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Abstract: Cassava (Manihot esclenta Crantz) has excellent planting characteristics such as drought resistance, barren
tolerance and strong adaptability, and is the main food crop for more than 1 billion people in the world. CMLs
(calmodulin-like proteins) are plant calmodulin-like receptors in cells. They interact with other calmodulin-binding
proteins to regulate cellular physiological processes and participate in plant stress response. MECML42 gene in cassava
is induced by drought stress. In order to study the drought stress response pathway involved in this gene, yeast
two-hybridization was used to screen the interacting proteins of MeCML42. Firstly, the decoy vector pGBKT7-
MeCML42 was constructed by homologous recombination technique, and the self-activation experiment showed that
MeCMLA42 protein had no self-activation activity. The toxicity test showed that MeCML42 protein was not toxic to
yeast and did not affect the normal growth of yeast. The cDNA library was screened by yeast two-hybridization and 7
candidate interacting proteins were obtained. The interaction between MeCML42 and thioredoxin MeCDSP32 was veri-
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fied by yeast double heterogyclic experiment. Mannitol simulation of drought stress showed that the expressions of
MeCML42 and MeCDSP32 were both induced by drought, and the expression levels were the highest at 48 h under
stress. These results indicated that MeCML42 and MeCDSP32 were synergistically involved in cassava's response to
drought stress. The results of this study provide a new basis for MeCMLA42 to participate in cassava response to drought

stress.
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o BRIV E L P2 ks A DHSa KB B2 5
H, GRS B 75 . A 2 x Rapid Taq Master
Mix AT R PCR v, 38 3o B e L ik 568 o 1 i
PHPETE V%, JF3EFT Sanger T, 2R45 FF 5 14
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Tab. 1 Primers sequence information
ElkZ B S1Fs (5-3")
Primer name Primer sequence (5'-3")

pGBKT7- F: TGGCCATGGAGGCCGAATTCatgaccaagatagg-
MeCML42 agaatttgaac
R: TGCGGCCGCTGCAGGTCGACctgcatcataacce-
taaattcttc
pGADT7- F:CCATGGAGGCCAGTGAATTCATGGCTACAG-

MeCDSP32 TCACCAATTT
R: AGCTCGAGCTCGATGGATCCATAGGTTACA-

CGAACTCCTT
pGADT7- F: CCATGGAGGCCAGTGAATTCATGGCTACCT-
MeRBCSP  CTATGCTTTC
R: AGCTCGAGCTCGATGGATCCATAATCGGTG-
CCGGGAGGCT
pGADT7- F: CCATGGAGGCCAGTGAATTCATGGCTGAA-

MeUPF0415 AACGAACTTCA
R: AGCTCGAGCTCGATGGATCCATCACCAGTT-

AATGCCCTGG
pGADT7- F: CCATGGAGGCCAGTGAATTCATGGCTGGG-
Mel F-3-4 TTCACCAGCAC
R: AGCTCGAGCTCGATGGATCCCACACCAGC-
TGACACTTCAT
pGADT7- F: CCATGGAGGCCAGTGAATTCATGGCGGTG-
MeNADP GCAGGGCTAAC
R: AGCTCGAGCTCGATGGATCCCATTTCTCCT-
GGAAGCATTG
MeCML42- F: AACTTGTGTTTCGCCACCTG
qPCR R: CAACCCATCTCCATCGGAGTC
MeCDSP32- F: CCTTTCTCGGCAACGAGACT
qPCR R: TTGCTATTAGCGCTGTGGCT

122 MeCML42 &g eyaiiamfgigE (1)
FEPER I, K pGBKT7 25 ##Kf pGBKT7-
MeCML42 M AR 7355 A AH109 FEREESZ 25
HEATRE PRGN o K 5% b I B B Uk MR FE SD/-Trp
REgdE b, IR 28 CHBEREE AR AE K A
3d, 1B EERE R Y o PRI IRV, fd ] 2 x Rapid
Taq Master Mix A& R 47 BE PCR 041F, 50 iE
514} 5-BD-F ., 3-BD-R., 35 5 PH M B2 5 i bRtk £ 7
PR B, ¥ pGBKT7 =5 #% B £F IH W A
pGBKT7-MeCML42 [ 1) 1R 43 5| 2 2 SD/-Trp
WARSEFEH A, $ETE ODegoo M 0.6, K B
J1:1,1:10, 1:100, 1: 1000, 1 : 10000 %
AR, WA T—8 (SD/-Trp ) K% I, 1E

