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AT dmard abf35375 8 3T AB A BYSURL M RO 214 BE

TR, WA, R, W, KR, R, 2R R
S MY K AR B2 2208, | AR Y K & B TR B =, 510631

WE: AR RALEAT AR P8 T-DNAEA R T HRIF T 0 d I~(drabidopsis thaliana) R EARdmard, HA%
4 KA ABARRSLS . ¥ T Ahdmard5 abf3 22 35, #—F AT R T ARSI ABABCRS M Fodit F MY, v I
ABAfZ 5 @35 6915 A . 4 R AW, ABARIE T, dmard abf349 46 0e  BARA K 52 A A (Co) R R F £ 77,
ABAS B MAK T dmardi & Tabf3. FF-5KFE¥ 4R RN, dnard abf389 4 7% % 5ColdEin, ¥k TFdmard®
Fabf3, dmard abf3HARA N 7 P R (ROS)AE A48 AL M (LEE(SOD). i AL A B (CAT). LAY B
(POD)i&E M 341k Z ZColK-F. dmard abf33 R HARF ABF3. RD29A. RD29BH P & A 5 Col#a4i, fEabf3F X
3N B &K TR, dnard 3 £, vA L FI &R, dmard3 5V B abf33 ABA B SR B T4 B 69 68

71, #EMDMARD # ABALE 5 F 64—/~ 1A B F, 15 FTABF38) 545 L4,
KA BB A dmard abf3 R TAR; ABASUBR M ; & F- M 48

T 32 21| 71 T P4 858 52 W Isf 2 SO AR 4 77 A —
FAN L, W05 BaE 5| R A 44 i 7% 2 (abscisic
acid, ABA)E 52151k . WF TR WIS T+ (4rabi-
dopsis thaliana) " ICK1. rd29B. rabl8%5HTii Mk
R 1) JE Bl XA AE R S I ABA R 2 T (ABA
responsive element, ABRE), NABA/E 5 1 br &3
P(Kang2002). AREB/ABF/2bZIPK/E T T,
" LIS ABREZS &, W0 T 5 HE T ABAT G ) 3
[R#14(Choi%%2000), bZIP2SH: %A Tl A ABF1 1
HZ5CR . ABAE N X N; ABF2/AREBI .
ABF3. ABF4LZZ 5 TR, mih. KR, .
ABASAL M8 NLE SN (B #552009) o UL R 7 I
FiXABF2/AREB1. ABF3fIABF4HY, fHiKXTABA
() RBURK I B LR, IX SEbZIPIE L SR T /2 ABA
W PEAE T T IE % B 1 (Kang&$2002; Fujitass
2005). XIPEEQ2012)HF 7T 27K, abf3 (ABA response
element binding factor 3)FAERF IR A B FLA
e, X AN ABARNBUR .

A AL B (superoxide dismutase, SOD).
PR MR 44 W) B (ascorbate peroxidase, APX).
AL A W (catalase, CAT). 2t H KL 5 (gluta-
thione reductase, GR). it EPiIA MLFRILE 5 (dehy-
droascorbate reductase, DHAR). 2+t H BkS-##
I (glutathione S-transferase, GST)FIZ: B H ki %
) (glutathione peroxidase, GPX)J& T Hi A1
A, Foad Bk n] LU 05 Bt i A 17
444 (reactive oxygen species, ROS), & &£ Fi{EY)
X AE P b aE ) P (R 8 552013) . FEYEE

T e I I £ B EROS H I =P I A= 1, TRk
AR o XL AL S Y Bl A R A
T(03)~ ##H HZE(-OH)ATH, 0,55 (R Wk H2011).
O; A [ A b B o B S S 804k i H, 0, (FE 75 85
££2001). SOD#4LO; JE HH,0,#10,, H,0,F 7£
CAT. PODFERIFE T A NH,0M0,, Mif A
ROSIHEFHEH .

