GASA gene from hybrid
poplar (Populus alba * P. glandulosa) and analyzed its
physiological phenotype and molecular functions in poplar.
PagGASA cDNA encodes a putative protein composed of 95
amino acids containing an N-terminal signal peptide and a
conservative cysteine-rich C-terminal domain. Southern
blot analysis revealed that one or two copies of the PagGASA
are present in the poplar genome. The PagGASA transcripts
were highly detected in flowers and roots. Moreover, the
expression of PagGASA was induced by growth hormone
(gibberellic acid) and stress hormones (abscisic acid,
jasmonic acid, and salicylic acid). By using transgenic
analysis, we showed that the upregulation of PagGASA in
poplar provides high tolerance to drought stress. Therefore,
our results suggest that PagGASA plays an important role in
drought stress tolerance via stress-related plant hormone
signaling in poplar.
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GASA= AT o, et B, o, o B Aks} AE
G2 kg a 2o BN Ei v AEH 222 WS
T 5F= G A A} 2 (Alonso-Ramirez et al. 2009; Li et al. 2011),
EutEo| A XS &R G4 stimulated transcript 1 (GASTI)
9] AAE S8 ART} off 7)Aol Al KL% o] Gibberellic acid
stimulated Arabidopsis (GASA) 2 T8 4 &) ) th(Herzog et al. 1995).
GASA S A AL off 71 &t of] A 157l(Alonso-Ramirez et al.
2009) 712] 32 SLZHof| A 177](JGI v2.2 http://www.jgi.doe.gov)
R o]Foj7 Ao HiEgt

GASA+= 85~ 1197 9] ofn|lcAbo & S-A] El 2h-2- a2
1], o @] 2] 0 &2 2397} &f ofm] e AbZ 72| = 17 & GASA
ZF ol 71 A, 2 28| E oA EiE It GASA
+ ofr| e ko] Al 1d e =of 7hE A Tehof| 127
9] A|2~H|Ql A7) E 7FA| 2L th(Herzog et al. 1995). T3+
GASA+= N ZE Q3 A 24, 7188 A, £714%, 5%
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et A 2l th(Kotilainen et al. 1999; Ben-Nissan et al. 2004). A1
A2 o 71t o] 41GASA4+= StolE A A e & £
Astohar 211 E vl Qlth(Aubert et al. 1998; Roxrud et al.
2007). o] ol = AtGASAI IPEE 7| = A= AEE
o] uE3-5Yo] DELLA 7442 523} W) wrto] of
A=) 9.0 1 (Li et al. 2011), 41GASA4 THHE of 7] Ao = o
(150 mM NaCl), AF3H500 uM paraquat) ¥ 31-2(50°C) 2 E |
2of gk A o] A= Tt HHH 41GASA47E T A A
Hof 71t = 29 Bl sto] AE 2 WA of ZFol 7t
3= A2 2 YEtHAlonso-Ramirez et al. 2009).

GASA 537 e B4 A= e 2 2A A=
of o] FojF o}, g7 AEY Ao RIHGHA kEE= o
Ho) A& Hil= A gle Aotk H&o] 7} S5-3
AEALOlHA BELAZA o] § =7t =& d=olA &
Eg & gbgof Hofst= 44 7s B2 WS T8
Stoh whebA, & Aol A= AEY A B rtotygt AE
g 2 ghg-of] JA Bk GASA §- RS AAFA U (Populus
alba x P. glandulosa)ol| A 22| sto] A G} 25 #4519
on, $AA WHEA W AEHA YA BA 5t 1A}

stoiet.

Mz % o

FOAH 22 H EIIME

MHI
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S AA| YT (Populus alba x P. glandulosa)®) Bl ¥ A 3 o) A]
225t mRNAE 7|4 S & A 2% cDNA library -3-2f ] EST
(expressed sequence tag) = H4(Lee et al. 2005)2 £}
GASA 7242} A5/ & UE U= cDNA 223 A8 613l
o} AFE cDNA 29 AA| A ES A4 tha Vector
NTI advance 10.0 (Invitrogen, USA)2 o] -&3}o] oA} ofn| =
A A E-S 2 A8 T} Uniprot program (http://www.uniprot.
org/align/) 2] ClustalW algorithm2 o|-&35}o] thuf 2l A=A
EA4& 3t} 4R A F 4= (phylogenetic tree)+= MEGA4.1
(http://’www.megasoftware.net/index.html30)-2 AF-&3}F0] NI method
2 21 A519IT), ofu] Ak 4] & LA PIGASAS (XP_006383339),
AtGASAT1 (NP _565116.1), AtGASA2 (NP_192699.1), AtGASA3
(NP_192698.1), AtGASA4 (NP_197027.1), AtGASAS (NP_566186.1),
ZmGAST1 (NP_001149114.1)& o] &3} A A3} ).
Southern blot &M

