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- BRIRE -

TR RERE R ES R IEM AR MIRNAS
KO T8 B 2 3K im vk B i [

SR, kN2 mE, LA, &R
VRIS R A A R B b, AR R R R R B E W TR L, SR A RN AL S IR R A St
LB 650500; 25 T 6 K 24 dn Bl 2% B, S @ AT 830054

FWE /M (Jatropha curcas) & — il L 11 K REIEAEY) K A BOE Y, 12°CRIR Bk il B E e m LA 1tk . AR BRI
Kb /N T2 I B R B 1 R B B 1) L PR (R miRNASHEAT S 58 L AR5 B2 40 AT RO R R M 0T, FE X i3 IR K ik
AR5 5 miRNAs BLAE 2 5 Y8 45 /Minl 1 SHE IR A B0 S AT AT« 45 SRR, 78/ 7 25 R 20 P 3k e 30391 IR R &=
HEgIE R, BT 11450 E, vl N6 F KR (C1A. C2. C12. C13. C14F1C15), Fifh181-2 158N FEE AR LN
Z Ik, YIEH CysHHisiE AL Ao 2T miRNAZLFI R MM P45, KA 283 miRNASHE ) 12 /M in T2 bt 2 16 2 A g
FE B FE 14 R - 3T 8L IJcDEK L. JcCRD21BF1JcXBCP3L I MIRNASTE 12°CAG IR MR AT FE rh LR IA i £ 9, x4
MIRNAsS 5 2 Bt 2 8 2R (1 25 R R0 1 1, ELIXRh 43 vl R8-S5 AR IR B0 15 3 (X0 /AT 1 T ¥4 M 3 3 A O T e g SR Bh 1
RN ERR /I 72 o R 25 3 i3 IR SR T R B S5 AR B miRNAS FI ELAE, DA K3 3k T AR T 38 /AR~ S0 3 e o o

KR MET, FIERE AR, 2B, miRNAs, (KI5
RIHFE, Bk, B, fLEH, R (2021). /M T DER R B R SRR L miRNAS ) 265 78 B H T IR #5112

¥4k 56, 544-558.

ik 2 2 K [ g (cysteine protease) &A1& A
—REAE O KRR, & EYE A KR
ZH B3 7> (Grudkowska and Zagdanska, 2014). %
PERT S5 A Cyshik ik, — s i ) 77 >k 48 e 1% 2K 1
I PEAT 5 (Ahmad et al., 2014). F I aE iR & Al
A 43 A6 AN E K i - HoFF C1A (papain-like) L 5 i 71
MR E AR, YIS RN T R TR
WAM. %50 AA3 e, KT SR
MERIREE, EHERNA —F2RE R T 46K,
HA CysHIHis ML AL 5 (Wang et al., 2018b).
C2L K i J& T F5 i ~F It 2 R & 11 8§ (calpains), =&
— KA EEIRVEZK, FEERKEA
(Rawlings and Salvesen, 2013). C123 5 i X iz
R C-oR Uiy K A Bl 3 500 1 I A7 JIK I8 RS O 7 A T
BRI OL &, R HE R, W2 2 C-K il
GIlyJE B I B 1) 7K A B A 1 B ik £ M (Wilkinson et al.,
ik H 301 2021-01-18; #525% H 31: 2021-05-07

FE&TH: 5 AR 25 4 (No.31860062, No.31460059)
* JEiRfE# . E-mail: gongming6307@163.com

