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Abstract: In order to understand the molecular characteristics and expression patterns of brassinolide (BL)
receptor kinase genes in Phyllostachys edulis, the characters of BL receptor kinase genes in P. edulis were
analyzed by using bioinformatics methods, and their expression patterns were studied by quantitative real-time
PCR (gRT-PCR). The results showed that there were eight BL receptor kinase homologous genes hamed PeBRLs
in P. edulis, belonging to four subfamilies. The PeBRLs encoded proteins contained 858-1 224 amino acid
residues with molecular weight of 92-130 kDa. All PeBRLs contained three conserved domains in the kinase
region endemic to BL receptor kinase, which indicating the structure of PeBRLs were relatively conservative.
Moreover, they all had one transmembrane structure except PeBRL1-1 with two ones. All eight PeBRLs were
predicted to be localized on the cell membrane belonging to the typical membrane chimeric protein. The results of
gRT-PCR demonstrated that PeBRLs within subfamily had basically consistent expression patterns in different
tissues, but there were obvious differences among PeBRLs in different subfamilies. The expression of PeBRLs
showed four variation trends in bamboo shoots at different development stages. Therefore, it was suggested that
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PeBRLs might play different roles in different bamboo tissues and bamboo shoots at different development stages.
Key words: Phyllostachys edulis; Brassinolide receptor kinase gene; Bioinformatics; Quantitative real-time PCR;

Tissue specific expression
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KR EMRMHEMEER, BAS 55 4MR K
ANy AR A K AR T B P s
Fremfu it sl e S e E . iR
TR AR P, B A E s iy
FOMEVL I e Y T e A .
BL 1F FHAILH B 7222 B, 20 i 52 i i 45252 BL 3L
RIE TR, KESEERAERIN, {2t T
IR Rk, BETT S SR A A A
THI 32 2% P B8 52 4R J ¥ (brassinosteroid  insensitive 1,
BRI1)Z& H¥ S BL & WME— 24k, 1E15 55
FiEEE I BL S 5 EEA .

BRIL EAL T4 b, g4k 5244 [X (extra-
cellular domain). 5 [X (transmembrane domain)#ll
L P 380 X (Kinase domain)3t 3 AN3B4-4 & 20, #
Wt BL HNA AR HUGR T BRIL 2 A i S ™.
BL ifiT 5 BRIL [P AR X 456, Wi 3 i P 3 X
iEEP BAKL (BRI1-associated receptor kinase)
5 BRIL F R N sBEIX 45, iEid BRI/BAKL i
B 2 A RIS BERR A G BL 550, R
il Kl ¥-(BRI1 kinase inhibitor 1, BKI1)5 BRI1/BAK1
FAAAEEDL 3 BSK 7 (brassinosteroid-
signalling kinase) 1 BSU1 & /i (BRI1-suppressor 1)
KA, fd BIN2 8 (brassinosteroid insensitive
2) LM S EN, SRR AL AR R KR A
TETER) BZR ¥ A1, fik BL #EEERRIE, &
i 32 o e KA

T+ HARAE R AL BB 2~3 M H N
IHRBI I m AR, R ARG R B AR
MR ANER FOKFFINVA R S5 M A KR T 7R &
AR, A AT B PR R A R
AP, R, S TAT TR K
FIPE 5 5 2 B LA A s, JUHZ BL HIfE
SR A NIIE. FAT(Phyllostachys edulis)
AR EMEEE R, LN ENT M —.
B 35 DR 2 R R E R PR A e P e TR, oy
BT AP A KRR R ) BL & 55 R4 T E
Flo ABEFELLBATAMEL, X Z5E/T BL G55
T 19 BL 32 A4 [ 5 R i AT A R R 20 oy A 5 %6

€, ARG MRHE /0T BT o B A T R T
S AL TN S PR S EE R B HEA O RATZH 2R
R PERIA T SE . A4h, RIRUEIERILETT A
FIRE DL, K 92 2 & PCR 754041 T BL 524k
PABEEE TEAS [F R & My BE B AT 7T 55 H ) R IA 1 K,
DU R 98 BL 2 AR BB HL R 7E BLAS S8 S 4 1
YER B35 2L, AR BT F IO A K 1
LR SRS K .

