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Cloning and Expression Analysis of MePP2CAb Genein Cassava
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Abstract: Protein phosphatase 2C (PP2C) plays a key role in the ABA signaling pathway. In order to investigate the
response process of the PP2C gene to abiotic stress in cassava, MePP2CAb gene was cloned from Arg7 in cassava using
the RT-PCR technique. Bioinformatic analysis, autoactivation activity analysis, promoter activity analysis, and expres-
sion pattern analysis of the MePP2CAb gene under different stress and hormone treatments were conducted. The results
showed that (1) the total length of the MePP2CAb gene was 1296 bp, encoding 431 amino acid residues. The
MePP2CAD protein had a relative molecular weight of 47.08 kDa and a theoretical isoelectric point of 5.5. It exhibited
structural domain characteristics of the PP2C family. Protein sequence analysis showed that MePP2CAb was most
similar to PP2C sequences of Hevea rubber and Jatropha jatropha, with consistencies of 82.75% and 74.01%, respec-
tively, and a conserved C-terminal. These results indicated that MePP2CADb belongs to the PP2C family. (2) The expres-
sion of the MePP2CADb gene was found to be higher in cassava storage roots, stems, and leaves, with the highest expres-
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sion observed in storage roots. (3) MePP2CAb demonstrated self-activation activity, and its full-length promoter exhib-
ited high activity. (4) The MePP2CAD gene belongs to the core ABA pathway, and promoter sequence analysis showed
that it contained ABRE (abscisic acid responsiveness) elements, MeJA response elements, and a drought-induced motif.
Under different stress and hormone treatments, low temperature and SA treatment significantly repressed the
MePP2CAb gene, while mannitol, NaCl, ABA, and MeJA significantly induced its expression. In addition, the interac-
tion between MePP2CAb and MePYL1 was also observed. These results suggest that MePP2CAb may be responsive to
abiotic stress in cassava, although its role as a positive or negative regulatory factor remains unclear. These results pro-
vide a clue for further investigation into the role of the MePP2CAb gene in the ABA signaling pathway and the im-

provement of cassava's adaptation to abiotic stress.
Keywords:. cassava; ABA; PP2C; abiotic stress
DOI: 10.3969/j.issn.1000-2561.2023.12.004
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Tab. 1 Primers sequence used in the study
BIE BN FHEEI (5-3") THEEI (5-3") i
Primer name Forward primer (5'-3") Reverse primer (5'-3") Usage
MePP2CAb ATGGCTGGAATTTGTTGTGA TGATGATGCCGGTTGATTCCTC For cloning vector
MePP2CAb CGACGGAGATGATAAGAAC GGAGGAAAGAGGGATAGC For qRT-PCR
MeTUB TGCCATGTTCCGTGGAAAGATG CCCCTAGGTGGAATGTCACAGACAC For qRT-PCR

BD MePP2CAb GGAATTCATGGCTGGAATTTGTTGTGA CGGGATCCTGATGATGCCGGTTGATTCCTC  For yeast
two-hybrid assay
CGGGATCCTGATGATGCCGGTTGATTCCTC For yeast

two-hybrid assay

AD MePP2CAb GGAATTCATGGCTGGAATTTGTTGTGA

BD MePYLI1 GGAATTCCATATGATGATAGAAAAGCTTGAGG CGGGATCCGATGCAATTAATGGGCTCAGTC For yeast
two-hybrid assay
BD MePYL2  GGAATTCATGATTCTTGATCTTAACCTC CGGGATCCAGATGATGATGATGATGATTG  For yeast
two-hybrid assay
BD MePYL3  GGAATTCATGGAGAAGCCAGAGTCCTCA CGGGATCCAATTACCTGCGATTTTCCGTCAC For yeast
two-hybrid assay
BD MePYL4  GGAATTCCATATGATGCCTTCTAATCCTCACAAG CGGGATCCCGATGATGATGTATTGTTTCTG  For yeast
two-hybrid assay
2 ZHRESMH B IR 14> 1296 bp YR B (18]

