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Identification of bHLH transcription factors in moso bamboo
( Phyllostachys edulis) and their expression
analysis under drought and salt stress
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Abstract. The transcription factors of the bHLH family have important regulatory effects on
plant growth and development. Here, Phyllostachys edulis ( Carr.) Lehaie was used as
experimental material to understand the characteristics of bHLH family members in bamboo
and explore their expression patterns under adverse conditions. Bioinformatics were used to
identify and systematically analyze the bHLH family members at the genomic level, and their
expression patterns in different tissues and expression of several bHLH genes under high salt
and drought stress conditions were further analyzed. Our results identified 153 bHLH
transcription factor genes ( PebHLHOO1 — PebHLH153) with complete conserved domains in
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Ph. edulis. The number of introns in PebHLHs ranged from 0 to 14. The drought and salt stress
related cis-acting elements were found in the promoters of 137 PebHLHs. The length of the
proteins encoded by PebHLHs ranged from 134 aa (PebHLHO005) to 1401 aa ( PebHLH083)
with molecular weights of 13.4 to 152.6 kD, respectively. Based on phylogenetic analysis of
bHLHs in Ph. edulis and Oryza sativa L., 153 PebHLHs were clustered into 17 subgroups,
with the C subgroup containing the highest number (42). According to expression profile
analysis of transcriptome data, 151 PebHLHs exhibited different expression levels in different
tissues and growth stages of Ph. edulis. Real-time quantitative polymerase chain reaction
(PCR) showed that 14 PebHLHs were up-regulated and two PebHLHs were down-regulated
after drought stress, whereas 13 were up-regulated and three were down-regulated after salt
stress. However, there were some differences in the expression patterns of 16 PebHLHSs,
indicating that they may play different roles in response to drought and salt stress.
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Table 1 Primer sequences used in real-time quantitative PCR

FHEF 2 R W51 (5'-3") TSI (5-3")
Gene name Forward primer (5'-3") Reverse primer (5'-3")
PebHLHO11 CATTTCGGCTACGGGTCG CTCCGCACTGGGCACAAC
PebHLH035 AGCTCTGCGCAACTCATGGCT CGGCCTCTCCACGCTGCATA
PebHLHO045 CCGTTCGCCAGATTCTTCG CCGCCCTCACCGTTACCA
PebHLHO62 CAAGTAGCGCATCTTTGCTTAAG AGCTCGATGAGATCAAACCTGAG
PebHLH067 CCTCTTCGCGTCCAGCACCA GCTCCTGCCGTCGAAGCTGA
PebHLHO72 CAGCCGTGGCGAGACACTT CAGCTCTGGTAATGGCGAATGA
PebHLHO74 TGGGTGCGAATCAGGCG TGATTCCCAGTAAAAGCAGCAC
PebHLH095 TCTCGCTCCACACCGGAGGT GTTGCGCTGCTTGGCCAGTT
PebHLH100 GGCCTACGCACCGTCGTCTT GCTCGACGCGGAAGGCAGAT
PebHLH102 AGTCGTCCAATGCCACCG TGATCCTCCCTGCACAAACG
PebHLH110 CCGCGGCTTCCAACACCTG TGGAGCTTGGTTGAGCACCACT
PebHLH112 CGGAGTGCAGTGGTGGTGCT GTGCAGCCGCAGTTGCCAAT
PebHLH115 AACGTCTCGCGCCTGCAGAA ACGAGCAGGAGGGCCATAGG
PebHLH123 TGACCCAGCATCAAGCACCCT GGACACGTCGTGGAATGTTCCCT
PebHLH124 CCGCCGGAGAGGAGAACGAC CGAGCAGCGCGTCGTTGATG
PebHLH140 TCAAGTGCGCACCGAGCAGT TGCCAGGATTTGGCGTGGCT
PeNTB TCTTGTTTGACACCGAAGAGGAG AATAGCTGTCCCTGGAGGAGTTT

2.2 EffbHLH BEREFRERREEAEHRE
H R =T &5 11

AWFIE LI, PebHLHs (3K HE 24 ek,
KN 2952 bp ( PebHLH039) , #x’H M 405 bp
(PebHLHO34); W& T4 0 ~ 144, Hff
124HH (7.84%) ANE T, A 94 MHEHK
(61.43%) N&TH<5 (1. A), bR
) B3 a3 B ELA AR A AN S/ TR, B
ARG | BRI BE AT, R S
50 3R], BAT bHLH B A ZE W 3 5 15 4>
RHFEF (K 1. B), BAEAFINSARTEE
FF AR5, HESALT HLH Z5 Rkl # i i w4 5
JFAl e 5 HLH 255l D ag s DA G
2.3 E bHLH R4S

