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WE: [ B8] 8857 £4% Phyllostachys edulis Heik £ kB EFRASBRAANE, [ Tk ] DE2HEHAARXM, RASE
KRN T T A ZAF AR Bt B AL ERNE-1,5- — B 88 A 4B (Rubisco), #FBR M B X, 7 BRI A £ 1LBE (PEPC). NADP-3F R 8
B (NADP-ME). NADP-¥ R 8 . £.85 (NADP-MDH). PEP %% 85 (PEP-CK). #%B2 %5 8% X, 7 R B2 sUik B (PPDK) &1,
BERAERNEAEERSHEXAR (QPCR) A Bk Xl Riad 2 A TR T4, [ER] EHT~19FH
Rubisco #& M3 M 2 F 4k T+ K (P<0.01), % M6 FF 5, Rubisco 7 P& ¥ 5 1%; % #F ¥ PEPC. NADP-ME,
NADP-MDH. PPDK &M A 7 WA &E, 2269301 4. 5.69 4. 44645, 4.054% (P<0.01), M &Y a4
&, BREMIYE R FHIK (P<0.01), E4F% PePEPC, PeNADP-ME. PeNADP-MDH, PePPDK # R 4 k%% 7%
R, 2R A 348, 7.89, 6.48, 3.461% (P<0.01), AT A&, XL B AZXTHHEFBRIK (P<0.01),
[ #5438 ] 247 Heik £ K M ZA4F £ 84 NADP-ME #= NAD-ME % #2345 2 R 3 3 #Z A ALek (COy) BB Z, Yy af#
AL, WM BARNS M EATREAERBANA, B 1321437
KA £44; EAT; RAEE; AR KR, C %2
FESEKS: S718.4 XEkRERE: A XERS: 2095-0756(2021)01-0084-09

Activities of key enzymes involved in photosynthesis and expression patterns
of corresponding genes during rapid growth of Phyllostachys edulis

WANG Lingjie', LIQingli', GAO Peijun'?, WEI Saijun', LU Jiaxin', GAO Yan'?, ZHANG Rumin'?

