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Transcriptome analysis of the adaptability of wild Cynodon dactylon in the
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Abstract: To explore the adaptive mechanism of Cynodon dactylon under flooding, Cynodon dactylon plants with similar
growth were divided into a non-flooded control group ( A1) and a treatment group ( A2). The latter consisted of a
submersion depth of 30 cm. After submergence of A2 for fifteen days, sampling of the two groups was carried out
simultaneously. Thereafter, the total RNA of the samples was extracted for transcriptome sequencing. The de novo
sequencing data of Al and A2 revealed 128031 and 83363 high-quality unigenes, respectively. 28844 differentially
expressed genes ( DEGs) were found between Al and A2, of which 11858 DEGs were up-regulated and 16986 were down-
regulated. Functional annotation showed that these DEGs were mainly concentrated in the transcription, translation,
carbohydrate metabolism, and environmental adaptation. The results of signal pathway enrichment showed that 103 signaling
pathways, including plant defense responses against pathogens, metabolism, photosynthesis, individual fitness

development, and antioxidant activity, were related to the adaptability of Cynodon dactylon to flooding. DEGs were randomly
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selected for real-time quantitative reverse transcription PCR ( qRT-PCR), and the results of quantitative analysis of
fluorescence were the same as that of sequencing, which indicated that the expression of DEGs was more reliable. It might
provide a basis for further excavation of regulatory genes and functional genes, which are associated with the adaptability of

Cynodon dactylon in flooding.

Key Words: the Three Gorges Reservoir; fluctuating belt; Cynodon dactylon; flooding; transcriptome analysis

H =R 175 m E7KLASK , WIS B i 5 Dy b DX 4 VT R AR T 5 R SRIAT I ik 7% 22 19 4 I
(TR X — = P DX T Pt ) IR SR IR 1 e JE DX P S i 2B R TS R S R
FEBEZ AT T WK A= T2 A TR 5 Y0 5 S i 2 [l R e P DXV 9 A S PR B A B OC K R
S TR AR AR R G T PN A DT 7 T AL A A1 A R 3 A R 7 0 T, R BT T T B A A AR
( Vetiveria zizanioides L.) 75 10> % F 51 ( Alternanthera Philoxeroides ( Mart. ) Griseb.) M) 5 AR ( Cynodon dactylon
(Linn.) Pers. ) S5 AEY)TE = W0 R IX T V& 1T S 52 b 58 55 W A0 2 i AR vh BB DRSS e A7 0 238, JR 46 Hh iR i 2R Al
WYyl I 2 5 R T S AR B AR AR R B A5 22 A LAWK A5 T, JF A — 8 B B B X KO B 3R B
A

) A AR =R DX VR IR AR AR, A AR AR ZE R B A, 7T [ AP DB iRk Rk . A IS
FWY 000 A HR R AR R (0 BR B M | TR K R SR AR W B 38 rh AR A7 I I 8], H TR A EL I T RE S
HAEM A A PSR E SRTHIEIE R ) B i e I 4 0O K S US| M AR FT T 32
SRS T TR 2 2B K DR e 2 DX T Y i A B S b I i Y R G T S AR K A B Y
A PEIFSE Z AR TR B AR A K | TR GG Ao BOR £35 Je t mi 17 ZK T B3, I o — 2 R IR S PR 14 2R a5 ik
L0 VR R L3 1 7K e SRR AR T, AR LA =00 P DX T T B AR ) ZF AR R AR K s b L 36 5 7 SR
P53 B, BIFFEA0 AR K W A 858 T A8 5 Sk K A2 Al e 22 S TR TR LS IR RS 1) 24 AR /K AR B 3
A VI B O A AR ) TR I8 I = J2E DT P IR B R S

