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%% rocl BERREEREEMERFESH

gOBLREFE®,HF N,

® % X

(1. zHRERY REARFAYERRZ-ZBERELALREE, =/ B 650500;
2. i L EEH A E B RAE AR, =/ B 650221)

W OE.REFHARBMH, KRB PCR #3348 H rocl £ B 5Fm 5,5 DNAstar , PAML
FEAYBREAZEARRATEDRZEFRLE MBI RT, ERER HH bl LB FF] 4
% 1508 bp, 4 AKX 4% 1458 bp, 4/ 485 AR LA B, 5 2B AE Y HALCEHAYILE , BHF
B Ao BB P 09 BRI AT T 96%, rhel B B LM EEA 20 A a Bk AT A BRI E.
33 ANEEA AR — sk RALN Kl , 3 B b BE AR I R LA 3 AN BB R R 5 (94 E, 149 Q,309
M), FFTEER bl ARFB T 2R RERH T H A 6E M ,rbel K G X A E 4L
BTG TRELRBEM LA EZNER,

KGR 43S s rbcl LR TR R AE R T 58 1 1 Ak

hE4Y %S :S681.903. 6 SCEAARINAG:A

434 (Bellis perennis L.) B3 FL & 56 G435 )R 2 4F
A s — AN, AA T AL TAERR m Y
5~15 cm, MOREIERIE 38 8 F4A, B0, KRBT, 3
ATERTSAE L EZHEBREWLLATHL
o, R 4~7 AR,

EEE 1,5- B8R 3R AL’/ Jin 4 B8 (Ribulose-1, 5-
bisphosphate carboxylase/oxygenase, Rubisco) /& &5 1E
FRJFFEAEAL 2 MEBEI A S, AT S
YEF 0 6 R I L g 52 ¥ 0 A 3 R 58 — SR R,
Rubisco 2R —MEEK, i 8 NRILFE (rbel FPH)
8 A/NIHE(rbeS FEPD A . Rubisco 13 5155
B T2 RIRFREREE S RG] 3558 R 2B E
KIEH rbeL FePH 7= A58 PR AL R TR . 78 1
FIVERT % EHE-1, 5-— e A1 CO, YERITE AR 2 1~ 3-B%
B H T, 5e B CO, BRALBIT Bt . Rubisco J&RI/RICIE
WM, RS 5B ER NS 50 mAEM, AT
THEZIEMRR,EHA N AT A FL R
HEVERE . P, EEXT CO, WIFIRCRB S, CA1EH
BRI A AIE N A B RE ) s AR . HEA R
Bk, B TR R B 2 b XAE 0 VB A Y AT B, Y
XTSRS rocl FERBES , X FRR TSR SN A

F—EHERNA AR T A7), B, ARk, ML, al H K, ALEZN
FAWNFENA A, FEmail:17639121@qq. com.
E&TH:BRARXAFALFBF A (21262048); = Rk K &
X % & 40 #79 Zhit %) A B B (0205-02010008) ,

Y H#:2014—11—10

X E 45 :1001—0009(2015)04—0089—07

HEMIER, L T4 rocL ZH TP E A RE ,H 2
i B DL AR rocL DN SE R P 5 LA SO B B AR
BAERBF S RE , A 5T LA R 4K rbel H: DK 45
TS BT B AR5 44 rocL FER I ER TS, kAT
FAR A WIME B2 BaE I A 43 BT, LI A A 5 4k 38
T H AR S AR i — e PRI
1 #EEFE
L1 skt

P RS W K T BT 3L B AR SR T 3, SRR E
BEFR, B 25 it 4R B DNA, % #L 5 Tris . EDTA |
NaCl.SDS.KCl.MgCl, \MgSO, . &4 . 5 15 B . 5 7 B 45
¥ 43 66, BE B WE (P BE2F) , B-%i 5 2 B, 2 X Power
Tag PCR MasterMix(AL R A ZETL) . GENE GENIUS #¢
JB R 255 (32 ) , Eppedorf 5331 PCR 1% (7 ) , DYCP-
31DN H 3k A bR ~—),DYY-GB Bk dbas—).

