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Abstract: In order to reveal the chloroplast gene and adaptive evolution characters of Rhodophyta, the 17 rbcL
genes of Compsopogon and the similar group of freshwater red algae were selected, the bioinformatics of proteins
encoded by rbcL genes of Compsopogon were analyzed by using software PAMLA4.9, and the selection sites of
genes were detected by using branch model, site model and branch-site models. The results showed that the
secondary structure of protein encoded by rbcL of Compsopogon was mainly composed of a helix and B folding,
S0 its structure was very stable. The phylogenetic tree with the maximum likelihood method showed that the inner
group had only one species, could be divided into three small branches, and they had obvious geographical
distribution. No significant positively selected sites were detected under all three evolutionary models, indicating
that most of the sites were under negative selection pressure. Therefore, there is no adaptive evolution of rbcL
gene in Compsopogon.

Key words: Compsopogon; rbcL gene; Protein structure prediction; Adaptive evolution

LR EENAR T T, WAKSMMAER S ASAsd ik b, ISR AR e fd e,
—/NE G, BRI, RK AR AL PR 5 1 7% J& (Compsopogon) /& ¥ 7K 41 74 Hp 1) i 7Y S5 7
FEASE R AR TR B koK, FEER MRS 2, BIE 190 ZEATM AR, EHAR AT
F I TR I P2 AR ) — N B BERAE ROKZ0EE R vz, B3 INEILORER . PEORPEEE. WM. WOCH]
oy LA & 7 sUAVE AR IR RIS KR i AR BRI R A 0 A, Necchi &P %8

A& B 3#: 2018-03-19 EZHM: 2018-04-29

HEETH: FEEKHRRAEH (31670208, 31370239) ¥t B

This work was supported by the National Natural Science Foundation of China (Grant No. 31670208, 31370239).
PEF i HRINT(1993~), Z, WAy, EEMNFEHERFEMIC. E-mail: 15835107990@163.com

* j@{5/E# Corresponding author. E-mail: xiesl@sxu.edu.cn



%1

FRF T A EROE)E rbcl ZER M Nk BEL A B 37

ANFIFIREA A B 4 2 FEERAR, N —EEREFE .

1,5- — T MR % W ¥E 32 1k 1 0 %A &% (Rubisco,
E.CA.LLINFAET MM A E b, &S 51
Ve G E RGNS, 4 TTiEEE AR ER
50%[1, Tt — M AERE, BEREfEL RUuBP 5 CO2
SN A Rl 3-BE IR H IR IR A R BE,  SRETEYEIT IR
HfiEfl RuBP 5 Oy S NS REMRIE il 3- 1R T ik
M2 WERRANBERR O HERE, R Rubisco XHFOG A A
BA s PR S2aT-8l, Rubisco [ & CO, &AL
FALTRIEE, =2 sk 3 M-SR RIZH ) rbel 2 [
Hahgll, AN[EFPRIS MY H Rubisco WG AR
725, B 77 B R 1 AT 532 Y Rubisco AL
rbcL J& R R A @ Rk o TEAR 22 Bl A= A4 rbel i
ORI TE R AL AN, TR ESRAE ) W HR Bk H
rbcL JE P A He A /D B i AR A RO,

X B A EE BT AR I B R R AT R A
BT, 5 BT FRATE DI N H T 2 1 R 8
B, — S G L IR 11 435 #4) TN Ty R 2 R 2 Wi e p AR 12D,
H A A E B R % . R
X R BRFF(Pteridaceae) 57 AE BRI 1 rbel 37 K 3E 47
Vi@ T, A 2 AN IR R A, Ho
A 3 M AXT4ERE Rubisco DhREARE BAE A . TN
T LBt R RAE M 1) rpsd FE PR HEAT T3 B M EAE,
AT, ARSI EIE RO AT, RUNZEFSH S
IR Ca TR « BEAMEXT B A6 (Artemisia annua)
) rbcl 2 K4, R 3% £} (Ephedraceae) 4 rbclL
R USIRIRE & (Orzya) AA H4 b i G4 35k K] £ 126]
SEHEAT T E N R 7T . SR B AT X A
T A AT MR D o

VE AR 3 A7 IR 7K 2038 ) — A 3 2R,

%1 T AW rbcl JEK GenBank & %5

Table 1 GenBank accession No. of rbcL gene sequence used in the study
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KF557555
AF087122
AF087121

Boldia erythrosiphon

Lk pGilE Malaysia
E[ £ EPEIF Indonesia
%HE UsA

i K Canada



http://web.expasy.org/protscale/）预测该蛋白质的亲水性/
http://web.expasy.org/protscale/）预测该蛋白质的亲水性/

38 A LA R 2

07 %

% 2 Modeltest 3.7 £ 40 13 I 1) rbeL JE R AT 240

Table 2 Optimization model parameter of rbcL gene tested by Modeltest 3.7
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Base frequency