1 #MRERFE

1.1 g bR

S0 A 0 2 MR R B DT T M DB By = PR IX. B ARTH v o IR B R 4F 5] — By 484
AYBETTBEAL AT A A KA XS BEZL (A1) A1 30 em UI/KALERZH (A2) , HEASNAE A 42 em, R 22 em A SR,
WRIEATAL , IRLZb 6 J5 LARZA R A AR I AR IR T2 L2 2 15 em, 20 HIKE LR Sh RS Ak =AM I
AEHRALF 2017 4 5 AR R AR TETE V1321 (107°87" E,30°35" N) fE 30 em UI/KALHE, AbHRZAIKHE 15 d
Je PSR B M A R A 2524 ] I SO 20 00 4 KR 4l I, e S IV & O, O 7 RV B8 22 S 35 1 Jim 4
PLSLIN
1.2 K877k
1.2.1 JURPRERh B il &5 By

P Trizol ¥ ( RNAiso for Polysaccharide-rich Plant Tissue , Takara ) $&HUFE & (9 5L RNA, Nanodrop 43 Y66 &
TIREIAE 5 2L RNA OD g 000 7F 1.8—2.2 Z[H], AUKKZ AL 5 6 RNA JCHH 5 ff H 28 S S5 s B T 18 S 4%
i LS AELL L, H Oligo(dT) 43R & 5 mRNA , ILAFT Wil 7E Thermomixer H¥ mRNA #7758 b Bt B 4T
Wi mRNA Sz 5% 5% R AUEE eDNA, RImfE 50 A K e 43k ) SR 5 047 v Be R/ e % A S8, T
Mlumina HiSeq 4000 ~F &M ¥ .
1.2.2 eI Bds b

WP B A5 R R B2 Y ( Raw Reads ) 284 38 J5 159 31 465 327 ( Clean Reads) , 8 Trinity 2K {8 13 7751 8 & 15
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FFE S HE (Contigs ) , It — 2D 4256 W% S AR (Transcripts ) , R Tgicl FAF#E1T RIS L ITCARTFE] Unigene,

i FH Blast 435l %§ Unigene 1 #% B2 ¥ 5 503 % ( nucleotide sequence database, Nt) . AE TUAY 5 1 (non-
redundant protein sequence database, Nr) &[5t B R [A]J5#% ( cluster of orthologous groups of proteins, COG) 5L
ARFE R 5 2L R 2 H R4 45 (Kyoto encyclopedia of genes and genomes, KEGG) FlFs - 25 F U 518085 & ( Swiss
protein sequence database, Swiss-Prot) 73 8¢, fi H Blast2GO A4 Sz Nr { B4 AE GO ( gene ontology ) 1B, i FH
InterProScan5 #X{FAE InterPro R, $% 18 Nr Swiss-Prot [ KEGG il COG Fdg AL iy , ¥E£E Unigene I HfE:
HeXt e BefE 1% Unigene 405 751 ( coding sequence, CDS) , A REF: BEAY Unigene fifi F ESTScan T HAEE—
A, 4 Bowtie2 X444 clean reads H X} F] Unigene, #& J5 3 T 4] 28 £t KA 15 ( RNA-Seq expression
estimation by Expectation-Maximization, RSEM ) 754N i (1 3L PR 2 3K 7K 7, 3 FIAHA 43 7 % ( PossionDis )
V22 S RB R PR 3T, 0 B 1 DRy Xk U ZE AR it [) 2 X A% 4K (fold change) =2 FIHE 1% & B (false discover rate,
FDR) <0.001 ; X 22 57 KRB B AE GO 1 Pathway T RE 7328 K 4 70 M7, D BE I % I 2 2 0 e s v 44
FDR<0.01,

1.2.3  SEWEOEER PCR 74T

BEBLPEIE 4 22 5 3RIAFE K 1l i PrimerQuest Tool 7ELRFEFF i T 1Y), I &9 HY (B 2 80—250
bp(# 1), i GAPDH JEHE{EN S, #88 Ultra SYBR Mix Kit ( HE AT/ T ) S A i B4 7 B Se o i i
PCR ( Quantitative Real-time PCR, qRT-PCR) ¥ 34 ##4-F 5 & CFX connect Q-PCR 1 ( Bio-Rad, JE[H ) , ¥ 1%
SN P A :95°C PRFF 10 min;95 CAREF 15 s,60°CHREF 1 min, BEHE 40 IRIFH