Il FAE A - e (AR PR 7 4 A P i BE DR ST B 47 50, R
2 Panero % % % Erigeron tenius W rbcl 3 JF %)
(GenBank accession: EU384973) , %31 2 Xt 5|49, 51 ¥) th
I FERA YR ARARERGE D.

*1 SIMER

Table 1 Primer information
GlL/E=4 BEFF G ~3) B KRLE

Primer name Base sequence (5'-3") Temperature / °C

RbcL1-F ATGTCACCACAAACAGAGACTAAAGC 60. 4
RbcL1-R TTTCTTCGCATGTACCCGC 57.6
RbcL2-F CAGGTGAAATCAAAGGGC 55.0
Rbcl2-R CTTTTAGTAAAAGATTGGGCCGAG 58.6
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L2 Rk
12,1 4355 DNA 2RI FmPis B SDS
PREUARE 35 4 DNAMY, 10596 35 B b 5% i e, vk A% I
DNA Jfi & M4t
1.2.2 435 rbcL E§ PCR 7 3#  PCR i & & 4n
F:PCR Master Mix 25 pL,IER 5414 2 pL,ddH,O
16 uL,DNA BifR 5 nL(1 ng/puL) ;PCR & R7 4614 1 B 40
T:94°C A PE 5 min, 94°C 25 M 30 s,55°CiB & 30 s,
72°CHEAH 45 5,35 MEH, 72°C FHIEMH 10 min, )7 4°C
BFF. RMEEHRIG B0 6 pL F 1. 5% #1135
WHBE RS FRL KR
1.2.3 PCR™4pml. FokgE Xy  AAtmdb & w4
Y AR PR/ B £ Th g DNA g4k 7 Bok F) & (GBSO b
A X PCR 434 7= 47 B Rl 4, Al B A T T-3%
& PCR =¥ mapeiR i & (SK2213) #E47 vaje , 3R U R,
A M13 38 F5 9t BobL 4T PCR ¥ 1 4 5 , 26 2t
AR A R AR SHTIF .
1.3 BdES T
1L.3.1 WFERAE  HAEYHe DNAMAN'Y XFE
B0 i 25 SR AT PR JERTR Y rbcL 52 HE 75
&%) NCBI #17 blast, #47 [R5 L4, 3648 PCR ¥~
W43 rocL B A HERTE .
L3.2 AYERFURE MWL bl ZHFRF
%1, F§ MEGAS6. 0 #11#) Kimura-2-parameter (K-2-P) ##!
TR R, DasEEma A Lili-
um superbum) HHNEE, FH 4B 4 (neighbor-joining Method,
N-D IEMERGERTW . i34 Antherpot program
F1 DNAstar 2447 rbcl 2 H B — R 4548, @ S 1
LR SWISS-MODEL™ ™ 3t HL 28 1 i i) = &5 f ik A7
I, R 5 7EZR (http://swissmodel. expAsy. org/ reposi-
tory/ ) X HUM H B = K5 AT IRAG .
1.3.3 dEMNHEHEHT B3R rocl F KT B
GenBank T #,12 F Mega Xt Frik18 1) )7 51 #4740 3, HE
B ANTT 4 J To 523 Rubisco #EALTE 1 X 1551, &% 5 18
3 22 FhLL KA HAMNEE rbcL FE Y Rubisco f4LTE M
X7, 4 2 R Gk, B F ML # i, 2L PAML
4.2 ) codeml 2 FFU K rbel 2 FEBR Y IE 2k £E17
R AT R AT
2 HRESW
2.1 43 rbcl FEP PCR ¥ 34 & ok M13 5|4 PCR ¥
0 e ik P

A 1 AT, B BG4 TR TR 2 . RN R
750~1 000 bp.,

M 2 AT AE H 25 850 W BRZ4ED PCR 741 K/
3 200 bp, MELHF PCR =4k /N R 1 000~1 500 bp,
Ut B B A AL 3y, BT LA TR
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A :M A marker,1.2 5|4 1(rbcL1-F,rbcL911-R) ¥ 3 H 19 7= 47 5
3.4 N 5|4 2(rbcL876-F, rbeL2-R) 438 Hi 9741 .
Note: M-DNA mark DL 2 000,1—4 PCR amplification 7bcL gene.
1 4% rocL EFE PCR ¥ H4 7= 4 52 B B ik B
Fig.1 The gel electrophoresis of PCR amplification
rbcL gene from Bellis perennis

