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Abstract: GRAS is a plant-specific transcription factor, which plays an important regulatory role in plant growth and
development, and abiotic stress response. GRAS gene family has not been reported in Hevea brasiliensis. In this study,
bioinformatics tools were used to analyze the physicochemical properties, phylogenetic relationships, gene structures,
chromosome positions, and Cis-acting elements of promoters of GRAS gene family members in H. brasiliensis. The
expression patterns of HOGRAS were analyzed by transcriptome data and real-time quantitative PCR (qPCR). A total of
91 GRAS family members were identified from H. brasiliensis genome, named HbGRAS1-HbGRASI1, with molecular
weights ranging from 14.07-89.46 kDa. The results of subcellular localization prediction showed that HbGRAS was
mainly localized in the nucleus and chloroplast. Those proteins were divided into 14 subfamilies based on phylogenetic
analysis. The gene structures and motif compositions within the same subfamily were relatively conserved. The 91
GRAS family members were distributed in 17 chromosomes and two scaffolds except for chromosome 11 in rubber tree.
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We found that 17 HDGRAS genes were involved in 10 tandem repeat events. Collinearity analysis revealed the segmental

duplication regions containing 87 HDGRAS genes, suggested that gene fragment duplication may be the major driver of
GRAS gene expansion in H. brasiliensis. Cis-acting element prediction showed that HbGRAS family contained multiple
phytohormone and stress-responsive elements. The expression patterns of HDGRAS genes had tissue specificity and

were associated with leaf development. The expressions of DELLA genes, a member of the GRAS subfamily, were re-
lated to the xylem development and were repressed by gibberellin (GA). Those results provide a reference for functional

research on the GRAS genes in rubber trees.
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PR F kM S IR T 4 s SR Al A 1 2 K R
AR L B s i 1 R AR P BRI R
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of GA1-3 mutant ). SCR ( scarecrow ) ®?!, GRAS
HHMKE R 400~770 MR A, A 11
= ORSF I C-3ifi GRAS 254418, GRAS 2541524
390 NEIERR, S AR R R T HE
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B HARSFEE ML, Z2BRA S GRAS 55741,
FRER B GRAS FIGM G . 70 H] ExPASy
ProtParam ( https://web.expasy.org/protparam/ ) Fl
Plant-mPLoc ( http://www.csbio.sjtu.edu.cn/bioinf/
plant-multi/ ) FELRMFHITRAERKIE . /0=
KN SRR K A TR S5 R I 40 e Ao
e,

122 GRAS # Z%#t b4 i) PlantTFdb
( http://planttfdb.gao-lab.org/index.php ) g & Fl
NCBI $fli i T~ 83U mIF . BARBHKF GRAS
FKIREAFH, I SBIEH GRAS HH P LT
ZFHIXT. FIFH MEGA 11 %k, RASHEE
( neighbor-joining method, NJ ) 4%t R Gt fL
bootstrap BEE K 1000 LIRS ] SEbE . A
H Evolview( https://www.evolgenius.info/evolview-
v2/#login ) FELIFRAFAT AT AT 45 5 3614k
1.2.3  #tt GRAS KB Mot MRAEIR IR
HEFAERER, FIHELME MEME ( https:/
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P o RSP SERS | ORST5 A4 S8 A 295 4 9E
Fraf AR .
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TBtools J A 7EAR R A 41 1 e 2 A 2 Al I
PR GRAS BEPE M B gL A |, JFfAESRL
PEIIHT, [ RRRZ AT KoK
1.2.5 #Jett GRAS 2 H & 3 IR XA A T4
#r BRI GRAS % sE IR AL FilF 2000 bp
(4 7 SUAE R B8 8l 720 A X8, A PlantCARE
( https://bioinformatics.psb.ugent.be/webtools/plan
tcare/html/ ) ZELFAF AT 5 21 XA FH o4 i
I, 83 TBtools #E47 ] AL R .
1.2.6 % T RNA-Seq ### A B K& o4 F
FHREE A AR 15 1) RNA-Seq £i4fs . LUK Hevea
DB ( http://hevea.catas.cn/home/index ) £ 4 /&
N SEUIE , ARATRIAHA (T WEL
M MEAE . REAEFNRBTES ) Kt AR E E I
WO, A IRE AR E I ) IR
B GRAS % il bt 10 %% 5 X FPKM ( fragments per
kilobase of exon per million reads mapped ) {8, Ff
i 1l TBtools #XAF X R AT GRAS FE R 1k 7K -
PEAT R MR 2t
1.2.7 qPCR & #7  XHRHER DELLA 5% 6 4~
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( TIANGEN, Beijing, China ) #2HUEE 15 RNA
K H NanoDrop 2000 43566 R T FIEE I L Yk Rzl
RNA FEEL A FISE B . #F 1 g RNA HEah
PrimeScript™ RT reagent Kit with gDNA Eraser i
7% ( Takara, Dalian, China) JZ#%5% 5 cDNA,