BAERTIARE 7, R T-DNAJG N 7723515
L Tr A R dmard (defective mitochondrial tran-
scription termination factor acquire resistance to
drought), K dmard{F1EW BB AL HIH- 21
BREZERA . dnard2li & 3T 1EEK I NABA
TR BB A S T R 2 . T i e DMARDJE ]
e NABARESE 5 HIRIE BT, Rrdmard AL
5 abf3RAZNRIRAL, itSdmard abf3XURAZE, X
W R AR AT 25 58 I i, SRAT A0 G XURAZ K
AT R T AU Trdmard abf3R AR HIABA
FRURAE AT 12 B8, RV dmard 275 W] LK K abf3
I ABARRURE A AL RE, DASH A7 AR 1 R
B, i i€ DMARDSE X 72 AB AR 12 [ 26 Hh f) b sz
FEH
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1.1 &R

fLFd I+ (Arabidopsis thaliana L.)"E 75 Colum-
bia-0 (Col) & A8k dmard. abf3. dmard abf3 N7/
SO IR IRARAT . 1R IRLI%E(2013) 1 7 V1% F- 1
T, F75% B R(50.5% Triton X-100)%} 5,
FA T Fh T EAT L 5, oK Sl puE SR
TJa, B2 T 12MSE 36 P . 4°CIE 2 dide
ITHEMAL T . IR T4 T (BRI B v22°C/
20°C, J6HE FHA 16 holtFE/8 hZRIE, “FHJHEE N40%~
60%)157%6 dJF, K AL E KR 7= L h R 7% .
1.2 DNAZEU R PCREE

Wdmard abf31FGF M 110.8 g, R FHIR EE VR
LR R 4IDNA . 15 2 [JDNA F TG & /K ¥ ik,
28 1% 35 HE WE R A HL UKk 45 8 R AR A . 2 B XS 3k 55
(2016) /723 ATPCRESIE, BT 519 W3R 1.

1.3 FEGFER, FREMBEKLLRNE

Wi T B IR R AR K 4R (22°C, 16 hsli/
8 hEEmS, MXTEE60%) T, KA 6~8 H i, Fek &
TIEAF KA, REEREFR20 d, HITEOR R H A I
W IR, K, IEW RIS ARGt AAE R, #
HELELR,

Ry E ST BE A0, 0.5, 2 umol-L!
ABA1/2MS[E A5 775 |, MR RSOMF 1.
A CUKFE TP B2 d)5, R B TT i 7%
%, TIEH%AT(22°C, 16 hG /8 hIRIE, AHX I E
60%) N 5957 dJa, it iR . mE3R.

FhF9H 55 5 TR 0N R B 11 1/2MS [ 44 1%
Frdk b, TACUKFEFHEALEE2 d, BUH TP rE
FERBRERIR & IERKRREBEENY TS
Z R0, 10, 50 umol-L' ABA[]1/2MS [ {4
BrIREE B (5 0.8%IMBERE), JFR PR ER 7R, 7d

#1 PCRE Edmard abf33 ISR T I 5140

Table 1 PCR primers used to identify the dmard abf3
double mutant

S I EI(5'—3)
DMARD

F: TGGCTGAGCTGATGGCAATCTTCAC

R: GCAGAGACTGAAGAGTTGGAATTGGG
ABF3 F: GGGTCTAGATTAAACTTCAA

R: CCAGGGACCCGTCAATGTCC

T-DNA R: ATGATATTCGGCAAGCAGGCATCGC

Ja & FARAKE, F SonyFII6 S AHHL(http:/www.
sony.com.cn/)f1H% ERAEKNE M, Fiithm T EH
KR ERKEEER %)= IMAFKEABAY
BB FARK AR INABA-AR_E 1) E A K)<100%.
1.4 SOD. CAT. PODEMME