(1. School of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. State Key
Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The aim is to reveal the law of photosynthetic carbon assimilation of Phyllostachys
edulis stem during rapid growth period. [Method] The activities of ribulose-1,5-diphosphate oxidase (Rubisco),
phosphoenolpyruvate carboxylase (PEPC), NADP-malate (NADP-ME), NADP-malate dehydrogenase (NADP-
MDH), PEP carboxykinase (PEP-CK) and phosphoene alcohol pyruvate double kinase (PPDK) in the stems of
different internodes of Ph. edulis shoots and mature leaves were determined by spectrophotometry, the relative
expression of photosynthetic key enzyme genes in the corresponding parts was analyzed by real-time
fluorescence quantitative polymerase chain reaction (qPCR). [Result] The Rubisco activity of the 7—19
internodes of the stems was significantly lower than that of the leaves (£<<0.01). With the increase of the
internodes, the Rubisco activity gradually decreased first. The activities of PEPC, NADP-ME, NADP-MDH and
PPDK in the stems were the highest among the 7th internodes, which were 3.01 times, 5.69 times, 4.46 times
and 4.05 times of the leaves (P<<0.01), with the increase of internodes, the activity of PEPC, PPDK, NADP-ME
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and NADP-MDH first significantly reduced (P<<0.01). The gene expression levels of PePEPC, PeNADP-ME,
PeNADP-MDH and PePPDK in the stems were the highest among the 7th nodes, which were 3.48 times, 7.89
times, 6.48 times and 3.46 times of the leaves (P<<0.01). Increased, PePEPC, PeNADP-ME, PeNADP-MDH,
PePPDK gene expression was significantly reduced (P<<0.01). [Conclusion] The fast growing stems of Ph.
edulis mainly fix the high concentration of CO, in the bamboo cavity through the NADP-ME and NAD-ME
pathways to reduce their own carbon loss, and the carbohydrates formed are rapidly grown and reused by the
stalks. [Ch, 13 fig. 1 tab. 37 ref.]
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G EMTESR AT, WrTEIER LA B AN, 2/46, 164, SECR, BRE, 44, E5R
H AU JERAAS EOLEAERT, TR RINEO AR IR E NI A bk (CO,) FREE, #RZIG ik
IR EE 3, 208446 10 WE 5k SRAE W 25 AT A 2L RR AR AR T 1) AR B HEL Y 60%0~90%CO,, LIU 457
W9 Rk ZENAAE I BEUS AL i FM Salix matsudana FHRAITE AR E KB o 15T RARHLE VD Ak g — Lk
AR AS K )RS 2 224 i R4 25 B, AVILA-LOVERA %45 & W 4 ¥ Cercidium praecox 1E W
EEERMN R HIOCEEN, RN 2, FERSEEELEEN. iy L2/
FE, RIS E 3 R R 40 2B PE A 2 Cy A kIRl AL if 42 G- 1T, HIBBERD 45" Jk 9 75 i
B Cy MY Nicotiana tabacum F T3 Apium graveolens W1, A S A1) 5 0 ) el A4 25 0 47 441 e ¢ B
i NADP-3Z R 2 (NADP-ME) B AU AU, X SEANTE 20 aok A TIFIRAE . SHEN 461 & 3
IKFG Oryza sativa " Fr ik B C, 6 & 4. EEEP LM AKAREY T & Syringa meyeri, iR A%
Populus alba, J&WHN Larix gmelinii 2% (0 25 FF 4 20 YR B0 H LAY C, Y6 & A ARERIE . BAT Phyllostachys
edulis JE RAF} Gramineae WHGHF AR, ARG TrhEE A G, BAAERNE, mEe, FEkGETm
SRR HAT, RTFEIMECEIEHTACH T —2T/E, JBAESM RIBIY g R iE s Foigot
AHCREEHA K A B ARG, MY ARKZES 15 RogeEnt, WA RS IEW L E4EFIEE . bR
B BB ZE TG AR SRR, HRIERET e, HRERSSEE R TR IFESATER
Ko [FEE, BATTEREFGHN . BRI AR Al | BRI SRR S TS U T
G RE, (AT A PGEAE KN ZEFOGE ik R FRAE R BB ol . Ao AP A K B BB AT 55
YoRbtgERt 4, ME BT ZEREANETT R Cs GG RR AR I BAZ - 1,5- —BERRR LB/ A B (Rubisco) .
C, A Bk 7] Ak 5 el T i 152 s e X 79 B 1R J2 fL 8§ (PEPC). 1A B iR W iR XL 3% i (PPDK)., NADP-ME
NADP- SR 2 Jlit i (NADP-MDH) . 5 2 4 1t =X A T 92 2 A (PEP-CK) 77 1 S %1 O B il 5 DR R X 3R
ki, BT BT A K ST ZEA AR R, DI — PR BAT AP A KL RS

1 MoK E 7%

1.1 ##E

BERXEATHR B WL B G2 X 1L E BT RURER . 2018 4F 4 AhAj 2 5 A FA), BEHL
A RRI B, ARSI, BRE 6.0£0.2 m, FEARZ 15 om B 244E H IR BT, TE 10:00-12:00 I 2E
FFHEOR ARl 3R R TR 7 100 55 1 A R IUT 45, KISR0 7. 10, 13, 16, 19 5[], 1)
BT TE] 1/3 A R ESSRANZ S, BOREIERE 2~3 mm. B FRES R A AT )2, 7ER— BB R
FER R BB B KR R 19 F AR AT, B2 TS . JomE . R R L. R/ —IRE
BN R, Rtk RV AR AR R, —80 C WKARIR A4 . LS BREATHT, SIRE
2, BRI
1.2 Ak
12,1 BEgRBRY5EENT  HRILIS I BERVEILLER 81972, R ksl BRI B AT 5547 4
O ZEFF A F 45 0.5 g 20 B THFEENLF, A 5 mL W04 AR BU , BFEE R 2)% . 12 000 r-min™' .0
30 min, LW ED BB . Rubisco B i M I & 2 IR A5 1977 . PEPC Al NADP-ME {5 1%
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Il 5E 2 B BERVEILLER 45 /)7 4:%, NADP-MDH I #4:3ll 2& 2 it JOHNSON 45 1% J5 1%:%%. PEPCK {ifi 1%
2 1 BURNELL f97735%.  PPDK 151 E 2 B HATCH 251 77 524