1999; Rawlings et al., 2010). C13 5 ji it il in T
fis(vacuolar processing enzymes, VPEs), J& T &%
RARIRE ARG, HEZER v TaiisE e A
FRAABEN IR A . VPESCHHEHS 52 MAN
AR EE BN, 5 %88 8 8 S RTES
H 2% (Hara-Nishimura, 1995; Shimada et al., 2003).
Ak, —LeVPESIE I it H R A& 2 R B B 1t £E A
VR 8 AT AR N R U T AR P 4 I AE T (Kuroyan-
agi et al., 2005; Hatsugai et al., 2006). C143/ FK &
J& T R A 2R e 5 MR 1K Bt = R £& (1 I (caspases),
TE SRR A EAZ A T2 AR, B E B HEAE
FA I Cys FTHisFR A, T &0 40 M 8 T2 g1 ) B2 = B iy
C14 W K j% W) caspases % #l| (Earnshaw et al.,
1999). C15W KR NERABLIKEF (PGP-1), {EMH
FLA, PGP-1 T4 o) 8 {2 AR 2R L
R OMEER R R R AN ZRIER AR (pGlu)
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(Dando et al., 2003). - ht 22 5 12 FE A 8 K
fE B VE I EEA Sy, ENLES SEmAEKK
&I, HBCREZ MUEE R, R E
1 il £ 2 0 5 A e o 2 5 o 7 o 4 H (Liu
et al., 2018; Vorster et al., 2019),

/M F (Jatropha curcas) X & kAR . B, 5
G K N 7 SR ) S Ry - N A
oAk, R EAAERGEITRIE I Z IRy,
1 — o AT I BTy S U 1Y) IR YA SO ) (chilling-
sensitive plant), i 2 PR il /N -2 K R0 AR P2 ()
PRI 2 2 —(Montes and Melchinger, 2016). Ao
#:(2013a, 2013b)K I, 12°CARIRMIH2 K 7] i 3% %
/T4 E 1 CARIRAME T RT3 R
TR W& &, PR RS, R T
Y BERTTRE ), S m Va5 s A
WY, WORBE TR G s, i
PEE/IMIE T IIPTATE . Li%E(2014) R I, 12°CHRIRHE
P 0] B2 = /M TSR AN AN B SO g R 4 4
B RN MR AR T IR Bh I (Li et al., 2014). 12°C
GRS T /M 7 s B iR, BETA 2R
FiEE K Z 5IGRBEA R HE S Ehme, K
- [ S R B 1 T R AT A S T R A B e Y 3
F R FEFE(Wang et al., 2013a). FHGHEBE T
/AT /NmMIRNAZL 3 BT 7R, AR 2 miRNAs 2 5 /)M il
TR IR N (Wang et al., 2013b). I A 1% /M
T2 R SR B A 1 77 (cystatin 2 PR 5 K R 1)
KRR FIMIRNASHEAT 7%, #FFC T cystatin&
35 [R5 A B miRNAS [ ELAE 7E i 3% /N 7 e o e
me 7 HHoR] fe AR FH (R PHEEE, 2021), B H TR WL
A IR IR -2 e 2 R B 1 1l A R R B HRES Te 2 oK T
B ImIRNASHIHF 5T«

miRNAE — KB AW T 2 ERNKEN
20-24 ntf) N IEAEAIDRNA, 7T B8 H7E AL = A
FREGSEARDIE] FEEIH . KA siRNATE R B3I
T SR M R RN SR AR 61> U T (R K i AN 22 Y
2020). fEYImIRNA: Z2il i 87 P mRNASH ) B 1%
fros FE R Rk, R MG T . MR KK M
IR0 190 35 25 A 3 R v 4 A (TR RS 4,
2020; EE#hA&R%, 2020). 25K H, miRNAsS
YGRS 5 5 7% 3 MG N g R (Megha

et al., 2018), {HmiRNAsZ %2 5z AR EA
il SR ML R, AR 3 Ak A ar i 8 28 L A2 i 4 1k )
FUH AR WARIE . BT ARSI = AN T/E(Ao et al.,
2013a, 2013b; Wang et al., 2013a, 2013b; Li et al.,
2014) AT 1A 58 BRI /N A 1 et BB e it b e S 4

miRNAZE T [ fife 2H 00 7P 5 51, FRATT /N A -7 2 e 2
R R ARG S AT 7 AR IR % e e KRGtk et
WTERL B A S BRI R IA 3T, 2T miRNA
YANPERALI T E 0, % T 48 ) R B i ik
IR 5% 1 A B2 IR miRNAs, #EAT 35835 04T, B 76 1 1
- Jh S IR B 1 2 R SRR S L 5 0 R miRNAs 1 HLAE
R F LA S i BAE W AA] 2 5 1 45 /N - o A1 R
e B3 AR o

1 MRE5FE

1.1 EIMRRIES

/N7 (Jatropha curcas L) 18T = B ik. fhr
FMEHT B W DL S &) i B 97 55 W OCHR (2558
JERIZEH, 2011; RPHTEE, 2021).