SODVEMER H be eyl sE, i A A R4
22001 5T B (http://www.foodgs.cn/) ] SO DA Ml
FIE(S311), 5E A BS RA &y 15. CATH
PODYE VAL FH B 5 il A ) TR 5 (http://www.
njjcbio.com/) 1 CAT IR 7 £ (A007-2) FIPOD IR 7 &
(A084-1)FEAT I 5E , Wl 72 2 PR 2 MR v W]
1.5 DABREFINBTRE

KR4 0R JAEDAB Y (. (770.02 mol-L™
Mg Eh 2. 1 mg-mL"' DAB)H, 1 %%5 min,
RGBT REFES b, SRRl h, B, A
95% LT, BRI #2223 (0, 4 4R, AR ¢80 S 8] A W 56
e OB, WREOFHEBIE. BRI TNBTH
B (450 mol-L™" Tris-HCl. 10 mol-L"' &%,
B4, 0.1% NBT)H, $li #1755 min, FEARE TR 1.5
h, Ryt fr e B, FEOL INN95% LIE, BE /KN
MBSO, ORI ANER AR, BO5
EEEEERCH
1.6 EEFTIEEM

ZIRI5 RIRAEQ2017) 71 N RAZ R FI Col ek
PEHUERNA . K TaKaRa [ 5% 55 1807 &5 A licDNA,
SRS %€ 8 PCR (real time quantitative RCR, RT-gPCR)
R R IR 7K. B AR 9ABI 7500 PRISM
real-time PCR system (http://www.appliedbiosystems.
com.cn/). IR T 2 HOCHR (MR AR 552017), fa
TR 514 W22 .

2 RT-qPCRAG IR 71 AR S JE RERAA T K 51 4
Table 2 RT-qPCR primers for detection of related gene

expression in Arabidopsis

FEA SIFFI(5'—3)
Actin F: GATTGGAATGGAAGCTGCTG
R: CGGTCAGCAATACCAGGGAA
ABF3 F: TGTCTCACGGCTTTGGAT

R: ATCCTCCTTCATCAGCTC

RD294 F: CTTGTCGACGAGAAGCAAAGAA
R: TCTTGATGGAGAATTCGTGTCC
RD29B F: TTCTGACCACACCAAACCCAT

R: CAGCCAGTGCCTCATGTCC
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17 Ja 855

HE2FT WL, 7EIE& A KE LT, R IT A
A FNCol bk & (143 IR 2R 1 100%; 7£0.5 pmol-L™
ABAKLEER, dmard abf311 2% 2% 5 ColfHilt, abf3
. Colfi%, dmardlLt.Cols:; Mi#E2 umol-L™" ABAALH
T, Bk RGMHEIN0, 1X K Habf35F ABARUK
PEAK, dmard*t ABABUBE 51, dmard S5abf324%8 )5,
dmard{E— EFEE LK E abf3%F ABA R HUAE:

K35 R, 7108550 pmol L' ABALLFE T,
RAKEE L 2] . dmard abf3HR 4 KA FE
5 ColM Eb 2 F A K, abf3H.Colfik, dmardtt.Col
o

M EA - ABABBUB 25 5 73 b1 15 1, dmard abf3

RAZENT AN IR ABA I BUBME & T abf3, BT
dmard, Vi dmardft — 2 E LIKE T abf3%f
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2.2 dmard abf35RT RN BRENIRS

SRS FE G AR R I Col4h 1 75 T 3T 220 dJs
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Fig.1 Identification of the dmard abf3 mutant line by PCR

M: DL2000 DNA marker; 1: DMARDI}:[K 4K 2: dmard
T-DNA$HANKER; 3: ABF3HEH 42K ; 4: abf3 T-DNAJEA
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Fig.2 The green embryo rate of dmard abf3

at different concentrations of ABA
"dmard 5 Col8abf3% 5 5.3 (P<0.05); "dmard 5jdmard abf3%
& #(P<0.05),

iR 5Colilr, Y& Tdmard, =T abf3, dmard
A5 e (B 4) . R abf3H1 58 /1 Col s,
dmard i 568 71 L Colit; dmard 5abf32%8 A,
dmard(E—EFEE LWE T abf3PTREE ST
2.3 dmard abf3ZRTIRINENRETIIRS