2). MPEE R TR, %79 gt i) 2 R ik 541
ol 431, 544N MePP2CAb %:[H, MePP2CAb
E 52N Ca00aH3254N5060657S27, FHXT 43 F
TN 47.08 kDa, HURSFH SN 5.5, AE R

2.1 MePP2CADb E FE =&

10 E AR PP2C A WP G, T4
RIH P 1 A IEFF Y] Manes.07G119400 3% 5%
#| ABA 1 PEG Zb PRI 5 S (K 1), TFXIT51,



%128

TAFIEA . K MePP2CAb K vl J 1507

2395

AN AR

Relative expression

EERTE 373

Relative expression

Ab ¥R ] Treatment time/d

B 1 MePP2CAb ZERE 7 ABA (A ) #1

PEG (B) RETHRIESH
Expression level of MePP2CAb under
ABA (A) and PEG (B) treatment

Fig. 1

(46.66) /R EANRERH . RIEAERENH

1 50

100
Query 1 | |

150
Il

200
Il

J¥51], MePP2CAb JEHML & 4 ASFM B FF1 3 NP
T THEEH T BN, MePP2CAb E T
FU 5 EE 42.92%, o-B25E A e 37.12%, FEi
N E 13.23%, B-FEMANEE 6.73%. PRSFESFYIER
T 7R, MePP2CAb %A PP2C FKIKL5H
BBl 3). PB4 R B MePP2CAb A &
F PP2C I Z M IR o