W9 RM, BATSKFERE FARAR, fEikfk
L HSEG O R, W H KRR A B A R
Y1, XTH bHLH & B 1T T IR A BT 52,
H 167 4~ OsbHLHs #43H T 22 AWK Aff
SERAK R I BAT 1 bHLH LM T, T
RGHALR, S5REW (& 2), SR 22 NI
KA, BAT 153 4> PebHLHs 1 51 7 #i 16 17
AW, HAP AR E G C W2 Y A R A

&%, B, | flQ WA BB D, L
FA1A; MG, H J, O T X5 ATWHEP A
FBAT bHLH i 5,
2.4 Ef PebHLHs AR BB LA FHRIESHT

AT 5T R e Sk L B3040 X BAT PebHLHSs 1E A
[FIZH 2 i R B R AT 1400, 455 o (K
3), 153 4~ PebHLHs #E EATA R4 2 [8] Y 2R 35
B 2ES Hrh 151 4 PebHLHs 1E B4 A
HAVFIA R A K B B A A W R 2R R5A, M
PebHLH130 Fi1 PebHLH 148 5% 47 46 I 31| 3 K F 35
74, AL E. NFIU 4 T2 PebHLHs F2i4F
Rk, FEF PR IR AR AR sl AR A )
Fik MKV O KR o B AR A R IR
AR R, bHLH FIE R Rk S, R
[i] PebHLHSs #£EAT AN 4L 4URUR 6] & & B Bl fig
RIEAFBIVEH
2.5 TEMHBEIBETEMNMHE & PebHLHs K&
KT

BN PebHLHs L Ji 8+ 1y 51 43 B 45 SR %
Wy, 137 A~ PebHLHs 3N Rah & H 5T
5 BRI SE M an AR OC AR FH T, Horb Ay 94
A (62%) & 25 Wi 5 A ER ke i XA ook



614

(ER7R e 1

%537 %

PebHLHI14
PebHLHI1S
PebHLHI116
PebHLHI2S
PebHLHO72

@ /M7 Exon
— W& T Intron

PebHLH023

motif 1

PebHLHO027
PebHLHI33
PebHLH092
PebHLH122
PebHLHI04
PebHLHI35
PebHLH046
PebHLHI09
PebHLHO54
PebHLHI06
PebHLH090
PebHLHI23
PebHLHO030
PebHLH112
PebHLHI37
PebHLHO0S
PebHLHO80
PebHLHOIS
PebHLH040
PebHLHO31
PebHLH022
PebHLHOI6
PebHLHI36
PebHLHO009
PebHLHOI7
PebHLHOI4
PebHLHI52
PebHLH024
PebHLHI49

. motif 2
— motif 3

- motif 4
motif 5
motif 6

" motif 7
motif 8
motif 9
motif 10
motif 11
motif 12
- motif 13
- motif 14
motif 15

T

PebHLHO04
PebHLHO79
PebHLHO81
PebHLH093
PebHLHO8S
PebHLHI20
PebHLHO75
PebHLH049
PebHLHO052
PebHLH006
PebHLH060
PebHLH037
PebHLHI02
PebHLHI30
PebHLHO025
PebHLH064
PebHLHI31
PebHLH067
PebHLHIO07
PebHLHI44
PebHLHO82
PebHLH094

|

n

PebHLH083
PebHLHI29

PebHLHO042
PebHLHO033
PebHLHO043
PebHLHO048
PebHLHO78
PebHLHOG61
PebHLH09S
PebHLHI01
PebHLHO53
PebHLHO12
PebHLHOS6
PebHLHO19
PebHLH021
PebHLHO70
PebHLHI17
PebHLH034
PebHLHIIS

