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WE  ABISZABAG SEM T BN MIER T, S5MTRIR. kR E & &5 H AR, Eayidh
RYERBEVER . VAT B & 5 ——15 )1 77 &¥ (Syntrichia caninervis) kL, Tl T Hiili 3 K SCABI3FE K15 34N J 57 1)
pPCAMBIA1301-ScABI3%% 3 K §ll 74 I+ (Arabidopsis thaliana)2i & ¥k &R . 45 REWY, HERNPEIFHHSILILEE KR, BA67
MRS LRI D, MK SRS RIES; T RAH14RGEHERVEITFERGEREES THER, BEH kK
RREMTEEMN, H— P AKIN, ScABISHFFEL I did R m B & iE 2 (ROS)E M Be 1 i@ AR L 2. B4
FER] R FF R FEEAE L IR B IR RS B PO VR Rl B S A

XHA BIKER, ABI3, HLEE, AL
K—5, &G, FIKEERARAREH, KEZ (2021). 7T R 5V 778 SCABI3E: R i A8 U S+ S FLR B4R = bt

B MY F 56, 414-421.

Jiit 7% 2 (abscisic acid, ABA)J2 ¥ 7E 7K 73 il
AR R B R N KA S e T — R O A )
BER, WM ZERE. W Fr e L R RER S
REFE, PR AR AL R (Chen et al., 2020). AL
TG Y, &Y R ABAKIRT 7T g, [H
I, FHF & BE LAY B /K A B0 AR Rk Ak Hh A O
PLE, DA & SR A - ABATERE AR 1 B 7K A0 15
T 72 ot # Z2E FH (Xiao et al., 2018).

i Il 75 &% (Syntrichia caninervis)j& — 3
B, Tz A TR R R YEE R, T REE YD
B K o BRGE AR Ak, VD R AR S R AL S M
(Pan et al., 2016). k[l 7~ aE 2 A B SR T 68 77«
A AR S PR G IR E ik, DL SRR R
4 K fE /1 (Duff et al., 1999; Zhang et al., 2011).
I, VA I AR B A DA e T R DX B A B A A
PR MRL, HIREME KSR LR E 1
PO RE DR B2 U L AT R 5 R R
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SoHSEE RO RER T, SEDEFE B3
S S R T ABIBZ 5B RIA K E 16
FARIR . JFAEmS 18] DL R AR & & 45 £ ¥ 1d 72 (Rohde
et al., 2002; Brady et al., 2003). {EHE1£(Gossypium
spp.) i B IA L B TT AtABISHE [K] 45 1 5 T F i %2
RE71, [EIRTHE R A 2% (Mittal et al., 2014). {EH#
(Populus)Hid £ % 1k PtABI3F: [K 25 5L i A R 2 i
) 4 K A4 1k (Rohde et al., 2002). /N7 T #%
(Physcomitrella patens) abi35372 1A 1E U INABAF 1
Frdk EANRAETE, AR 5 ABAKH K 1 2E A K IE
B RIA D E PR, RYIABISTE & &F 3R A5+ 1
rh B & 3% 4 B (Khandelwal et al., 2010). X /N7 fi i
abi3F ALK BEAT LIS B o M, HEIABISIE L
2 miRNAs #ta-siRNAs [ 32 14 1fij 3843 i 14 (Xia et
al., 2016). A Al 2 b5 i A A28 X 58 BROR
(iTRAQ), KI/NrHisEabi3sR A& LEAE (A . fidE
it A DA e T J A 5% 2R 1 28 ke AR W SR AR, IR SEAE YD
W ABI3 5 S SRk A3 it T 1 0T e B A AE A B s AR
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(Yotsui et al., 2016). & EEAEHABISTEAKIRAF T T
YT RAFE B EAE . WEAEREA, MU Srmiss b v e )
3MABIZHEK, i B RIE N RAF R S5 7R, PpABI3
JE ABATE 5 T Vi 2 R 3R 0 FH SR A5 12k 1y o 25 A
(Marella et al., 2006; Khandelwal et al., 2010). A<
Fi LA U A5 8 A ORL, e BE T ScABI3HE R I 1
pCAMBIA1301-ScABI3F ik H Ak, FK13 HH M 1) % 5=
L EE SR R . SRR, RUiid R1A5 ScABI3HE [ fig
i SR BRI R T S LR Y, I SR P R 1