B AFA L} 9] 9] of A MegaExtractor plant genome kit (Toyobo,
U2)E AHE-5Ho] Al DNAE #2] 3t ths, Al RFA 4 EcoRl,
BamHI, Xbal 9 Hindll 0.2 A3} gt of7p2 A Ao A
71953t th2 capillary transfer ' 02 7 AFS] DNAE
Hybond-XL U & 9H(Amersham-Pharmacia Biotech, % =F)9]|

o)Al FH et U Y 2 2o PerfectHYB plus hybridization buffer
(Sigma, ] 52 W 31 68°Co] A 308 5¢k A7 2] s}
A E0 9 A PR X PagGASA cDNA probe S 7}
3 o} 68°Col A 1241 7F 59t 45} uhS 6k, 1H-o]
Y UAE 5L Xeray BB 2417 F BAS At

g 322 2|

ufj F 4 A of] ABA (abscisic acid, 20 uM), JA (jasmonic acid, 10
uUM), SA (salicilic acid, 20 uM) 2 GA; (gibberellic acid, 20 uM)
= Z2F ok w A o] A 7bsEal 30 B SAIZE o] M2 E
ook AE T EES FA R FE A 25 o
Z -2 A5k 30 SA|ZF o] 2+7F 3]t B
A2 3RO 82 skl

A 194
AERERE, 22259 Y2 RE 36l Total
RNA = TRI Reagent (Molecular Research Center, 1] =) & AF-&-
5t ARGAL vl A ofl w7281 % AL cDNAES o8kl
CH(PrimeScriptR T Reagent Kit with gDNA Eraser, Takara, & &)
Real-time quantitative PCR (real-time qPCR) 4] o] AF-8-& primer
£ A A 5}7] 913} Primer3 3 2 713 (http://fokker.wi.mit.edu)
= AHESHQITH PCR S ZAME ] AF S AT R RECR
= detin AR AF2-8HA THKim et al. 2011). PCR ZE 1}
S2 93l 1 ul2] ¢DNA, 10 ul 2] PCR Master Mix (2 x SYBRGreen,
BioRad, 0]=F), 1 pl&] A wraF W &G v-gF primer(10 uM) 18] 12
7 ul9] nuclease-free waterS £ 55} th SZ 032 AA|7H
T Yg o] 7H53 PCR %% 7](CFX96 Touch™Real-Time
PCR, BioRad, 1] )2 A}-£-3}6] 95°Co]| 4] 3571 13],95°C 15
29] WA, 60°C 15529] A3 18] 1 72°C 205 0] 23 744
< 403] T12]aL 72°Col A 1027 13] A A8t 423
HHE O 2 3519 a, 7 A B o AR S FL
“ o] ek Ao A oF S} Sk (Phaffl, 2001).
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PagGASA +712+e] Ipdd M A2k 9fsf A H-aF primer (5
GAGTCTAGAGGATCCAGCACCATG-3")¢} & =-3F primer (5'-
GGTAGCTAGAGCTCAAGGTCAAGGG-3")E ©0]-&3}4] PCR
ZZ 3519 th PCR % & o] = Ex-Taq DNA polymerase (Takara,
Otsu, Shiga, Y2)E AFEFSom 95°CoA] 357t 13],
95°C30% 2] WA, 60°C30%29] A% 1831 72°C 1 5 9] =3¢
g2 403] 12 a1 72°Cof A 10£7F 13] A Al 8}l Tt PCR
AHEE 1.0% of 7k = A Ao A fefshglth &2 PCR A
-2 UltraClean 15 DNA purification kit(MoBio, tf 3t &
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o] 5101 A1-7} v 372 o] e} % 4] 8} 2, pGEM-T casy ]
| (Promega, 7] )0l 22 31915}, G4549] 4t elo] AZH
plasmid DNAE A3t & 4~ BamHIZ} Sacl & 2 ¢4 5] Aekst
5 10% ol7bR 2 Ao 4] 171 Fek Rejet k. e
3} T - UltraClean 15 DNA purification kit(MoBio, ©ff $F11
4 E AE5Fo] G A S ok pBI121 W €] 9] BamHI/Sacl $] ]
of] 441 8}o] 2Hakal ¥l el ¢l pBI121-PagGASAS A 2314l Th.
Agrobacterium tumefaciens LBA4404 5 0]-8&-3}of & ALALY
T& 3 2 A 25 o) Kanamycin (50 pg/ml)of] 9] s A4kl
A=A 9] 3 A gk o] = genomic DNA PCR 42 535}
of helstitt. F A ek &) A5 A A= Ao primer
(5-TGCTTCACAAACCAAGGCAAGTAAT-3")2} & W&F primer
(5'-CTTGTTGCCATAAGTACCAGGAGG-3)& A&st4tt.
FRATE AEA o) A £ f7ke] vl g 2elal] 9
3}o] real-time QPCR-E Al A| 3} Qi T} &2 2} o] Wl g B Ao =
PagGASA AR Eo| A A ¥ Ql AW primer (5-TAGC
CTCAGTCGCAATTCTCCC-3")%2} & B3k primer (5'- AGGCA
TGTCGCACAGCATTT-3)E A3} % Tt
SHEFSRH O HE AEHA LA 2M

