HE¥2#4% Chinese Bulletin of Botany 2020, 55 (2): 137-146, www.chinbullbotany.com
doi: 10.11983/CBB19109

- FARIRE -

W, e, =14

K47, XA, B Hm W
132208, HM 450002

R A R =2 4 R

WE RN A (CDes) AT i 1L B i 21 I & B2 (Cys ) E R AL S (H2S) . 33T 50 F /N 22 (Triticum aestivum) [ L-2
IG5 KL A HE Rl TalCD, 4% HAE UL B9 7T (Arabidopsis thaliana)did ik, i TaLCDX 2% il 444 T Fh 1+ &
MR RAKIFEM, FF o Ho T e R A . SR SR, 3BMHa% T, TaLCDT BB ERM FII AR EZE R THAE
A HHBEEAELAM T, TaLCOY REEHRMR KB EE S TEHAR, ATalCDidRIE B EFRSEKRITEME. HLIh, TaLCD
I Fk RS ABATE INHUK, ABARLEL R TaLCDd Rk A FHT R AR K B TR AR, FREMHa T, TaLCD
o F Ak MR A I B £ K (COR47. RD29A. RAB18HIRD22) K ABAfE 523K (NCED3. HAB1. HAB2. ABI1,
ABI2FIABF2)[\ 2k KP4 53 m T H A A . Rk, TaLCDIE SR FRHT S AT L fE 1 T e K T ABATS 5842,

X$iA  TalCD, 2iEMHA, ABA, BiRAIEK
Sk, XA, BERRT, ZGE, FE (2020). NHTaLCDRED K LILHAE AN/ R4 55, 137-146.

NN R AT T A E(H2S) A 300 2 411 17
s KIALIR, i B HL S PR 0] 28 b A 20 il (6 2%
FALBECIITE RN AR BRI L. EIT AR T 5T
IR, HSF—A WA (NO)FI—E LAk (CO)—FE n] 1
NESHFIRTEMAEKKE . B, JHEHSHT
1 #E < L 5% 1 (Garcia-Mata and Lamattina, 2010;
R ESE, 2011); 125 K5 (Glycine max). £ K(Zea
mays). /N3 (Triticum aestivum)fl#i & (Pisum sa-
tivum) (1) & 2R 54 Ki# % (Dooley et al., 2013); i
TR K E (Jia et al., 2015); /- FHEW ¥ (Zhang
et al., 2011). U4k, HSik RN B F AE VISR A
JpiE . 5140, NaHS (HoSHEAR) AT o2 il . 45 A0S 55 B
4 J8 W 180T /)N 22 b B RORN 4 P AR 1R 00 2808
(Zhang et al.,, 2008, 2010a, 2010b); 2% fif K%
(Hordeum vulgare)ia 23 % (Chen et al., 2013);
1 3% 4] 5 (Nicotiana tabacum) 2 7% 41 fitd 76 = iR b 38
TR K AEKEE AL et al., 2012); & EE
(Medicago sativa)F—¥-if & i (1) £5 14 (Wang et al.,
2012); #3550 4 #(Cynodon dactylon)f £h i . &
7 il P ARIR P (Shi et al., 2013); ZfR/NET

Woke H 9: 2019-06-14; #2252 H #1: 2019-11-05

E i (Li et al., 2015).

TE AR PR HLS 5 22 b 2 2 IR 0 5 2 B (cy's-
teine desulphydrase, CDes)# 1t [% fi 2 Bt & R
(Cys)4: . CDesfEMEY)H FEAH2F A LIL-Cys
VD HIL-F e 2 B2 I 35 2 g (LCD) #1 LA D-Cys A ik
W) D-2F Bt & R I 57 4 i (DCD) . LCD FIDCD 4 g 18
b B i 2 e R 77 A2 HLS, DCD 3= %5 A3 76 4 Jfa i,
LCDAEAE T M- 2R R 2 ki & 1 (Guo et al., 2016).
CDesx WA KB S AR AP i ma v B A = 224
TEH . B, 7E KM (Escherichia coli)BL21
Wi Gk L P ST D/ILCDes%: [X, RE 1 58 BL21 5% Cd
[T 52 1, k2 HoOL A A — % (MDA) [ 7= 4= (Shen
etal., 2012). g I+ XU R A f&lcd/ded b B A4 AL %)+
E WK Jin et al., 2013; Shi et al., 2015), i
AtD/LCDes it 3 ik 1 Pk B A Bk 1) Pt F P (Shi et
al., 2015). LCDZE K i 5 % ik o] 34 5 0L 5 7F %) Cr®*
R I HUE; AR, led 948 fR %t Cr® B s (Fang et
al., 2017).

