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Abstract: GRAS transcription factors play important roles in many physiological and biochemical pathways
involved in plant growth and development and stress responses. 48 GRAS transcription factors were identified
in the genome of Ricinus communis L., and their physical and chemical properties, phylogenetic patterns,
gene structure, and conserved motifs were analyzed. The proteins encoded by GRAS genes of castor are all
hydrophilic, with acidic proteins accounting for about 94%, isoelectric points between 4.82-10.21, and relative
molecular weights between 17305.2-90986.6. The GRAS transcription factors are divided into 11 subfamilies, and
members of the same subfamily have similar gene structures and conserved motifs. RT-gPCR was used to detect
the expression of five genes in roots, stems and leaves under drought and salt stresses. The results showed that
the expression of RCGRASS in different tissues was specific, and drought and salt stresses induced the expression
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of RcGRAS14 . RcGRAS21 and RcGRAS35 but inhibited the expression of RCGRAS1 and RcGRAS10. This study
provides a reference for further study of the functionon of GRAS transcription factors in abiotic stresses.
Key words: castor ( Ricinus communis L. ) ; GRAS transcription factors; bioinformatic analysis; abiotic

stresses

GRAS #% 5% [H 7 K 3 LUK I\ Sl 2 4 4 4%
SRR S SR, T JLAR A F ST R 1%
SR RIGEAEAE T A0 2 H 4, IF 42 HH GRAS 3 [H
FGEE A, BLE T2 248 3t
% % B ( Rossmann fold methyltransferase ) # %
%2, GRAS # 3¢ K F- iy 3 /> L 159 4 5 10 1) g
GIBBERELLIC-ACID INSENSITIVE ( GAI ) .
REPRESSOR of GA1( RGA ) il SCARECROW ( SCR )
it 45, -0 GRAS ZG & FI7E LR IF 44 8
A%, 43 5 DELLA, LAS(LS ). SCR.SHR,
PAT1.HAM . LISCL ( SCL9) 1 SCL3'*’, i HifyHF
5t %W, GRAS ZK Ik i H b 4% H1 SCL4/7 F1 DLT
F 5 AE P 10 AN E A4 1> GRAS 4] 4
T 17 B 38 B 2 AT AR A9 N A i Ay BE PR SF IR C
K Ui, Bk GRAS &5 ¥4 35, w5 B A <7 1) C 2K i
LHR I, VHIID.LHR Il .PFYRE F1 SAW 5 /M4§-57 4
R RS N R S B A B R 25 5, (#1159 GRAS K
FIIIBE & A 2, {H DELLA 2 F7E N R S X s
%45 VHIID Fl DELLA P ~7 B 5, Ak A
i TR ST VAN 4 VNP ) € N B S B
5 47 7% 34,60, 48 153 /> GRAS 4t A 7*/, Jit T
JURHESI RIS, GRAS s s N T B 2RI figd
Z 5 YRS G0 R N A A A FEERE . UK
i Hh DLT 7. 5 J#% B 51 OsDLT 7E i1 3% 2% 25 [ {5
AL G AR AE AT 5 U I P PATL 5 A R
AWPATYL IF [ F e (0 K A5 S L' ™5 &
K ZMGRAS31 £ 5 1A Py HT 5 HT 98 S bt £k 45
W N 2, WA o ek SCLAYT TR R Y
PeSCL7 JLPR B a7 ¥ KL IR S AP 1 T Ak
T2

B Rk (Ricinus communis L. ) S K&k Bl 5 AE
Yy, AT 5 R e e R R R
HEMEY 2 — AR 2 P ™, il &
WEERR W E 7= X 2 —, TR 58 &Y
AR R E P EE A ARA YRS R F AR, B B
HiL A K AR 5 SR AL, X BRI A K B T R
BUMRIE LI T 2010 4FHIAE5E I, 4 FE R 41751
K%y 350 Mb, {H 3¢ T Bk GRAS % 5% [T 5 1Y
FRBNZ . AFICEL EYEBERARLEE T

BERR GRAS B 5k IR 1 5 , 43 i Fe 3k v o Ak A
S5k RS ET DL T B S 3 A NN [F 4
M FIEE, it — 2D F9E GRAS He sk I FAEdEA:
Yilia D REVF RS
1 #RE5FE
11 B GRASEREFHREMNEESELMER
T

B RRECHE 72 ( http : //castorbean.Jevi.org/index.
php ) H T B AR 3 DR 20 S R R A 3 R SO AE
GRAS [ & /R B} K 4% 7 (PFO3514 ) T #% H Pfam
( http: //pfam.xfam.org ) "**’, %I B # {4 HMMERS3.0
PAMERSEFNAREAFY, LB Pa AR
GRAS 45 14 3k 1) 25 (1 )7 51, 8% BT 15 77 91 2 52 &
NCBI ( https: //www.ncbi.nlm.nih.gov/Structure/
bwrpsb/bwrpsb.cgi ) 5 SMART ( http: //smart.embl-
heidelberg.de ) # 17 41t i Fe %7, £ R ITTAF 51,
PR AL 5 fiff FH A7E 26 53 A 5 1F EXPASY Proteomics
( http: //web.expasy.orgicompute_pi ) #4758 2,
12 EM GRAS #HREFHRAZELF N