o=

Az 2Eda YA 248 9ot BAAURES

24£1°C, 50% o 5= 916 A T F/8 A7 oF o] F==7] o A

Z7F AAA A Az A e 10‘ X%Oﬂ EoF #——‘%'P%Ol
O 2 ]

8 B 6 o119
o) e & Tkt B 4\—%?@}% 8 moisture probe meter
(ICT international Pty Ltd) & A}-8-3}o] 3HtE 0 2 =231
. GE4 3032 Pocket PEA chlorophyll fluorometer
(Hansatech, = 21) & A}§-5h0] 27 5} ch.

21 9 0¥

GASA REXIQ =z2| & 7& =4

2] ‘joﬂ/\i BE GASA AR} A S
T HFAIE {2 ©f oDNA 2 %
2005). AgrE F 29 AA cDNAS
AASID ofu| Al HEL B Z\jﬂ A3}, P. trichocarpa®)
PIGASAS (XP_006383339)2} thull & Z=22 0] ] 98% 9] AFE A
2 YerU o] o5 PagGASA (Populus alba x P. glandulosa
Gibberellic acid stimulated Arabidopsis)er W Y3t 1 EX S
Fye 3 S5k
DNA G714 E B4 A, PagGASA2] Zo]& 769 base
pait (bp) 2, 45174 722l 2. €| E(ool 4 7} 4| ZE 0] A%
Sho] 329 A nto]| A A | = 285 bp Z 0] 2] open reading
frame 7}Al = A 22 YEH T PagG4S4°] o8 =3t

/K [e) Er__]_ ] L
A1dk&} 4 th(Lee et al.
Belste] 9471492

S AFA]

ﬂil

W22 95719 ofm|le it o 2 S/ = m, o4
2 10.6 kDa©o| 1 T}. PagGASA Tl A2 P, trichocarpa
of| A .35 PtGASA52}98%2] 713 =& ofu] AL A QG A}
42 e gl ok E 3t ofl 7] B o] AtGASAS OF= 65% 1
(GASA4SLE 50% 2] AHEA] S LFEF G}

2B Al Eof| A H 1% GASA s 2] thf 2.2 o}n]
= tho) oF 21 ~ 2770 9] ofu| kAl AEE LT A|1d
HE =t 7h= HA] ko] 1271 9] Al H| 9] 2H7)| 7 HE
o] gt £3], ofu| e Uhof| Al 1 HE| =7 EA FO R
A A2 HFo g FHE e §4 0] glon, o] = Qs GASA

gudo] AlEZ 2 oA AL Aor A5
(Roxrud etal. 2007). o} 1] e Ak A & A A 3} PagGASA T
28 opn| b hekof] A1 B E(1 ~ 28K A ofn)| = 4h) 9}
7h2 B 2] wreto] 127 9] A AE| 2l 77](37,41,45, 54, 58, 61,
62, 65, 67,79, 81, 94 H A o}u] = A7} £ 3} THFig. 1A).
wheh A, B Lof| A 2] 8t PagGASA 7} Roxrud et al. (2007)
o] AW T GASA Sl o] 15 A0l F2E 74 S Fels
ot} ok vhil A AFEA AT HE PagGASAL P
trichocarpa®] PtGASAS2} o 7] Aol o] AtGASASQ} 713 =
© 9.7 by ol ch(Fig. 1B).