MEMRER, H)SZ 5ABAS 5# Sk . &
T.(Vicia faba). fLhF§7T 27 AU lli(Impatiens walleri-
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ana)H IR AR B, HoSHE ik 2 e R i< LG A
ok FE AT R I 1T ABCHL 2 7 2 5K ABATIE 5
#1t. ftaba3flabil RAfA&H, AtLCDHE K RKIEKI
BEAR, PIIRHLSE S im/b, 1 ABAS 14K F {Eatlcd 5
Atk FiRRIE, fENaHS (HSHR)A 35 il #%
ik(Jin et al., 2013). LR IF R AKIcd AL 2%
RTEFAER, X1 2 Wil iUk, fiNaHS if {2 i
aba3fllabil AR ALK ], ABATS T 1 SALKH
TEIcd AR TR A TR 55 (Jin et al., 2013). HySXf /N
T E I (2 AR A FH A0 2 (Ol T ABA(E 5 & 1%, T
AR, NaHSH I F5ABATS 5 i 2 M e R K ik
(Li et al., 2017), #F/NEH FHABAS LIS
REEFFRIL, RPABAG BA AR CEE A FiRIA
(Ma et al., 2016).

HSTEM Y A D) RE LR B 2 AL, (2
BRI Hy SR L HoSI B 77 B H, S & i il 771 55 41
TR AT T, N R HLS IR 38 % 2 i A i D
CDes 2 M4 W 5 H,S 72 A4 ) F Bk IR, /LR I+
£ FID-FL-CDes, Fxf HAHS I BEHEAT %552 o 1
J&, M3 (Brassica napus) ILCDH# 77 FE (Xie et
al., 2013). 1HXf/Nzz HH,S;™ 4 B [ CDes A 75 14
ToARIE . AHF 5T e b N LCDHE A, 2 AR T
Xof = 5 A0 R Job )R A FH RO ABAE 5 1R I Y

1 ME5EE

1.1 PSR RALE
PL/NZE (Triticum aestivum L.)¥#% 565 (LH-6) 525
FHE, BUNZEFRI T, FI5% HaO, #3405l 157K ik
5IR, ZETR/KIZILA—6/NIE, SR a1 P TEAE RE i [
. 2K JEH L 2 1/4Hoagland s 773 55
7%, KR N25°C/20°C (HKR/IEA), 14/ 6
10/ 1S, FHXHEE NT0%. 14K 5K /N EFH %
420% PEG6000#1200 mmol-L™" NaClf#& 7
hele35 . 0 T0. 3. 6. 12F124/NEHEURE S HT, LA
BB FRAE N

WP TR LM T KE G, #&ME1E0. 50,
100. 150. 200 mmol-L™" NaCl%.0.5. 1.0 pmol-L™
ABA1/2MSK; 32 % |, 4°CIE 3 K )5, 7£22°C/
20°C. 16/ EHE/8/IN BERE 264 N AE K, AR5 Seit
REZR, AOREMERK . ¥ FF I Fh 5 750 2

12MSE; 74 |, ERAKARE, BHERFE150
#1200 mmol-L™"H 82 B ) 1/2MS 1 35 5 b4k 4K
10K 5 E R K .

1.2 TaLCDZPE. HiFt@RKEENK

MNCBI F # 7k % (Oryza sativa) LCD (XM015757-
751.2)JCDSJF 41, ¥ M7 51 5NCBIH /NEZESTF
FIHEAT RIELE S, 315 AR AU EST A1, A )5
¥ 13 3 () ESTs 7£ PRABI (http://doua.prabi.fr/soft-
ware/cap3)Hf 45 il B K B K P 41, 945 FINCBI)
ORF Finder T E.Xf 3 K f{1 CDS X A& 3 18 5 41l i AT
T, AR E/NELCDEKORFAK . MR#E3RA
[IORF £ %1%t 3| #LCD-F (5-ATGGCGTCGATG-
GCGTC-3'), LCD-R (5'-TCAAGCCAGAGCTTCTT-
GCTTC-3"). LLi& F-6'5 /N3 cDNA KR i3k 17 PCR
P, SR HMERRE B . 258 H DNAMAN
MEGA 6.0 (Tamura et al., 2011)HISMART (Letunic
et al., 2015)5 % H 1) v BOdEAT [FUR EL X, #4 ik
W AT A SR #T