S M LR TR R AR M Col B 1 (ISOD . CAT
FPODIE M, 45 EK M, dmard abf3FEARAK P BEE
PE K 2 Col/KF(E5). SODJF I 5NBT 4
45 B (B 6)— 5, K WISODE MR &, HbkAR A
RO /b

X R 48 hifIHl e I+ 5 AR MR Col %)) i 4T
NBTAHIDABY:fh, 45 R BIR, dmard abf3 545 {4k
5 ColtHtL, KN O; MH,0, I RZERA K, £
dmard abf3fERIEAROSE & 5 Col/KF—FL;
dmardf Z8 2 1O, , AEIH,0,; abf3F R
/LIIO3, (HH,0,5: % (K16).

3B AL B S PR DL R ROS & = 1 &5
R W3, dmard abf3 AR I E A P BEE M L
JROS % 815 5 Col il B dmard il £ — & FE
WK E abf3I BT AALRE
2.4 dmard abf312 S ABAESEEREHFRIE

Sof 40 R I AR A4 T C ol ik & v ik [R] (14 22 34
17N, dmard abf3RRAEHEL Coltk RABASE 5
FHRFE K ABF3 Je H N ¥EFE NI RD294 RD29BIY]
FEMEL; HColtb#, abf3HHABF3. RD29A.
RD29BFEIRI Fik 15 R, dmard T 35) FiR(ET).
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Fig.3 Effects of ABA concentration on root growth phenotype (A) and root length ratio (B) of the dmard abf3 mutant
"Col 5 abf375 5 5.3 (P<0.05); "dmard S5 dmard abf3% 5t 5.3 (P<0.05)

3 g

it B RIE W ITABF3 LR m IR ABATY
BRURE, (R3S LR TR BRI IR 26, AT 42 15
FLY T 52 (0 7 (Kang52002; FujitaZ$2005).
abf3TAZENT ABAN UK, A 2. AT
ABAKCFR N A5 (Kkdmard abf3. abf3Fdmard/f) %3
R FIR A KRB, IR T TR EEAKERT
BEER, RIlabf35%F ABARURIEAR, P68 159;

dmardXf ABARURE &, U8 J158; dmard 5 abf3
WA JG, dmardn] (E— EFEE LK E abf3%T ABALY)
TR RN PR AE J1. LiZR(2013)46 H, st ik
PN 0 AU T T RRE O T Ui R IR (R R0k, TT DAY
SR S . FRATIE T dmard abf3. abf3F1
dmardFZZZ R SOD. CAT. PODVE:, K¥ldmard
abf3RERRA A 3R B IS 1 2K 2 B ColK P [AII
IEIINBTHIDAB 4 4 B £ 7~ O; FITH,0,1X 7 Ff
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Fig.4 Survival rate of the dmard abf3 mutant
after 20 days’ drought stress
"Col5abf375 7 58 (P<0.05); “abf3 Sdmard 7 5 5% (P<0.05);
“dmardtjdmard abf3% 5 5. %% (P<0.05) .

ROSTE &Pk R 40 H IR R A A G 5. OF Al LA
H KB ESODYE A F B4k i H,0,, H #TAAH,0,
M EZERIROS, LIHAROSTERE, REWBIHAT
K H B4 B (MollerfllSweetlove 2010; Bi%5:2017).
H,O,7ECAT. PODZ{EH T #4k NH,0F10,, M
1M FEAAE R AR W ROS S & . dmard 1 H,0, R &
fiX, A W] e tHPODYE M = fr#t. NBTHIDABH:
KM dmard abf3FERAEPROSE &K E £ Col/KF,
Ut B dmard— € F2 FE_F K abf3HHTE A RE
ABF3 2 ABA(E 5 1 4% X 4%t OGB4 1 Uife 1
BT, I HEABAN T B Y)AR A K Aok B 22
YEFI(Li%52016) . RD29A RIS 1T F i % S
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Fig.5 SOD, CAT and POD activities in the dmard abf3 mutant
"Col 5abf37: 5 8.3 (P<0.05); "dmard 5dmard abf3%: 5 3.3
(P<0.05).