Y (2 1), LA YLSB HNSHEN . K Bid b g
1530 cDNA fE itk , #IH 2xQ3 SYBR qPCR
Master Mix ( Universal ) ( TOLOBIO, China ) #£47
qPCR, RNWIARR S5 MR PH MU BT, R
A 272 i i R B A R kKO . AR SEE 4

K H Primer 3 # {4531 HOGRASJE[H ) qPCR 51 4§ 3 MEW#HEE M 3 MR ER .
&1 gPCR3|¥
Tab. 1 Primers for gPCR
5|¥) 4 FK Primer name EM514¥ (5'-3") Forward primer (5'-3") 5141 (5'-3") Reverse primer (5'-3')

YLSS8 CCTCGTCGTCATCCGATTC CAGGCACCTCAGTGATGTC

HbGRAS44 TGGGCCTGATTCTGGTAACAC AACCGTAATTGTTGACGCAGG

HbGRASS58 TTAACTGGCATTGGCCCTCC CCACGGAAAGCGAATCGAAC

HbGRAS62 CCTACATCGCCTTCAACCAC CAAAGGAGCCACCAACCGTA

HbGRAS64 AGCACAGTCGAGATGTGGTG GGTCTGTGGTTGCGGATTTC

HbGRASS82 GCCGCCTCTCTTAGCTGATG AGTGTGTGTACGAGACGGAC

HbGRASS89 ACGAAGGAGAGATCCAAATC GCAAGAAGCATCAGTATTGGTA
2 HBREHMH 2153 K 14 WKW 5312 0s19 . HAM . SCL4/7
21 BER GRAS HEXRKHEXTEE5EL LAS. SCR., DLT. SCL3., Os4., Os43, DELLA,
R 44 Pt20., LISCL. SHR #l PAT1 ( & 1), H:H LISCL

HRAE NCBI 4 P v T 2 1AR e 28 14
B F B B R Al R AL 454 SMART F1 NCBI-CDD
B i R AIE , B AR 3] 91 M EETUR IR
B GRAS FEH GG, AR AR e o b i &
¥ HAr 4 5 HbGRASI~HbGRASO1 ( 3 2 ). Fifk
PERU T4 SR R, AR GRAS J K] Zafith 1) 25 11
KEEAE 117~824 PR, Hrh HbGRASII
1 & BT 9, HbGRASY ek, HHAD T &
7 14.07~89.46 kDa 2 [H], 45 HL i 7F 4.72 ( HbGRAS
70 ) ~9.07 ( HbGRAS21) Z 18], FHI{E K 6.90,
M B K PEE-0.656~0.151 Z 1], Hirfr,
% HbGRASI12 . HbGRAS32 . HbGRAS59 i
HbGRAS61 M ESERH K IE KT 0 246, HAYE
INT 0, VBRI GRAS 05 M 5L R 43 b 35
IKEE o B A0 e B 25 R R, A 49 4
HbGRAS % M2 T A%, 36 1~ i T 2k ik,
3AEN TR, 2 AN T, 1 AT
SUE R d7/[ 2N
2.2 BEH GRASERKKR RS H LS

FIRFTAR A GRAS & BIEAE, 2359
PlantTFdb 1 NCBI 4 T 28U I . AR
KRG GRAS RIEHE TS, SAMRYEERG
) 91 AMEIEH GRAS ZEM5 Y B2 10 28 E 7 5 A7
X & RGE AT . G5 5R KB, GRAS HH#

WHEER R R B H&REZA 16 4, PAT1 WEGEA
13 4>, HAM KA 11 4, SHR WHEKEH 10
A, P20 WHRIEH 8 4, Os4, SCR Al DELLA
WHRIESA 6 1>, SCL3 WHEH 51, 0s19.
Os43. SCL4/7. LAS il DLT & WHENA 2 4
BB o HRANFIAE S 2 0] GRAS 4530 5% % 1) B
K, BIEH . LIRS IFFKAEH LISCL W ZK %1
BERZ, 098 16.7 F1 104, R4 % DELLA
I HAM W R G R fwm%, ¥R 14 1. Pt20
WK BAAEAE TR A E R, mAlEE T
Os4. Os43 Fl Os19 WHKEM L (R 3, B 2A),
2.3 BERH GRASKIRMRTLEMFEMERFLEN
ST