28 CIEFRAATR ISR 2~3 d, WLECHETE I AE KR
(2) AEGERI . K pGBKT7-MeCML42 5 i
# AR5 pGADTT %5 #al R L% 8 AH109 BEREERZ
X, WA T 06 (SD/-Trp-Leu) ¥kt I, Wikt
AR b BRERC BH M v, A T A
( SD/-Trp-Leu ), PU-F-4y ( SD/-Trp-Leu-His-Ade )
#1 SD/-Trp-Leu-His-Ade+X-a-gal A [ 4351 2A
pGBKT7-p53+pGADT7-T F1 pGBKT7-lamt+pGA-
DT7-T M54 {b S 0 BH A X B8 R B ME X IR . 78
28 CREFRAE TP IR 2~3 d, WECE TR AU AR KRB,
1.2.3 MeCML42 #yBE#F 2 X & ffik il 4%
47 pGBKT7-MeCML42 i 1H TR Y AH109 i HE
AU . BUARSEIRZ ) SC8 AR Fl cDNA
SCPEFURE 30 pg, MIAZE 1.2 mL BEREESZ 4000
AT A . K AL S W B RE BRROR AR T =80T
#e ( SD/-Trp-Leu-His ) [+, 7E 28 CHiFF IR
2~3 d, MEEEERE A RIRAS o 4 =8k ( SD/-Trp-Leu-
His ) “PAR FAERK MR (KT 2 mm) $KE] 20 L
0.9% NaCl ¥, IREWAE S ZE SD/-Trp-
Leu-His-Ade+X-a-gal “FAx I, “FAHufE &7 28 C
WiFRAEIR 3 d A, WER A RIRTS . Bk
WG (B AT TS EAT I 7K PCR, AR50 F Botk AT
Wy 5y, RAEE EAEE A
1.2.4 MeCML42 #BsH R 4 X & #5098 MR
o BAE S T AR S, 78 A S R 41 5 R 4
# CDS X, #il#wHEAELM5Y (£ 1),
T R R AR (3R N 3[R R AN S
i R R TS (o A S NGNS R = N
pGADT7 ##%, %% 1L % DHSa KIFF W ERZ &,
AL TR UL B . PRICR R VR, I 2 x
Rapid Taq Master Mix #£17##% PCR Jz i, it
FEIRE B TR e AR A BH I e, Sanger ¥ 3K75 7
B T A O 2R AR T B UK o B ek AR R
H ) pGADTT # 1A 5 pGBKT7-MeCMLA2 [Fi ki
AL AL AH109 A7 75 4N AR A5 54 3L P BB, F BH
P 1% B R W S FEF SD/-Trp-Leu . SD/-Trp-Leu-
His-Ade il SD/-Trp-Leu-His-Ade+X-a-gal 15775
A L, BB EE 28 CREFRFAE SR, WA
B R A KRS, RirEEEAEARERS
MeCML42 fETEHAER R
1.2.5 MeCML42 5 Z 4 A H MeCDSP32 £ T -F
Wb T ey ko ik oA BEHUE] — A K R — R A
[ SC8 AZEAEHK, i 300 mmol/L H &% B2
DEHE R ARBMER, AL 0. 12, 24, 48 h J5HUEE,
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ZHEEE RNA FEBGLH) & Ui 3 BUE AR 4
PREL RNA, il IS990 5% 5600 G015 B RNA
R cDNA, H¥E MeCML42 Fil MeCDSP32 it
CDS J#%1), ffi i NCBI M3 33 qPCR 514(
1), 7381 SC8 AZ ) MeCML42 il MeCDSP32 3t
e+ 28 T Rk A8 1k .

2 BRERH
2.1 pGBKT7-MeCML42 i EE Az
PERUT A SC8 A% E RNA, I3 5 5
1 cDNA, i FH#Er ALk R Sk 5 [ 3
MeCML42 LA 4t X . PCR 7=¥) 28 F Pk kGl
WRFH]Z) 400 bp B R B (Bl 1), F&af s — H A
S, fRE R B/ (420 bp ). K MY
MeCML42 FEA F B 544k pGBKT7 #HikiEH:
A, PRI 8 LI VEHEI TR 7% PCR %0, #4515
FIBHME BN, RA)FHIE#H ) pGBKT7-

M 1

bp
2000

1000 —>|
750

500
250

420 bp

100

M: DL2000 DNA marker.
B 1 MeCML42 E[H PCR #1874
Fig. 1 PCR amplification of MeCML42 gene