HR 4 I 7 3843 FILCDJF 31, 755 13" % 51 443l
Jn_E-Ncol #1Bgl BR 1] 14 Py U1 B A7 25 3 FF iR 47PCR
P14 . PCRY™ 1743 i Ncol F1B gl R i 4 P 1) Bl o7
MOE B #|pCAMBIA1301 84k [, LA3k1§TaLCDid
FaB AR BRI E AN IR TaLCDi AL IT,
SRAF L BRI A o ASBIE 9T P FH e B DRI 22 N T AR 48
FERIN

1.3 FhFIRLFMRKUZE

TERE TR S E bR RGF R, B K B 55 APhoto-
shop 7.08f . T K FiHATSE. MHRR T
H TR &N 2. BHAHEE D RIRER .

1.4 L-3BEEEER SR EEEENE

L= Jife 0 e Mot 0 225 i vt 1 00 5 2 B Jin %% (201 3) [ 5
. W01 gFffh, FMEWTES 5 I E]E0.9 mL 20
mmol-L™" Tris-HCI (pH8.0) EP#% 1, 4°C. 12 000 xg
010708, BCEIEH AN . 1 mLx SR R EFE:
1.0 mmol-L™" L-*¢t&#%, 2.5 mmol-L™' DTT, 100
mmol-L™" Tris-HCI (pH 8.0)#1200 pL Li& . 37°Cix
J%3043 8k 5 M 100 pL 30 mmol-L™" FeCls (7 T-1.2
mmol-L™" HCI)F1100 pL 20 mmol-L™" N,N-— Fi -
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H W T7.2 mol L™ HCIZ& 1k e Ri . 7E K670 nm
AL TEWRGAE, 8T Nap S/ BEE br ik il 28 .

1.5 SRKEMERNSMERE
PLRETFIE12MS S FRIE PR 92T K G 6 e B A0 5 97
+:(3:1, vIV)IF s R AR AR IR 14 R B T A R I 135
JEN (AN E B BB ), AR A IEARN I 55
BRI b, FREUH R 6 E, SR 56 ST LAy s [E]
ZHTRE KRB, ARBNE TR E, ESHLR
8/, FJE TS IOKER . [FIRE, BT A2/ N 1)
- e i B2 (R R ABAE 5 AR M SR R R 3R
KT

LR TR A KB JE 45 K. TR AabFE21 K J5 4
B0 80 S LB R

1.6 qRT-PCR%#M7

F Trizol i 7 42 B &t RNA, fii F PrimeScriptTMRT
reagent Kit with gDNA Eraser (Takara)if 7] & & &
cDNA. Real time-PCR4MT £ 8 Li% (2015, 2017)/
Jiike BIWIFFSINER. LLACtin2{E R N Z3E A

1.7 BERHHR
il E B A B N E /D3R E E I £ bR U iR
(SE). 1 FHSPSSE AT HHE G it/ Ir il 22 7 1 3%

&1 qRT-PCRIHTHT A 5144
Table 1 Primers used for qRT-PCR analysis

PEKE L6 (P<0.05),

2 GR5HR

2.1 TaLCDEE=E

R YRS kg, A3 T TaLCDERFICDS
FHl4K1 416 bp, 471 MR ILEE(KI1A),
SEAL T /NEIBY R |, 5H 1L £ (Aegilops tau-
schii). R (Brachypodium distachyon). %
F(Setaria italica)fl%5 £ 25 B 4 5 (O. brachyantha)
IR LCD A R 38 B A 5w 1 R s, L [R5 2 i)
N99.45%. 88.32%. 84.13%#181.63% (K1B). &
H &5 38 0 BT R B, TaLCDHE A Aminotran_545#435k
(KE1C), 5 7+ LCD % F 45 #4935 #H el (Papenbrock
et al,, 2007).