1.2 RiB Bk 3E

/N - )y VARG TR B MR % SR £E DL SC iR (Ao et al,,
2013a; ®FHFEE, 2021). Frfa HURE & 5 2820 e 3511 3
REH .

1.3 #FH. miRNALAFIFERRLAN FF

FiTrizol (Invitrogen, USA)#EHUERNA . miRNAsHEHL
2% Plant miRNA Kit R6727-01 (OMEGA)R{ & ()
M RHAED TRRAR AR )Y BT . .
miRNAZL I f# 2 0 7 A llumina 4000 f= i & 1 7
A (M B AR BR A 7 )HEAT o T A
CL FAENCBI, #% 3¢ 4 04 5 5% 5 WPRINAG61688,
miRNAZ % 3% 5 NPRINAGGO8S7, FEfRALE K5 A
PRJNAG61178 (R4, 2021).

1.4 MEFEHEEEREABREBRNETE

A5 7F (Arabidopsis thaliana). 7K#&(Oryza sativa)-
BB (Ricinus communis). ## (Populus euphratica)
A A (Solanum lycopersicum)3- Bt & & H B HY
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AER T 5 WMEROPS#(#fE £ (Release 12.0) (http:/
www.ebi.ac.uk/merops)3k1G . K 3K L P21 5
/INHE - 355 PRI 4H #5122 (JCDB) (http://jedb.xtbg.ac.cn/)
HEATBLASTLLXS, 454 MEME (Multiple Em for Motif
Elicitation) (http://meme-suite.org/tools/meme) #
CDD (Conserved Domain Database) (https://www.
ncbi.nlm.nih.gov/cdd)idt — 2 ik H B - 2 1R &
g &5 /381 i 52 (Finn et al., 2016), J+FIFHHMM
Ko g /e 1 2 IO R B T T X R R B L R B R A A,
FRHIOOHg I 7 1 HEAT 0 16 (151 fR BH AN IR R 53, 2020) . &
T L2505 45 B ki 7 51, {6 FHEXPASY Prot-
Param T E. (http://web.expasy.org/protparam/) i} %
BEAS P R R 1 R A O A AL A o, R4S
7RSS E T (Chen et al., 2018; TifFi %%,
2019; RH5, 2020).

1.5 MIFEREEREOBRIENRZLE LR
ZFIIELX . FEEREMMERREMEE ST

SN 53 M K RGN B R 5 /N T~ P SR R B K
R RS K B 5<%, HClustal X Ver. 1.81%} X3
VIR R B A R HE R AT 2 R A LR, SRS
ff FIMEGA 7.02% T 5 KARLER % (maximum likelihood)
A L 51 000/ bootstrap F & 1 R 4t & 5 # (Zou et
al., 2018). AR PR & B 0 OR~7 27, {8
I MEME7E £ #1143 #2128 11 I8 5 e 1) £ 1
GERIE . I/INER - 5 TR A R A P B 2R B S R
TEAHN SR B RARGLE, R OO 2 2 8 (Wu
et al., 2015), 7ETBtoolsH 58 B LA 2 iz (Chen et
al., 2020). JyXf 2t 2 B8 £ 1 B 1K) 2 1 41 2047 [R5
PESHT, ASBFFCEBUSE I (1) EERHG ST R K
170%; (2) [F¥EME> LLT K B 1174.99%, #E1T A
HEHEFE 4 (Wang et al., 2018a).