122 B FHEAFert i % RNA IR RBRMNER T BAZEFRN A RNA BHEEUH
MEA 9 TR (Ki%E) 4 B/ ) (TaKaRa) RNAiso Plus (Code No.9109)*i% 7 &, % H i B 5 1) Iy i 4R B
fii ] Nano-100 & 43 GG RETHAG N RNA MREE 5 Bie, FHBUEE (S nath 12 g- L) BEK AL Uk i % v]
RNA, Jz &G s¢li 5 A9 T8 (Ki%) A BR /A 7] (TaKaRa)PrimeScript™RT reagent Kit with gDNA Eraser
(Perfect Real Time) i &, #&HAULWI 451977756 B cDNA, S5 5 1Y cDNA LT 20 C {47

123 3%k % PCR i E EH KA Y15 B 10> (NCBL https://www.ncbi.nlm.nih.gov/) Fll PLAZ 4.0
Monocots(https://bioinformatics. psb.ugent.be/plaza/versions/plaza_v4 monocots/) # & AT & 5 5 il
CDS J¥51, FrAi T HMZER R IAE R 5198 (G 1) 2FIH] NCBI 51483 T A Primer-BLAST %
I, AR HX fE B WA AR R A R G . &R KR I £ A T/ CRi%) ARRA
F] (TaKaRa)TB Green™ Premix Ex Taq ™ I (Tli RNaseH Plus) i3] & #5417 3L 0 28 6 e 1 3 A ik 2 S g
(QPCR), WA Z 20 L, RAIM A1 PCR § AR EFLF7E Bio-Rad CFX manager 3.1 PCR /X 971, &
AR 278 TR, S EAT PeNTB R NS EER, B 3 IRER .

&1 319575
Table 1 Primers used in this study
HLN 5'—3' 35
PeNTB TCTTGTTTGACACCGAAGAGGAG AATAGCTGTCCCTGGAGGAGTT
Percbl ATCGTGCTCGCGGTATCTTT ATTTCGGTCAGAGCTGGCAT
PePEPC TCGAGGGTTCGGACTGTTTGG GAGTTGGCTGAGTTCTTCGGA
PeNADP-MDH CTGGATTTGGCCTTGGTGTTG TGTGCGCGGATATTTTTCTG
PeNADP-ME TTTAGTGCAGAAGATCGTGGGG ATGCCAATACCTTGCACTCCC
PePEP-CK CAGTACCACCACCACTACACCAC CTGGACGTGATGAACGAACCC
PePPDK GAAACGTACGGGCAAAAGTG GCTCTACCATCTTGATCGCTG

1.3 HESH
FI A B A 5 R E R 4 EEbRE2E . R Origin 9.0 #4% (OriginLab 2\ w], 32 [) #7581 Hr
FVERE . ] one-way ANOVA HEFT TukeyZ # H# (P<<0.01).