2.2 TalLCD#EPEGKELEHE FEHFRIE

INEERK1AR )G, BHEB 2 520% PEG6000F
200 mmol-L™" NaCIE #2115 520-24/ M, % A
HFTaLCD# s KV KBS /Kb AT o dir e 45 R BR,
TaLCDH: [l [y sk A SR 26440 6 LIS TR,
EPEGALFE 4 F 2 T FF#a % (EI2A, B), {HTaLCD
5 K P AENaCIAR R & BT %, (EPEGALTE T
4 EFHjE R (E2C, D). Btk n %, NaCIFIPEGH]

Primer sequences

Gene name
Forward (5'-3'") Reverse (5'-3")

TaDCD GAGGAAGGACGGAAGCCATAT TCAGGGTCATCGCAAACAGAG
TaLCD TCCATTACGCCTACGGAGCAG CAAGCCGGACCTTACGACCA
ABF2 ATCAGAAGGGATAGGGAAGAGTAAT TTGGTCTGCCGTGAATATCTGT
HAB1 GTGTTCTCGCCATGTCTAGGTC CTATTTCGCAGACTTCTTGGTTG
HAB2 GCAGAAGTCCTTATTGCGAGTC CTCAGAAGTTGCCACCTCCATA
ABI1 TGACGGCTGTGAAGAGAGTA CCATCTCACACGCTTCTTCA
ABI2 ATTCAGACCATTCACTGACCCTC GCTCCGTCGCCAGAACAAG
NCED3 TGGCTTCTTTCACGGCAAC ACAACAATGGCGGGAGAGTTT
COR47 GAGGTTACGGATCGTGGAT GAGCTGTTGGATCGGTGA
RAB18 ATGGCGTCTTACCAGAACCGTCCA TACCCTTGGCCACCTGATCC
RD29A GTTACTGATCCCACCAAAGAAGA GGAGACTCATCAGTCACTTCCA
RD22 AGGGCTGTTTCCACTGAGG CACCACAGATTTATCGTCAGACA
Actin2 TACCCGATGGGCAAGTCA TGCTCATACGGTCAGCGATA
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A

Triticum aestivum
Aegilops tauschii
Brachypodium dlstachyon
Setaria italica

Oryza brachyantha
Consensus

Triticum aestivum
Aegilops tauschii
Brachypodium distachyon
Setaria italica

Oryza brachyantha

Consensus gl rsraava v agdv e

Triticum aestivum
Aegilops tauschii
Brachypodium distachyon
Setaria italica

Oryza brachyantha
Consensus

Triticum aestivum
Aegilops tauschii
Brachypodium distachyon
Setaria italica

Oryza brachyantha
Consensus

Triticum aestivum
Aegilops tauschii
Brachypodium distachyon
Setaria italica

Oryza brachyantha
Consensus mlr df vevpiyyn r v
100% 95% 90% 85%
B L 1 1 1
Triticum aestivum 98%
Aegilops tauschii j 89%
Brachypodium distachyon 85%
Setaria italica
Oryza brachyantha 87%

E1 TalLCDE74r#7

(A) /NEHLCDEEERR 74 5 HEAN DA L 5 R & 4 T MR 25 7R

Cc

E
E
E
E
E

Tt eBan
@
(o]

191
188
188
196
195

291
288
288
296
295

ROIGADEYTS
ROIGADFYTS
RDIGADFYTSNL!
RODIGADFYTSNL!

391
388
388
396
395
esddda

470
467
467
474
474

0 100 200 300 400

T&)FLCDF FI A LL Xt ; (B) 5N F[EILCD

BEALR 3 HT; (C) TaLCDRIZE MR = &, HEAER ZRAminotran_545 H4 4.

Figure 1 Sequence analysis of TaLCD

(A) Comparison of the derived amino acid sequences of TaLCD in Triticum aestivum with other 4 species (Aegilops tauschii,
Brachypodium distachyon, Setaria italica, and Oryza brachyantha); (B) Phylogenetic analysis of LCD in five species; (C)
Schematic structures of TaLCD, black box indicates Aminotran_5 domain.