, offt
lf.lo_u
Ea>m

Southern blot =4
AR L] Qlof| A 2] 2t genomic DNAS A|H 4~ BamHI,
EcoRl, Hindlll W Xbal © & &A 3] ATkt o2, HALS &
A8t A A9 PagGASA cDNAE €3 © 2 A-8-31¢] Southern
blot F412 A A|8}9 ). 71 23} BamHI, EcoR1T} Xbal & 2
AT HAFAIL 2] genomic DNA of A= 22} 27l €] hybridized
band 7} -1 =) ¢l 11, Hind Il & A ¢35t genomic DNA || A =1
71 ©] hybridized band 7} &1 & i th(Fig. 2).

N7\l 4 GASA §RAE 728 A) kel AL #
AL o O] 8] AtGASAIT} AtGASA47} W AFZA] SHHE-S-(cross-
hybridization)o] Yoyt Ax}7} B 1% vt 9l th(Herzog et al.
1995). AFEAJ SFHE-E->DNA 7] A G /57 0] = DNA

7t EAT S 3] dojub= Wh3-olth E3]F PagGASA Y]
cDNAO| = A3t a A Hindlll A 9= 135~140 nt2] ¢ %]
of gk 7} 7} A 3} L, Xbal ©] A 9] = 7+2F 393 ~ 398 nt o}
525~530 nte} 92| of] F A7} EA S o] & HF S
PagGASA BALAIFES] Ao 1 ~2 copy7h ZA 5=

2 275,
PagGASA RTXIQ| ZES0|H LU

I

PagGASA A2 22|50 2 T E & B]lsl7] ¢fsto] @
AR QL & 7], e, 2 B Y 2 2 E total RNAE
2|5}k real-time qPCR 45 A A| 5} T} 71 A}, PagGASA
O e 2 Aef e ol A 7H Al Wb Hh(Fig. 3).

Oh2 AlEoll A GASA 7 Ake] 22 T oA
H 75l mhet et 22 oA Fol Aoz W

X
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(A)
Cleavage site
Signal Peptide
PagGASA MA—SLSRNSPLVVLSLFLLITFSNVAEIH-----——----—--— G—AKLRPSEEKPR 40
PtGASAS5 MA—SLSRNSLLVVLSLCLLITFSNVAEIH-----------—- G-AKLRPSECKPR 40
AtGASAS MANCIRRNALFFLTLLFLLSVSNLVQA--—---——-----— AR-GGGKLKPQQCNSK 52
AtGASA4 MAKSYGAIFLLTLIVLFMLQOTMVMA----SSGSNVKWSQKRYGPGSLKRTQCPSE 51
AtGASAl MAISKALIASLLISLLVLQLVQA--——-----—--— DVENSQKKNG-YA-KKIDCGSA 43
x _*x *x % kk X % *_k *
PagGASA CNYRCSATSHKKPCMFFCLKCCATCLCVPPGTYGNKETCPCYNNWKTKEGRPKCP 95
PtGASAS CNYRCSATSHKKPCMFFCLKCCATCLCVPPGTYGNKETCPCYNNWKTKEGRPKCP 95
AtGASAS CSFRCSATSHKKPCMFFCLKCCKKCLCVPPGTFGNKQTCPCYNNWKTKEGRPKCP 97
AtGASA4 CDRRCKKTQYHKACITFCNKCCRKCLCVPPGYYGNKQVCSCYNNWKTQEGGPKCP 106
AtGASAl CVARCRLSRRPRLCHRACGTCCYRCNCVPPGTYGNYDKCQCYASLTTHGGRRKCP 98
(B)

100 - PagGASA

68 |
47

L PtGASAS5 (XP_006383339)

AtGASAS5 (NP_566186.1)

ZmGAST1 (NP_001149114.1)

AtGASA4 (NP_197027.1)

1001

AtGASAL (NP_565116.1)
— AtGASA2 (NP_192699.1)