FarHR, HRAZ TR, S, KESUEN
il i S (R M6 22005). RD29BRK B8 T/
FIh A — S B 2 0 B B R O, Wi SRR
ABA N 7oA, 1% 8 31 =& H RiE 05 5 S
BB B+, 183 ¥ AL R AR Rr 08 PR B 2 R R Rk 7
AR R PR (1 R E2010) . AL SR 5 B B,
dmard abf3ABF3. RD294. RD29BR:[A 11k
5 ColtHikr, X Lo K fEabf3rh 1L 55, fEdmard
R RIEY) Bl Rk REERH, DMARDR) 5%
K T84y % ABF3f1%, DMARDAIABFE3 3L [ {1
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Fig.6 The staining of O; and H,0, in the dmard abf3 mutant
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Fig.7 The related gene expression in the dmard abf3 mutant
" Col 5abf3 72 At i3 (P<0.01); “dmard 5 dmard abf3%: 5% 5.3 (P<0.01).

2, dmard abf397FR M ABARRURM: . PR
HE 1355 Col AHRL, 3X 5 BT S A g vi% 1tk S AH 55 R il
HRMRIEPIFE & A Ko DmardfE—EFEE Ik
K abf3%f ABA USRI K Bt AL RE D, 1E
ABAfE Sl ", DMARDA] g /e ABA(H 5 i —
AR T, E N ABFE3 B R FAE/EH . E
JEDMARDK T ABF3 & % D it (1) B A 231 B
AUE @A Rk — B A .
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ABA sensitivity and drought tolerance of Arabidopsis dmard abf3
mutant

HUANG Shu-Yan, FENG Jin-Xin, CHEN Jia-Yi, PAN Shi-Yu, ZHANG Yu-Min, CHEN Jian-Pu, LI
Ling’, LI Xiao-Yun’

Guangdong Provincial Key Laboratory of Biotechnology for Plant Development, School of Life Sciences, South China
Normal University, Guangzhou 510631, China

Abstract: In previous study, an Arabidopsis thaliana loss-of-function mutant dmard (defective mitochondrial
transcription termination factor acquire resistance to drought) was obtained through a T-DNA insertion mutation
screening, and the root growth of dmard was hypersensitive to ABA. To further determine the function of
DMARD gene, ABA response and drought tolerance were observed in the double mutant, which was made by
crossing dmard with the abf3, an ABA response element binding factor 3 gene defective mutant. The results
showed that under the treatment of ABA, the green embryo rate and root growth of seedlings were not signifi-
cantly different between the dmard abf3 and Col, while dmard abf3 was lower than dmard and higher than abf3.
The drought resistance of dmard abf3 was lower than that of dmard and higher than that of abf3, but dmard abf3
was similar to Col, according to the survival rate of plants under drought-rehydration treatment. Furthermore, the
content of reactive oxygen species (ROS) and activities of superoxide dismutase (SOD), catalase (CAT) and per-
oxidase (POD) were detected in dmard abf3 and Col plants, indicating that antioxidant level of dmard abf3 was
close to that of Col. Besides, the expression levels of ABF3, RD29A4 and RD29B genes were also recovered to
Col in dmard abf3, while all of these genes were upregulated in dmard and were downregulated in abf3. Taken
together, the ABA response and antioxidant ability of abf3 were partly restored by losing of DMARD function,
which indicates that DMARD is a negative feedback factor in ABA signalling and epistatic to ABF3.

Key words: Arabidopsis; dmard abf3 mutant; ABA sensitivity; drought resistance
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