1:1 1:10

pPGBKT7-MeCML42

pGBKT7

1:100

MeCML42 i [H k4 .
2.2 pGBKT7-MeCML4A2iFEE kR HHEINE
b OrE il

¥ pGBKT7 Z# ik 5 pGBKT7-MeCML42
VI TR A WAk AH109 Bt 6 B 6 B Je 1 /b
T SD/-Trp Vi, WEEEEEA KRS . 45 R BN,
pGBKT7 5% 5 pGBKT7-MeCML42 i {H A K5
FEREERAERKRREREAHR (K 2), B
pGBKT7-MeCMLA42 75 1H £ {4 i 1k 20 M TG 234

¥ pGBKT7-MeCML42 i {H 5k 5 pGADT7 3t
3 AH109 Wbk, WAk 7E SD/-Trp-Leu K537k I
IEFARKCE 3 ) iE— Mk B4 41( pGBKT7-
MeCML42+pGADT?7 ) FBFEXT HE ( pGBKT7-lam+
pGADT7-T) #E Uk F P TA K, HAH
PEXTIR ( pGBKT7-p53 + pGADT7-T) = K i Ex £
HBE, 45 B EH, MeCML4A2 & o ph H 30w
et JE R, B JC AWOERE T, AT LAEAT R
23 EEWNEXRMFIXE MeCML4A2 HIEEREE
&R

il SC8 KE ) cDNA CJEFE MeCML42
i BEAEE 1, &ZA& A SD/-Trp-Leu-His-Ade+
X-a-gal VAR AR 21 NS AR (B 4),
UL 21 N5 AR 5 454 1Y B 5 MeCML42 7]
REAFEHAECR . &R PCR ARGY 1 W5
HEAT Sanger M F 08T, WAPAF T 7 MR EAE
EHIEH (F2),

1:1000 1:10 000

SD/-Trp

E 2 pGBKT7-MeCML42 #{EE B EF MR
Fig. 2 Toxicity detection of pPGBKT7-MeCML42 decoy protein
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pGBKT7-p53+pGADT7-T

pGBKT7-lam+pGADT7-T

PGBKT7-MeCML42+pGADT7

SD/-Trp-Leu

SD/-Trp-Leu-His-Ade

SD/-Trp-Leu-His-Ade+X-a-gal

B 3 pGBKT7-MeCML4A2 FEEHBHFE©RN

Fig. 3

B4 (RiEEEREEBR
Fig. 4 Candidate yeast positive plaque

24 MeCMLR ZFEBEMEEBNBESENZEE
i e % B A S 1 MeCDSP32, MeRBCSP
MeUPF0415, MelF-3-4 fll MeNADP ) %ift X,
Oy EE E pGADTT ik, 48 [l % 50F 2 .
pGADT7-MeCDSP32 (AD-CDSP32) . pGADT7-
MeRBCSP (AD-RBCSP) . pGADT7-MeUPF0415
(AD-UPF0415), pGADT7-MelF-3-4 (AD-1F-3-4)
pGADT7-MeNADP (AD-NDAP) . # pGBKT7-
MeCML42(BD-MeCML42) % H & H 4 % 5
AD-MeCDSP32, AD-MeRBCSP . AD-MeUPF0415
AD-MelF-3-4, AD-MeNADP 3t#£ % AH109 J&5%

pGBKT7-MeCMLA42 decoy protein self-activation detection

S, WA FHk (SD/-Trp-Leu ) HiFRHET
Be b, BBELE PCR %€ 5, Wi b o iy e bk
R ER F &4 SD/-Trp-Leu., SD/-Trp-Leu-His-
Ade Fl SD/-Trp-Leu-His-Ade+X- a-gal S5t & 15 7
FoPMR b R EI, % AD- MeCDSP32 ik
% 1} £ SD/-Trp-Leu . SD/-Trp- Leu-His-Ade .
SD/-Trp-Leu-His-Ade+X-a-gal ~F# I 4 H B
BE, HAE SD/-Trp-Leu-His-Ade+X- a-gal 155
M EREBEAE W (B 5), UM MeCDSP32 5
MeCML42 FEAfFFEHAER R
25 MeCML42 5 MeCDSP32 & FEME T &
LD