M 1

bp
5000
3000
2000
1000
750
500
250
100

M: DL5000 DNA marker.
B 2 MePP2CAb ERE ¥ 4R
Fig. 2 PCR amplification result of MePP2CAb gene
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WISEXP_022765112.1[Durio zibethinus] ~ UHGHSE=WUCH.....cHA RE-U:BrBEAE. ... ... RE. FRVVA 0B . KRLDL. . . . DLFLBASP 68
K FROMO76668.1[Corchorus olitorius) g RE.FKVVA 0B . DLGVGLDLFRPASS . . 72
E AR XP_012459109.2[Gossypium raimondii] LB.FRLVA] LP..PRENG. RKRQKLDL. . .. .. VRBTS....... 65
RIRHIXP 021656015.1[Hevea brasiliensis] RE.FRVIT OB . . PHENG. RKRORLDE. . . . . CPLPLGSRASKSPR) 73
LE.FRLIA 0B . . PHENS . GROVERLDT . . . . . CTLSLGEPPLKRPR) 74
WA XP_012088646.1[Ricinus communis] ~  UACHSECUNCE. . . . . RE . FRVVA OB..PEK.....R@RrDL. . ... LPLPSS..... LSR 65
FERHXP_002316268.3[Populus trichocarpa) P) RB.LKLVT PBSSIEDITPARRORMEL . . . . . LPIPLS....... R 69
BBKXP_002524215.1[Jatropha curcas) RB.FRVVA LE......DSWKROKLDI. . ... LTTSLIP.SEACPR] 70
#IBGITNP_187748.1[Arabidopsis thaliana] ~  UAGHSEGUNGE. . . . . PI ....... LBSIKIVA] 2B. . PHENC. RRROKRET . . . . . VVESTLP. GNL 70
JKEENP_001393272.1[Oryza sativa) EEAMSPPATATARV] SESAAAAVSSATDR| RR.IRT ORG. . EDGRPGRRORIAR . . ..o ovvvveeennnnen 73
ﬁﬁ)ﬂ’ 022765112.1[Durio zibethinus] sn ONSDTN........... KLKKDY . . . . EINEGLNSNRTUKLEAV. . . .. CKOSSQVQISSD 143
KM HHKOMOT6668.1[Corchorus olitorius] ONSETVNI . .KLRKDHQ. . . ETNEGVNSNKTVKLE TENSVVDEK| CKESSRVQISSD 155
AR XP_012459109.2[Gossypium raxmondu] CD ONSDTD. ... vvvnnn. KLEKDQ. .. .ELNGSLNFNGAVKSGAVE. . . CKQSRQVQMSSD 142
BRI XP_021656015.1[Hevea brasiliensis] HDNAWETCKPRDDNCNKNEQIENSKKNEYLSSNHQSINGSSDSEKLDHKA . . 156
CDNAWENCK PEEHKCKENEQNEEFEKNERFK . . HQSVSGGSDSANLDHEL . 155
A XP_012088646.1[Ricinus communis] CDNBBEGCKFSQDMCKGSEQNKTAEQNDCLDSPIQSVNISSDSVKSVREV. 148
FRHXP_002316268.3[Populus trichocarpa) CGNAVENCKTIEE HSISNPSKSE. .SVKL. . 132
HRXP_002524215.1[Jatropha curcas] CNNBMESCKGSEE . . .KRLDLNNESVKSEREE. . 137
#IRIIFNP_187748.1[Arabidopsis thaliana] LDSNMRSENKKAR. . .SAVTNSNSVTEAESFF. . . ..SBVPKIET NSHCENNNDVIsENET i PSHLORN . . . . . 134
JKAENP_001393272.1[Oryza sativa) ASGEPREDED. ..ottt SASERPSCGR. . . . TEEFPRYGVIA LCEINEVIDISENYSTRPDE L . . . . .. 128
FEEXP_022765112.1[Durio zibethinus) v . . CCGGNAVEQRR! E K@ OEWTVDARE. . ... .. 228
K3 B KOMO76668.1[ Corchorus olitorius] 3 . . YGGETAVD[URR BE B8 RUSKI OV WTVDAVE . . . .. . . 240
EEEARXP_012459109.2[Gossypium raimondii] vi| . . CGGQKAVE[KG £ RUBIE @V OKWT LDAKE . . . .. . . 227
XP 021656015.1[Hevea brasiliensis] 3 . . FDEVKCVEQREA)] ARG 241
. . FEDLKCVE[IKE (A KBV DK . C1DGDD 241
ﬁf‘ MIXP_012088646.1[Ricinus communis) SNKEADKC FE(KE AKUNKBIVEE W . CNDVD . 238
A7 XP_002316268.3[Populus trichocarpa) . FKEEKS VE[UKE BNK REJS T KUIIK| 217
Em 002524215.1[Jatropha curcas] E DKUNK 223
#IRIIFNP_187748.1[Arabidopsis thaliana] ~ HH@vCeleRleleCiNg - <SR Bl SOMVEKRVEY . . . . . EENVEKEEO 223
JKRENP_001393272.1[Oryza sativa) DVEEKEEA 215
HEEXP_022765112.1[Durio zibethinus) AGG 323
K i FROMO76668.1[Corchorus olitorius) 7 A 335
E S PE AR XP_012459109.2[Gossypium raimondii] A 322
ﬁgﬁ)ﬂ’ 021656015.1[Hevea brasiliensis] - AGG 336
A v 336
SR XP_012088646.1[Ricinus communis] GGRV 330
FERHXP_002316268.3[Populus trichocarpa) A 312
HIBRXP_002524215.1[Jatropha curcas) 5GR 318
#UBIIFNP_187748.1[Arabidopsis thaliana] 5 318
JKAENP_001393272.1[Oryza sativa) LG 310
HEEXP_022765112.1[Durio zibethinus) SPESBGCDARVREEA 403
{cﬁﬁﬁOMO%GGS 1[Corchorus olitorius) PPGSBDSDAAVKGGA. . . 415
H AR XP_012459109.2[Gossypium raimondii] ....BSSERAVKGGT. . . 398
)G’ 021656015.1[Hevea brasiliensis] PPGLBGGESVVGSGT. . . 418
RPGSBGSDAVVGSNT. . . 418
A XP_012088646.1[Ricinus communis] PPASBGSDAAVRSGS. . . 410
FEIRFXP_002316268.3[Populus trichocarpa) PPGSBGSDAAL. . . .... 387
BEBEXP_002524215.1[Jatropha curcas] 398
#IBIIFNP_187748.1[Arabidopsis thaliana] 389
JKFENP_001393272.1[Oryza sativa] 405
HFEXP_022765112.1[Durio zibethinus] 414
k%ﬁEOMO%“S 1[Corchorus olitorius) 426
HEEARXP_012459109.2[Gossypium raimondii] 409
*&E’W)ﬂ’ 021656015.1[Hevea brasiliensis] 429
431
A XP_012088646.1[Ricinus communis] 420
FERHXP_002316268.3[Populus trichocarpa) 397
BEBRXP_002524215.1[Jatropha curcas)] RKQHOQOSNSR 415
HUREIFNP_187748.1[Arabidopsis thaliana] KRRNNOASS . . 399
JKFENP_001393272.1[Oryza sativa) 414