P TaLCDfFR I, {H ] BEAF (LR 3 Ja AR LA o

2.3 TalLCDiEFTiAEHIEE

9T A TaLCDE: R AT D e %558, A1 TaLCD#%
ANMFTT, K TaLCDid FKiktEtk. MTaLCDiE&RIA
PR AR BENLE AR RIFATEE, KILTaLCDid %
IE#R 22 Tal CD 2 [K 3R 1A 7K F-ze iy T B A 70 (B A Y
HRALI 2| TaLCDRIA) (KI3A, B). FRATEEIL
2N 2 (3-4 F112-4) %f H il 7% /K F EAT 0 Hr, RO

TalLCDid ik ¥k & LCDBETE 7E 15 % 410 T 5 B2
R E Z5, (HENaCI A &/ F, TaLCDiLRiA
Pk R HLCDRGYS 2 3 = T B A U (KI3C). [k, ik
SeaG g BRI TaLCD Rl BEA7EHL 3 Ja AT o f5 2L50ie
% B AR R 3-4F12-44E AWM RE, Bl dr &N
OX-LCD-1MI0X-LCD-2.

2.4 TalLCDiR#EhMB TH#FiE.
T FL R B, NaCla] #i | FhF85 &, 7£50. 100. 150f0
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A C 29- NaCl
S 4.0 NaCl =~ aC .
‘B (= 27‘ *
8 35‘ bé *
& 3.04 S £ 251
® 25- S8 23-
2 201 gs 21 -
© a1
o 157 o2
6 10_ P e 19 1
S 05- £ 171
E 0 T T T T 15
0 3 6 12 24 0 3 6 12 24
Treatment time (h) Treatment time (h)
B D 20-
S 1.4 PEG 18 PEG ¥ .
] ] £ 4
3 vl
S 1.0 1 = £
b T8 12
o 0.8 © 9 404
2 3o
® 0.6 1 8+ 8-
© 02 6
= 0.4 !
g £ 4]
3 0.2 £ 24
'\ 0 T T T T 0
0 3 6 12 24 0 3 6 12 24

Treatment time (h)

B2 NaCIFIPEGAL# /N TaLCD R Ik K BG4 1k
(A) NaCl4b#H R TaLCDRI#IA; (B) PEGALHE T TaLCDRIFIA; (C) NaCl4h ¥ F TaLCDH#& 421k ; (D) PEGALHE F TaLCDREFF A1k
* FonZF 53 (P<0.05),

Treatment time (h)

Figure 2 The expression of TaLCD and enzyme activity of TaLCD in wheat under NaCl and PEG treatments
(A) The expression of TaLCD under NaCl treatment; (B) The expression of TaLCD under PEG treatment; (C) The enzyme activity of
TaLCD under NaCl treatment; (D) The enzyme activity of TaLCD under PEG treatment. * indicate significant differences (P<0.05).

A B C 250-
bp MarkerWT 2-8 3-4 55 12-4 120000+ - =R
S 100000 - T 200{m3-4 *
2 > E m12-4
© 80000 S £ 150
3 ° 5 *
o 60000 S5
o 3+ 1004
§ 40000 -2
250 ] £
4 i 50
0 0

WT 28 34 55 124 Control NaCl

B3 TalLCD#% 3 N B bk s TaLCD IR IA KX s
(A) RT-PCR; (B) gRT-PCR; (C) NaCl4t# T TaLCD¥EgiEA5 k. Marker: DNAZ T-Ehrifs; WT: B4 #; 2-8. 3-4. 5-5f1112-4:
TaLCD# LRI R, * Kon 2 57 3% (P<0.05).

Figure 3 Expression of TaLCD and enzyme activity of TaLCD in transgenic Arabidopsis
(A) RT-PCR; (B) gRT-PCR; (C) Enzyme activity of TaLCD under NaCl treatment. Marker: DNA marker; WT: Wild type; 2-8, 3-4,
5-5, and 12-4: TaLCD transgenic lines; * indicate significant differences (P<0.05).