1.6 /EF 3 Bt KB B B B R ik & B R 4B L mi-
RNAsHIEIFRIL 217

FI F /I8 i -1 5085 )2 (http://jedb.xtbg.ac.cn/) H 2 FF 1)
RNA-seq £ 4 1t 17 7 3 14 3% 4 #7 (Zhang et al.,
2019), Hr Q3 M TR EA [ 2H 228 B 1R E
155 o AW IR FH /)N {1 il BB o o A 1 2 S 2L
iRNAZEL [ fiff 21 5 R 15 A e 06 2 0 P i, %
SEF 1.3,

1.7  THEFNEE )/ EF R E R E QIR %
EEBIMIRNAs

N G AT R A AR LE RO )N A o DR SRR B e SR e
ELH I mIRNAs, i F A S50 5 75 /)N 78 i 8B ot
T o i 5 3K 15 19 miRNA 44 (miRNAome) Al [ fig 40
(degradome)F s (& 355 WL1.377), s A4 sz #E 1m)
- ot 2 R A 1 B X% £ TR If miRNAs . f# A Cycto-
scape ¥ X miIRNAs 5 /)N -2 it 2 1R i 1 il 2k K]
Z AN 45 0% R AT AT AL R

1.8 (RERBEIER/METFEREBREQRER
EtBXmiRNAsRIERqRT-PCRIEIE
NI e 2 R £ 1 g R 5 #E 17 miRNAs Y AR 5%
R, FATHR AN 72 Dk 2 R B i SR 3 R ]
AR HImMIRNAsHE4TQRT-PCRAM T, HR 53 K 7 51 5
THRE SR E &5 Y(FR 1), A8 H Trizolif 71 & R it
H i BUS RNA, A % 5% 57 & PrimerScript RT
Reagent Kit with gDNA Erase (Takara, Ki%)¥
RNAJ ¥ 5% i.cDNA, {R47T—80°CUk4H, #Hi.
miRNAR I B Plant miRNA Kit R6727-014x
A E(OMEGA) Bt W H 24T, 1 I miRNAZE 141
cDNAE B A& (KRR, Jb50)#4T miRNA KR ¥ 5%,
S I CDNARATE—80°CUKFE, %M. S B fLEH:
25(2019)[) 7735, UBFIGAPDHIE AN S, LI
S5 K0 ik BT 916, FIFLightCycler® 96

1 gRT-PCREEE#
Table 1 The related primers for gqRT-PCR

Primer name Sequence (5'— 3')

miR1314-y-F GCCGGTCTCCAATGTTAGG
miR1151-y-F ATCTGGTTGTGGGACCCG
miR5156-x-F GCGAGACTGTGAAACTGCAAA
miR6483-y-F GCGTTGTAGAAATTTTCAGGATCA
JcXBCP3L-F TCTGTGGGTATGGATGGTTCTGC
JcXBCP3L-R ACCCCAGTCAGTACCCCACGA
JcRD21B-F CAACGCTTTAGGAGAGAAGGAA
JcRD21B-R ACGCAACTTGTTCCTCCTGAC
JcDEK1-F TGCTGGGAAATTCTGGTG

JcDEK1-R AGCCGTCAAACCCACCA

Reverse primer GCTGTCAACGATACGCTACGTAACG
uée-F GGAACGATACAGAGAAGATT
GAPDH-F TGAAGGACTGGAGAGGTGGAAGAGC
GAPDH-R ATCAACAGTTGGAACACGGAAAGCC
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System (Roche, Switzerland)it17qRT-PCR/% M .
qRT-PCR&EZ AR 10 pL: 1 pL cDNABEAR « 1F % 7l
514%0.4 pL (10 pmol-L™"). 5 pL TB Green Premix
Ex Taq II#13.2 yL ddH,O. qRT-PCRx W2 N
95°CTiA 1:3070; 95°CAZ:58), 55°CiR K5/, 2/
38454 ;55— P k47 60-97° C g i ith 26 7y
Hr. qRT-PCREHE &b #H 2 IR FLAFHE S5 (2019) I 7 V2 -