2000 bp
1 500 bp

1 000 bp

200 bp —

1 :M g marker, 1 %} B8 Bk PCR 33 H 94521 2~4 R EHF M3
514 PCR ¥ 45 5.
Note: M-DNA mark DL 2 000+1 500,1 CK plasmid PCR amplifica-
tion,2—4 recombinant plasmid PCR amplification.
B 2 JRAL M3 E A5 K E SR Ak E
Fig. 2 The gel electrophoresis of recombinant plasmid
M13 PCR amplification

2.2 435 rocl RS KFHIRE

FAAEYE 4 DNAMAN XF1E 5 [l e B 45 SR 47
B RIS rocL SEBEFENF I, 3R 1 458 MR
S 3) (R R B FRIZ 1ET) 4t 485 BEERR (A D).
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CAAGT ~ GTTGG
ACTCC ~ TGAGT
AACTC ~ CTCAA
CCGAA  TCTTC
AGCCT  TGATC
AGAAG  AGAAT
AAGAA  GGTTC
GGTTT ~ CAAAG
TGCGT  ATGTT
GAGAT ~ AAATT
CCTAA  ATTGG

AAGCT  GGGGT
ACCAA  GGATA
AGTTC ~ CGCCT
GTACA  TGGAC
AAAGG  GCGAT
TATTT ~ GCTAT
CTAAC  ATGTT
CGTGC  TCTAC
TTTCC  AAGGT
AGTAT ~ GGTCG
TCCGC  TAAAA

1~50  ATGTC ACCCC AAACA  GAGAC
51~100  TAAAG ATTAT AAATT  GACTT
101~150  CTGAT ATCTT GGCAG CATTT
151~200  GAAGA AGCAG  GGGCC  GCAGT
201~250  AACTG  TGTGG  ACCGA  TGGAC
251~300  GCTAT GGAAT TGAGC CTGTT
301~350  GTAGC TTACC CATTA  GACCT
351~400 TACTT CCATT GTAGG TAACG
401~450  GTCTG  GAAGA  TTTGC GAATT
451~500  CCGCC  TCACG  GTATC  CAAGT
501~550  TCCTC TGTTG GGATG TACTA

551~600  ACTAC GGTAG AGCTG TTTAT TCTTC  GTGGT TGATT ~ TTACT
601~650  AAAGA  TGATG  AGAAC  GTGAA AACCA  TTTAT GGAGA  GACCG
651~700  TTTCT TATTT TGTGC TTTAA  ATCAC GAAAC  AGGTG

701~750  AAATC  AAAGG  GGCAT
751~800  ATGAA  AAGGG  CTGTA
801~850  TGACT ACCTA  ACAGG  GGGAT
851~900  GCCGA  GATAA  TGGCT TACTT
901~950  ATTGA TAGAC AGAAG AATCA

TACTG ~ CGGGT
AATTG  GGAGT
GCAAA  TACTA
CATCC  ACCGC
TGCAC  TTCCG

CGAAG  ACATG
TCGTA  ATGCA
GCTCA  TTATT
GCATG ~ CAGTT
TAGCT ~ AAAGC

951~1 000  GITAC GTATG TCTGG  TGGAG ATCCA GTAGT  AGGTA
1 001~1 050 AACTT GAAGG  GGAAA  GAGAG TTTGG TTTAT  TACGT
1051~1 100  GATGA TTTTA TTGAA AAAGA GTCGC TCACC ~ CAAGA
1101~1 150  TTGGG TGTCT CTACC GGGTG CCGGT CGGGC ~ GGTAT  TCACG