2 HERE M

2.1 AEFEFMHE Rubisco #1 PEPC & 1254k

HIE 1 APAL: AT Rubisco ) AATE MR, Al 38 8 T 25 FF IR A: K5 R (P<<0.01), 43 B 5E
7. 10, 13, 16, 19 W[4 1.69. 2.45, 2.95. 3.87. 13.401%; W% 1 fF+#5, Rubisco ¥ MAIEMER T
REa%, 4 7 771A] Rubisco ¥IAATE T m T HAB YA . 565 19 1517 Rubisco Jl PEf MK, A @K Tt A Fnss
7 7506 (P<<0.01), JMi FBE T 92.5% 1 87.4%

&L 2 TN ZEFFER 7 5 (R PEPC 1& MEdRc s, B i 3 s T 25 AT HAb W Rl Bt Jr (P<<0.01), 435256
10, 13, 16, 19 WA A 1.70, 2.19. 3.01. 5.70 Fl 3.01 £%; BE#E 5 IAY T, PEPC i M5 T K
B, 45 19 ¥ ] PEPC & PR AR, 555 7 4 AIHT L F M T 82.59%(P<<0.01). BAT 25 FF45 7~19 45 ]
PEPC T MR R 5561 8.2 R I (P<<0.01) TS 7EAR /K T e nyta s,
2.2 AETEFAH F NADP-MDH 1 NADP-ME & 4254k

A 3 ATl 25FF4S 7 1515 NADP-MDH B MR, BB 2 T 13~19 W & A (P<<0.01), 4%
BIJEEE 10, 13, 16, 19 WTRIAINE B9 145, 1.87. 2.14, 4.50 F1 4.46 f%; BlEE T 0 THE, NADP-
MDH I P 2 NS, 55 19 15[ NADP-MDH i fAL, 5% 7 WHAHLIL FRET 77.8%(P<<0.01), &
P ZERF5 7~19 4518] NADP-MDH i 4 8 14 52 5 T B 5 AE AR B TP R i A8 b A .

fH P 4 AT : 25AT45 7 1506 NADP-ME BGRB8 %  T 13~19 F9 R & A (P<<0.01), 4351
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RZ] T BC & g T
S - T o - T
23 2\ I C &35 40 C C
~ g 7 P = F 1 T
£ L1 1 £ 2l Tl o
|t ]
0 0
mhE 7 10 13 16 19 A7 10 13 16 19
3 [H] 5 (8]
AFEKE FREFRAFE AT () Z 532 (P<0.01) ANF KRG FRERRANF T (- F) Z R R R (P<<0.01)
B 1 A4 £ RF T E Rubisco #74 # M K AL B2 &AFZEAFARE T A PEPC I EAL
Figure 1 Changes of initial activity of Rubisco in different internodes Figure 2 Changes of activity of PEPC in different internodes of the Ph.
of the Ph. edulis stems edulis stems
6 16
/T* A
+H [ [
T E AB Heg 12 T
FE 4t LA K E
E T B S l A
=f I 28 [
[ .
835 2 ¢ I 23 B pe
L - BC
g T ¢ ZE ‘rc = T
J_ L |+| 1 1
0 0
mhE 7 10 13 16 19 A7 10 13 16 19
3 1H] 5 (8]
ARAKEFRFRA R (5 ZRKEE (P<0.01) ARAKEFRERRAFT A () ZREEE (P<0.01)
A3 Z4RFE1L NADP-MDH #1:% 4L A4 24 RE 4L NADP-ME &% % 4L
Figure 3 Changes of activity of NADP-MDH in different internodes of Figure 4 Changes of activity of NADP-ME in different internodes of
the Ph. edulis stems the Ph. edulis stems

10, 13, 16, 19 W EAIM A 1.55, 2.86, 3.73. 4.27 F15.69 1% ; FE%ET7[H AT, NADP-ME i%
PER T REEH, 45 19 150 NADP-ME iG V&, 5% 7 WHAIL TR T 76.6%(P<<0.01). EATZEMHE
7~19 77[H] NADP-ME B MRS TR, 15 8 TR ARt R
2.3 ARETEFMMHE PEP-CK #1 PPDK &ML