*1 EHEE PCR EAEERESY
Table 1 Genes and its primers for qRT-PCR

G 519 51
Gene 1D Forward primer (5'-3") Forward primer (5'-3")
GAPDH TGTCCATGCCATGACTGCAA CCAGTGCTGCTTGGAATGATG
Unigene76585 AACATCGACTTCCAGGCCAA TTGGAGATTGCTCGGGACTC
Unigene78381 AGGATCTGTAGTCTGCGTGC GGCGCTGAAAAGAGCTAGGA
CL10569.Contigl CCTGGGTATGGAGGAGGCTA ACATACGTGGTTGCACCTCT
CL1401.Contigl ACCAAGGAGTACGACGGGAG CTTTGTTTGCCCGGTTTGGG

2 HBRESMN

2.1 DFE5 S PEAL K 2 2k

A1 Fll A2 ZH A% Total Raw Reads 43 51°5 90.69 Mb #11 89.06 Mb, i3 JEf5 Al F1 A2 A9 Clean Reads 7350
73.89 MbAll 73.55 Mb, Al £l A2 [¥J Clean Reads £ Trinity 22543577 45 200570 F1 124076 445574, Al Al
A2 YL AR LS Taicl AL TUAY 53] 128031 1 83363 4% Unigene, i Unigene %X H h 147256,
2.2 Unigene BYIIHETERE

I FE T Nr Nt ,Swiss-prot [ KEGG ,COG | Interpro 1 GO BE FEAE Unigene HR R wmE 2, 7 NEIE
JFEN] iR BEY Unigene 2 H by 107263, i &4 Unigene $XH 1) 72.84% , Unigene R 13 B8 BN [ 4 Ff (1) 45 i v 31
JRAKIK M /INK (Setaria italica) | 555 ( Sorghum bicolor) \ K ( Zea mays) FIPEEEH ( Phytophthora nicotianae) .

F /8 Nr | Swiss-Prot , KEGG , COG B 15 JC K ¥, 15 3] 94879 2% Unigene ) CDS, KB A Unigene 48
ESTScan il #5%1] 8135 %% Unigene SR,
2.3 ERFRIBEEN T

W 3 R, SARKHEXT R (AL) AHLL K HEAR B (A2) ek BUAT 28844 2% 22 5 2Kk A ( differentially
expressed genes, DEG) , H:H' 11858 4% DEG L ilZE 1A ,16986 45 DEG F & IA, FAR A LEEC N 1.18—
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14.03, FiEZ R AAAEECH 1.45—11.52, DEG 7E Nr Nt Swiss-prot \ KEGG ,COG ,Interpro Fl1 GO £ [ 13 B4k
H 318 22160 25901 21413 22478 16063 . 18188 #1 16439,

% 2 Unigene IhgEiF R

Table 2 Function annotation of Unigene

sk mmEs mmam e meg OISR e N
e . i saepa CORIR e St
oL T ¢ T T 1 ko N " S e HOR T
Item . AR 7 RO I Overall
Nr Nt Swissprot KEGG COG Interpro GO
%tH Number 96671 91666 62881 70943 42658 57486 52669 107263
e Percentage/ % 65.65 62.25 42.70 48.18 28.97 39.04 35.77 72.84

Nr:JETUAB A non-redundant protein sequence database; Nt: 7 FIEHEE nucleotide sequence database ; Swiss-Prot » Ji -+ 2 4 i /7 51 B
JiE Swiss protein sequence database ; KEGG ; 5T #8355 K 41 [T 8} 4245 Kyoto encyclopedia of genes and genomes; COG ; 2 [ 5 R [ JiF% cluster of
orthologous groups of proteins; InterPro: 2 [ Jit 52 1% | 25 #4385 N Ty BE A 23 84 % integrated documentation resource for protein families, domains and
functional sites; GO ; 3 K A 4HHIE 2 gene ontology database

x3 AFRMEKBEEEERREERNYERERTEE
Table 3 Numbers and range of differentially expressed genes ( DEGs) of Cynodon dactylon under waterlogging