PIRIT GRAS B sk R F 51 F 2 A TAIR
( http: //www. Arabidopsis.org/ ), F| Fi ClustalW %X {4:
LRI ST 5 HRR GRAS 2B R FI AT Hoxt ) ok
Je B8 MEGAT.0 g R Gt b .
1.3 B GRAS %R EFERSEHSRTFEF I

SEPR R SF 567 (Motif ) i 76 2 ¥ {4 MEMES.2
( http: //meme-suite.org ) 43 H7 3k 1512, 5 5 2 ¥ T3
MECH 30, Hop i ERINSE BER 4500 ff 7R 2R 4k
4 GSDS ( Gene Structure Display Server 2.0 http: //
gsds.cbi.pku.edu.cn ) 73 #1345
14 MRERERALE

DAL S MO B ARG &R 2129 DAt SR
B PB4 7 B SEEUK S A R
AT T 5 (RS 22 E IR +30% PEG6000 ) 5k (4
F& 22 R +0.2 mol/L NaCl ) fiaab e, Xif BB 2H %
M 2B TR RE . RRLH R UR R 18 B, Rk
23k, 3 ER ., R AEALIH0.3.6.9,
12 F1 24 h JE AR (25 ALY, SR JF B T -80 CAR
.



254 7/

L

O ¥ M 21 %

1.5 EM GRAS RKikEREMRILSTHT

ol A b 5 B B AR g 3 R B A BR A
RNA $2 R & 4 U 2 D BORRCAS [R] 20 2 RNA,
% TAKARA /A 7] PrimeScript ™ 1st Strand cDNA
Synthesis Kit 156 B 45 #1752 % 5%, 3845 cDNA. LA

*1 AHRETASIMF
Table 1  Sequences of primers used in this study

BLJRK 18S NS ILH , 2 1 TB Green ™ Premix Ex
Taq ™ ( Tli RNaseH Plus ) i 7| £ i# 1T RT-qPCR il
B, 3 EWFER, ST A I 10 R 275
IETHRAS L N BRI 2k 6, (il DPS R 1F kA7 22
S EVE T

SEPI AR LS (5 -3) TSI (5 -3)

Gene name Forward primer Reverse primer

RCGRAS9 TTGGGTGCCTGCATAGTTGT TGTCTAGACTTCATTCTCCATCTCT
RcGRAS10 CCTCTCAGATGGGAACAGATGC ACAGAGGAAGGAGCAGACCT
RcGRAS21 AGACCAACCCTTCGCTTCAC CTGAAACAACTTCAGAAACCGC
RcGRAS35 TCAGGCAGTCGAGGTGCAAG ACGGCAAGAGGATGACACAA
RcGRAS48 CAGCTACCAAATTAGGCAATTCA AACACCCAGCCAACATCCTC
18S TGCATGGTCTCCTGATACGGCCAAG AGGGGATAACCACCCCATGAATCCA

2 BRES
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Table 2  Analysis of primary structure and physical and chemical properties of GRAS transcription factors in castor

HHERS FEDRE it 5 R B FKETHIE iy 2ieg
ﬁﬁ%% R Protein Gene (a2 ) (kD) Isoelectric  Grand average of ~ Aliphatic amino
Protein name Gene name i i Protein Molecular i e L