200 mmol-L™" NaCIAbFE T, B Ak B Fi1 i R 2R 43
B R xf B 1994.7% . 80.7% 70.6%F132.9%, Tfii
TaLCDid Riktk R K E B ZH & THAM . OX-
LCD-17£50. 100. 150F1200 mmol-L™" NaClib#

(R R R o i N A 7 1196.2% « 91.4% 78.9%F11
47.3%, OX-LCD-27£50. 100. 150F1200 mmol-L™"
NaCIALHE R (1A K 25 AN EFAE AL 1197 2% 92.8%-
84.9%7%151.8% ([K4).
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100+ owWT
90 . * m OX-LCD-1
80 ¥ BOX-LCD-2
704
60
50 *
40
304
204
10

Germination rate (%)

Control 50 100 150 200
NaCl treatments (mmol-L-")

B4 NaCI4hHESS Tal CDHE 3 PR LR T+ Fh 717 & R 520
WT: Bf4E#); OX-LCD-1MOX-LCD-2: ¥EHHK R, * #onE
5.3 (P<0.05).

Figure 4 Seed germination rate of Arabidopsis lines ex-
pressing TaLCD under different concentrations of NaCl
treatment

WT: Wild type; OX-LCD-1 and OX-LCD-2: Transgenic lines;
* indicate significant differences (P<0.05).

25 TaLCDR#HHEEMETRALK

H BRI AR R A K . £15081200 mmol-L™
HEEEAEE T, B A R AR A A A B ZH 1) 74.0%
H158.6%, 1M TaLCDid itk :20X-LCD-1HIOX-LCD-
2R3 ) A K HE 287 5% 78.7%4188.2% -
76.9% (/K5), W TalLCDid Fik i &SR T H FEmE
X AR 2 A K I FH

2.6 TaLCDIIRAIESHEKEMEM

IEFRFRFAT, AN S5TaLCDid Ristk /R IAEK
KAMEL, HTREHE21K)GTaLCDEREM RS
7 A AUAH L 2 I s B R 1 (BI6A), HTalLCDid &R ik
AR IR 2 /K 2R A, 8 2K B A BU(1K16B) . kT
&1, TaLCDid ik MBI PR M5 Ho 8%
RIKFA Ko

2.7 TalLCDidFRiAHEHITABAE B

5 ¥4 RUAH G, TaLCDid R IA AR 1011 & X ABA
TR (7). ABALLIE B 40| T TaLCDiE # ik
REBRIA TR, 0.5 pmol-L™ ABALIETF, id3ik
Pk R OX-LCD-1HIOX-LCD-2 ff) Fh 1 8 & K 35 KA B
474 11169.2%; 1.0 pmol-L™' ABAALFE R, OX-LCD-1
HMIOX-LCD-2 ()4 51 K& 353 ) A BF A B 157 1%
60.3% (KI7A, B).

TaLCDit A HAR [ 2E K B X ABARIUE . OX-

OX-LCD-1

OX-LCD-2

Control

150 mmol-L™'

200 mmol-L-

B 4.5 o WT
o 4.0 - s OX-LCD-1
& 3.5 - IOX-LCD-2
= 301
S 25-
o 2.0
§ 1.5
o 1.0
0.5
0

Control 150 200
Mannitol treatments (mmol-L-")
B5  AEREH EERE AL B R TaL CD¥e 2 K0l R I+ AR G
(A) FAAFk(Bars=1 cm); (B) MREKAEIES 1. WT: B4R,
OX- LCD-1HMIOX-LCD-2: #E:Hh &, * £nzZ R i#(P<0.05).

Figure 5 Root growth of Arabidopsis lines expressing
TaLCD under different concentrations of mannitol treatment
(A) Phenotype of root growth (Bars=1 cm); (B) Root elongation
measurements. WT: Wild type; OX-LCD-1 and OX-LCD-2:
Transgenic lines; * indicate significant differences (P<0.05).

LCD-1FI0X-LCD-2HIH K:7£0.5 pymol-L™" ABAKLLHE T
43 R HT AR 1986.9% F162.0%, 7E1.0 umol-L™' ABA
AEFE R 43 5] 2 B A L1157 .1%4160.3% (KI7C, D).