LikEH H Z ARG 2 A EONE
Expression trend Number Range of difference multiple Mean of difference multiple
- #E&3E Up-regulation 11 858 1.18—14.03 6.76

T iX Down-regulation 16 986 1.45—11.52 5.47

2.4 ZEFRIREENA GO LIRS

GO 43HT 7] K DEGs 43 b 4 W 3 #2 ( biological process ) | 4l i 2 43 ( cellular component ) #1753 ¥ I fig
(molecular function) = KIJFEAE, ME 1 AT, Ayt R p i i 72 A R s A Wt F AR Wy
WSO M E 7 S 2K MR T DEGs & AR RN 2E AR MI 4L 70 TP RO AR A2 0 (M (A W 2
Iy FECE WA IE DEGs 8RR Z T, 4> 7O Re b i AL TG M | 255 RGPk B as ih 1k 450 5+
TG ME AXBRES G 3G sk I IRV | H A% 3B AT P AT AL TR P 552 DEGs & 2 i Fh 2K, it GO 44l
A KAL) AR A R AT AR | 40 S 2H A T AR AR SR AR T Y DEGs AT gk R 2 5 P AR
XoF 7K I A3 A e
2.5 2 FRIRFEH Pathway IRESMT

KEGG %45 %2 B+ DEGs 43 4 48 g i3 #2 ( cellular processes ) . ¥ 3% {5 J& AL # ( environmental information
processing) . 1%t 1% {5 S AL # ( genetic information processing ) | 1t 14} ( metabolism ) FI 4= #) & & 4 ( organismal
systems ) o 1K BOIH P G SR RIS K AL S 0 A R A 5 3 ) A5 T RE TE A S R NS AW A 5 10 3 A M ik
PR R EE AR (8 2) .

KEGG 3 j#% & S04 103 M5 5-30 1 S 5 00 25 RO /K S W ai (e 1o, 42 HE s B2 A% 3 K3/, i 10
W EFE ARG TEB R 4, b @ (R S B E B RGIHEW IS P 45T FDR KIEJS 1E, KA
BUNRIRE RS RGN M K A B B e 0 A3 A M R 2 S E SR R 2 AR
75 AT e AR S AL bUm R 7 R B B A RCR SR TR SRR AR il S5
2.6 ERFTOLRER PCR Kk

T VPR S5 4 I 45 SR A T SEE | BEALPEZE Unigene76585 , Unigene78381 . CL10569. Contigl 1 CL1401.
Contigl % 4 /> DEGs f qRT-PCR ¥ 3, JERAHXIRAR F=2722% b A A Cr= (FRIFE T Y H 1 EEE 1) C
H-FFIREA IR K 1 CefB) - O BERE ALY H AR Ce {0 BRAEAS A9 B Cef) 8 R
H GAPDH, VA log,-ratio /83 T55 LA qRT-PCR A0 A4 L K ik A8 Ak, P log, -ratio =log, [ AbFH4H
ki IEHRA R | ICE 3 IKE R, PRSI 45 R B, ARG 7 vk 1Y K R A OC R BCh 0.8490, P<
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10000 - -

1000 M -

FEPFI%E Number of genes

11:|_|:|mﬂ__m____ LU GG LG LTl PR GLTTB E en b A e LU L

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54
H:4p38 #2 Biological process HiMfiZH 43 Celelular component 43 IhfE Molecular function