PRSP M KB, RZHL motifs 1 T4
C ¥, motif 6 f7-7F T 4%k HbGRAS A, HIA
AAE C Yo motif 1 K25 motif 4. motif 5 5{H
motif 10 #H4F. [A]— %) HbGRAS K i 38 & H
ALY S P AR . ), LISCL 3 % B&
HbGRAS91 H %4 motif 2 Fl motif 6 7, H4x¥y
A$5 motif 9. motif 7. motif 1. motif 8. motif 5.
motif 3. motif 2. motif 6, DELLA W k¥ &H
motif 9, motif 7. motif 4, motif 1, motif 10, motif
3. motif 2. motif 6, HAM WK AL EH 4
AMEST B motifs (& 2B ).
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Tab. 2 Physicochemical properties and subcellular localization prediction of GRAS gene family in Hevea brasiliensis

S K B SLI 1D LR SrFiE %tﬁ»ﬁ_ RO B K ﬂzéﬂiﬂ’@%{ﬁ%ﬁiﬂu
Gene name Gene ID Length of amino acid Mplecular lsoelgctrlc Total mean _hydro- Subcellulgr .locatlon
weight /kDa point phobicity prediction
HbGRASL HB1G00388.t1 423 47.70 5.21 -0.418 i %
HbGRAS2 HB1G01849.t1 555 62.09 5.66 -0.628 2 fU A%
HbGRAS3 HB1G02033.t1 478 53.92 5.87 -0.153 RN
HbGRASA HB2G00960.t1 446 49.58 6.34 -0.117 2 fUA%
HbGRAS5 HB2G01656.t1 596 68.04 6.69 -0.343 RN
HbGRAS6 HB2G02237.t1 721 79.03 5.24 -0.273 2 fUA%
HbGRAS? HB3G01006.t1 553 62.16 5.64 -0.311 i %
HbGRAS3 HB3G01280.t1 525 59.51 4.80 -0.334 EETEN
HbGRAS9 HB3G01371.t1 824 89.46 6.09 -0.298 i %
HbGRAS10 HB4G00114.t1 381 42.22 5.19 -0.084 EETEN
HbGRASI1 HB4G00115.t1 497 55.83 6.02 -0.245 RN
HbGRAS12 HB4G00116.t1 326 36.57 7.61 0.073 Jo
HbGRASL3 HB4G00119.t1 570 64.84 5.01 -0.268 RN
HbGRAS14 HB4G00120.t1 416 46.83 8.25 -0.018 E-VN
HbGRASI15 HB4G00841.t1 535 59.08 4.89 -0.195 %
HbGRASL16 HB4G01021.t1 569 63.28 5.88 -0.393 2 fU A%
HbGRASL7 HB5G00086.t1 784 85.18 5.82 -0.328 4 %
HbGRASL18 HB5G00100.t1 784 85.19 5.90 -0.334 i fUA%
HbGRASL9 HB5G00848.t1 519 59.14 4.93 -0.403 IESIN
HbGRAS20 HB5G01030.t1 747 85.45 6.45 -0.593 EETEN
HbGRAS21 HB5G01034.t1 573 65.85 9.07 -0.558 IESIN
HbGRAS22 HB5G01163.t1 543 61.02 5.39 -0.314 2 fU A%
HbGRAS23 HB5G01220.t1 441 47.81 5.77 -0.181 IESIN
HbGRAS24 HB6G00656.t1 457 51.50 5.27 -0.431 i fUA%
HbGRAS25 HB6G01072.t1 664 73.37 6.06 ~0.341 %
HbGRAS26 HB6G01076.t1 683 75.37 5.82 -0.355 i fU A%
HbGRAS27 HB6G01628.t1 542 60.82 5.93 -0.656 i %
HbGRAS28 HB6G01802.t1 475 53.49 5.92 —0.166 IEETEN
HbGRAS29 HB7G00201.t1 500 55.90 5.96 -0.172 i %
HbGRAS30 HB7G00392.t1 519 57.71 6.05 ~0.149 2 fU A%
HbGRAS31 HB7G00738.t1 542 60.51 5.63 -0.242 i %
HbGRAS32 HB7G01350.t1 401 45.06 5.29 0.082 Jo
HbGRAS33 HB7G01368.t1 501 56.69 5.43 -0.419 RN
HbGRAS34 HB7G01749.t1 488 56.23 5.03 —0.149 EETEN
HbGRAS35 HB8G01417.t1 751 84.07 6.04 -0.396 RN
HbGRAS36 HB9G00100.t1 726 79.32 591 -0.241 2 fT A%
HbGRAS37 HB9GO1011.t1 450 50.71 5.82 -0.088 RN
HbGRAS38 HB9GO1128.t1 765 85.97 5.54 -0.513 2 fUA%
HbGRAS39 HB9G01129.t1 791 88.67 5.26 -0.533 %
HbGRAS40 HB9G01130.t1 593 67.64 5.88 -0.279 E-VN
HbGRASA1 HB9GO1131.t1 695 79.10 6.16 -0.613 %
HbGRAS42 HB9GO1132.t1 682 77.60 5.99 -0.556 2 fUA%
HbGRAS43 HBYGO01532.t1 606 66.29 4.97 -0.282 %
HbGRASA4 HB9G01717.t1 616 66.93 5.24 -0.269 2 fU A%
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Tab. 2 Physicochemical properties and subcellular localization prediction of GRAS gene family in Hevea brasiliensis (continued)

