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Low Temperature Promotes Flavonoid Synthesis and Expression Pattern
Analysis of the Related Genes in Leaves of Phyllostachys edulis

XIAO Xiaoyan, ZHU Chenglei, YANG Kebin, LIU Yan, LI Ziyang, GUO Dong, GAO Zhimin"

(Institute of Gene Science and Industrialization for Bamboo and Rattan Resources, International Center for Bamboo and Rattan, Key Laboratory of National

Forestry and Grassland Administration/Beijing for Bamboo & Rattan Science and Technology, Beijing 100102, China)

Abstract: Flavonoids play an important role in plant resistance to low temperature stress. To reveal the effects of
low temperature on flavonoid synthesis in leaves of Phyllostachys edulis, the content of flavonoid in leaves of
bamboo seedlings at different growth stages and under low temperature stress was determined by spectrophoto-
metric method, the key enzyme genes of early biosynthesis of flavonoid in bamboo were identified by bioinfor-
matics methods and their expression patterns were analyzed using qPCR. The results showed that the flavonoid
content increased at first and then decreased, while that in the functional leaves increased under low temperature
and reached significant level at 8 hours. There were a total of 29 members, belonging to three gene families,
involved in early biosynthesis of flavonoid in P. edulis, including 20 chalcone synthase genes (PeCHSS), eight
chalcone isomerase genes (PeCHIs) and one flavanone-3-hydroxylase gene (PeF3HI), the promoters of these
genes all contained regulatory elements in response to low temperature and other abiotic stress responses. The

PeCHSs tended to be expressed in roots and leaves, while PeCHIs expressed constitutively. Only the expression
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trend of PeCHSI was consistent with the content of flavonoid in P. edulis leaves at different growth stages, while

six key enzyme genes (3 PeCHSSs, 2 PeCHIs and PeF3HI) were upregulated continuously in functional leaves

under low temperature, which was consistent with the change trend of flavonoid content. Therefore, Phyllostachys

edulis might respond to low temperature stress by increasing the expression of genes involved in early

biosynthesis of flavonoid.

Key words: Phyllostachys edulis; Flavonoid; Molecular characteristics; Low temperature stress; Gene expression
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(Fragariax Potentilla) CHI )33 2= b 45 I B 1 v
11052 240 H| U ARIE N U ¥ (4rabidopsis thaliana)
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WA=3:2 PR, BT 425 CIATAMEECE
16 b/l 8 h, AHXHEIEL) 80%)F 597, 1 Fbk Al
KB 3 M AR BITSEAT, —HoHT
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T I 85256
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ANILHEA R, RS T bRk S hbr e 28 . B o
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AR5 mL): WONKER TR (g): D MRS EL, &R
MREE N 1.

1.3 BRAERSEWERZEI

R BAT B R A AP, LLKFE(Oryza
sativa) I I I 1K) 3 AR BCHR ) & BB S (CHS
CHI A F3H) 2L K 7 %1 3518, 1] H TBtools v1.092
HAFRIP E ) BLASN A BLASTX 47 [F) 67 51 Lt
XF, BIfH E<102°. &7 NCBI 1] CDD fE£#K i
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T p-distance 158 SR FH AR 7200 B 177 A0 HAth ) o
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ZH9 1000 IRE A, G IR E H i i% ] No. of

1 LW EE PCR 519

Table 1 Primers used in qPCR
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SRX2408703~SRX2408728)%, fifi ik H; 2 3 i K.
A& AL R B FPKM (fragments per kilobase of
exon model per million mapped fragments), FH]
Logz(FPKM+1)MEAE AR IR 1A=, H TBtools
A AT AR A B 2], TR o AT 5 R R ) 3R
IR H O o
1.5 MR R ERRED T

16 B OB I B AT IS v W L A ) B AR A
M4 HL IR 7 41, 8 A Primer Premier 5.0 #4151t
FRERIMER 1), HEY RNA #2050 & Ok
%, TR205-50, "1 [E)FZHL RNA, RS E R
#:35N ¢cDNA (TaKaRa, RR037A, HZA). qPCR ikE:
£ qTOWER2.2 £ 4t k4T, f& 522 1 Roche Light
Cycler® 480 SYBR Green I Master kit i) &5 (Roche,
4707516001, F&[EH), I HEFEF: 95 “CHIAEME 10 min,
SRJG 95 CAME 10s, 60 CHERE 10s, 40 MEIR,
W PeTIP41 1E NN S FEFIP), HHXf ik &R H
2-AACT B0 4

2 SR

2.1 BITH A EETSENEN

R T ARE S L hR i 2R, [T R y=
1.6277x-0.0049, AHX RECH R*=0.999 9, KT
TE—E MVE BN EA RGP RRIE 1 A). 1]
PP T ARAERI 2R, 23915 BUAS [F) A K IR AR I ol
R BT SRR S . R 4 ANEKR
W, KEMNSBEAEEEER, M AHEKE
JeH G AR Ss, BAE S3 AR = (A 1: B).