4 MePP2CAb % A Fr 5l [ i 14 b xF
Fig. 4 Homologous alignment of MePP2CADb protein sequences
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Fig. 6 MePP2CADb expression in different tissues

W Il SR S 2R I A2 15050 &L i MePP2CAD

N
=}
1
>
=)

-
(9
T
I

N

o

EROE e
Relative expression
=
FAXTRILE
Relative expression

Oh 2h 6h 14d
AbFHEsHE] Treatment time

FEA G P 458 B8, MePP2CAD 2 [ Y 4
KiashFH AR EEMEE (K 8B ).

25 BEWNHEZEEYMTIWIE MePP2CAb &
E55 ABA 2B %

KT B IE MePP2CAD & 7% HA [ iEfg
AT W A E 3 pGBKTT 144 |, FF AT 56030E .
gER4NE 8C iR, pGBKT7-MePP2CAb 7E— Gkt
Wi (SD/-Trp #1 SD/-His ) FIEF 4K, IHAE
SD/-His/x-a-gal #5723k I 2 50, S50 %0,
MePP2CAb EA — 1 HIE TG, B, 52
) P B AU S B0 7 oA 2 % pGADTT £k

1.5
=
S
m—}g g 1.0 o
H_E 5
= O
= > e
Z B 05 i be
0 2 6 12 48
AbFHEsE] Treatment time/h

peeeceeecd b Cc

FAXT R E
Relative expression

o 6rD 3
=] =]
1 o
1 3 ‘2
KB 4 )
%5 ------ "—!%
= o ﬂﬁ(o
= > = o
EE 2 =21
=2 23
[ o I R R 3 :
o LIS W o LE
0 2 6 10 24

AbFsHE] Treatment time/h

AbFERF ] Treatment time/h

0 2 6 10 24
AbFE ] Treatment time/h

A: NaCl ¥ ; B: Mannitiol ZFF; C. ¥ALEE; D:. MeJA Ab¥E; E: ABA AbHE; F. SA Ab¥E,
AFNG FEER R AL R 25 F 2 (P<0.05),
A: NaCl treatment; B: Mannitiol treatment; C: Cold treatment; D: MeJA treatment; E: ABA treatment; F: SA treatment.
Different lowercase letters indicate significant difference among treatments (P<0.05).

B 7 MePP2CAb EEERFLE THRIESH
Fig. 7 MePP2CAb expression under different treatments

1E ABA {557 32, PYLs fii F PP2C A
W i, N TIE MePP2CAb 25 ABA
SE g, AR TERE T MePYL1~MePYL4 LA
b HGE 2 pGBKT7 #4K b, W3 ¥E PYLs
5 PP2C A Z M MAHEAE G &, 45 R WKl 8D i
N, FTAH G E B SR BARRRIE W AR TR
DU B B 3 3L, MePP2CAb+MePYLI A
pGADT7-T+pGBKT7-53 FHEXT B BT 5 1
MePP2CAb+MePYL2 / MePYL3 / MePYL4 4H &
K pGADT7-T+pGBKT7-Lam 1% & N 5 A5 B
KL, WA HEN] MePP2CAb 5 ABA 15538 %
RS MePYLL FAAEAH BEAE OGRS