FE S ATl ZEFFACTT IR S BATH A PEP-CK G PETE W ME22 5% . MK 6 ATl BATZEFFS 7 71
PPDK Jifi 7% Ve fc i, W 35 T HAB A ] S - (P<<0.01), 233245 10, 13, 16, 19 35 [a] At A iy
1.69. 2.15. 2.38. 2.69 F14.05i%; W& AT, PPDK GPER TREES, 45 19 1[0 PPDK {F 1 i
ik, 5% 7 EAME FET 629%P<0.01). BATZEFFH 7~19 77 18] PPDK {if M 4% 14 S 0 8 3% T %
(P<<0.01), Tif58T FiRany 2 A
2.4 EMEFRIVE RNA TEMER 4 ERN

FHEL 7 ATAL: 4R EUEATZEAT B RNA (SRR MERE UK A0 T . W5, g, 28 SN 18 S 4b
IS e AR S SAMSFSE BT 248, 1T ULAE A EL RNA 52488, RFEM%
2.5 ARTEFF Perchl K PePEPC EE BT RiZEH T

M 8 I Al Z5FF 7~19 YT B - Perchl FE B F AR, BATH - Perchl Jk F X ek &
e, M3 T EEAF B AR K R (P<<0.01), B 7. 10, 13, 16, 19 Fi[EAY 1.30, 2.13,
541, 12,94, 1851 1%, BEE T MBI Ft R, Perchl 3 P AH T 32 35 Al i 3 PRI (P<<0.01), 55 19 7 [A)
Perchl FEP AN Fe A Ml , WO Z MR T MR 7 3506 (P<<0.01), ML HFHET 94.6% F1 93.0%.

FE 9 A] 1. ZEFF 7~19 IR FIBATH B PePEPCHERANXT ik BANR], 25448 7 15 10] PePEPC 3E[H
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e I A A& A 4 A - B
0 ] |_I_| I_I_l —=— 1 0
HE 7 10 13 16 19 mhE 7 10 13 16 19
5 18] 3 1H]
MR KEFREFRRAF R (1) ZRAR#E ARG FREFRAFA (1) Z 530082 (P<0.01)
B 5 Z4RF3ME PEP-CK #&E T4 B 6 £4RF 3L PPDK &K T4
Figure 5 Changes of activity of PEP-CK in different internodes of the Figure 6 Changes of activity of PPDK in different internodes of the Ph.
Ph. edulis stems edulis stems
M1 2 3 45 6 7 8M 1.2
2
2000 bp ﬂg B
1000 bp w08 T
750 bp =
500 bp =z C
250 bp S 04
100 bp —— S b
I E E
M: DL2000. 1~8: B HRid A= K ZEAT AR 5 ) H SR e 0 Lo
Sertt, 1R 2 JyZEFFA 13 H01E); 3 0 4 9ZERFES 16 1) S 710 13 de 19
il 6 JZERFAE 7 A5 1l: 7 A1 8 25 R4 10 A, BES i 1 A
BRI ANIE28 S. 18 5.5 S AFAKE FREFORA AN (7)) Z 5% (P<0.01)
B 7 EAEA D RNA FS A5 &k A B8 REIIRALEA F A4 Perchl Ik BB £ ik &
Figure 7 Total RNA agarose gel electrophoresis of bamboo stalks Figure 8 Relative expression ration of Percbl gene in different parts of
the Ph. edulis stems
AHXT 3R 3K i fewm , A 3 T R & AT ] 3. N
(P<0.01), ZF3 2. 4 10, 13, 16. 19 35l - T
f)2.43, 1.82. 2,50, 2.95, 3.48 1%, KT WlAY T+ E ) | I
1, PePEPC R:PRIAHNT Ik EM B PR (P<0.01), & B
%5 19 75[8) PePEPC BEPIAIXT b i fe/)y, B i I § ¢ 7 c D
PPNV, 1 T
Tk R FIER 7 1A (P<<0.01), 2% FFET 30.1% Fi = + = D
S
71.3%. .
=) 3 2 - 0
2.6 ARETEFMH K PeNADP-MDH % PeNADP 7 0 13 16 19
ME EFEBEXRIEZEH TN 1]