1 #MR5HE

1.1 EPMRIRIER&ES

7T (Arabidopsis thaliana L.)* ] Columbia’f 2574,
B F 4 fF: 22°C, JeMERE 9100 pmol-m™2s™",
JEH 16N S HE/8 /N IR, AH TR D960 %

1.2 HEYFEBHEUERREITEERL

M4 14 Jif 75 &% (Syntrichia caninervis Mitt.)%% 5% 4015
& (NCBI, SRA%#& FE, accession number: SRP
150575) ¥ it 514, 43 AlfE B FiESI P A Sall
M KpnlBEUIAL i o LAY 7R 88 5 AL 31 S 527K 24/t
f\IcDNA N HiHR, 41T Reverse Transcription PCR,
T 15 51 SCABISHE F ICDS 41l (4 K:1 695 bp). i
i Sall A1 Kpnl S )4 A 5254 8 4 pCAMBIA1301,
52 pCAMBIA1301-ScABI3id # A 4 A 2 . %
R Bl AL o 25 41 50k 3% N R AT 1 (Agrobacterium
tumefaciens) EHA105. KR ACIERAT B A LG 7
WAL AL . ¥4 SCABISE BN FE T To M FEESH
50 mg-L ™I E R IR IR iRk, HERET,
RELER R, HATREE

1.3 HEENEFEE

i B B 2 0 34 B 7R B b 1) 6 BH AR AR AT RS
A K AR G SR F DNA, %R 51 #13ETPCR
R, BN ScABI3RE R LR B NPLRE I+ o 48 5 Bl
MLEEL 3N PHPERERR, A4 ALine 1. Line 2ffiLine 3,
* I SYBR Premix Ex Taq Il %t & &5 &
(TaKaRa, Cat No.RR820), Lla-tublin’y %3,
FqRT-PCRJ7 v I %% i R 40L 5 7+ H ScABI3EE A (1)
RiLE.

1.4 HERMNEFTSILRESKIGFAENE

¥ F300 mmol-L™"H & i (mannitol )35 i &b ¥ 3 K LA
BEUL 5 38 o 38 HT 5 P ) D A Y
(WT)FEE I, DVEURER S AT [ 52 o VR RImE 4
SEAbHE . GBI R GRS, NPT R L%
10150, FHimage JEAM &S ALK E S % E
(AL B8 LR T 40 P B P R R B K )

W HUEH 2 4F FAEKEARR P B IR, 16
4+(10:00-11:00), HARGEE, 25°CF, A A 4550
A I 5E A% (L1-6400), 1l 5 5 J5 PR AT WIT il 2 -
A 66 TR (Pa) R 28BS %(T,), EHESIK, THHK
43 R H 2R (WUE)=P,/T,.

1.5 HERBEFABARENE
FHRREMME I T RE, BAERIAEKE4EE,
F1300 mmol-L™"H 2 i 4k ¥ 3 K J5 IURE, 5 B8 SCHk
(Shinde et al., 2012)#k3E /732, K H 8 = BORAH ik -
J7i i 32 (Ultra performance liquid chromatography-
mass spectrometry, UPLC-MS)Jll & N JHABA S & .

1.6 HEERMBETHTFREZKKEMNE

B IEHE &M FAEKE4AB MM ITEIEREK, BA
T RAL B4R 5 MEREAR K S, Gt AFiE . T
WA AT R LR T B BT HOR /N A R
0.5 gk, L RIFRE, HIRME, BATE, MR
PERFFTE60% . JEFEBANET[A] £5(0.5. 1. 2. 3. 4. 5.
6FI8/INET), F3 IARE, THEARNNA] SRR A R
K FR=(dpe ) F—f I (7] gt B i) b L i RSB
R10REK.