2.8 TaLCDiESMEm N EEKABAESIREHE
KEERFRIE

ABA/ SHEY) T R Wi Bz, 1 TaLCDId ik vl $2
AR AR S, HTalLCDid A fFk X ABAFE N
BB, PRk, ARSI 7 5 de e )8R R X ABAS
SRR M I R E TaLCDId Rk i Ak () R aA 1
gh R, Mriamg LA COR47. RD29A. RAB18
MRD22# T F1%5F, HAETaLCDd R Ak IR
ik BEm T B A (K8A-D). Hik, T 2Mid FTABA
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A OX-LCD-1 OX-LCD-2 B 1.2
' s ——WT

L 1.0 —a—OX-LCD-1
Three week-old ) —+—OX-LCD-2
seedlings £ 0.8
before drought 2
stress @ 0.6 4

o

& 0.4

2

o« 0.2
After three 3
weeks drought - 0 ; : ; —_— ; ; ,
stress 0o 1 2 3 4 5 6 7 8

Treatment time (h)

[El6 TalCD¥H: KU F I+ I HT 1%
(A) KA MEFAET(WT). OX-LCD-1F1OX-LCD-2fEARTET FALHE 5 1R B! (Bars=2 cm); (B) M A kK%
Figure 6 Drought resistance of Arabidopsis lines expressing TaLCD

(A) Phenotype of three week-old wild type (WT), OX-LCD-1 and OX-LCD-2 plants after drought treatment (Bars=2 cm); (B) Leaf
water loss

OX-LCD-1

A 0 ymol-L™* 0.5 pmol-L™ C WT OX-LCD-2

0 pmol-L™*
1.0 ymol-L™"
wWT 7 i 0.5 pmol-L™
OX-LCD-1 | OX-LCD-2
1.0 ymol-L™
4
B 120 - D
oWT oWT
1001 8 OX-LCD-1 B OX-LCD-1
) m OX-LCD-2 _ ® OX-LCD-2
2 80 £
© K
c rox =
S 60- B
E T L * *
£ 40 BQ
S [e]
8 14
=
0 0
0 0.5 1.0 0 0.5 1.0
ABA (umol-L™") ABA (umol-L™)

BE7 AFEWKEZABALLFE N TalLCD¥#% & LR IF 175 K 28 K AR Kotk

(A) EK10KRJEMIEE(Bars=1 cm); (B) HFR4ARJGMFFHi K%, (C) £ KI10KJEMIRKEE (Bars=0.4 cm); (D) £KI10K/EH
R, WT: BFAET; ABA: VAR, * #RonzE 7 35 (P<0.05).

Figure 7 Seed germination and growth of Arabidopsis lines expressing TaLCD under different concentrations of ABA treatment

(A) Phenotype on the 10" day (Bars=1 cm); (B) Seed germination rate after 4 d incubation; (C) Phenotype of root growth on the 10"
day (Bars=0.4 cm); (D) Root length on the 10™ day. WT: Wild type; ABA: Abscisic acid; * indicate significant differences (P<0.05).

© 0000 Chinese Bulletin of Botany



144 AR 55(2) 2020
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Figure 8 The expression of stress response genes and ABA signaling related genes in Arabidopsis lines expressing TaLCD

under drought stress

(A)—(D) Stress response genes; (E)—(J) ABA signaling related genes. WT: Wild type; OX-LCD-2: Transgenic lines
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Cloning of Wheat TaLCD Gene and Its Regulation
on Osmotic Stress

Yang Zhang, Huajie Liu, Ruili Xue, Haixia Li, Hua Li’
College of Life Sciences, Henan Agricultural University, Zhengzhou 450002, China

Abstract Cysteine desulphydrase (CDes) can degrade cysteine (Cys) to form hydrogen sulfide (H2S). In this study,
L-cysteine desulphydrase TaLCD from wheat (Triticum aestivum) was cloned and overexpressed in Arabidopsis thaliana.
The effects of TaLCD on seed germination and root growth under osmotic stress in TaLCD overexpressing plants were
examined, and the response to drought stress was also investigated. The results showed that, the seed germination rate
of TaLCD overexpressing plants under salt treatment was remarkably higher than the wild type (WT), and the root length
of TaLCD overexpressing plants was obviously longer when exposed to mannitol. Moreover, overexpression of TaLCD
distinctly increased plant drought resistance. In addition, TaLCD overexpressing plants were more sensitive to ABA, with
decreased seed germination rate and root length under ABA treatment. Furthermore, the expression of stress-responsive
genes (COR47, RD29A, RAB18 and RD22) and ABA signaling pathway-related genes (NCED3, HAB1, HAB2, ABI1, ABI2
and ABF2) was significantly higher in TaLCD overexpressing plants than that in WT under drought stress. These results
suggest that TaLCD enhances the drought and salt tolerance of plants possibly by ABA signaling pathway.
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