10 A Z5FF 7~19 W R B AT RE s s om R R (1) 2 R REE (P<0.01)
PeNADP-MDH & N AR X Rk B AT, 5 T M g g apss 2.4 54 PePEPC 2 B A3 25 2
PeNADP-MDH FER AT Fik e iy, W T Figure9  Relative expression ration of PePEPC gene in different parts
& AR (P<0.01), 405020 . 10, 16, of the Ph. edulis stems
19, 22 5[ 3.43. 1.82, 2.73, 4.73. 6.48 1%, BEAE 1 IHMFHE, PeNADP-MDH FE R AR X 3Rk f il i
FEAL (P<0.01), % 19 15 [0] PeNADP-MDH & R A X} 3¢ 35 B e A%, A d2 25 A8 T if 7 e 7 15 1]
(P<<0.01), AHELATINFEAL T 47.0% F1 84.6%.

M & 11 A5 KT 7~19 W A BATH - PeNADP-ME S AR ik AR, 45 7 45 18] PeNADP-
ME SE AR F ik i, ik T &A1 (P<<0.01), 43dll&rt . 100 130 16, 19 {5[H]
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S T C =1 C
‘2'5 1 |—I—| D % = D
< 0 = 0
A7 10 13 16 19 A7 10 13 16 19
5 (8] 3 [8]
AFKRE FREFRRA AR () Z 575 (P<0.01) AFKRE FEERRA ) (1) ZRREE (P<0.01)
B 10 R R 3F 4% £4F # 45 PeNADP-MDH % A B 11 KR 34z 245 # 45 PeNADP-ME B 48
ABAT R K F MR E
Figure 10 Relative expression ration of PeNADP-MDH gene in Figure 11 Relative expression ration of PeNADP-ME gene in different
different parts of the Ph. edulis stems parts of the Ph. edulis stems

1) 3.27. 2.25. 3.41, 3.99. 7.89 1%, W& TTMIA TS, PeNADP-ME J&FAHXT 3 35 Tl o 2 B A% (P<
0.01), %5 19 T[] PeNADP-ME FEFAR X Fe ik B AK, M B 350% Tk A5 7 510 (P<<0.01), 43> BIFEAR
T 58.5% H1 87.3%.
2.7 AEFEFIMHF PePEP-CK ¥ PePPDK EREX RIZER T

B 12 A] 1. ZEFF 7~19 S5 Rl FIBATH - PePEP-CK K:HAARX #i5 A, &A1 PePEP-CK 3
PRI 22k b i AT (P<<0.01), (5 7~19 7[R PePEP-CK JE AT ik 00 i M 25 7

M1 13 TI . ZEFT 7~19 W FIBATIH H PePPDK FEPIAHXS Feik AR, 45 7 4416 PePPDK KA
W FRAERE, WEESTH A REDTE (P<0.01), 252 A, 10, 13, 16, 19 5 [EAY 557,
1.39, 1.80., 2.70. 3.46 1%, B (T, PePPDK 3K HIXS Fih BB Wi A%, 45 19 71 PePPDK
SEPUAXS R A, 555 7 WAL T 71.1%(P<<0.01).

—_
[9)}
1
[ee]
1

i) A il
ﬁ 1.2 -|- X 6 L ?
Zoo ] = B
< Ear I ¢
S 06 E T D
5 S 2D L. b
Q03 3 I
$ B B B 5 A |—I—|
0 53 —=— —F— 0
HhH 7 10 13 16 19 HHE 7 10 13 16 19
18] 18]
ARG FRERIRAF AR (5 Z 7 REE (P<0.01) ARG FRERRA R () Z R R R (P<0.01)
B 12 RE 3L £ 4 F 45 PePEP-CK A B A8 3¢ B 13 R R 3445 F 45 PePPDK & B A8+ &
REF 23 2
Figure 12 Relative expression ration of PePEP-CK gene in different Figure 13 Relative expression ration of PePPDK gene in different parts
parts of the Ph. edulis stems of the Ph. edulis stems
3 it