FEF Gene IE[ 7% Forward sequence (5'~3") Jz P51 Reverse sequence (5'~3")
PeCHS1 TTCCCCGACCTCTACTTCCG GCTTCTTGATGCCCGATTTCT
PeCHS13 TCGCTTGCTCCATGTACTCG GGCGAGGCTGTACGACTTGA
PeCHS16 CTTCAGGATCACCAAAAGCG GAAGGATCTCCTCCGTCAGG
PeCHII TACCTAGAGGACGAGGCGGT GCAGTTCTCGGTCACCTTCC
PeCHI3 GTCCTAAGTATGCTTCTGTTCA CGCAGACCAAGTGACTTCTCAA
PeF3HI ACCAGGCTGTGGTGAACTCC CGGTACATCTCCGTGAACGT

PeTIP41

AAAATCATTGTAGGCCATTGTCG

ACTAAATTAAGCCAGCGGGAGTG
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Fig. 1 Flavonoid content in leaves of Phyllostachys edulis. A: Rutin standard curve; B: Different growth stages; C: Low temperature treatment; S1: Rolled leaf

stage; S2: Half-rolled leaf stage; S3: Leaf-spreading stage; S4: Old leaf stage; **: P<0.01.

2.2 KRE BRI EY) & RBsE RS e

BT 2 TR TR 2 B I A Ak
DRI R HI R, DR o B 77 Hp 2R i B A P R
B RIHEAT T %« S 7E BT R R H 2508 e L
XForHT, HE3RAT 29 NmiG EAT FEREOR S S5 RN
B IR G R R, 430 J@ T CHS. CHI
F3H K%, 55l 4 N PeCHS1~PeCHS20. PeCHII~
PeCHI8 Al PeF3HI . JER&EH MR, Ko
PeCHSs (14 M&H 1 MNE T, PeCHSI0 N F
THERZB ), PeCHS4. PeCHSS. PeCHSS.
PeCHS14 1 PeCHS16 ¥ &% 2 NNE T PeCHIs
WEFHEZERBR, H2~134, HF PeCHI3 H
%213 1), PeCHI7 5/>(2 1), PeF3HI H 2 ™I
T E2).

A F I i SR, PeCHSs. PeCHIs
M PeF3H1 WA BT 7 5602 2 FhEE P e
N TeA, WK ) LTR. 5 1 MBS AE4 ] ARE
S8 3: A). PeCHSs M PeCHIs [R5 T H ¥4
STRE (i 530 S Fj %), o PeCHI4 F1 PeCHIG6 1]
B TFEZ0O ) 23 PeCHSs Fl PeCHIs J& 7T
rh S IR M S 7 A8 T (MY B-like sequence). ¥
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XU 2T A A RO TR ) B SR T RE S A2
BRI S FAth 25 =l AR A ol 3 1) R o

PeCHSs #ihy 8 K N 368~461 aa, 7> &
N 39.94~50.37 kDa, HIRZEH SN 5.54~9.46,
Y1 A 5 57 TRIAE AR RN R B . PeCHIs Zmis
HKJE N 164~400 aa, 5T &N 18.75~44.92 kDa,
RS 5 L N 4.83~9.26, TNV 40 i 5 A2 35 76 i
R4k . PeF3HI YmfS 8 K N 363 aa, 7 FEN
40.23 kDa, HLIRSEHL N 5.38, TRV 40 i o7 7
YT (32 2) .« Fo R 45 W) P 5 19 TR AL e Jo ) 225 S W
e FEEREE R R EEERH .
2.3 PeCHSs 1 PeCHISs [ & Ziidk4k