[ 4 B L[ D THRAE = %Eﬁ)ﬁ‘ PER W e ﬂzéﬂiﬂ’ﬂ%{ﬁfﬁmﬂ
Gene name Gene ID Lepgth qf Molecular Isoel@ctrlc Total mean ‘hydro— Subcellulgr }ocatlon
amino acid weight /kDa point phobicity prediction
HbGRAS45 HB9G02123.t1 788 86.33 6.52 —0.348 A A%
HbGRAS46 HB9G02263.t1 665 74.13 5.72 -0.384 4 A%
HbGRAS47 HB9G02672.t1 448 49.73 6.05 —0.094 4 A%
HbGRAS48 HB10G00207.t1 509 56.99 6.30 -0.187 2 A%
HbGRAS49 HB10G00413.t1 481 54.05 5.53 -0.128 o
HbGRAS50 HB10G00730.t1 541 61.31 5.75 -0.308 I A%
HbGRAS51  HB10G00901.t1 445 49.79 5.42 —0.174 SN
HbGRAS52 HB10G01429.t1 500 56.61 5.39 -0.383 EIIN
HbGRAS53 HB10G01450.t1 461 51.60 5.59 -0.060 EIIN
HbGRAS54 HB10G01677.t1 515 57.78 5.99 -0.070 2 i
HbGRASS5 HB12G00727.t1 486 53.70 5.55 -0.253 4 4
HbGRAS56 HB12G00826.t1 586 65.58 4.94 -0.370 2 A%
HbGRAS57 HBI12G01212.t1 460 52.28 6.35 -0.363 E= I
HbGRAS58 HB13G00766.t1 538 58.90 5.43 —0.065 I A%
HbGRASE9 HB13G01444.t1 427 47.64 5.50 0.020 IESIUN
HbGRAS60 HBI13G01796.t1 635 69.42 6.24 —0.400 4 A%
HbGRAS61 HB13G02058.t1 490 43.75 4.88 0.151 4 i
HbGRAS62 HB14G00396.t1 441 48.47 5.29 -0.097 TETIIN
HbGRAS63 HB14G01685.t1 748 83.52 5.84 -0.397 TETIIN
HbGRAS64 HB15G00806.t1 634 69.90 5.50 -0.297 2 A%
HbGRAS65 HB15G01391.t1 569 63.25 5.79 -0.389 2 A%
HbGRAS66 HBI15G01391.t1.1.5¢735948 541 60.28 5.71 -0.419 A A%
HbGRAS67 HBI15G01545.t1 529 58.68 5.22 —-0.276 I A%
HbGRAS68 HB15G02227.t1 586 66.20 5.01 -0.166 EIIN
HbGRAS69 HB16G00119.t1 446 50.25 5.10 -0.077 TEIIN
HbGRAS70 HB16G00306.t1 599 67.34 4.72 -0.111 4 4
HbGRAS71 HB16G00448.t1 457 52.19 6.18 -0.328 4 4
HbGRAS72 HB16G00620.t1 586 65.94 5.05 -0.395 I A%
HbGRAS73 HB16G00747.t1 494 54.53 5.69 —-0.214 E= I
HbGRAS74 HB16G00950.t1 450 50.70 6.06 —0.107 SN
HbGRAS75 HBI16G01057.t1 799 89.21 5.22 —-0.454 I A%
HbGRAS76 HB16G01058.t1 757 84.96 5.35 —0.483 A A%
HbGRAS77 HB16G01059.t1 600 67.78 6.23 -0.251 EIIN
HbGRAS78 HB16G01060.t1 701 79.84 5.59 —0.564 SUR R/ ZEN
HbGRAS79 HB16G01061.t1 689 78.37 5.79 -0.594 4 A%
HbGRAS80 HB16G01062.t1 682 77.49 5.69 -0.427 ES I
HbGRAS81 HB16G01451.t1 607 66.88 5.14 -0.300 2 A%
HbGRAS82 HB16G01623.t1 613 66.45 5.19 -0.229 I A%
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