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MEFIRIEAE KT 7 R HEXBEEREREN S
REW, IXN, o8E, FKE, 8K, v &, KxK
(HTTTARMROR 2 48 R A P P AR B [ K e g %, WL Bl 311300)
WE: [ 88 ] BFEH Phyllostachys edulis 2 4F W o- B (AMY) F= B-7E 5 B8 (BAM) VAR A8 % 2 B & iA sf 2,44 Bk
A RegiRdpuh . [ F ] AESFA XA, MR EAFRE B E (10:00. 14:00, 18:00. 22:00. 2:00. 6:00) Fo R F) ¥
R (% 7. 10 13, 16 ) WAE 2 MM R ALE&4 (NSC) T 5 4 . o-3E W B 75 Mk fo B-J2 4 B 75 M VL B PeAMY Fn
PeBAM 2R &k, [#R] EHEFNSCAZESHORESG, 1800 X ERHEK, FTVFFE 0FHERRZTLIX
2:00 4~ #) ¥b 18:00 %18 T 25.4% #= 27.2%(P<0.01), R4 45 3 K48 T 50.0% F= 34.1%(P<<0.01), ¥ 5 5 %4K T
49.8% F= 27.4%(P<<0.01), Z# 6:00 2 % %t 18:00 AKX T 27.3% 4= 23.2%(P<<0.01); BAM & ok B K ik £ & R & 44
o, 18002 6 M B X d, WA RE TH, £ 7. 104 135 22:00 & & 5 5 b 18:00 & 90.5%, 76.7% #=
50.5%(P<<0.01), PeBAM # B &k 2:00 %]t 18:00 % 1.8, 1.8 = 1.7 4% (P<<0.01), [%&i# ] £#4ZAF A RHER
ARE, REAKY, EALFTRRBERTELRKREEG, LA ZFREEKE PeBAM AR L E WAL,
BAM EEMHEMEHEMP TR EZER, B441 438
KA AT, £4F; i K; ESMEBRAY; B, ARAZK
hESES: $722.3 XEkFREE: A XEHRS: 2095-0756(2020)06-1128-08

Gene expression of starch decomposing enzymes in Phyllostachys edulis
stems during the rapid growth period

LI Qingli, WANG Lingjie, GAO Peijun, WEI Saijun, LU Jiaxin, GAO Yan, ZHANG Rumin
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The aim of this study is to reveal the regulating mechanism alpha amylase (AMY) and
beta amylase (BAM) and related gene expression of Phyllostachys edulis in the rapid growth period. [Method]
The stems of Ph. edulis shoots were used as materials, and the content of non-structural carbohydrates (NSC),
AMY and BAM activity, and gene expression of PeAMY and PeBAM were measured at different time (10:00,
14:00, 18:00, 22:00, 2:00, 6:00) and different internodes (7, 10, 13, 16). [Result] The NSC content of bamboo
stems was higher in the daytime, and gradually decreased after 18:00. At 2:00, the glucose content in the 7th
and 10th internodes decreased by 25.4% and 27.2% (P<<0.01), fructose by 50.0% and 34.1%, respectively
(P<<0.01), sucrose by 49.8% and 27.4%, respectively (P<<0.01). Starch content at 6:00 decreased by 27.3% and
23.2%, respectively (P<<0.01). The activity and gene expression of BAM were stable in the daytime, increased
significantly after 18:00, and gradually decreased before dawn. BAM activity of the 7th, 10th and 13th
internodes was 90.5%, 76.7% and 50.5% higher at 22:00 than at 18:00 (P<<0.01). The PeBAM gene expression
was 1.8, 1.8 and 1.7 times higher at 2:00 than at 18:00 (P<<0.01). [Conclusion] During the period of rapid
growth, the stem of Ph. edulis grows slowly in the daytime and quickly at night. The development and
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maturation of stems are promoted from bottom to top. The rapid growth of Ph. edulis is closely related to the
expression of PeBAM gene. BAM may play a key role in starch degradation. [Ch, 4 fig. 1 tab. 38 ref.]
Key words: forest tree breeding; Phyllostachys edulis; rapid growth; non-structural carbohydrates; amylase;