accession accession . point hydropathicity acid index
length weight
27529.m000047  RcGRAS1  XP_002534218 LOC8273265 542 61122.8 5.72 -0.373 75.07
27568.m000253  RcGRAS2  XP_015582337 LOC8258390 741 83116.3 5.37 -0.457 80.94
27613.m000642  RcGRAS3  XP_002529051 LOC8277582 538 60047.7 5.50 -0.365 79.80
28166.m001040 RcGRAS4  XP_015577067 LOC8286898 459 51523.1 6.25 -0.483 79.06
28492.m000479  RcGRAS5  XP_002529844  LOC8279702 519 58016.8 5.92 -0.211 85.36
28650.m000186  RcGRAS6  XP_015583587  LOC8287879 663 75257.7 5.92 -0.529 69.76
28650.m000187  RcGRAS7  XP_002533749  LOC8287880 688 78173.8 6.32 -0.591 73.56
28650.m000189  RcGRAS8  XP_002533751 LOC8287882 662 75340.7 6.16 -0.565 73.69
28650.m000190  RcGRAS9  XP_015583592  LOC8287883 815 90986.6 5.17 -0.562 67.13
28650.m000191 RcGRAS10 XP_002533753 LOC8287884 764 85580.0 5.28 -0.490 74.95
28677.m000055 RCGRAS11  XP_002534030 LOC8258926 567 62550.4 5.14 -0.327 81.41
28966.m000535 RcGRAS12 EEF33169 — 160 17305.2 5.88 -0.126 81.88
29634.m002156 RcGRAS13  XP_002521601 LOC8273423 608 66887.2 4.96 -0.296 81.25
29646.m001070 RcGRAS14 XP_002525108 LOC8264193 539 60899.1 6.03 -0.238 84.10
29648.m001919 RcGRAS15 XP_002520249 LOC8270417 559 62597.5 4.89 -0.409 78.37
29661.m000901 RcGRAS16  XP_002525254  LOC8283347 440 49288.3 5.58 -0.071 91.14
29661.m000923 RcGRAS17  XP_002525276 LOC8283369 512 58195.0 5.87 -0.494 68.59
29692.m000540 RcGRAS18 EEF34604 LOC8262526 609 67287.9 5.73 -0.317 81.54
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29706.m001281 RcGRAS19 XP_002521327 LOC8284651 548 60960.7 5.85 -0.602 73.50
29728.m000844 RcGRAS20  XP_002526847 LOC826274 471 53631.0 6.17 -0.412 86.33
29767.m000200 RcGRAS21  XP 015581974 LOC8260239 740 83933.9 8.40 -0.551 75.91
29790.m000809 RcGRAS22  XP_002525912  LOC8276945 416 46776.9 6.40 -0.099 95.29
29807.m000482 RcGRAS23  XP_002529354 LOC8276206 536 58616.7 5.27 -0.049 96.62
29820.m000985 RcGRAS24  XP_002526658 LOC8263098 517 59681.5 4.82 -0.362 78.30
29820.m000986 RcGRAS25  XP_002526659 LOC8263099 509 57484.1 4.83 -0.308 76.88
29872.m000537 RcGRAS26  XP_002528186 LOC8277220 442 48239.5 5.45 -0.184 88.10
29889.m003281 RcGRAS27  XP_002519210 LOC8258800 454 51417.8 8.39 -0.011 97.91
29889.m003282 RcGRAS28 EEF43075 — 335 38304.9 5.10 -0.425 78.30
29889.m003284 RcGRAS29  XP_015574674  LOC8258803 545 61000.11 4.99 -0.192 85.94
29889.m003285 RcGRAS30 XP_006419398 LOC18031396 526 58433.45 5.78 -0.165 87.89
29908.m006159 RcGRAS31 XP_002513781 LOC8274094 491 54282.8 5.64 -0.311 79.31
29910.m000940 RcGRAS32  XP_002523464 LOC8282472 507 56534.09 6.86 -0.139 92.37
29916.m000544 RcGRAS33  XP_015580706 LOC8265567 787 86369.7 6.32 -0.316 81.79
29929.m004746  RcGRAS34  XP_002515010 LOC8278469 594 67317.41 5.09 -0.298 81.63
29949.m000124 RcGRAS35 XP_015583657 LOC8284784 582 65343.7 6.30 -0.209 86.31
29957.m001404 RcGRAS36  XP_015580029 LOC8262526 88 10096.8 10.21 -0.273 84.32
30024.m001746 RcGRAS37  XP_002516708 LOC8261160 451 50679.6 6.38 -0.138 99.29
30073.m002204 RcGRAS38 XP_002519983 LOC8283041 843 90820.9 6.11 -0.291 76.80
30076.m004651 RcGRAS39  XP_015572330 LOC8267338 642 73135.4 5.70 -0.363 75.52
30131.m007029 RcGRAS40 XP_002512896 LOC8285306 642 73135.35 6.36 -0.312 78.71
30131.m007244 RcGRAS41  XP_015570998 LOC8260706 474 53756.9 5.93 -0.187 96.14
30147.m013794 RcGRAS42  XP_002511245 LOC8266360 576 64817.84 5.34 -0.221 87.33
30156.m001710 RcGRAS43  XP_002515699 LOC8276883 444 497175 5.13 -0.180 88.96
30169.m006225 RcGRAS44  XP_002513664 LOC8277111 615 67440.7 6.16 -0.460 76.44
30169.m006306 RcGRAS45 XP_002513361 LOC8268849 562 64012.76 5.50 -0.230 83.99
30170.m013590 RcGRAS46  XP_002510069 LOC8265271 471 53788.6 5.68 -0.296 84.37
30174.m008828 RcGRAS47  XP_002511661 LOC8265856 733 80414.8 5.73 -0.291 84.92
30190.m011131 RcGRAS48  XP_002509714 LOC8265415 662 73804.1 5.70 -0.424 77.76
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Fig. 1 The phylogenetic tree of GRAS transcription factors in castor and Arabidopsis thaliana
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