3 i
UMEZAWA “ e B 77 o i R BfIN T ABA
TR OE S @M, 95 PYR/PYL/
RCARs ( ABA %244k ). A 2% PP2Cs ( %5 ARG )
F1 SnRK2s ( 2 1 #HE ). ABA VE MY i R4
YIhaE ) G R, BRARIESE A 28 PP2Cs LAY
iR 3oy |,
3.1 MePP2CAL EFEMEHEEZ LR
AF I TERE T PP2C A W R K
MePP2CAb L[, HAL TAE 7 56K -, JF
5 4 MHNE . B 520 PP2C IIE
FEFR 4 FE X204, & B MePP2CADb K 7E C Ui



2398

O AE B F R

%44

-1500 0
4~ ABRE 2 Drought-induced motif
4 MeJA-responsiveness

B
Promoter ATG
-1500 0

@86 0800-LUC ]

I c  0800-LUC |
-PP2CA b ;
0.000 0.010 0.020 0.030
Relative luclferase actlvity (LUC/REN)

D

AD BD LT
PYL1 PP2CAb ‘

PYL2 PP2CAb |© 1
PYL3 PP2CAb ‘ 7
PYL4 PP2CAb ‘@
PYL1 pGADT7 . @)
PYL2pGADT7 [
PYL3 pGADT7 . %

LTAH

o

C SD/-His
+X-a-gal

1293  SD/-Trp SD/-His

MePP2CAb

PYL4 pGADT7 ||
pGBKT7 PP2CAb |
pGBKT7 pGADTT | |

pGBKT7-Lam pGADT7 R

pGBKT7-53 pGADT7-T ‘ Q

A: MePP2CAb Jii3)¥ I ABRE Jiff; B: MePP2CAb ()5 ZFiftE43#H1; C: MePP2CAb [T I M 4T
D: FERERURACHR i B EARE A
A: ABRE elements on the MePP2CAb promoter; B: The promoter activity analysis of MePP2CAb; C: Analyses of MePP2CAb
self-activation activities in yeast; D: Yeast two-hybrid assays between the candidate proteins.

B 8 MePP2CAL ERFMEBHFEESTREBENEZFE LHEEER

Fig. 8 Analysis of MeEPP2CAb gene promoter activity and yeast two-hybrid screening for upstream interacting proteins

HAESFED 4, MePP2CAb 5 HbPP2C #i
JePP2C TESRZ KR D Mg, #t— UM
MePP2CADb J& T PP2C FikHEMA .
3.2 MePP2CAb EEEREREHAFHE
EE

REENMX W EEREMETEY, Bf
Tt 2% 975 FHT S (R PE . ABA FEAE ) o %t 3E 2B B3k
Brya i A A, 1 PP2C WE ABA
S G S RO AU . MePP2CAD 2
KI7E Agr7 RUAR . ZERIIH rh i 3Rk K Ef g i, H:
FRAR TR FRIRIK P ey, X R B MePP2CAD L[4
S 5MMERKER . AR TR, TaPP2C-al0
Fl AanPP2C1 J A 43 il FE /N A2 A & A [ 2 21
Ty kB3N,
33 A X PP2C EFEMIIThEERFR

SRRV, TEIR T A 25 PP2C A A
HWHE A ABA [F9mM e, Hrp—2udpy
% 5480 IE B, T AHG3 2 538 A P34,
E oK) ZmPP2CA fiiE 45+ 5, i ZmPP2C2 |
AT ESRAE I BLIERE 11, AN, KR A
2 PP2C HE[N L AEm N Z R AR AL Bywi s A
T4 R B R, MePP2CAb LA Al #% mannitiol
NaCl. ABA F1 MeJA %%, {H5Z SA FIRIEM ]
FEFARG T, A 2 PP2C SR SE K 38 40 4 ABA
fFE@fr fERT, [AidREs FsPP2C2 Al