gene expression

WK A YR BRI YRz —, EAEYERKEE SRS, FRALRR R B2y
W, [F AR E0E SRS S SRERY, STITT @ 858 &3 . $LEGIT Arabidopsis thaliana 19K |7]
TR ISERTE R R, IR ATE M S AL B nT v et A K AR ke i, ZERHRTL T2 2 A . PANTIN %)
W IARE ST 2ot R AR R B, AR T2 Bk BRI, AR K1 F K. GRAF %Y Bl
IFOT R VeI R B R R PR A X a7 A b 4% . LA TF R R AR AR AR A P s, AR A
WAt T 32 6 R K BE A 52 B8, RIOU-KHAMLICHI 262 BF 58 Sl g I 4t A K R 30 . B — b5 5
Yy 40 S AR 11 CYCD2 Fil CYCD3 3Rk . A U FIE Ry A 2t — R BB . STREB 4517
I T BRI IE R 0 R X R . a-TEHM B [a-Amylase (AMY)]. % FR ARG i [limit dextrinase(LDA)] M 5 1€
F31i 3[isoamylase 3(ISA3)] AHEL A ~7 b B #2247 FH F ik Boks o A9 e JE R 4 i AR o-JE 490 A FH AN BH
2, 1 B-UEK B [B-Amylase(BAM)] A2 HEAE FHU Y, /NFE Triticum aestivum PV Nicotiana tabacum F
T RS R R BTG MR AMY ZER R R BB W LT, S EGEN RN, R T RO R
o MARUYAMA S50 W58 00 m I+ o mRNA 7K, & 3B K FN¥e ik 43 51 20 bam 1 A1 bam 3 3
K. ISA3 il LDA. AMY3 F1 BAM & I [a] U 6 % AN UE M 0 & 5 o P, IRk, BAT
Phyllostachys edulis (/- B A SRS TiF 2t R, EEWOLEER . A4 . Bnts 24k |
ANFER AR AR S AR w2, M AT PO A K oK S LRI R e b . BRI, ASHiE
FELABAT AT PO A K ISR bR, a8 T AESS ¥ YRR K16 5% (nonstructural carbohydrate, NSC) Jit
BB, AMY Fl BAM A% M DL K PeAMY I PeBAM $:[H 36358, A it— A48 8 BAT B
AR BT B2 LA
1 #E5F %
11w

£ 2019 4F 4 A TR R B, SEHBCES &M —30, AERRN RAFFE EEAE (3.0£0.2) m 1Y
EATFT 30 KR, M\ 10:00 FFUREERE 4 h BEHLIC S Bk, BARVER | ASASr 200, b SIRER . K 2EFF A
AT ARG 2 WK S 1. 4. 7. 10, 13, 16, 19, 22, REEJEAERATEE, ZJEHA-80 C
AR VKAE N A8 o
1.2 FHi&
12,1 TEBERT>HMNE FRECETZEFT 0.5 g, MHERASY, INZEE/K 9 mL, WK 10 min,
AWEFE . %A, 3000 r-min”' B0 S min, HCETEWR . #ARE . FOMRTEERE 2 5000k F A A AR & (-
MR IEA 25 AG FRAA R A7) SRR & (R st R A PR R A7) Tl . BAR T RS IR
B
122 EHhEHHMNE K LR EERHREUS BT AR E0N 80% L BEMYE 13, INZEIEK
3mL, fEFEEAT, WK 15 ming AEJS, A 9.2 mmol- L™ W42 4 mL, HEFEFEE 20 min, ZEMEK
EA25mL, R4, 3000 r-min' .0 10 min, BCEIEW, E 5 R BB BT R s
123 BEGRAETHHMZ 28 BRADFORDP Jy i 5 8 1 i it i 434
124 o, B-mmBEEWR T RECEITZEF 0.5 g, 10 mL #P5RZE K (0.1 mol- L', pH 7.0), VK&
RS, AR R IR N 5402 15~20 min, 10 000 remin' Z.0> 10 min(4 °C), FIFHRCNEEEEBOK . R 3,5-
YK BRI GE B FT . 40 °C EIRK ISR 15 min, IE SIEREETEE, 70 °C N 15 min, itk
B-TEMI M, W o-JEA BTG E . WS 7 LA 1 min 20 SE R AL 1 mol 22 ZE MR A g & R 1 AN 0E MR
PA U g '~ min"'(1 U=16.67 nkat) &/~
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125 ZFmigpEirn e RIETZEF 0.5g, F MES Z K (20 mol- L', pH 6.2) #EATHEHL, vKIAHF
B, RBGEAZ 5mL, 10000 r-min' 2.0 10 min(4 °C), 1SRN BEHEIOR . 15 P & % 22 20 il
G (R A BRA R A ) . HARIAES IR 5 .