1 RS

1.1 #%t

PLAE K B 5 59 B AT (Phyllostachys  edulis) A %
R, EHL 3 FFLEBATIE, 4 BIBUR CH AT K
YIIIAR) ZZCUFEEMYIZE). KRR 58
SJETFIH . AN 2~10 cm), TR
PLRIERE T WP E MK E
Y, S AIEL 0.2 1.04 3.0 1 6.7 m /TS 3L 58,
T H P IERET E AR KB B BRI A DL
FEMAM AL E G, AT -80°CUKA+, T4
HX RNA.

1.2 RNA 2B 5 cDNA &AL

FIH RNA 2 BUA I & (TaKaRa, H AR EL%
FEA S RNA, {# ] Recombinant DNase | 25 f&%%
% DNA, FHA F e % 53071 & (Promega, 32 [E) & Rk
cDNA 25— 258%, #/E S A DGR B I B kT .

1.3 BL 32458 RIVREF 13RI S 046 B0

PAASE X AE 47480 B 7T (Arabidopsis thaliana) fi1 7K
4 (Oryza sativa)H BL 32 A& IR AtBRIL (NC_
003075.7) OsBRI1 (XP_015621030). OsBRLL (XP_
015612606.1)- OsBRL2 (XP_015615048.1) 1 OsBRL3
(XP_015650921. 1) A+ 741, FIHCH BT
IR ZH ¥ 5 2 BambooGDB  (http://www.bamboogdb.
org/) o AT BLAST 3R EUEAT o BL 52 1A Bl (1 [
JEIE 741 . 1% GSDS (http://gsds.chi.pku.edu.cn/)
MRS H R R K, FHAEZ B ProtParam
(http://web.expasy.org/protparam/) 7341 H: 2w i & 4 1)
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FEALPE T, ] WoLF PSORT (http://www.genscript.
com/wolf-psort.html) Tl H i3 PR 2214 & 1 A0 20
s . F ClustalW! 0 by st [ G135 52 51 343 £ =
LERyIE, 1 Neighbor-Joining V2244 A [7) 47 b I
T BL ZARUEEI R 5K B 3R . R AE 2B
TMHMM Server V. 2.0 (http://www.cbs.dtu.dk/services/

# 1 S EE PCR FTH S

Table 1 Primers used in quantitative real-time PCR

TMHMM/) T B )28 R g b a5 1 17 125 R 45 #4) 4

1.4 sk EE PCR

FRYEIRECE BL 32 A 1 B R R 7 51, A8
Primer Premier 5.0 3t e vHid B 1) E & 51 VIR 1),
S1P e A T A TR AR RS PR A 7] A B

514 Primer %1 Sequence (5'~3") 514 Primer ¥ 51 Sequence (5'~3")
PeBRL1-1-F TCCCTCAAGGTTCTCGACCT PeBRL4-1-R GTTAAATGCGTTCGTGCCAGAG
PeBRL1-1-R GGGTTCACACCGGTGATGTT PeBRL4-2-F CACCGGTGGTGGCGTGAA
PeBRL1-2-F TGGACCTCCGCGGCAAT PeBRL4-2-R TCCCGCACCGAAGCGCA
PeBRL1-2-R TCAACAAGCTTTGGCAGCGA PeBRL4-3-F GCTATTCGCGCTGTTCTGCAT
PeBRL2-1-F GACGCTGAGCCTGCTCGA PeBRL4-3-R CAGACTGCGACCAGCTGTCA
PeBRL2-1-R GGCCGTTGTACGACAGGTTG PeBRL4-4-F TTTCCGGTGATGCAGTTGGT
PeBRL3-1-F GGCGAAGGAAGTTCGTTGAA PeBRL4-4-R AAGGTCCAACCACCGGACT
PeBRL3-1-R TTATGGGGCCTCCTGAGCTT PeNTB-F TCTTGTTTGACACCGAAGAGGAG
PeBRL4-1-F AGAACGAGGAGGTGAGTGGCT PeNTB-R AATAGCTGTCCCTGGAGGAGTTT

FIFH gTOWER2.2 (Analytik Jena, f%[E) PCR %
AT B RN R R E B AT, LLETT PeNTB 4]
ERNSBY, AR 3 IRESE . RBK RN
10 uL, 1% LightCycler® 480 SYBR Green | Master
Mix (Roche, Z£[E) 5.0 ul, 1E. RIAIGI#)%% 0.2 ul,
cDNA 0.8 uL, ddH,0 3.8 ul. X NFZF: 95°C6 min;
95°C10s, 63°C12s, 3L 45 AMEFR. FiH 2724CT 35
BT IR R R IR ARG L, R Excel XF #dE k4T
ST,