1 DEGs ] GO Th&E5H 2

Fig.1 GO functional classification of DEGs
1A= WKt biological adhesion;2: 28 biological phase;3: ZE#H % biological regulation ;4 : LA cell killing;5 : 4NI4 4 A9 4L LA A A= )
4% cellular component organization or biogenesis ;6 : AIIILFE cellular process;7; & & it #2 developmental process;8: % & growth;9: % A S5 it
P2 FE immune system process; 10 i localization ; 11: #3)] locomotion ;12 : {83 2 metabolic process; 13 : ZHLiA T FE multi-organism process;
14. Z M H 23R multicellular organismal process; 15 25 4 33 #2 19 571 8 4% negative regulation of biological process; 16 2 4 3 #& i) 1F 8 4%
positive regulation of biological process; 17 : A= ¥ F2 AT regulation of biological process; 18 ;4 reproduction; 19 FFA4=iI 2 reproductive process;
20 JN 2 response to stimulus ;21 5 FE rhythmic process;22:{5%5 signaling;23: Ji— £ Y1 F2 single-organism process;24: 4Hiffl cell;
25 AL cell junction ;26 : A1IERA: cell part;27 : MMEANIN extracellular matrix ;28 ; 4NN 4153 extracellular matrix part ;29 ; 0 i [A] [X.
38, extracellular region ;30 : 4[] X IH 2 73 extracellular region part;31: & 43 F L &4 macromolecular complex;32: I membrane; 33 5 41 43
membrane part ;34 ; Ji45 A5 FEK membrane-enclosed lumen ;35 Z2R1R nucleoid ;36 : AN EL#S organelle; 37 : 4NMIZR 4173 organelle part; 38 2 i &
svmplast'39:ﬁf&ﬁ§ virion ; 40 ; % B IR 4 43 virion part; 41 L5 LG P antioxidant activity; 42 45 & 33 P binding; 43 i 4L36 1 catalytic
activity ;44 . JEIEJH 1T FF1EPE channel regulator activity ;45 ; LA 2 TE PE electron carrier activity ;46 ; BEJH 1571 enzyme regulator activity;47;
B AT IR 2C e [ F 15 P guanyl-nucleotide exchange factor activity; 48 4 J& ff: 15 il & metallochaperone activity; 49 43 F J&& . & 1 M
molecular transducer activity ;50 ; % HFRZS & % 5 F 1% P nucleic acid binding transcription factor activity; 51 8 5% 3 &1 ¥£ nutrient reservoir
activity ;52 : T FH 255 7 5t T 1% P protein binding transcription factor activity ;53 : 2 FAFRZE protein tag; 54 Z RGP receptor activity ;55 454
3 FUEHE structural molecule activity ;56 : 5432 [Hl 716 M transporter activity

0.01, F2H L T4 S 4 /0T DEGs (323845 B T 5E (18 3) .

x4 MONEZEENESER
Table 4 Top 10 signaling pathways of significant enrichment

i 2 RIRIEHEEHE (/%) QfE S
Pathway Number of DEGs ( percentage/% ) Q-value Pathway 1D
Fi -9 4 BAF Plant-pathogen interaction 2272 (9.85) 7.433673E-96 ko04626
RNA iZ%j RNA transport 3067 (13.3) 6.049174E-59 ko03013
mRNA Wil mRNA surveillance pathway 2601 (11.28) 1.197697E-53 ko03015
S 7E M Photosynthesis 106 (0.46) 1.081199E-09 ko00195
HeB RELHE 11 Photosynthesis-antenna proteins 44 (0.19) 1.158267E-09 k000196
TP E (555 S Plant hormone signal transduction 721 (3.13) 7.461203E-09 ko04075
NN -5 2% AR5} Porphyrin and chlorophyll metabolism 170 (0.74) 2.952624E-08 ko00860
St VEFHB [ E Carbon fixation in photosynthetic organisms 336 (1.46) 1.914865E-07 ko00710
Mk Ribosome 993 (4.31) 1.623489E-06 k003010
2 EW4 ) Anthocyanin biosynthesis 40 (0.17) 6.075180E-06 ko00942
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Fig.2 KEGG functional classification of DEGs