1.2.6 AREZAER ORNA I, FREGEM 0.5 g, AEAY TR Ki#E) AR Al RNAiso Plus {7
PRI RNA, B EEEETHRAE i RNA AU BE NI, 1.2% SRR WS AL VA RNA M. QI
M5k S cDNA it kil o R £ AW T8 (Ki%) A R 2\ PrimeScript™ RT reagent Kitwith gDNA
Eraser(perfect real time) {7 & . HARGT LS. GcDNA &K KA FrikE. SREAMERAE
P e PeAMY Fll PeBAM SR AN BT R 2K AE R LY (R 1), EEEN NTB EPME RN SN,
HE RSB, @FRFFIREN (qQRT-PCR). R HF A9 T/ (Ki%) A FR/2 A SYBR Premix Ex
Tag™(perfect real time) 7 &, HAK T ESIULH .,

®1 5|MER

Table 1 Primer information

FEH 2K gl &
PeAMY-F CATTTCTTCGACTGGGGCCT FEH K P 1
PeAMY-R GATCACCTTGCCGTCGATCT

PeAMY-F TTTTTGCGGTGGGCGAATAC YEGRE HPCR
PeAMY-R AAATGCGGCACACAACACTC

PeBAM-F CGGCAGGATTCTACAACCCT TR ARy 1
PeBAM-R CCTTCAATGTTCTGGGTAGCC

PeBAM-F CAGCGAAGCCGAGGAATGAT 5t mPCR
PeBAM-R AATGGGGGTAGCTGACGGTA

PeNTB-F TCTTGTTTGACACCGAAGAGGAG AE=90
PeNTB-R AATAGCTGTCCCTGGAGGAGTT

1.3 HiEALIE
ARG 5 U S bR DR 22 o PO E B I S A KA AR R A=
27AACBY i N S LA TEFE DUEL, FIH Origin 9.0 44 (Origin Lab /A &, 32 [®) #4748 110 M AR

2 HEREpN

2.1 NSC REHS#HTWL

HIE TA FTLUE . BEE RS A, A5 20 B8 B i 0 B0 Ky, 18:00 Z Ja B AL, 5% 7 19 Fn
10 75 2:00 439t 18:00 [ T 25.4% 1 27.2%(P<0.01), 55 13 W HI%E 16 284k A2, M & 1B A LA
Fill: BEBTREIERS, 55 7 M 10 IR R B KK, 18:00 FH R TR, 2:00 &1L, 5
18:00 A Eb 23 S B# A T 50.0% Al 34.1%(P<0.01), ZJatk & EFF, 6:00 b 2:00 5 5 & i 64.7% Fi
50.6%(P<0.01). % 13 W HI% 16 AL AR & . K 1C nl LA H . REREIR B BOE S 7 3 FEs 1015
B, B 13 TS 16 WAL HANME AR E . B 7 RIS 10 1 RN R B, 18:00 5k B
TRE, 2:00 Ffi%, 43I 18:00 1K T 49.8% F1 27.4%(P<<0.01)., HNEl 1D fizn: VEBBTEEESS 7 15
B0 AR, B 3NEE, B 16 Wi AR . 55 7. 10 13 79T (K TE R B o B,
18:00 Af ., ZJG B FFE, 6:00 23511t 18:00 F&AK T 27.3% . 23.2% H1 24.0%(P<<0.01).
22 EEEMMETL

WE 2A PR : AMY EHEZEF AR, AT B A, WK 2B frx: BAM EHSE 7.
10 A1 13 s, &5 16 TIHHEIL A B E . HR BAM WG, 18:00 JaTH M & HAE 22:00 ik
e, 57, 10 F113 35 22:00 1543 HE 18:00 5 90.5% . 76.7% H1 50.5%(P<0.01), ZJaiitEit @& T
[, 6:00 5 22:00 AH LA BIFEIR T 56.2% 1 62.6% Fl 51.1%(P<<0.01).