2 SR

2.1 EFEFFIFIRE M 24

e, MR ZHEE % BambooGDB
IR R TR BL 2R R [FE T 5 12 5%, H
H1 1 PH01000636G0280 A~ E. A Al i 4 ity [X. ) ATP
GEO RS SR S, ELE 20 e 5 TR s A 2
BE, 5 BL ARG A2 R B B S5 DhREAN AT s
PH01001222G0530 ik /b £ ik &4 45 & 47 &1 PHO10-
02609G0090 #11 PH01002795G0230 344~ L. A5 Jifd P 1k
X ) 3 ANMRSFEE . Rk, DLE 4 3L 75
ANFHEAT 34T

FRAE ity 2 AR SF A5 A3k, DL R SR
IKFE R AR R i 44 40 25, B BT EA T
PR 25 F ) 8 4% BL A2 AR A R YR 3L K 20y 4

J5(BRL1. BRL2. BRL3 flI BRL4), ;%4 AN
PeBRL1-1. PeBRL1-2. PeBRL2-1. PeBRL3-1.
PeBRL4-1. PeBRL4-2. PeBRL4-3 #l PeBRL4-4. 8
A~ PeBRLs HI4wt5 X [ #1148 2 577~3 675 bp, *f
IS (BRI 4 A K B A 2 770~3 675 bp. FE R 45#)
M), PeBRL1-1. PeBRL2-1. PeBRL4-2 Al
PeBRL4-4 A& N ¥, PeBRL1-2, PeBRL3-1,
PeBRL4-1 Il PeBRL4-3 & 1 MAE T, K
5 193, 239, 67 A1 103 bp, HEsFidAET NS THY
PR T GT-AG HA(A 1),

2.2 FE BRI R K40 B e AL B 434

PeBRLs % id ¥ Ik 55+ B2l 858~1 224 Mo Jik
R, /T8N 92~130 kDa; 4l A A TR 2 R
929.12~34.04, ke E s NE T R ¥ H 95.86~
109.65; “F- #4155 /K R E(GRAVY) A-0.067~0.305;
WEFHL AN 5.41~6.42, Frdmts s A i 2558
P o G WA ff e A7 T, 8 4~ PeBRLs 344 & fir
TEAMARIEE |, & T H 8 PR A B (R 2).

PeBRL1-1 Hf5 2 MM, B XKE
BN 23 NEIE; H 4 PeBRLs W HE 1485
JEGERY, Hoh PeBRL3-1 /5 X K 20 A4
@, PeBRL1-2. PeBRL2-1. PeBRL4-1.
PeBRL4-2. PeBRL4-3 fll PeBRL4-4 ¥4}y 23
MNEEEE
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Fig. 1 Structure of PeBRLs genes
2 2 PeBRLs #whit 25 [ AOEE Ak P 57 A0 240 i 5 T
Table 2 Putative basic physical and chemical characteristics, and subcellular localization of proteins encoding by PeBRLs
_ L T SN g R B . ¥ s for
O EER ol oee iy Alpaic  TORKER wamEn
(kDa) point index index
PeBRL1-1 1224 130 5.94 3231 100.35 0.130 A fiE Cell membrane
PeBRL1-2 858 92 6.42 31.04 95.86 0.044 A fiE Cell membrane
PeBRL2-1 1138 122 6.22 33.27 100.21 0.044 A fiE Cell membrane
PeBRL3-1 995 107 541 29.12 103.21 0.128 A fiE Cell membrane
PeBRL4-1 1107 119 543 32.63 95.88 -0.067 2 Cell membrane
PeBRL4-2 1111 119 5.59 33.63 96.35 -0.036 2 Cell membrane
PeBRL4-3 1074 115 5.83 31.86 96.77 -0.041 2 Cell membrane
PeBRL4-4 1117 119 5.62 34.04 98.73 -0.010 25 Cell membrane

2.3 PeBRLs %S H AR TR AT

FIH ClustalW % PeBRLs 4 fith ()42 JEBR Al =X,
YK BAE T BRL/BRI R L1254 HEAT HL ot
SN, AEREW, SRR, SR ITAEZRAL, AN
PeBRLs %ifih ) 25 I E MU RS2 AR X L 85 5 X F L I
W X i RS, HEA B 2 B H E 45 (LRRs);
0 P I DX LR ST 2 AL IR R, R TR BRIL S
PERIOCEE X, B4E 3 MEFA IR ST &5 H 4K, 23] 2 ATP
4545 47 S (ATP binding site). % Ik 45 & 17
(Polypeptide substrate binding site) Al v 4 3£ 45 #4)
(Activation loop)(F& 2). HHEM g it ) £ 1 45 a3 )
TR 1R B PeBRLs Al Re 5 /KFE. LRI+ 0 ER
w=HBA AR TEE.