AtPP2CG1 Sk R ] 1 5 FiL AR o 390 5% JBlr388 A T 52 i
FRXT ABA {55 MU pER0 R B sTE R
T A 2K PP2C JEHTE A [ A 4 AR [A] i 58 45440 T
INREZE S . WL, ABA EEAERYIAN
F RSB R AZ b8 At i &l BRI, FEARBIESE
o BFSE N B AGERE T R SR A MePP2CAD
FLR TR, 20 T HARARES S Ak i E L,
R AT eSS PR HIXT MePP2CAb 5 [FI 7E A Rl b
PRAAE T A R B, N T A R R
Mo ah 8, J5 e 50K X AR B H MePP2CAD 3 [H]
TEN AL HSAF T 1 3B AT e b o T
ram R B b, o LU 4 m i T
MePP2CAb & [F 7 19 15 4b B o (e v, A5 Bh 48
7% MePP2CAD 3 K 76 A 47 336 352 i 107 v %) HL AR AR
I, IFHRLE ERR A C R R R . TR
ZR A8 SIS W EEF MePP2CAb 5 MePYL1 & FIfEFE
HAE, ##F—HFEH] MePP2CAb J& T PP2C A TE%
BH25 ABA {555, D MePP2CAb [
Al REiH T ABA 5 3 B o JE A= Yy, (AR
PR I R RT3 2 T R 4 T e R B . it
IR LR F9E MePP2CAD L[ 7F ABA 55
A I A A FH R B v A A W 3 v 1 38
MR

B gt
TAE.

SR PR P 2 AR SRS R A X



%128

TAFIEA . K MePP2CAb K vl J 1507

2399

S 3Lk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

FENG C Z, CHEN Y, WANG C, KONG Y H, WU W H,
CHEN Y F. Arabidopsis RAV1 transcription factor, phos-
phorylated by SnRK2 kinases, regulates the expression of
ABI3, ABI4, and ABI5 during seed germination and early
seedling development[J]. Plant Journal, 2014, 80(4):
654-668.

TIJERO V, TERIBIA N, MU OZ P, MUNN-BOSCH S.
Implication of abscisic acid on ripening and quality in sweet
cherries: differential effects during Pre- and Post-harvest[J].
Frontiers in Plant Science, 2016, 7: 602.

WASILEWSKA A, VLAD F, SIRICHANDRA C, REDKO
Y, JAMMES F, VALON C, FREI DIT FREY, NLEUNG 1J.
An update on abscisic acid signaling in plants and more[J].
Molecular Plant, 2008, 1(2): 198-217.

BEN-ARI G. The ABA signal transduction mechanism in
commercial crops: learning from Arabidopsig[J]. Plant Cell
Reports, 2012, 31(8): 1357-1369.

CHEN K, LI G J, BRESSAN R A, SONG C P, ZHU J K,
ZHAO Y. Abscisic acid dynamics, signaling, and functions

in plants[J]. Journal of Integrative Plant Biology, 2020, 62(1):

25-54.

UMEZAWA T, NAKASHIMA K, MIYAKAWA T, KURO-
MORI T, TANOKURA M, SHINOZAKI K, YAMAGU-
CHI-SHINOZAKI K. Molecular basis of the core regulatory
network in ABA responses: sensing, signaling and trans-
port[J]. Plant and Cell Physiology, 2010, 51(11): 1821-1839.
HLAVINKA P, TRNKA M, SEMER DOV D, DUBROVSK
M, ZALUD Z, MOZN M. Effect of drought on yield vari-
ability of key crops in Czech Republic[J]. Agricultural and
Forest Meteorology, 2009, 149(3): 431-442.

DIETZ K J, Z RB C, GEILFUS C M. Drought and crop
yield[J]. Plant Biology, 2021, 23(6): 881-893.

AGATA DASZKOWSKA-GOLEC A, SZAREJKO I. The
molecular basis of ABA-Mediated plant response to drought,
in abiotic stress[M]. Rijeka: IntechOpen, 2013: 103-134.
ASSMANN S M. OPEN STOMATALI opens the door to
ABA signaling in Arabidopsis guard cells[J]. Trends in Plant
Science, 2003, 8(4): 151-153.

SEKI M, ISHIDA J, NARUSAKA M, FUJITA M, NANJO
T, UMEZAWA T, KAMIYA A, NAKAJIMA M, ENJU A,
SAKURAI T, SATOU M, AKIYAMA K, YAMAGUCHI-
SHINOZAKI K, CARNINCI P, KAWAI J, HAYASHIZAKI
Y, SHINOZAKI K. Monitoring the expression pattern of
around 7000 Arabidopsis genes under ABA treatments using
a full-length cDNA microarray[J]. Functional and Integrative
Genomics, 2002, 2(6): 282-291.