1.7 HEREFIEEMET HERERRNE
WEIEW AMHTAKE4R BB MEIT, H
300 mmol-L ™" H FE Ml AbFH3 K . 43 5t b BRI I
HHTHURE, 2R T R AE ) TR 78 BT A 7= 1l
&, SRR Ay 6ok B v e 9 % (Cat No.
A003-3)#I1H,0, (Cat No.A064-1)% & LA K &L
I AL (SOD) (Cat No.A001-1)A1iE &AL ¥fiE(POD)
(Cat No.A084-3)iF% 1k .

1.8 Gita4h
i FH SPSS18.0% 11X B 14T #. FRI 38 7 22 7 J 2
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5 2 # A 56 (One-way ANOVA, *FR £ 7 B #
(P<0.05); **3&/~ 2 F i % (P<0.01)).

2 #R5iTe

21 ScABRB#HERAMMIFTIRIEHKRLEE
PCR4 IR IR, AHENMEIEFW IR R(KIET. 3.
4. SFI6)RIM A PHME, &BHEXTpCAMBIA-ScABI3
JIRL 5%t (PR IE 7) R /NAR [, T WTRE R R AGE I 2%
i, R ScABI3H:H T Ll NAUE I (K1) . L
IR IR FE LRI P PR T, LA WS Ao AbRE, SRR
RNAJ5 Jx ¥ 5 A cDNA, | H qRT-PCR#E — 2 #f &
ScABISTE R LRI FE I+ R IE KT (E2).

22 #HEARWUBEFSARERKSFAE

B FL DR AU RS T AW E X BN H 8 i Ab 2 R IR FL R
RINEFTR . TEIET %M T, FREEMEITFHIWTR
FLOR DA A RN 76 H SRR AL B, WTHIHES
FLAR AU BA TR, T B R AR LR B R L
SRR B /N (B 3) o S A LA B 0 i B AT 0
RIAE TEH S AN T BE BE AL BT, A 6k DR RE AR (B
Line 3M LKA R E = TWT (Kl4A, B). EH
ST, B DR PR B AR (mm ) LR IR
TWT (KI5A, B); FEEAWTH RMWUET &% %
%, TRAM14R)E, FHEMNEKRWUERZ ST
WT, ZIAWTHI265(KI5C), XAl feS TR 54 N

Control

Mannitol treatment

B3 AR RO A R (WT UL S+ 7 T A B R B <AL R R
Bars=2 ym
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Figure 1 PCR test of ScABI3 overexpression transgenic
Arabidopsis

M: DL2000 marker; 1-6: Transgenic lines; 7: Positive control;
8: Wild type

120

100 *x T

80+

60

40

Relative expression level

20

0
WT Line1 Line2 Line3
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** RORFEEFE (P<0.01).

Figure 2 Expression level of ScABI3 in leave of Arabidop-
sis transgenic lines
** indicate extremely significant differences at P<0.01.

Figure 3 Stomata phenotype of the transgenic Arabidopsis and wild type (WT) under mannitol treatment

Bars=2 ym
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* RINZE R (P<0.05), ** FNZE R (P<0.01).

Figure 4 Stomata length (A) and width (B) of the transgenic Arabidopsis and wild type (WT) under mannitol treatment
* indicate significant differences at P<0.05, ** indicate extremely significant differences at P<0.01.