1. 738 AR Transport and catabolism;2 ; fi#%i2 Membrane transport;3: {5 55 % Signal transduction; 4 #r& JrEFIFEM# Folding, sorting and
degradation; 5 ; & | F1f& 2 Replication and repair;6 ;%% 5% Transcription ;7 ; #i% Translation ;8 : Z XA L Amino acid metabolism ;9 Hif e 421X
WP 4 )5 L Biosynthesis of other secondary metabolites; 10 B 7K L5 ¥ A Carbohydrate metabolism; 11: & # {3 Energy metabolism;
12: 2R MY A5 G Glycan biosynthesis and metabolism; 13 g B {44} Lipid metabolism; 14 % Bh P4 7 1 4 4= Z AR} Metabolism of
cofactors and vitamins; 15 ; 6 il 4 35 % X 3 Metabolism of other amino acids; 16 i 245 1 8 2 1k & ¥ 19 48 3} Metabolism of terpenoids and
polyketides ; 17 . ZFF AR Nucleotide metabolism ; 18 ; #1553 )i Environmental adaptation

FEFHE Number of genes

2
H: )38 & Biological pathway

3 Zw5itie gg O osa0 .
‘ ‘ %(5 75 L P<001 .
B RESET SRS SN UL B S|
SRR SRR e —E R ERBmRIE 2 ]
BEEIHE, SR SRRkt 52 |
W E KPR R, SRR e 52
SR TR T O K e AR 2 25 | :
AR RPN © e 55 e o5 0 s

T AT R B T R R R P A A, e T 7 A 2R AR et
SEAAA YT S & AU R XK 1Y
Wi R R S 4 T U B 2 T Tl B — BRI AR XL B
YEFS A Jo A Qo AT S 55 5 P 1 3 A R 1A | A 0 9
RER B HAE AL A SR T
ASHIF G LA 16 0 =00k P DX 9 3 26 0 ZF AR 7K s A 3L 388 3 2 Sy 2 00 4 e S0 P ARAE K HE IR T
A7 28844 4522 5 RIAEL K (DEGs ), Hrr 11858 % Rl #ik 16986 5% Fi#RIL, GO TIRESHHT /s , /K b
A DEGs 5 5 B AR AR Wy | 20 i 0 L S s B AL R 4G G e i IR 1 I R S D T X
DEGs F:[a] 2 5 1 ALY XS 7K (0 0 o RS A2 PR &, NI AERFAE ) A IR A7 TG . i — 20 KEGG & & 73 s,
T 28 X 7K AR S5 e B Y DEGs R H 103 ME Sl i, Horh 2 5 AR A5 5l B 1 S M ORI V% 2 (abscisic
acid, ABA) %573~ 7] BEIE 1 X Bk /K A5 W A R A A 8 S el v 22 35 R e Sy A0 FR 28 7K - 1 ) 2 T 512
PRSP K A S5 A Rt [ 22 RINAL 14 BRI A2 A 1) 240 f S 2 35 2 2 5 B (36l KEGG B 48
{78, RNA #4432 ( RNA transport ) 1 % /1 7h & T 9 #5252 & 1K (exon junction complex, EJC) FlE iz & &)
(nuclear export complex, NEC) %42 24150 TR, BIKH AR SRR T RNA B9 [l 4 M i % 32 . RNA
WA % ( RNA surveillance pathway ) JE K AT 5% mRNA (8 H1iE 412, KEGG & £ BoR |, 1% i 24~
Z5 mRNA FEFEIZH I3 7KF B8, AR (Ribosome ) {5 538 6 K BT AR AR U AR AN ZE (125 72 W

3 BREANFERHEMESE PCR BIE
Fig.3 Verification of RNA-seq by Real-time qRT-PCR
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IR IZ P AEAR K] 7 ET-Tu SF2H 70 7K-F T IREECEOR . i Bk 3 Fh (5 5 & 445 R nT 0, 0 28 H K
VAR 1749 i 7 P 3 A e A I A T o 1 B A A% RNA F65% mRNA %12 45T mRNA A AR S et b 2
AP TR AT T A28 B AR 1 T8 i, 3X 5 T 5 K SR AR W 0 v 22 ke W AR PN AR 1 BOK I
A,