2 #R5iE

2.1 MEFHERREE AR ERERN R K E
£+ MMEROPS##% )% (Release 12.0) (http://www.
ebi.ac.uk/merops) " FE ML TF. KFE. ERE. ¥

T2 /AT LR A A 2R B ) B AL R

AN Al R R B A B R B IR 7 81, DA AR S
FERAFI /A - LE TE B IR AR TR BB T 1 e s 4
45 (PRINA661688), 11T NCBIE 5 2 L% A1t /)
Ml 8 (5 500 AT BLASTHE &, 45 & MEME.
CDDFIHMMZ3 7 1 2 it 2 B8 £ 1 gk e 1) % 45 )
fa, S E BB/ T2 R B G AR, A AT
T AR T A I B SR R T R 4 PR AL R AR
(%2). FHI MR SR, IR & AR e K
FESEH 7181 (JcSAG12H6)-2 158 aa (JcDEK1),
¥1°5404.33 aa. 4> i E(Mw)FEE7E20 779.04
(JcSAG12H6)-239 010.06 (JcCDEK1) Dax [a]. it
/i 14 (pl) Y5 I £ 4.66 (JCUCH3)-9.49 (JcSAG12H7)
Z I8 39 ER A e A F 11 4 etk 1(3%2).

Table 2 Physicochemical properties of identified cysteine proteins in Jatropha curcas

Locus ID Gene name Subgroup Chr. Size (aa) Mw (Da) pl
XM_012209792.1 JcRD21A C1A Chr. 10 475 52682.16 5.39
XM_012221410.1 JcSAG12H4 C1A Chr. 4 340 37417.89 5.13
XM_012226309.1 JcSAG12H1 C1A Chr. 3 311 34256.46 6.89
XM_012216029.1 JcSAG12H2 C1A Chr. 7 268 28610.75 4.66
XM_012216557.1 JcXBCP3 C1A Chr. 4 441 48817.81 6.06
XM_012218796.1 JcRD21A1 C1A Chr. 10 358 40417.25 5.10
XM_012223641.1 JCALP1 C1A Chr. 7 347 38935.92 8.43
XM_012225588.1 JcRD19B C1A Chr. 10 409 44955.43 6.71
XM_012230158.1 JcCEP2 C1A Chr. 7 358 39943.84 6.19
XM_012233098.1 JcSAG12H5 C1A Chr. 9 340 37592.12 5.01
XM_012236390.1 JcXBCP3L C1A Chr. 3 524 58042.85 5.24
XM_012219020.1 JcXCP1 C1A Chr. 5 349 39054.13 5.59
XM_012211812.1 JcRD19A C1A Chr. 2 370 40564.71 5.95
XM_012212907 .1 JcRD21B C1A Chr. 4 466 51785.03 5.28
XM_012213199.1 JcSAG12H3 C1A Chr. 2 339 37598.38 5.94
XM_012216569.1 JcRD19C C1A Chr. 4 368 40923.12 5.81
XM_012218200.1 JcXCP2 C1A Chr. 4 350 39176.15 5.40
XM_012221663.1 JCTHI1 C1A Chr. 11 358 39435.49 5.88
XM_012223907.1 JcRD21C C1A Chr. 7 366 41119.35 5.40
XM_012224546.1 JcCEP1 C1A Chr. 5 360 40142.92 5.69
XM_020685390.1 JcSAG12H6 C1A Chr. 3 181 20779.04 9.49
XM_020685389.1 JcSAG12H7 C1A Chr. 3 181 20779.04 9.49
XM_012227664.1 JcCTB1 C1A Chr. 8 358 39709.10 6.07
XM_012225478.1 JcDEK1 C2 Chr. 1 2158 239010.06 6.03
XM_012224060.1 JcUCH2 C12 Chr. 4 337 38597.28 6.43
XM_012214672.1 JcUCH3 Cc12 Chr. 9 236 26006.51 4.66
XM_012231737.1 JCcVPE2 C13 Chr.9 495 55104.34 5.58
XM_012221936.1 JcVPEL C13 Chr. 11 493 54253.23 5.93
XM_012232060.1 JcVPE3 C13 Chr. 5 485 54983.84 6.22
XM_012229170.1 JCAMCA4G C14 Chr. 5 418 45953.22 5.18
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F2
Table 2 (continued)