WANG Y, FAN J, WU X, GUANL, LI C,GU T, L1 Y,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

DING J. Genome-wide characterization and expression pro-
filing of HD-Zip genes in ABA-mediated processes in Fra-
garia vesca[J]. Plants (Basel), 2022, 11(23): 3367
SHAZADEE H, KHAN N, WANG L, WANG X. GhHAI2,
GhAHG3, and GhABI2 negatively regulate osmotic stress
tolerance via ABA-dependent pathway in cotton (Gossypium
hirsutum L.)[J]. Frontiers in Plant Science, 2022, 13:
905181.

CAO J, JIANG M, LI P, CHU Z. Genome-wide identifica-
tion and evolutionary analyses of the PP2C gene family with
their expression profiling in response to multiple stresses in
Brachypodium distachyon[J]. BMC Genomics, 2016, 17:
175.

SINGH A, GIRI J, KAPOOR S, TYAGI A, KPANDEY G K.
Protein phosphatase complement in rice: genome-wide iden-
tification and transcriptional analysis under abiotic stress
conditions and reproductive development[J]. BMC Genom-
ics, 2010, 11: 435.

WEI K, PAN S. Maize protein phosphatase gene family:
identification and molecular characterization[J]. BMC Ge-
nomics, 2014, 15(1): 773.

XUE T, WANG D, ZHANG S, EHLTING J, NI F, JAKAB
S, ZHENG C C, ZHONG Y. Genome-wide and ex-pression
analysis of protein phosphatase 2C in rice and Arabidopsis[J].
BMC Genomics, 2008, 9(1): 550.

SHAZADEE H, KHAN N. Identification and expression
profiling of protein phosphatases (PP2C) gene family in
Gossypium hirsutum L.[J]. International Journal of Me-
chanical Sciences, 2019, 20(6): 1395.

ALLEN G J, KUCHITSU K, CHU S P, MURATA Y,
SCHROEDER J 1. Arabidopsis abil-1 and abi2-1 phos-
phatase mutations reduce abscisic acid-induced cytoplasmic
calcium rises in guard cells[J]. Plant Cell, 1999, 11(9):
1785-1798.

GOSTI F, BEAUDOIN N, SERIZET C, WEBB A A,
VARTANIAN N, GIRAUDAT J. ABII protein phosphatase
2C is a negative regulator of abscisic acid signaling[J]. Plant
Cell, 1999, 11(10): 1897-1910.

MERLOT S, GOSTI F, GUERRIER D, VAVASSEUR A,
GIRAUDAT J. The ABI1 and ABI2 protein phosphatases 2C
act in a negative feedback regulatory loop of the abscisic
acid signalling pathway[J]. Plant Journal, 2001, 25(3):
295-303.

RUBIO S, RODRIGUES A, SAEZ A, DIZON M B, GALLE
A, KIM T H, SANTIAGO J, FLEXAS J, SCHROEDER J I,
RODRIGUEZ P L. Triple loss of function of protein phos-
phatases type 2C leads to partial constitutive response to en-
dogenous abscisic acid[J]. Plant Physiology, 2009, 150(3):
1345-1355.



2400

7 AR 5 44 %

(23]

[24]

[25]

[26]

[27]

(28]

[29]

LIU L, HU X, SONG J, ZONG X, LI D, LI D. Over-express-
ion of a Zea mays L. protein phosphatase 2C gene (ZmPP2C)
in Arabidopsis thaliana decreases tolerance to salt and drou-
ght[J]. Journal of Plant Physiology, 2009, 166(5): 531-542.
XIANG Y, SUN X, GAO S, QIN F, DAI M. Deletion of an
endoplasmic reticulum stress response element in a
ZmPP2C-A gene facilitates drought tolerance of maize seed-
lings[J]. Molecular Plant, 2017, 10(3): 456-469.

ARSHAD M, MATTSSON J. A putative poplar PP2C-enco-
ding gene negatively regulates drought and abscisic acid re-
sponses in transgenic Arabidopsis thaliana[J]. Trees, 2014,
28(2): 531-543.