PLEAT KFEFI I BRIL/BRLL Al
HE LR TH R R B RE, 7 8 4
PeBRLs 75 %Il % B35 3 4 4~4y 32 . PeBRL1-1. Pe-
BRL1-2 5 OsBRL1, PeBRL2-1 5 OsBRL2, PeBRL3-1
5 OsBRL3, PeBRL4-1. PeBRL4-2, PeBRL4-3 Fil
PeBRL4-4 5 OsBRI1 1 AtBRI1 75155 —itg,
Hrh PeBRL4-4 5 OsBRI1 FEE filr, 15 AtBRIL
W P g sz (1 3).

2.4 BEFERIXWAZRERED T
HARIEGER KW, PeBRL1-1. PeBRL1-2 Al
PeBRL2-1 TEAR H ik st iy, £ 3L 5
. PeBRL3-1 7EAR . Z£. REARIFH RIS
B, TESE A RITM SR v 1 R IB BRI, H
TEAR BRI R RIA &S T, H
Hi#e2 5 7T Rk a ", PeBRLA-1.
PeBRL4-2, PeBRL4-3 il PeBRLA4-4 {5 #IIAHALLRE fi
1, RIS AL, FRB R AR 54 T A
AR, EHMMA A PR, HIETE R
MFRIEEHE &S T AR R (E 4), A4 TR
Ae R EAE A R KD Re . BERIMRILAZE R,
B PeBRLs LhREMIANE], HARIEOL M TR I

2.5 PeBRLs Z:FI7E 5 i FRIAB A T

SER E R PCR 455K, PeBRLs 7E# H 13
AR A 4 MpEaH (B 5). @ PeBRL1-1,
PeBRL1-2.PeBRL2-1 fll PeBRL4-4 fEA I K & &
FHE TR B E S, 4 AR DULE
1.0 m FH R ILE R, PeBRLL-1 £ 1.0 m &
IR IA L) AXT (0.2 m)T 140 %, 1M7L 3.0 m &
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AtBRI1  TGVEER

=]

el el
EEEFEEEEEEREE]
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45
Fig. 2 Analysis of kinase domain in homologous proteins of BL receptor kinasefrom Phyllostachys edulis (Pe), Oryza sativa (Os) and Arabidopsis thaliana (At).

—: ATP binding site; =: Polypeptide substrate binding site; -—: Activation loop.

60 E”hyliostachys edulis BRL4-1 (PH01000271G0830)
100 P. edulis BRL4-3 (PHO1000502G0180)
100 ——— P. edulis BRL4-2 (PH01000502G0070)

100 P. edulis BRL4-4 (PHO1001731G0110)
W‘: Oryza sativa BRI1 (XP_015621030.1)
Arabidopsis thaliana BR11 (ACN59359.1)
100 P. edulis BRL3-1 (PH01000636G0110)
{ O. sativa BRL3 (XP_015650921.1)

100 — O. sativa BRL1 (XP_015612606.1)

100 P. edulis BRL1-1 (PH01002541G0210)
94—|:D. edulis BRL1-2 (PH01002402G0120)
P. edulis BRL2-1 (PH01001091G0290)
10— o suriva BRL2 (XP_015615048.1)

0.05
3 HT BL Z AR HAIERRF I B9 R 5L 7 AL

Fig. 3 Phylogenetic tree based on amino acid sequences of BL receptor kinase proteins
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Fig. 4 Expression of PeBRLs in different tissues. 1: Root; 2: Stem; 3: Not fully expanded leaf blade; 4: Fully expanded leaf blade; 5: Leaf sheath; 6: Shoot.