T HRGE MeCML42 5 MeCDSP32 7E T F i
IR A K, fFH 300 mmol/L H- 58 B ik b
P SC8 Hikk, 131 qPCR AR/ MeCML42 5
MeCDSP32 7£ 1 7 Jip i AS [] ][] J5 119 ¢ 3k i AR
k. 45 R LM (F 6), MeCMLA2 1ET 511 48 h
MR EAEEEST 0 h, 87T 173 5.
MeCDSP32 fififs T e Ab BB [k A, ik
MR, TR 48 h (RIAE L O h $2 T 12.75
%, MeCML42 5 MeCDSP32 71 5L i3 48 h 1Y
FkEH R E FE, 3 MeCML42 5 MeCDSP32
Z 57 X R i R

x2 BREBEMEZEARR

Tab. 2 Information of candidate interacting proteins
s GenBank k5 KR S P
No. GenBank login number Gene annotation Protein name
1 XP_ 043812633 phospholipase D delta MePPD
2 XP_021614118 thioredoxin-like protein, chloroplastic MeCDSP32
3 XP_043809748 ribulose bisphosphate carboxylase small subunit, chloroplastic-like MeRBCSP
4 XP_021604623 UPF0415 protein C7o0rf25 homolog MeUPF0415
5 XP_021592489 translation initiation factor IF3-4, chloroplastic MelF3-4
6 XP_021624572 malate dehydrogenase [NADP], chloroplastic MeNADP
7 XP_021602529 probable membrane-associated 30 kDa protein, chloroplastic MePma
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BD-CML42+AD-RBCSP g
BD-CML42+AD-UPF0415 ﬁ

BD-CML42+AD-IF-3-4 n

BD-CML42+AD-NDAP n

BD-CML42+AD-CDSP32 u @ |

BD-p53+AD-T U d‘
BD-lam+AD-T u -

SD/-Trp-Leu SD/-Trp-Leu- SD/-Trp-Leu-His-
His-Ade Ade+X-a-gal

B 5 BEWHEZANAKIE
Fig. 5 Yeast two-hybrid point-to-point verification

; MeCMLA42 ; MeCDSP32
S 25 - S 20

2 Z

% 20 % *
g Fist

2 15 2

= =

o 5 10

2 10 2

& ° &

Z . E .

B 0 12 24 48 = 0 12 24 48

AR A] Treatment time/h AbFEAHA] Treatment time/h

*RARZESFRF (P<0.05),
* indicate significant difference (P<0.05).
B 6 MeCML42 5 MeCDSP32 7 T 2B TRIiZ S
Fig. 6 Expression analysis of MeCML42 and MeCDSP32
under drought stress

3 it
A5 H CMLs ( calmodulin-like proteins )
E—B T4 E (calmodulin, CaM ) & H ,
T 2z ia EA R R RN CMLs ( calmodulin-
like proteins ) JEAFTET AN N Ca™ 2 4%, MY
P Ca® 7KV 38 B 7 A 5 107 38 7 3 s o A 4 O e
VAU, 45378 28 Bl 40 R 2 1 S A AR TR B
“EF-hand” BEF7 MR IR/ 1 o 3 2648 1 Bosd o
H EF-hand Z5H9358 5 Ca® 1T 3B AT 45 A R B
FE RS AN 2 155, MWMiBREH RS
Ak IR g ok !, CMLs 53 . B
ity % s R DL R HAWE 5 8 8 R A AR EAE T,
Z YA EE AR S 2 R A
AR UMY AT RA R, A0 N RS T
KV kA8, il R A S A8 St B, O R
S, WG ARSI & (CMLs ) U,
K MeCML42 MRIAZHN T RiaiES, (H2
MeCMLA42 #HHTEARE TS 51T 5855

% i A BH A

A 5Y o W BE W 4R A8 0 ik Ak AR T
MeCML42 (% B AE M H i 8k 5 11 MeCDSP32,
ZE M E T S KT 5 a5 5 8 e i R
( chloroplast drought-induced stress protein of
32kD), CDSP32 H 2 i AL E HARELAL AL,
X2 AMBEHALE TR B AT 45 T A A DG BEAE
R, R A B 1 g A R R i AL
WRARA, AR LR . AEE Y e R i
B AR, JRIEMIER CDSP32 S A
AL PR T A TR | TR R AT A A 1
IR CDSP32 E K AT SOD, POD Al
CAT “hiiA b Tee, & AsA-GSH I Al
Trx-Prx 312228 H,0, INRE ST, $2 i A0 504 oy
ERPERT, FETRAMT, D% CDSP32 1)
mRNA FIE A& & 8 E BT, XA Byt
LA Z T R R A ARG AR T
MeCML42 1 MeCDSP32 £ T Rl T Ky £ ik &
AsAl . RIRAE 48 h B T H AR B FE. M
e 0 h, 05 BRI T 17.3 £5F0 12.75 £ o R SL A
MeCMLA42 5 MeCDSP32 HAE, &5 T A%
XS E R . JE SRl BiFC W Tk
HHEALI L RBIE NI EAEA, il
FEH 3T MeCML42 Fil MeCDSP32 HYIhRE, HATA
FEA S 1 5 e ) D E

£ % Tk
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