Locus ID Gene name Subgroup Chr. Size (aa) Mw (Da) pl
XM_012227353.1 JCAMC9A C14 Chr. 3 317 35221.20 5.84
XM_012213747.1 JCcAMC3B C14 Chr. 2 374 41063.04 5.71
XM_012213748.1 JcAMC1C C14 Chr. 2 330 37646.13 8.05
XM_012213889.1 JcAMC2D C14 Chr. 2 406 45165.20 8.65
XM_012213890.1 JCAMCI1E C14 Chr. 2 335 37746.43 8.10
XM_012228350.1 JCcAMC1F C14 Chr. 8 362 39681.00 6.41
XM_012235144.1 JcAMC1H C14 Chr. 5 370 40503.80 6.34
XM_012230023.1 JcPCP1 C15 Chr. 7 217 23577.96 6.07
XM_012233456.1 JcPCP2 C15 Chr. 6 219 23969.43 6.08

22 RAGABH#HED

PR O R 3R SCHR FTMEROPS HU 4 P 3k 15 7K e A B bk
2 It = 2 2R A B 1) (Zou et al., 2018; Nifio et al.,
2020), FlHClustal X Ver. 1.81X%f/KFg. B AN
N B - Db 2R R 1 Bl B R Y A B AT 22 E X, pg

F R TOAR RGN, PRIT /N 1 R B A
R G R (EI). 255 R, /i TRt iR e
Wi 5T 2 N6 KR, 4y AIAC1AL C2. C12,
C13. C14fi1C15. Hr, C13FIC15W Ak ik

AR,

Q
»

(=]
=
o
~
@
=]

00846
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s

Cc 2
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I g Os0;
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}3dAIr

B /AT KRR R b R B 1 B SR 1 R G AL

Figure 1 Phylogenetic tree of cysteine protease family in Jatropha curcas, Oryza sativa and Ricinus communis
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G CAATEF R AR i % (2371), C23E 5 IR/l il
BERRAAUA1AB5, C12ME 5 IR A 24 5 (JeUCH2
AJcUCH3), C13IE 5 A 34> i 7 (JeVPE2,, JcVPE1
HJCVPEZ), C14W K IKABN A, CISWRIKA
JCPCP1#1JcPCP2H AN i 7 -

23 MMEFEREBREABRENEBDSHE
o
5t TMEROPs ¥4 5 73 #r, #$%IC1A. C2. C12.
C13. C14FCIEAN WK IE N E AL (E2), 455
FWL, A2 bt 2 R B 1 I SR 164 IV KR B A
B A Cys MHis i 2[R E VEAL A, X 72 M & R
F B (145 E(Ahmad et al., 2014), [F]—3F % Rk
KZHAEHE T % A A (E12).
TR/ -2 =R B A g R AR R e, A
MEME# % T B, #i® 79N REZENET, 55/
il 2 e 2R B 1 I8 OR <1 R P 5 A 50 RT 1
ExxxRxxxxxxN/VxxxNx (] 3). JH H WRxxGAV #
LSEOXLVDH: ¥ 14 i /n 7E EIBHI 25147