RN R LN R 26 %, 7E 6.7 m F XHE At
2N ER) 33 £, HEM PeBRL1-1 AlfEE S 51T
¥ BL G 51 TR ; PeBRL1-2 7E 1.0 m &
HRIA R 0.2 m S g A BT, TfE 3.0 #16.7 m
FHBTRE, 18 3.0m FHRARERM, NLN
B 1/10, B4R PeBRL1-1 Al PeBRL1-2 J& T[]
— N HF AR B, (H e R PR 3R A 22
BF S, 33X AT A BT SRR =01 F ook 22 7 ) ke
{7, 5" UTR Py-rich stretch i 3P| FLA7 & i B4
£ PeBRL1-1 ¥ JE 3+ X & 10 /> 5’ UTR Py-rich
stretch, 1fif PeBRL1-2 [))a 8T XA &H 1 4™; PeBRL2-1
Fl PeBRL4-4 ik AR L% 5 PeBRL1-1 (AR -

@ PeBRL3-1 fEFE K E 258 ETHE TR
#%, PeBRL3-17E 1.0 m ””*E‘Ji@iﬁ%ﬁ?ﬂﬂ%%,
ZUNNTREE 4T 5, BEJG RS TR, (HTE 6.7 m &
HAR L X IR 15 5. B PeBRL4-1 MEFHMIKE
BT E LTRSS, PeBRL4-1 /£ 1.0 m
3.0 m FHPRIEEIIMCT X (0.2 m F), LAFE
3.0 m FHHFHIHAR, LIAXIEK 1/2, 7F 6.7 m F
[0 =T X8 (0.2 m 55).@ PeBRL4-2 Fl PeBRL4-3
BEA R B 2R MRS LE S, PeBRL4-2 1E
6.7 m FH I RE E R, LOKIEE 1/10; Pe-
BRL4-3 7£ 3.0 fll 6.7 m F 1 [{)RIEEAHIT, £ 09%¢
FEI /5.
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Fig. 5 Expression of PeBRLs in bamboo shoots at different development stages
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Ty AT A R R ML, TR T A
TN TEEZATr I, R R A KR B
gt o A PR AL S5 56T 5 R AT R R AT
MRS WEFURM, JREs AN S e AE e
0y T A R A R IR ST, s R A
W52 R EAE BLAS S i e rp 4% T L 22
(PR A, R B AR IR TF . /KR8 BL 24438
i3 R TR Lo, ZEBAT R RAE T 12 KRR
SEIN, GBI RE P M R SRR, BE T G
WA AA R BL AR ME S AL 8 2%, 03l
Fe/KAE. PURETTR) 2 50 8 £, X WlaER 5B

%15 Shoot height (m)

R T et e kP,

FER SR TR, BT 8 /> PeBRLs FE[F K
5 22 S K (e KM 22 1098 bp), Hidt 4 MERAE
WETF, 4 NERSH LMAET, 2alET 44
WK . PeBRLs E55MME, YEFfawE; WHehr
TELNME b, VRN R A s Re Pt it
FW, HIR 8 PeBRLs R 45Hy . FEALIE AL
ZE 5, AT e e R A A RIRIPER, (EAE
NE—FERMAF SR, R YD Re 2
ARy . HEVREFPERIL LSRR, 81 PeBRLs 1y
HM M FIEBA, EBTSAEEHRR, BT
KIS TER TR Ea I Frt iy
2L, X 5B ARFRMALM RNA-Seq Rk il
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— 3, FH] PeBRLs 7E BAT KL h K155 &
ZAEM

BLEA—MMESMMEY MR, BASS
A A R AN 2 A Y, BL 32 ki 2 5
BL HiEG AR A&, 7EMm R BL 37 g &2
RAFEME— R Z AR MAE A . FERRMEIT T RE
BRIL-GFP &5 &8 A v LUB I N BL 45417 55, 3
It BL st ArSE 8 A4S PeBRLs [ IAE
R SRR R I 4 Fh AL &S, 41 PeBRL1-1.PeBRL3-1
RIS EW 2 A E R ES, BAE
1.0 m kB, 3700 et ) 140 £ A0 47 £,
11 Ath 75 PR 1) 2028 AR A3 R B PR X R 7 A% LA
Wo XATREAR T 1.0 m S TAE K50
KB, TEMmRR & I T BL 52 AR ERET LR 1)
FKiLETE, W2 AREEGEEF BL K4 &
fir 5 0, BRI R BL 945 &K, 1 BL
PR MR o, DL S b A
K. A4h, A BL 324K K (PeBRLA-2 Al
PeBRLA4-3) {132 1A Bl 45 77 54 v F5 ()38 iy S 90 T B
ks, HIEFAG R TIRA RN .
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