P v IR BT SRR RE T R K A 5 T AR 3 A MBI 2 — . KEGG & 8 R A ) 240 i XoF
TR HE 35 A A M S IR 15 5 5% T (plant hormone signal transduction ) 38 1A ¢ , 12 38 % H A% 636 i 7 {5
5 RS HLUE NG CHMA L L FEFRED ZAE5 B, KA, @A LIE UA F T4 &Y
MIREE (135 420 BE F7 T 2R 4705 , (LR sF th (sh 45 40 i ) &5 440 8 A A B80T 1T 8 S 0 ARSE T B AR R Al
-9 i H A ( plant-pathogen interaction ) {5 %538 [ H1{i 14 4028 (reactive oxygen species, ROS) Fl—4%fL & (nitric
oxide, NO) F73F7K-FAE A T BE 1 5 200 i BE A4 i BT A G , 33X J2 DR D 4B ) e K S 25 3F A= W0 k3 7 42 19 ROS
3 e S A S A PN P8 40 i B | sl 3k 3 NO A 5 8 NO KPS AL 5 P A Jon (81 440 e 07 e
Hh HEYITE K HE A SR AT B R A AR L, | AR 4 SR A R - R BRI AR T 2 AU R S KR
bR X R RE 5 0 AR AR K AR B T B2 KA K KT SR B R A A G T 75 A X D AR 1 87 A 52 A O

FEARKHMAESE T DA RS MEHISZ B, R JE26 A U ™ M i R AR T BEXL & &8 B 7 AR 7
P, EEAI, KW AL T A M EE S 7EH (photosynthesis ) | 5t & 7E H-K 26 8 1 ( photosynthesis-
antenna proteins ) WMk 28 Z A1 ( porphyrin and chlorophyll metabolism ) 55 3 /5538 i H iYL &AL 4L 41T
TRYOCEEE . R A AR ARG B 725 BRGSO G ERERE DGRFEE LKL
KL MRS A B KT, 3X AT R85 48 8 0 A 808 K s aie /K Ab 45 7 1 SR OG5 % T -
1,5- W%l ¥R L ( ribulose- 1, 5-bisphosphate carboxylase, RuBisCO) 7 M-4f 4R i [# %2 CO, T A= b2 F ¥ 1
K AR A P 3 5 2 BN PY RuBisCO T HE N R 51 aa 455 7 . ARSI B SR BN, ik
KA R M AR o G S A Wk [E 52 (carbon fixation in photosynthetic organisms ) {5 518 i H' RuBisCO
KM ) B R AR A A0 b B Bl AN R BT A A A o0t 2 55 00 A AR B3 %) S A Ry 3 17 1 | b A il
PUAACL S ANAETE 3R | B R 288 8 R 2 A YR A AR W mT 2 5 22 R AR AR W 38 BRI ob 20 B S AL 7 T
BrUV RS R KIS 0 PR AN AE 7 R 94 8 ( Anthocyanin biosynthesis ) {5538 #2414
IR B AT F L B T AN R R ZE R KRR RIS AT BT IO RN 08 T A
O EF AT TR N T 6 S ARAE 7K A 5 Y S AT A2 12

FEI X 7K By o o RS A Ve — M Z2AME Sl g i R Z B LW 2 5 AR R At fE . A
BRI I 7 2 114 = 26 DX i 5 B A 0 S ARAE AR AR B2 T e S 2RLA5 B T 054248 00 BT, S Js S 18
SF AR A OC SR R4 L R RN D) BE SR R S I 2 2% oAb e S 2B v A7 A i ) R TE R P 41 % HE itk — 25
189 53 BT A2 K A BT IR L 00 X 7k oo oy R 3 A P P LA
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