1151~1200 TTTGG CATAT GCCTG CTCTG ACCGA  GATCT TTGGA GATGA TTCCG TACTA
1201~1250 CAGTT CGGTG GCGGA ACTTT AGGCC ACCCT  TGGGG  AAATG  CACCT  GGTGC
1251~1300 CGTAG CTAAC CGAGT AGCTC TAGAA  GCATG  TGTAC AAGCT  CGTAA  TGAGG
1301~1350 GACGC GATCT TGCTA  CCGAG TGAAA  TTATC CGCGA  AGCTA  CCAAA
1351~1400 TGGAG TCCTG AACTA  GCTGC GTGAA  GTATG  GAAGG  AGATC AAATT
1401~1450 TGAAT TCCAG GCAAT  GGATA GATGA  CGATA  AAGAT AAGGA  TAAAA
1451~1458 AGAGA TAA

3 HHH oL EEF(ATG BEhF,TAA 41EF)
Fig. 3 The sequence of Bellis perennis rbcL gene(Underlined words are ATG promoter and TAA terminator)

1~50 MSPQTETKAS VGFKAGVKDY KLTYYTPEYE TKDTDILAAF RVTPQPGVPP
51~100 EEAGAAVAAE WITVW TDC y KGRCYGIEPV LGEENQYICY
101~150 VAYPLDLFEE GSVINMFTSI VGNVFGFKAL RALRLEDLRT PTAYVKTFQG
151~200 PPHGIQVERD KLNKYGRPLL GCTIKPKLGL SAKNYGRAVY ECLRGGLDFT
201~250 KDDENVNSQP FMRWRDRFLF CAEATFKSQA ETGETKGHYL NATAGTCEDM
251~300 MKRAVFAREL GVPIVMHDYL TGGFTANTTL AHYCRDNGLL LHIHRAMHAV
301~350 IDRQKNHGMH FRVLAKALRM SGGDHIHAGT VVGKLEGERE ITLGFVDLLR
351~400 DDFIEKDRSR GIYFTQDWVS LPGVLPVASG GIHVWHMPAL TEIFGDDSVL
401~450 QFGGGTLGHP WGNAPGAVAN RVALEACVQA RNEGRDLATE GNETTREATK
451~485 WSPELAAACE VWKETKFEFQ AMDTLDDDKD KDKKR:

B4 5Nl ERESERFET
Fig. 4 Amino acid sequence of Bellis perennis rbcL gene
2.3 43§ rbel B H R T man ¥ BT rbel B H A BA 20 4~ o BRHE17 A4 B
2.3.1 rbel EHFK R A DNAStar #7533 NEMA LK — TN E . 20 1 o $B5E5 5
Lasergene 7. 1 #4446 A i) protean X435 rbel & H 3 fIF 3~20,29~41,51~61 % 20 XK, 17 > BB
11 ZREEATI B 5 T LR B AR R BTN —Rss BIAE 20~24.,42~45.66~70 SF X8R, 33 MEMTE 2~5,
WA —E 25, &R AL B WA AR, Chou-Fas-  26~30,33~36 45X 1,

OScale

@ Alpha,Regions-Gamier-Robson

# Alpha,Regions-Chou-Fasman

B Eeta,Regions-Gamier-Robson

# Eeta,Regions-Chou-Fasman

Turn,Regions-Gamier-Robson
T % IS R E WU W T e~ T WY W W W Wl -~ # Turn,Regions-Chou-Fasman
< —-t—s———)—H———F—H—HHH+{H}+—HW—— B Coil Regions-Gamier-Robson

B 5 4% rbel EAR_REHTN

Fig. 5 The secondary structure prediction of Bellis perennis rbcL. protein
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2.3.2 43§ rbcl R = REMME B LK
SWISS-Model (http://swissmodel. expAsy. org/ repository/)
XPAEZG Y rbel B H =R R, K 3G 8
B, HoAF DI B S Rubisco = 4E45 49 (PDB ID: 4mkv. 1.
AR EE, ZH P —Bt R 91.8%, 7 51 #8 Bl #
(Seq Identity)95. 85% , fiF & [F] 5 B A ) P SEMEZE 3K, 4
Bl 6 fis. X3RRI = H 45 A RasTop 3487w, 0
Bl 7 B L6800 o 888, B AR B #7& fr, Rubisco KL
M C ERIGHE — o/ B HIRGE M3, HE POl —
MRIEEER of B AFARGE IR 75 — > R H Y &R
Ui 45 F B A
A

Model information:

12 to 469
[4mkvAN(2.15A)
Remark:No search for template was performed

Modelled residue range:
Based on template:

Only user specified template was used for modeling
Sequence ldentity[%]: 95.85
J Evalue: 0.00e-1

: Quality information:
QMEAN Z-Score:-1.14

[details]

B 6 SWISS MODEL #i# rbcl EHZ=R%EH
Fig. 6 3D structure of Bellis perennis rbcL protein
predicted using SWISS MODEL

E7 ZBEARM=HKTESEHA

Fig. 7 The tertiary structure of rbcL protein
2.3.3 435 rbel B H R = REWBERIG BRI X5
B =S A Profiles-3D #E17 R FEMRIRFE I A

92

PEFEEE, WK 8 W LLE H 43 Y rbel =R iR
R IR 0 IEAE, L TR BEYE Al . O TR R
rbel B R = H 45 1) i &, ¥ Ramachandran Plot
HATVEM, N 9 WA, R ZEA IR E A — N5
PRTEE N, 458 NEERBEFE A 336 ML T AB.L
XA, & 89.4%,a.b.lp RVF X 4rA T 36 4, &
9.2%, AT LA Z K 2 A, dE ML X 4Rl 2 (VAL 331,
GLU9) , AT A i 90 %6 BRIEIIZE SR iF i Bl Y .

Predicted local error for structure input_atom_only.pdb
10 |

Predicted residue error
[Angstrom]

f=1 8] - (=) =]
T

0 100 200 300 400
Residue number

B8 SEBBE Profiles3D iTfh

Fig. 8 Profiles-3D assessment of amino acid residue

PROCHECK

Ramachandran Plot
input_atom_only

.

e x

e

Psi(degrees)

VAL 331(A)

GLU94(A)
-135* i e
' Lo % ij‘ -
F“""""""""T""""""""T""""""""“ : | T g ; T T . 4

-180  -135 90  -45 0 45 90 135 180
Phi (degrees)
Plot statistics

Residues in most favoured regions[A,B,L.] 349 89.5%
Residues in additional allowed regions[a,b,l,p] 37 95%
Residues in generously allowed regions[~a,~b,~l,~p] 2 05%
Residues in disallowed regions 2 05%
Number of non-glycine and non-proline residues 390 100.0%
Number of end-residues(excl.Gly and Pro) 1
Number of glycine residues(shown as triangles) 47
Number of proline residues 20
Total number of residues 458

Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%,a good quality model would be expected

to have over 90% in the most favoured regions.

input_atom only 0l.ps

B9 4#% bl EA=ZHERHNRNMFE
Fig. 9 The 3D structure Ramachandran plot

assessment of rbcl. protein
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2.4 4R35 rbel B R ERR FIR M 50 KL
gz

W43 rbel B H R T—8E T, 3R 2 7T
AL —BETE 980 L |, Horp 5 35 R} 35 18 (Chrysanthe-
mum X mori folium) B ik 8] 100% . HEIL A LR E FT o™
W)= R 43 rbcl FEIN, [F] B U BH 7R SR S i Fb o,
Rubisco i KW 3 22 52 I H T 68, 78 4% 1 B2 F s LR /K
F EBA SRR

*2 rbel EAMEER —BERR

Table 2 Identities of the amino acid sequences of rbcl. protein

A —5H GeneBank B i 5
Species Identities/ % Accession

Chrysanthemum X mori folium 100 YP_007353774. 1
Chrysanthemum indicum 99 YP_007474737. 1

Leucanthemum maximum 99 AAA84129.1
Artemisia frigida 99 YP 007624803 1

Erigeron tenuis 99 ACB29062. 1

Oncosiphon grand;i florum 98 ACB29091. 1

LAAESG I rbcL ZE N P 31 #8678 NCBL b # 47
blast, K15 FIIRMEE R 1 22 55551, AR5 FH Mega 6 #£17
SbF X 22 507 BB RT ST UIEAC BE SR 1455 bp(LBR
L) A 485 NMEWEF. LB AR Lilium superbun
YERSMEE, ] Mega 6 MU R GEHEALI . DI 10 REEH
WA LUE X R G AR LI 336 8 Felicia 8 4
T Eeml 438 Bellis pernnis 5358 Chrysanthemum X
mori folium.Chrysanthemum indicum R H—%, M5
BEFF Lilium superbum T,