T CJOWT [OLine 1 ® Line 2 M Line 3
300_ _T_ 25—
250 4 T T 204 :
€ 200 N CE’ i5
® =
® 150 E
5 3 104
» 100 - % |
50 - g 05
0 0

WT Line1 Line2 Line3 Control Mannitol treatment

BI5 e SR AN S A T (WT )0 o I FL % LA K 20 A 2 (WUE)
(A) B[R (7 )R BF 26 R (A ) AR S A AR B (K <FLER H s (B) e SRR ET A BB 7 S fr T A FL B H it (C) e Ak
TR PR RV A TRDU R T K 2 R 6 AT B 3 Sk FR 7R AL ¢ ROR 2257 1935 (P<0.05), ** KR 2 57 M. % (P<0.01). (A) Bars=10 pm

Figure 5 The stomatal density and water use efficiency (WUE) in the transgenic Arabidopsis and wild type (WT)
(A) Stomatal number of transgenic (left) Arabidopsis and WT (right); (B) Stomatal number statistics of the transgenic Ara-
bidopsis and WT; (C) WUE of transgenic Arabidopsis and WT under mannitol treatment. The red arrows indicate stomatas; *
indicate significant differences at P<0.05, ** indicate extremely significant differences at P<0.01. (A) Bars=10 pm

SRR T B R g%, BATIRSE 23 SEEMETREABASE MG
R, SCABIHIEM MR F A ALILERIK, BATI 48 TE 3 40 F, ScABIBE: SR HRIWT Jy JEABA L
BUILHCRR D, HHoK 2R s BEREER., EHHRAET, SCABISKER %k
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25| AR N TRABA S & W 8 T = (E16).
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Figure 6 The content of ABA in the transgenic Arabidopsis
and wild type (WT) under mannitol treatment
** indicate extremely significant differences at P<0.01.
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KR EFTWT (BI7B). 5 HE N bk R FIWT & R F 2%
KN E 45 R (ETC) R, T10.5/NN kK 28 2
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Figure 7 Comparisons of the transgenic Arabidopsis and wild type (WT) under drought stress
Phenotype (A), survival rate (B), water loss rate (C) and the phenotype of water loss to detached leaves (D) of the transgenic
plant and WT under drought stress. * indicate significant differences at P<0.05. (A) Bars=2 cm; (D) Bars=10 mm
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Figure 8 Physiological indicators of the transgenic Arabidopsis and wild type (WT) under mannitol stress
(A) Superoxide dismutase (SOD) activity; (B) Peroxidase (POD) activity; (C) H.O, contents; (D) Malondialdehyde (MDA) con-
tents. * indicate significant differences at P<0.05, ** indicate extremely significant differences at P<0.01.

2.6 itig
& BE QR A W MK AE 3 Bt 2B 338 1k 1) G BT 45 (Oliver
etal., 2004). A 7REE1E Y TEBIIN 15 &, SR
A S T FE AR T T 2E BRN 43 7 ML A B AR R
F(Wood and Oliver, 2004; Wu et al., 2012). ABA
e—FUEHMEEE, WEAE T SSEY T, [/
BE X 5 5 T ABAR T RERE 5T A4 W46 . ABI3 2
ABA(fE 5 il i T 1 B B S R, TERP T BUAFI 3RS
i 4 7 TG K 4% 2 AR (M6nke et al., 2012). 7E4H
YT BRI K ABISZE IR 55 3% R IA, 1E 2K RIL &
B A% 1 =5 (Bedi et al., 2016). Y5 % ik ABI3HE K £E 4+
TRABAKLHE R £ 5 350 2H 4 b 14 5 M e SR R 1)
N R, R A 2Pk PR IR e
et al., 2001).