—
0.05

100 ——— AtGASA3 (NP_192698.1)

Fig. 1 Sequence comparisons of PagGASA with other GASA homologues. (A) Multiple alignment of the deduced amino acid
sequences of PagGASA with GASA homologues from Arabidopsis thaliana (AtGASAI, AtGASA4, AtGASAS) and Populus trichocarpa
(PtGASAS). Signal peptides, involved in proper localization, are boxed. Asterisks indicate 12 conserved cysteine residues. (B)
Phylogenetic tree of amino acid sequence of PagGASA with GASA from Populus trichocarpa (Pt), Zea mays (Zm) and Arabidopsis

thaliana (At)

B E H X

9.4— [N

0.5—

Fig. 2 Genomic Southern blot analysis of the PagGASA in
Populus alba x P. glandulosa. Genomic DNAs digested with
BamHI (B), EcoRl (E) or HindIll (H) were fractionated by
electrophoresis on 1.0% agarose gel. The gel was blotted onto
a nylon membrane, and hybridized with **P_labeled full-length
PagGASA cDNA

& AT 5= YATh ETH FAA O] GASAH | o} 717
te] AGASAIE Walo A Hrelahi o] UreiA glo
(Herzog et al. 1995), =0} & 2] RSI-1 T} 2-442] ZmGSLS =
29 7] Bolo] Bost= Ao 2 K 1 E QI th(Taylor et al.
1994; Zimmermann et al. 2010). =8+ 223} & 5 of off 7] At

35

30

25

20

15 -

10

5

, [EE =

L S R F P

Fig. 3 The tissue-specific expression level of PagGASA..
Real-Time qPCR analysis of total RNA extracted from mature
leaves (L), stems (S), roots (R), flowers (F) and petioles (P) of
Populus alba x P. glandulosa. Error bars show the standard
deviation of expression levels

Relative expression rate (fold)

O AtGASA1 T} AtGASA4= 3totof Al L& &= Zo] HilE
¢] 31(Herzog et al. 1995), AtGASA4%} AtGASA6-2 7| SA 7| &
ZA-3t= 9T sk Aol €A A hQu et al. 2016). ©]
23t AFAM & S oto] RF So]H o7 fe|of Zo A
Ak PagGASA 3242 7])50] A29] AT 24

ol Zro] Botol Aot £ E o & AL 5
g 4 9t
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Relative expression rate (fold)

25
20
15
1.0
0.5 '
0.0

05 ‘ 10 | 05 ‘ 10 | 05 10 ‘ 05 | 10
Con ABA GA JA SA

Fig. 4 The expression level of PagGASA under various phytohormone
treatment conditions. PagGASA expression in response to treatment
with plant growth regulators including ABA (25 uM), GA (20
uM), JA (10 uM) and SA (20 pM) for 0.5 and 10 h. The
expression level of PagGASA represented as relative values
when compared to those of untreated controls. Error bars show
the standard deviation of expression levels

AE 322 Mo OHE PagGASA FHIXC| &
BoA HIE GASA SHAAEL A E S 22| 9
4= m ol gl 52 A s AT A 1A o 2
A Tolst= A o] & A ¢l th(Nahirnak et al. 2012). whe}A]
B AT A 4B 52 Ro] @A LS| GASA S AR
Lol %‘fg—% FEA gelstazl 5H% ek ABA, GA, JA
)3 SAS 2t2F st WAL e Mo ER e
RNAE B &%t E}% real-time qPCR 42 A A5}t 1
A3 H RS2 Aol QAT BE A2l T4 05 A2
ﬁﬂW%MSJQ‘ﬂ2ﬂ1”5ﬂ&—A2i%ﬂﬁ
thFig. 4). A& T2 A 2] £ 104 7Fo] A'gt& wj ABA9}
GAo| oJgt e 24 =FEO R 35 E QA7 SA9)
o= A e F 10A17ko] Ayt mo = T g4