24 FEREMREFEESHEGSH
BT WuZE (2015) 4 /M 138 AL E BT, X /M
TR R R B A R R AT Gt i sE £, FFAI

— - ——
H N

c2 |

TBtools# 22 K (K14) . 25 L3211, 391 2F I AR & A
Pty 55 DKLl € AL T 11 S G 04 (Chr. 1—Chr. 11) k.
Bk gL O LI 2R B B R B H AN, B
FRRE A EANF B e tfk . A Chr. 11 2524,
Chr. 2FIChr. 4 %4564, Chr. 3. Chr. 5fIChr. 7 -
%454, Chr. 11fiiChr. 8 L& 42/, Chr. 9FIChr.
10 L&A 3N IR IR AR R . BiRgE R,
PR B 1 W R AN Rl e ik Bay A A, i B
MK EFEREAF G A B mAL(E4), 3
— 35 R B R A A R AR PR AT L, R
TE/MIRT-2: R IR B TR SE R R e b, A 18X R Rk
AT RRREZEE, HPhF T RVEMEX90% L L,
JCRD21AMIJICRD21A1. JcSAG12H6F1JcSAG12H7
1 [ 51 2 531 9 95.60%A195.87%,  HLAL T /] — 2% 4
Ak b, e R B R A ATHES, TR IX2
LR AL T BECEE . JCSAG12H5F1IcSAG12H4 .
JCSAG12H3H1JcSAG12H4 . JcSAG12H5#1JcSAG
12H3 1 [l P 20 1175 92.70% . 90.2%4190.20%, H.
oA ARGtk b, XA R R A T Ytk AL
SRS, 1ER A BUE S 2P IR 2 B g 2k A
H— I R (1IcSAG12H6 MIICSAGI2HT) K H [7] —
WK, Al gedi b R kAT R, 724 T R EE
2 (El4).

e e e e e
c12 Qc HD
-+ H-—- b =

+ - — - - -
e e
H
O e e I

B2 /76N R R I 5K R IV B A
C: MR, D: RAEE; B 2R H HEWE; N: RABHE, Q A&l

I a-helix
‘ B-sheet
| Catalytic residues

Random coil

Figure 2 Protein structure of the six cysteine protease subfamilies in Jatropha curcas
C: Cys; D: Asp; E: Glu; H: His; N: Asn; Q: GIn
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Figure 3 The top nine motifs of cysteine protease family in Jatropha curcas identified using the MEME software

The abscissa represents the length of the motif; the ordinate indicates the conservatism of the motif.
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Figure 4 Chromosome location and repetitive events of cysteine protease gene pairs in Jatropha curcas

Repeated gene pairs are shown and linked by the lines.
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Figure 5 Heatmap of gene expression of cysteine protease
family in different organs of Jatropha curcas
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Figure 6 Heatmap of gene expression of cysteine protease
family in leaves of Jatropha curcas seedlings during chill-har-
dening at 12°C
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curcas

Red represents cysteine protease gene and blue represents miRNAs.
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Figure 8 Heatmap of miRNAs targeting cysteine protease
family genes in Jatropha curcas during 12°C chill-hardening
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Figure 9 Co-expression analysis by gqRT-PCR of the cysteine protease genes JcDEK1, JcRD21B and JcXBCP3L as well as
the miRNAs targeting these genes in Jatropha curcas seedlings during chill-hardening at 12°C
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level, respectively.
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Identification of the Cysteine Protease Family and Corresponding
MiRNAs in Jatropha curcas and Their Response
to Chill-hardening
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Abstract Jatropha curcas is a kind of promising energy plants, but also a chilling-sensitive plant, which can be chill-
hardening at 12°C with significant improvement of its chilling tolerance. In this study, the cysteine protease gene family of
J. curcas and their corresponding miRNAs were identified at the genome-wide level. The results showed that a total of 39
cysteine protease genes were identified in J. curcas genome, which were located on 11 chromosomes and could be di-
vided into six subfamilies (C1A, C2, C12, C13, C14 and C15); all encoding 181-2 158 amino acids with Cys and His ac-
tive sites. Based on the sequencing results of miRNAome and degradome, 283 miRNAs were found to be targeted to 14
members of cysteine protease gene family. In addition, the co-expression analysis of those miRNAs targeting to JcDEK1,
JcRD21B and JcXBCP3L during chill-hardening demonstrated significantly negative correlation during the chill-hardening
at 12°C, suggesting that these miRNAs are involved in the regulation of the cysteine protease genes, and this regulation
should be related to the enhancement of chilling tolerance induced by the chill-hardening. This study will be helpful for
better understanding the function of cysteine protease gene family in J. curcas and the interaction of the family genes with
their corresponding miRNAs, and how this interaction regulates the response of J. curcas to low temperature.
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