AL 5 S FEBEAT ST K 3 38 e 1) E
WE, Myl S LSS R A S AR

(Tamminen

H, Z R4 5L LK A IRABALL B ] 5] RSk
MIEABAK T+ =i (Yu et al., 2008). ABAE S5 fLE
B G5 &7 241G 5 7 3 ST S B ER A1
i), R R 22 FRAE S A R T DR A R D
SE(EMEFSE, 2019). ABAL)BEBRIE R AL haba2-27
/N, B 3 B2 1 B AU, 2 A2 20 2 40 P R T2 400 it B 41
i, SFLECE B, R Ay 6 AR N (F A,
2018). fEABAIZE R ¥icyp707a1lcyp707a3X 5
AR B SNIR G INABART S FL4niu % H A /b, JFH
SECR LAY R, RIHABAE MR AMUE S
ALK AT B AN HI S LK B (Tanaka et al., 2013). 4
W TR, 7RIS I i & 3Kk ScABISEE K 2 B AR
MR SILR B REE, ZASRIL TR SALKE S
FEXER . A7 AR AL ek DL AR R 7K 20 1 26
PRy, AT SR AR PR 0 i 4 (I 3-5) . RIS, 1EA
ABA(E S A2 B LN, Rl R I+ id Rk ScABI3,
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B AR ZM T HA S5 A JRABA S & 11 23548
b, 1H2452 3T 23 5, ScABISHEIL Kt #k - ABA
RN ZEETWT (K6), 38t FRikABI3E:F Ay
REVE S ABAS I EAR I 7, FH b4 DI ScABI3#4 5%
R FIE I VA TR A5 5 5 & U B2 R T REAETE “ 22 X
&

o} B JE DR UL B i P AT A A, AT R IILAE B
T S AL FR B A K S G R, e S DR AU RS ST A
FIH TS AR T A UK & (K17), KB ScABI3HE
DA ] B ad i P SRk e i) 7 R s Bk o ik — 254y
BT SE DA PR T A0 3 R AR G AR B FR A, 25 5
N, H i Ak BN A ik DR 40 RS 7T SOD A POD 3 14
B 15, MDARITH O & & I, 2T H B ey (13 12 4
(ROS)iE Fr e 71 (E18), HEill it & 3K 1A ScABI3H: K] 3
FUROS I 5 [H 7 35 % M 5l 3 i VS M 38 5, ROSYE
SRAEJIIG R, NI (A1 HE 2 R AR I BT 51

g L RTIR, 58T REARLE, B BRI K IR USR]
TR 52 1 B AT AN [ (R S, 33K G S L S A 45
I RBENLE o D R — PP AR K VR 5 6%, fgid
Lt MR, I L A T (0 i B2 . ASHIE SRS
1] B ScABI3%: K 2 5 1 45 fH#) <AL BLATK 43 F1
B, 8T 52 5= ROSIE B BE /7 A FE Ak HL A 8 = it
B W90 R AT RIR NN ABATE & R it T
FEH 23 T LB RIE 5 3 S AL 35 2o

23k
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Heterologous Overexpression of Desiccation-tolerance Moss
ScABI3 Gene Changes Stomatal Phenotype and Improves
Drought Resistance in Transgenic Arabidopsis

Yigong Zhang1, Yi Zhang1, Ayibaiheremu Mutailifu”, Daoyuan Zhangz*

1Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, College of Life Science and Technology,
Xinjiang University, Urumqi 830046, China; 2Conservation and Utilization of Plant Gene Resources,
Key Laboratory of Xinjiang, Urumqi 830011, China

Abstract ABI3 is a key transcriptional factor of the ABA signaling pathway, which is involved in seed dormancy, plastid
development, and desiccation tolerance of bryophytes, and plays an important role in the stress tolerance of plant. This
study obtained three independent pCAMBIA1301-ScABI3 transgenic Arabidopsis homozygous lines. The results showed
that transgenic plants increased leaf stomata diameter, reduced the number of stomata in unit area, and improved plant
water use efficiency; transgenic plants survival rate was significantly higher than wild type (WT) after 14 days of drought
treatment; the water loss rate of transgenic leaves was significantly lower than that of WT. Further research has found that
ScABI3 transgenic plants had higher drought resistance characteristics by improving reactive oxygen species (ROS)
scavenging ability. These results may be contributed to the development and utilization of genetic resources of desert
plants, also provide the theoretical and practical base for molecular breeding.
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