Foton], JAS e 2ol Ao TAFE

O ox
o

Hu

B

R g rle
o -‘517 [
= f
F-\;zt:' N
%
s
lo Jm
o X
Chz o
=
i‘j 32
F;: _Q,
FI‘F
[
(m
£
L[
=
oXx,
=

o o 2

¢

ox Mo 12
t
R

_ts_ll
-
g rlo
i
rlr

3—0— /‘1 EU}E GAST] = H]EQP ‘13%3 —)F
2 GA9) ol&) Wrd o] 2715111 ABA
O3l A sl A o] &E A L Th(Shi et al. 1992; Cheng et
al. 2004; Ko et al. 2007; Zhang et al. 2008). GA of| ]3| 4] Z7}5}
2] OF L A}l 2 A off 7| A H O] AtGASAS, AtGASAY, AtGASALl
2} 7H24 0] SN-2 5-& GA] 9]8 24 3= A o] ®.1E] o] 9]
11(Zhang et al. 2008; Zhang et al. 2009), of} 7] &t} 4tGASA9+=
ABAS}GA F+ 3 22 0f| o] =& e o] Zradhe Aol &
2] 2 ) thH(Zhang et al. 2008).

GASF ABA7} ofd ThE T 2 o] 93 24 &= Atg| o]
= of| 7)1 A ] A1GASAIT}; B O] OsGSRIO] Bt e AEH| 2

2 10 ox o for N i
R

2

ox

offt

Jo

)

D

mlr{

ol =of 9J3}) ZHAstrt= H 117} Q) thWang et al. 2009; Bouquin
etal. 2001). T=3F GA ol 93] Z7}5 FsGASA4+= SA w21}
A Brolohis $AR5S F7HA0THL el A 9l
d|(Alonso-Ramirez et al. 2009), PagGASA A A7} SA A &
B 10A 7 T = whE BFo] A4 § A 51l 9] = EA(Fig. 4)

2ol FA HEWS FH AR {33 4= 9lr) ol
SH AP E-2 GASA A7} Aii e ATt
o] A5 AL of 2ot AL HoRE 71 0 2 A G454
FAAE] AlE dd 9 g 249 "415& HF-3-of ko st
L 712 olajstd] Antel s A getel & Ao 7Y

PagGASA SEXE AMALIFY AX AEYA LY

PagGASA §-AAL7F ABA, JA, SAQ} 2o AEY A A T
T2 Y5 Fao] Frtekely] Wil AEH A
7158 T8k oA PagGAsA A7)
2 FAHSAE A2kt pBlI2l HEHE
5}-o] CaMV 35S::PagGASA constructE A 2}+5}
SA) Ol & Agrobacterium®] =3t > HAA -
5k WA AT o ArlE T-DNA 32

8l = primerE ©]-8-5}9] genomic DNA PCR £
a0l 591 ChFig. 5B). E3 3 AT of A 2]
} &S real-time qPCR -4 © & 303} 2 31} 27
W28 A5 o] A A of| A o 27t HBte] oF 150
o o] 49| PagGASA & o] F7HE = A& elstalnt

O i o
rt
Hu*g*

ot
i)
>
rit
(i
et
>
v
_S;
4o

£ o] &3}0] PagGASA Q) ThEE
Ao kS FEAE AT ¢
A * 1Y Z 23S o] PagGASA TpE XA
7k B 2ol wisked A WA Eolt Ae Q‘LOWE}
(Fig. 6A). QO] TAL A= E 19 o3t A} o =
AA RO R TASHE 11, 27H % =) o15¢,]
AFatg o, 28 W Al F-> 1A Bl
171
K

mlo

|o
HU

et

oX é
of

Eﬁﬂm

st 18
W Ae) & B Fgol %7
o 1At HEE arofi ] 9lstol
o] LA 882 75K tHFig. 6B). e}
< & odA o 2+ ol of Fehd mEol
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Fig. 5 Generation of PagGASA overexpression transgenic tree using Agrobacterium-mediated transformation. (A) Strategy for
construction of expression vector pBI121, containing the PagGASA under the control of the CaMV 35S promoter. (B) Confirmation
of PagGASA transgenic tree by genomic DNA PCR. (C) Relative PagGASA transcript levels in each transgenic line. The expression
level of transgenic plants of lines #27, and #28 were reconfirmed using real-time qPCR
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Fig. 6 Physiological responses of the PagGASA transgenic plants after water outage. (A) Phenotypic responses of wild-type (WT)
and PagGASA overexpression plants after 11 days under dehydration conditions. (B) Chlorophyll fluorescence (Fv/Fm) of WT and
transgenic plants. (C) The volumetric water content in the soil of WT and transgenic plant pots. Data represent the average of three
replicates
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