WE 3 Fs . ZZERERTEMEAESS 7. 10 F1 13 i, 26 16 WGt LA bR B3 . FIREZF
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Figure 1 Diurnal variation of carbohydrate contents in different internodes for stems of Ph. edulis
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Figure 2 Diurnal variation of amylase activity in different internodes for stems of Ph. edulis
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22:00 ke, 55 7. 10 A 13 75 22:00 4351 He
18:00 & 2.5, 2.2 1 1.4 % (P<0.01), ZJ5%
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ZIGFRIKE TR, 6:00 435 Lk 2:00 BRI T 20.1%. 15.2% F1 21.7%(P<<0.05).
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Figure 4 Diurnal variation of amylase gene expression in different internode for stems of Ph. edulis
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KA GRS SN R R T, R A K R T TR CHEMEEHY . GRAF 4
R B Rosa rugosa A6 ERIKAL G WV BT ARG A . JEM S REZECITT G, JEms g T k.
1ZUMI S5 R BRI 2 8 HR B TE M PR [ b, I LF 58 2 AR, e . W4
BEFN SR EAR [ B KO AR . ARBIFGR B . BATZEFTAE R A B 19 T S M R i o i o0 4, i
TERC ) AR S T R, ATREE R R KNS, IS PERERI D, AW e M bE fE7e 2200, a4
KPP HEREFET, JER I R T A A SR S gk A KPR HERE OO I AT P A K
F 359 4 R0 3 B A RT RE A2 B 06 B8 I R A= A B 45 BT, LINGLE 55 ¥ 8 5% 248 KW H BE Saccharum
officinarum ZEFFZ I MRS BT 080 M LB HIRRAR. B E RSP R BT RO & AR
WA H R _EVER TR EE Y LT, wA . SRR N AR, ZERF R A ]
AR MR R RO, TER RN BUIR, B R NSC R UK 5 AR . T RER R BAT
AR R ARG B, VERY KA AL BT S P A O A R PR AR IR , ZEFF B AR RN, AT TR
TR, TERBEMRIZEY, RWIZEFF LT FAUEUE N TR HESE A=,

TE oy i SR TE By K A S N A R i) — B B AR AR, N P Y e I R e UE R Y R A R B
PONGRATZ %5 58 352 Spinacia oleracea W4 AR J B . 1A TE A9 TG 2 BG 1 OR ver o FRPEARDY B9 1
W Saccharum officinarum W Fy JE R BTG R A L. BAM {E M H & T AMY., ARuF5RH, 280 T ER
] BAM WEPELL BRI . R ERAE R R, VEMYTE BAM MEALAE TR RSB N A2 200,
2 PERRBEE YRR, N SR O A s AR G E, JER RIS, B PEAR R AR, DA A
FAREW . BATZEFFN AMY TEREM BRI TDAEIEN, BAM 7EBATZEF N TERF 10 L T o i 1o 72
A SRR Y,

TEZEFFAE K BN R ] ORTRIT ], S i e ik AP A A R 25 5% . HARMER 450 il 5 Ul g 5
M k. BAM B A B KA MR AL, XL EC R R /INE Triticum aestivum B K i
AMY FERAEXT R IR R FIHES, 5SS ER T A, BTSRRI, F R Hevea
brasiliensis HhBAM1 FE:[R 3 ik i 3 & TR 0] . ARUFFEF, PedAMY FeH IR AL B3, PeBAM ¥ [A]
RikwmPEHTHR, U PeBAM FEAK B ZHEHAY) 7R, BATZEFRE AR EE R, R
SERIVERR KA B W) & AR, PeBAM LA FiA 55, PeBAM H:DH W] BELEAZ A1 TE M O . ZXFFrp R
HBYY ] PeBAM FER IR L BT E] &, v RER P R 25 R A R OB, TR R A s AT
ST PR AR R AR LR IR, IUET, PeBAM JEPR K 5 R N GE R RE MR LA AE R HUBENS , WA
FIHBA, MG, BERFRIR R, SEE 2SR, PeBAM £ K 321K 5% M2 [ 7]
e WY R . LLOYD 5" R/ N el fe R L. AMY 7EMRFLh ik ik, S30Ekh BTt
=, TSR N, MITA SP7 WF o S ma T e R . G vl & T s, ek & B R,
BAM FE [R5 K G VAR B 5 R S . AT, PeBAM FEN M Rk mil B & T AKX, E45H
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YRS Y & WA B SR AL, R PeBAM MY FEN 235 n] RERIOWE (S 5 Ar i, M mi7EE
P ZEFF I DR A 4 i FE AR FEY,

ZE TR, BATIE R A K 1 O A R B TV MM A A RS A R ok, A R
15 ] PeBAM FE R FiR3E 58 BAM T L FF, AR 3 38 A DRk 2 1k il ml Vs b B ke 5L, 2B R TR
Peo ZEFF R E FUBGEGE N TR LIRS, NSC i 705U PeBAM SEH F 8 16 254 LRI fLAR
W2 TRER PeBAM BRI RIKA BT, TEMBEMR . RFBTZEFFIGEARK S PeBAM B 1 FRA
FUIMSE, BAM TE BRI e b o] BB 2R H .
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