—

PebHLHO10
PebHLHOSS
PebHLHI1I
PebHLHO73
PebHLHITY
PebHLHO033

Al aTrTTiT

PebHLH099
PebHLHO095
PebHLHI32
PebHLHO68
PebHLHO41
PebHLHIS0
PebHLHI47
PebHLHO02S
PebHLHI25
PebHLHI24
PebHLH029
PebHLHI42
PebHLHOI3

il

PebHLHO56
PebHLH002

PebHLHO039
PebHLH062
PebHLHO74
PebHLHO3S
PebHLH087
PebHLHO096
PebHLHO066
PebHLHI41
PebHLHO089
PebHLHO77
PebHLHO76
PebHLHI38
PebHLHOIT
PebHLH032
PebHLHO4S
PebHLHO69
PebHLHI4S
PebHLHO007
PebHLHI39
PebHLHO03
PebHLHO50
PebHLHO51
PebHLHI46
PebHLH020
PebHLHOIS
PebHLH026
PebHLH047
PebHLH059
PebHLHIOS
PebHLHO01
PebHLHIOS
PebHLHO71
PebHLHISI
PebHLH097 @—8—8

PebHLHI21 @—8—84
PebHLHI27 HEER-G-

PebHLHI34 HE-GB

PebHLHI40 GEE—

PebHLHI43 GED-B

PebHLH036 4—t——to—@
PebHLHI4S @—————————t—t-0—+0
PebHLHO57 b———t———@
PebHLHIT0 8————t-0—
PebHLH044 H—8-@
PebHLHO0S $——t———t-0—@
PebHLH063 ——t——t-0—@
PebHLHOSS CEE—
PebHLH113 CR—
PebHLHOGS \—Gmmm

PebHLHI00 G-

PebHLHI03 Gl—GED-G
PebHLHIZ6 G——G0-G
PebHLH09] G

PebHLH153 G

PebHLHO84
PebHLHOSS G

5L 1 1

—

mammmnananamn

AL e

e

A —
—a .

-

L

B

0 1 2

& 1
Fig. 1

E bHLH ik
Gene structure (A) and conserved protein motif (B) of bHLH family in Phyllostachys edulis
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Fig. 2 Phylogenetic analysis of bHLH transcription factors in Phyllostachys edulis and Oryza sativa

40 LTR, TC-rich repeats 1 MBS %45 (#£ 2), N T
TRITBAT PebHLHs FET 5 FEL W0 44 T 2R3k
B, AT LS G A RS s (| 3) , R
T 16 ANLER: 5 AR SRR AL = 1Y PebHLHSs,
17 TR0 &0 N I RIE T,
MREGERE N, £ T 2WEEET, Pe
bHLH110 F PebHLH124 fyZe ikt BT
WG TR TR, 1F 24 h IR FRA KT
XTI (& 4) , HAl 14 4> PebHLHs 3515 fc X 2
FER R, HrPER PebHLH102 LIAN, HABZER ()
FEREAEACIEFTIA(12 h ZA0) kA A, 55

SR R R AT IR 2~7 %, (HAEARTRFER
HR KA B B [E) AAAE— 2 25 5%, 4N PebHLHO11
i PebHLHO45 1EALBR)S 1 h slkis 8 T oK AE; Pe-
bHLH100 Fil PebHLH124 ¥4 5 6 h ik % KAE.,
14 /> PebHLHs ikt A8 fk 52t 4 P SEAAR fb e 2
(K 4), HN4R2E T+ ( PebHLH112 Fil PebHLH123) |
5 TS N ( PebHLHO67 Fil PebHLH140) | % Tt
Jo F B H b I+ ( PebHLHOT1, PebHLH45, Pe-
bHLHO062, PebHLHO72, PebHLHO74. PebHLHO95 .
PebHLH100 1 PebHLH115) #14% K [ J5 E T ( Pe-
bHLHO035 il PebHLH102) .



616 YR 2 R %37 %

12 3 4 5 67

Q rni: GO0

PebHLHO 01

PebHLH025
PebHLH064

PebHLH002
PebHLHO35
K pevrrroso

PebHLH004
PebHLHO0 6

PebHLHO0 § PebHLHO67 PebHLHOIS
PebHLHOIG A FevLHOs2 PebHLHO62 PebHLE026
PebHLHOIS PebHLH094 PebHLHO74 PebHLH02S
PebHLH022 PebHLH107 oL PebHLH029
PebHLH023 PebHLHI31 PebHLHO6S PebHLHO47
PebHLH027

‘ebHLHO. PebHLH 144 PebHLH095 PebHLHO59
PebHLH(
ebHLH030 B PebHLHI30 ....... PebHLH150 PebHLHO71
PebHLHO31 bm]g— PebHLH097
PebHLHO37 PebHLH PebHLH00S
P PebHLH099
PebHLH040 PebHLH036 .,
PebHLHO17 PebLIIoS