BUZ, A, T8, REkK, M. KR MePYL8 LR
SERE SRR, 3T HME R, 2018, 16(14): 36-42.
YAN Y, TIE W W, DING Z H, WU C L, HU W. Cloning
and expression analysis of MePYL8 gene in cassava[J]. Mo-
lecular Plant Breeding, 2018, 16(14): 36-42. (in Chinese)

HU W, JI C, SHI H, LIANG Z, LI K. Allele-defined genome
reveals biallelic differentiation during cassava evolution[J].
Molecular Plant, 2021, 14(6): 8651-8854.

HU W, JI C, LIANG Z, YE J, OU W, DING Z, ZHOU G,
TIEW, YANY, YANGJ, MA L, YANG X, WEI Y, JIN Z,
XIE J, PENG M, WANG W, GUO A, XU B, GUO J, CHEN
S, WANG M, ZHOU Y, LI X, LI R, XIAO X, WAN Z, AN
F, ZHANG J, LENG Q, L1'Y, SHI H, MING R, LI K. Rese-
quencing of 388 cassava accessions identifies valuable loci
and selection for variation in heterozygosity[J]. Genome Bi-
ology, 2021, 22(1): 316.

ZHAO H, WU C, YAN Y, TIE W, DING Z, LIU G, YAN W,
LI Y, WANG W, PENG M, GUO J, GUO A, HU W. Ge-
nomic analysis of the core components of ABA signaling
reveals their possible role in abiotic stress response in cas-
sava[J]. Environmental and Experimental Botany, 2019, 167:
103855.

[30]

[31]

(32]

[33]

[34]

[35]

[36]

YU X, HAN J, LT L, ZHANG Q, YANG G, HE G. Wheat
PP2C-al0 regulates seed germination and drought tolerance
in transgenic Arabidopsis[J]. Plant Cell Reports, 2020, 39(5):
635-651.

ZHANG F, WEI Q, SHI J, JIN X, HE Y, ZHANG Y, LUO
Q, WANG Y, CHANG J, YANG G, HE G. Brachypodium
distachyon BdPP2CA6 with BdPYLs
BdSnRK?2 and positively regulates salt tolerance in trans-
genic Arabidopsis[J]. Front Plant Science, 2017, 8: 264.
MEYER K, LEUBE M P, GRILL E. A protein phosphatase
2C involved in ABA signal transduction in Arabidopsis
thaliana[J]. Science, 1994, 264(5164): 1452-1455.

SAEZ A, APOSTOLOVA N, GONZALEZ-GUZMAN M,
GONZALEZ-GARCIA M P, NICOLAS C, LORENZO O,
RODRIGUEZ P L. Gain-of-function and loss-of-function

interacts and

phenotypes of the protein phosphatase 2C HABI1 reveal its
role as a negative regulator of abscisic acid signalling[J].
Plant Journal, 2004, 37(3): 354-369.

NISHIMURA N, YOSHIDA T, KITAHATA N, ASAMI T,
SHINOZAKI K, HIRAYAMA T. ABA-hypersensitive ger-
minationl encodes a protein phosphatase 2C, an essential
component of abscisic acid signaling in Arabidopsis seed[J].
Plant Journal, 2007, 50(6): 935-949.

REYES D, RODR GUEZ D, GONZ LEZ-GARC A M P,
LORENZO O, NICOL S G, GARC A-MART NEZ J L,
NICOL S C. Overexpression of a protein phosphatase 2C
from beech seeds in Arabidopsis shows phenotypes related to
abscisic acid responses and gibberellin biosynthesis[J]. Plant
Physiology, 2006, 141(4): 1414-1424.

LIU X, ZHU Y, ZHAI H, CAI H, JI W, LUO X, L1J, BAI X.
AtPP2CGl, a protein phosphatase 2C, positively regulates
salt tolerance of Arabidopsis in abscisic acid-dependent
manner[J]. Biochemical and Biophysical Research Commu-
nications, 2012, 422(4): 710-715.