2.5 &N T

HEBGAEY) EE AR AR 2 X AR g W EAE YY)
HEATARRSE AR BRIE N E TR . DA T AL, ] Mega i#
TR F AL HES] , F clustalx 1 DNMBE #2 J5 % %5 4 i
ATACLIE . SR AL s 0] AT 28 LA (o) ALK B0 R RAFTE S

FZ IR (w>1) BN, O SRR E AR A AR
KBRS MEREWM AR X LI ER T
4k ML #4, 4 PAML 4.2 7 codeml #2543 rbcL
FEP W IE B PEEAL , AT B A IR .

GG T 3 XA, B M1 G AR F1 M2 (Gl
£ MOCH L R) A M3GEHO LA K& M7 (beta) F1 M8
(beta Fl w) , ki R BFFFEIERESE . 78 95 %0 /KF |, HEHY
M2 .Selection 1 M8:beta & w LM EH 3 MNE IR
F(94 E,149 Q,309 M) ZF|IFk#E, Mk 3 oAl R
KRR A AR B S H A T T BUSR B, TE AL A
ARG U 2 TE A )

56 Flaveria ramosissima

Flaveria kochiana
Flaveria angustifolia
Flaveria chlorifolia
Flaveria anomala

Flaveria sonorensis

Flaveria cronquistii

Flaveria pringlei
— Borrichia frutescens
87— Guizotia abyssinica
Polymnia canadensis
56{ Eupatorium atrorubens
94 Ageratina adenophora

Corymbium glabrum

Dimorphotheca pluvialis
Br— Oncosiphon grandiflorum
54 L Achillea millefolium

Chrysanthemum indicum

100 ) o
Artemisia frigida

Chrysanthemum maximum
z’E Bellis perennis
90 Chrysanthemum X morifolium
Lilium superbum

E 10 EF rocl EE RSB
Fig. 10 Phylogenetic tree of rbcL genes

99

*3 4% rocL BEEEEEMNSRSHEITHE
Table 3 Parameter for positively selective postions of the rbcL gene calculated in Bellis perennis
] ZHHH URAE BELE =0 BB
Model np InLRT Estimated parameters Positively selective selected site(BEB)
MO ; one-ratio 47 —3 091. 53205 w=0. 15639 None
M1 ; Neutral 48 —3 036. 67631 p0=0. 88054 ;p1=0. 10975 Not allowed
M2 ; Selection 50 —3 027. 87804 p0=0. 88014 ;p1=0. 10785 ; p2=0. 01201 ; w="6. 40079 94 E* ,149 Q* * ,309 M*
M3, discrete 51 —3 030. 37932 p0=0. 92627 ;p1=0. 00004 ; p2=0. 07369 ; w=. 38905 Not allowed
M?7 ; beta 48 —3 037. 18019 p»=0. 00506 ;¢g=0. 04846 ; Not allowed
50 —3027.96391 po=0. 98681 ;p1=0. 01319; p=0. 00500;9=0. 04828 ; »="5. 99268 94E* * ,149Q* * ,309 M* *

T FOR 95 % ST WML T U M IEREREALA, * * R 9920 /5 S AR T HE U h 0 IE eSO

Note: The positively selected sites were in * and * * under 95% and 99% posterior probability values, respectively.

* 4 AL ERIE ST E 2.6 SELPRIEVERESS RIS 2SRl B

Table 4 Likelihood ratio statistics IEE B IR .25 8] v B ] RasTOP % B/,
EmE W i B E o y W 11 fn, EE Rk rocL J PR3 o 300 HE S 0 L R

O"'“";‘:i’;";{;“"dels —— Degree °i frecdom — Fpo|—3ede e 3 AN TEBEBEAL 55 3 AN s A BE KT
Mia vs. Mza 17.60% + ) 0.21 i of B FALEEHIEEDCHR BN, 04 E #1149 Q AL T C ¥
M7 vs. M8 19. 84 * * 2 9.21

WX A A 309 M T BT L.
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B 11 43 Rubisco XK TE EEFAM AT EME