PebHLH044
PebHLHO46 “ PebHLHI0S

PebHLHO49 PebHLH024 M rebriLios?
PebHLH149 PebHLHI2I
PebHLH052 PebHLH063
PebHLH 152 PebHLEO PebHLHI24
PebHLH054 PehHLHI‘X PebHLEIZS
Y
PebHLHOS0 PebHLHOI2 .
PebHLH072 9
N PebHLHOT PebHLHOSS PebHLHISI
PebHLHO75 PebHLH021 PebHLHOGS
C PpebiiLH079 PebHLHO3S :bHLHoN PebHLHI27
Y
PebHLHOS0 PebHLHO42 PebHLHI34
PebHLHOSS
PebHLHOSI PebHLH043 L 0o! PebHLHI40
PebHLHOSS PebHLH04S “ PebHLHI43
PebHLH100
PebHLH090 | O
PebHLH092 PebHLHO! PebHLH103 PebHLHOI3
) ) PebHLH1I3 PebHLHO76
PebHLH093 PebHLHO7S P—— PebHLHOST
PebHLHI02 PebHLHOS3
PebHLH1S3 PebHLH096
PebHLH104 PebHLHO086
PebHLH138
PebHLHI06 PebHLH09S PebHLH003
PebHLHI09 PebHLH101 PebHLH007 PebHLHO66
PebHLHII2 PebHLI129 PebHLHOII PebHLH077
PebHLHI14 PebHLH020 PebHLHO89
PebHLH010
PebHLHII6 N PebHLH032 PebHLHI41

PebHLHO34
PebHLH058
PebHLH070

F  pebriLinors
PebHLHI111
PebHLH1LS

PebHLHI18
‘PebHLHI120
PebHLHI22
PebHLHI23
PebHLHI28
PebHLHI33
PebHLHI35
PebHLHI136
PebHLH137

PebHLH033
PebHLH045
PebHLH050
PebHLHO051
PebHLH069
PebHLH139
PebHLH 145
PebHLH 146

I ramnoss GYVOGGO@®  reonni

1. IH'}‘IJ_; 2: @ﬂiﬁﬂﬁif?, 3. ﬁ?ﬁﬂ;ﬁﬁf?, 4. f@T%, 5. *E: 6. 20 cm %; 7. 50 cm %o Mﬁééﬂélé
FRFIEF FRE AT LR m, KENRBAEZAL P REM B EERNRL, A~U: RERAFILE,

1. Leaves; 2. Early panicles; 3: Advanced panicles; 4. Rhizomes; 5. Roots; 6: 20 cm shoots; 7. 50 cm
shoots. Green to red indicates gene expression levels from low to high, respectively. Gray represents no ex-
pression detected in tissue. A-U. Represent different subgroups, respectively.
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Fig. 3 Expression patterns of PebHLHSs in different tissues of Phyllostachys edulis
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Table 2 Analysis of cis-acting elements related to drought and salt stress in promoter regions of 16 PebHLHs

N K hm—
MR35 e TC AL EH MYB 444 L4
Low-temperature TC-rich repeat MYB binding site (MBS)
HEH 2R responsive element (LTR) P 9
Gene name
izl g igdl HE No ¥ Bk
Sequence No. Sequence N Sequence No.
PebHLHO11 CAACTG 2
PebHLHO35 CCGAAA 1 ATTCTCTAAC 1
PebHLH045 CCGAAA 1
PebHLH062 CAACTG 3
PebHLHO067 CCGAAA 1 CAACTG 1
PebHLHO072 ATTCTCTAAC 1
PebHLHO074 CCGAAA 2 G CTTAC 1
PebHLHO095 ATTCTCTAAC 1 CAACTG 3
PebHLH100 ATTCTCTAAC 1
PebHLH102 CCGAAA 2 ATTCTCTAAC 1 CAACTG 2
PebHLH110 CCGAAA 1 G CTTAC 1
PebHLH112 CCGAAA 1 CAACTG 1
PebHLH115 CCGAAA 3
PebHLH123 ATTCTCTAAC 2 CAACTG 2
PebHLH124 CCGAAA 1

PebHLH140 G CTTAC 1
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Fig. 4 Expression profiles of PebHLHSs in leaves of Phyllostachys edulis under drought stress
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Fig. 5 Expression profiles of PebHLHSs in leaves of Phyllostachys edulis under salt stress
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