WA E RS Gy AR T, WAl h C AT, IVANOV 2528 Bl 55 % BRI 7%
¥ Pinus sylvestris # |z FlEF i NAD-ME, NADP-ME Fll PEPC 7 PE# A%, N XM S e £ 52
C; 4% ; BERVEILLER %5 WF 57 & B0 RAFE KM 1L B Fagus sylvatica #+ Fli i Rubisco M PEPC 3 /)
SERRESE AR S Cy Y —%. HIBBERD %5 5% K B 5 25 R J] [ 40 A7 A 2Bl Cy A B A
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PRRBESER), X4 ] NADP-ME . NADP-MDH F1 PEP-CK 1% PE# s, A IO 5L C, iR 2
ToHLIk . AWF5ErR, BATZEFFPsE 4 K45 PEPC. NADP-ME. NADP-MDH. PPDK i P4 i &7 T
M- F, Z5FF Rubisco 1 PEII M B F KT f, X5 RS SR FARAFE Y b 451 C, W1 P08 & T
MR E S A — 3 A BT S Cy WA RIAE A LSRG, HEWT BAT AT POl A K By
B R EOE A Cy iR E CO,yo BRILZAN, ARWFTE K INZEFT 15O R Cy iR 10 AR G 1 AL [H Rk
FEAIG . R RN ZEFF R R R B BTN, T RAREE T AR T, SGAERINER; LR
PTEERMLIE , OB AT U, SEAERTCEIE T, X5 EEMg 0 X BATZEFF R PS T
NG, SGRER AR, B RDG A D RE S AR K A8 ST 4 AR X N

B[RS B G A ER 7 2] GE S5 6 A B R Rk B A B VA 5 . 2245 Populus nigra W FAES
oK [RIJE R PEPC JE[R, 2R 404 B W Sk P Bt 3e0h 6 LA QA v A AR R O
ZERIMARYC A A E S e . R b Ik & 76 NADP-ME ., NADP-MDH #1 PEP-CK [ 2 TCALER! Y,
AWFTEH, AT EFFPE A KT 8] PeNADP-ME JE[FF PeNADP-MDH K&K AR X Fe ik i 20 . 25 w5 Tt
h, ZEFF PePEPC B[l PePPDK BEPRUAH X 235 f BIM b 2 = Tt e, ZEFF PR A= K19 1] Rubisco 2 [l
Perbel HIXT ik Bt B EM T, 5HEEEKEBA —8M, X5 L1EPY X 240 B4 Populus
simonii x P. nigra LA PsnPEPC, FEPR R KR IB IR 45 R, R BATZEF C, AL [ e TCHL
fiie n] BEAZ SERUKSF- s, Z5FF N PEPC AL TCHLER R ALIE I B 1R, 2 )5 3223 i NADP-ME AU Al
NAD-ME %38 % ff NADP-ME Il NADP-MDH #4784k, 33X 5 40 54 A28 v C4 Rk f2 2 el
EATZEFFEA R DL C, iR 42 B TR T e R L Re T R E R EE RN Z —

HYHL T HEEA CO, FERE TR, —SAKMEYIZER . WTHLRILKRD, MR
LUaHF B, [RGB MEZ, KA CO, MELLY HUE 2T 2 R e A A 20, ARAM YR FIZEF A 1R
FH - 30 9 A A ) P AR B I A B COLBY . AR R W AL 1 I ML R 1 B 2 2R I A FE R T Y
CO, PR 2R B AR I AL 22 AP At B 2 [ e LMY, AR, B ZEFFREARSIL, KX
CO, NREH ALY Bt f JZ AL, ZEFF FRINAS Rk CO,(BilE R B /R), X5 ZACHARIAH 450 X
AT 23 L R R B CO, FIAURIE R I FR 45 SR A — 3. RIIZEFFAL TR CO, IR (0y) i, X5
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