Fig. 11 Spatial locations of the positively selected sites in

the rbcL subunit of Bellis perennis

3 g

AT XTAESE rocL FEPI#EAT PCR 971, B AR 4tk
3§ rbcL FER KT, X 21 1 458 bp, Hgmhd 485
ANEHEER 5 NCBI GenBank HF 35} Chrysanthemum X
mori folium,Erigeron tenuis SE ¥ Y LB, B A
FFR P50 IR T 96 %0, %R IR 436 7
F g rocL DN, BT A A X B N ) D R ARk — 2 B N
R

XF rbell 8 H G5 H HEAT 43 AR, 2k TN 4
T H RN R E B MRIELS B B i
faohE, HEE AVRRE 5 = S 284 3D S5 AR, %
438 rbel = 4ERY G 24 KR A E AR R E AR 4 N IE
B, TH&HJEE. A Ramachandran Plot #471E4k , it
A 458 MREEFRIREL, T AREMNRE NI WK T 0, RIA
WG RR . MARTENL B T TEERE , RA 2 MRIETERR
AN 9, MARF B T 90 %0 B 5k 3 # A 7E B HE S Bl 5%
FVFIE

FT rbel ¥ 3 PAML Hr i) codeml F2 7 45 il &
FERRIEGEPEAL A RS0 3P 3E I Pk A, 3 3 R R
[F] S 4 2 (AND 1 [F] SO 4 32 (dS) /Y LLfE, FH site
model T8 ELMR IE BEEALAL, IE [F) SCER R 2R LE [R] SO
R Ge it b 2R RE S VR AR B R AR 3 v A
FUESE . 38 TR AL M2 FIER M8 #A 3 AN IE
PPN (94 E,149 Q,309 M), E8R 309 M i g5 433 5
94 E #l 149 Q =AM EEEALSFEFF F IR BOn , HAES

94

[ 2548 A BRI , 309M & — B IR F , BB 55 i
N ARTE R i 5, 38 A Y AR S 4EHF Rubisco B fEfL
DREEMFESE , 7] BEXT 4EHF Rubisco I 2 RIS 1124
R R EEE XY,

S E 30k
(1] RAESH, A, A RIM]. Jba BHE H A, 2004,
[2] Spreitzer R J,Saluveci M E. Rubisco: structure, regulatory interactions,
and possibilities for a better enzyme [J]. Annual Review of Plant Biology,
2002,53:449-475.
[3] Loewen P C,Didychuk A L,Switala L,et al. Structure of Pisum sati-
vum Rubisco with boundribulose 1,5-bisphosphate[J]. Acta Cryst,2013,69:
10-14.
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Molecular Cloning, Bioinformatics Analysis of rbcL. Gene in Bellis perennis

XIONG Yong' ,ZHAOQO Chun-yan® , YANG Qing-song' ,ZHANG Wei-han'
(1. Key Laboratory of Ethnic Medicine Resource Chemistry, State Ethnic Affairs Commission and Ministry of Education, Yunnan University of
Nationalities, Kunming, Yunnan 650500; 2, Kunming Edible Fungi Institute of All China Federation of Supply and Marketing Cooporatives,
Kunming, Yunnan 650221)

Abstract: Taking Bellis perennis as experimental materials. Bellis perennis rbcL gene was amplified using PCR method
and sequenced. Biological softwares DNAstar, PAML was used to bicinformatic and adaptive evolutionary analysis for this
gene. The results showed that the full length of cDNA of Bellis perennis rbcL gene was 1 458 bp,it encoded 485 amino
acids. Compared to the sequences of this gene in other compositae plants, homology of their nucleotide and amino acid
sequences were over 96%. The secondary structure of RocL protein had 20 a-helices,17 B-sheets,33 turns and some coils
structures. The adaptive evolutionary analysis using variable w ratio sites method indicated that 3 amino acid residues
(94 E,149 Q and 309 M) were positively selected. The isolation of rbcL gene will facilitate the further research in Bellis
perennis adapting to particular environment. The spatial locations of the positively selected sites in rbcL subunit played an
important role to maintain function of Rubisco.

Keywords : Bellis perennis ;rbcL gene;protein structure prediction;adaptive evolution
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