PR KA 2 B R A A B B CHS 119254
#, BT 20 4 PeCHSs RBAE 2 M, 2ulEA 2
AF18 ANER i, HoA 4332 1+ PeCHS 14 il PeCHS16
23915 BN T RE ) OsCHS24 £ OsCHSS 75 B [A] I8,
M EATAT e RA A RE/REaE(E 4: A)s &
3¢ 11 7 PeCHSs 5 OsCHSs £ i i AELE AN [FIFE B 1)
FYE M, (HIREMAHIE . @i WEEAT S Hib
YyFh CHI 134k 7395, PeCHIs 7E Group I Group III
A Group 1V 3 AN A1(& 4: B), PeCHII A1 PeCHIS
5 ZmCHI R27E Group 1 53¢, #EMI'EANTEA &
T2 R EE. TE F3H b H, E7T PeF3H1
557K F% OsF3H R &, A e AT ThT B B AR
I hRE
2.4 PeCHSs. PeCHIs Fl PeF3HI K)HRRER M

AR IL o T /2 — B F2 E L A8 56 Uk 55 (R (1)
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Fig. 2 Gene structure of PeCHSs, PeCHIs and PeF3H]
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Fig. 3 Cis-acting elements (A) and responsive elements (B) in the promoters of PeCHSs, PeCHIs and PeF3H1
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PeCHSI15 Fl PeCHSI8 (N AEMR g ik KB4
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# 2 PeCHSs. PeCHIs A PeF3HI [{FE AL

Table 2 Basic characteristics of PeCHSs, PeCHIs and PeF3H1

Xk EA BEG  EAKE @) TR kD) HIRH EAHKME T o B
Family Protein Accession No.  Protein length ~ Molecular weight L pl GRAVY Subcellular location
CHS PeCHS1  PH02Gene01692 396 42.94 5.54 —0.096 i4%44 Chloroplast

PeCHS2  PH02Genell618 390 42.07 5.70 ~0.031 ZHJfL)% Cytoplasm
PeCHS3 PHO02Gene13137 402 43.79 5.66 —0.055 H-£¢4& Chloroplast
PeCHS4  PH02Gene24703 354 38.07 6.41 ~0.096 A5 Cytoplasm
PeCHSS  PH02Gene27712 427 46.67 9.27 0.004 45 Cytoplasm
PeCHS6  PH02Gene30447 390 4231 6.08 —0.066 415 Cytoplasm
PeCHS7  PH02Gene35700 393 42.01 5.89 0.036 M) Cytoplasm
PeCHS8  PH02Gene37360 390 42.30 7.08 —0.068 ZHH)5E Cytoplasm
PeCHS9  PHO02Gene38478 405 42.72 6.32 0.052 i4%44 Chloroplast
PeCHS10 PH02Gene38479 393 41.97 9.00 —0.236 H£¢44& Chloroplast
PeCHS11 PH02Gene38613 391 42.17 5.70 0.001 H£¢44& Chloroplast
PeCHS12 PH02Gene38615 394 42.54 5.93 —0.004 H4%4& Chloroplast
PeCHS13 PHO02Gene40996 461 50.37 9.46 0.107 444 /405 Chloroplast/Cytoplasm
PeCHS14 PHO02Gene43021 388 4221 5.72 —0.038 4115 Cytoplasm
PeCHS15 PHO02Gene43281 402 43.27 6.38 —0.069 HH4¢4& Chloroplast
PeCHS16 PHO02Gene44458 368 39.94 6.10 —0.036 i4%44 Chloroplast
PeCHS17 PH02Gene45959 460 51.17 9.30 —0.078 ZHH)5E Cytoplasm
PeCHS18  PH02Gene48527 393 41.95 6.02 0.040 ZHJfL)7 Cytoplasm
PeCHS19 PH02Gene49028 394 42.54 5.93 —0.004 H£¢44& Chloroplast
PeCHS20 PH02Gene50391 391 42.32 5.96 -0.017 H4%4& Chloroplast
CHI PeCHIl  PH02Gene06088 229 23.9 4.97 0.145 H4%4& Chloroplast
PeCHI2  PH02Gene30936 271 29.34 8.31 0.091 2N AR5/ 444 Cell membrane/Chloroplast
PeCHI3  PH02Gene32385 400 4450 7.06 —0.102 4344 Chloroplast
PeCHI4 PH02Gene35397 403 44.92 6.40 —0.182 i4%44 Chloroplast
PeCHI5 PH02Gene36286 229 24.05 4.83 0.230 i4%44& Chloroplast
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