HEES 4

Rate matrix

TIM+1+G A=0.2954
K=7 C=0.1496
(=0 G=02197
(G)=0.3126 T=0.3353

R[A-C]=1.000 0
R[A-G]=4.0223
R[A-T]=3.8709
R[C-G]=3.8709
R[C-T]=17.8805
R[G-T]=1.0000
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Fig. 1 Phylogenetic tree based on rbcL gene sequences. Number at the nodes represent the bootstrap value of 1 000 times repetition by maximum likelihood

method.
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Fig. 2 Hydrophobicity/hydrophilicity profile of rbcL protein of Compsopogon caeruleus
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Fig. 3 Predicted phosphorylation site of Rubisco of Compsopogon caeruleus
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Fig. 4 Secondary structure prediction of Rubisco of Compsopogon caeruleus
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Table 3 Parameter estimates and log-likelihood values for models

R Hrgk SR flTHH TEIEFRAL AR
Model Number InL Estimated value Positive selection site
G Y FLLE B MO 33 -2079.280 007 ®=0.027 85 FERi% Not allowed
Branch One-ratio model MO
model LB A 34 -2078.386 306 ©0=0.026 56, 1=0.096 84 JTRi% Not allowed
Two-ratios model A
TR B 34 -2075.109 685 ®=0.025 33, 1=0.571 50 JEli% Not allowed
Two-ratios model B
HEE C 34 -2079.248 851 @0=0.027 86, »1=0.000 10 TRi% Not allowed
Two-ratios model C
B R H AR F 63 ~2067.083 981 FRi% Not allowed
Free-ratio model F
(DAY Eit] Mila: iz 34 -2063.183 782 p0=0.953 70, p1=0.046 30 FRi% Not allowed
Site model M1a: Near neutral ©0=0.012 40, »1=1.000 00
M2a: %% 36 -2063.183 782 p0=0.953 70, p1=0.034 43 170Q (0.513)
M2a: Selection p2=0.011 87, 0= 0.012 40
®1=1.000 00, »2=1.000 00
M3: Bl 37 -2 061.812 715 p0=0.257 66, p1=0.670 09 % None
M3: Discrete p2=0.072 25, ®0= 0.008 38
®»1=0.008 38, 2= 0.48107
M7 (beta) 34 -2 062.154 393 p=0.057 05, q=1.129 17 7 None
M8 (beta & ) 36 -2062.154 643 p0=0.999 99, p=0.057 05, 170Q (0.611)
q=1.12935 1801 (0.607)
p1=0.000 01, »=1.000 00
Do A=Y FR a 36 -2 061.193 007 p2a=0.109 36, p2b=0.005 25 98L (0.686)
A Alternative model a ®b1=0.011 05, whb2=1.000 00 327Q (0.698)
Branch-site »f1=1.000 00, »f2=1.000 00
model Fi% a0 35 -2 061.193 007 p2a=0.109 36, p2b=0.005 25 JEM % Not allowed
Null model a0 ®b1=0.011 05, whb2=1.000 00
»fl=1.000 00, »f2=1.000 00
FRRR b 36 -2 057.079 051 p2a=0.706 55, p2b=0.033 60 217R (0.893)
Alternative model b ®b1=0.010 15, wb2=1.000 00 225F (0.894)
®f1=1.000 00, »f2=1.000 00 309D (0.898)
FH B b0 35 -2057.079 051 p2a=0.706 61, p2b=0.033 60 FERi%E Not allowed
Null model b0 ®b1=0.010 15, wb2=1.000 00
»fl=1.000 00, »f2=1.000 00
HERK C 36 ~2063.183 782 p2a=0.000 00, p2b=0.000 00 & None
Alternative model ¢ ®b1=0.012 40, wb2=1.000 00
»fl=1.000 00, »f2=1.000 00
EEE 0 35 -2063.183 787 p2a=0.000 00, p2b=0.000 00 Jol%i% Not allowed
Null model cO ®b1=0.012 40, wb2=1.000 00
®f1=1.000 00, »f2=1.000 00
#PBd 36 -2 063.183 782 p2a=0, p2b=0 7 None
Alternative model d ®»b1=0.012 40, wb2=1.000 00
JX028153 »fl=1.000 00, »f2=1.000 00
FA % do 35 -2 063.183 782 p2a=0, p2b=0 JeMi% Not allowed
Null model dO ®b1=0.012 40, wb2=1.000 00
»f1=1.000 00, »f2=1.000 00
HHRBKe 36 -2 060.399 565 p2a=0.953 77, p2b=0.046 23 327Q (0.940)
Alternative model e ®b1=0.011 57, whb2=1.000 00
KR706528 »f1=85.230 42, »f2=85.230 42
FAEY €0 35 -2 060.580 471 p2a=0.953 77, p2b=0.046 22 JoRi% Not allowed
Null model e0 ®»b1=0.011 57, wb2=1.000 00

»f1=1.000 00, »f2=1.000 00

AR, rbeL LR ] REAELE I FIThRE O &E T
FaE, Ho@RE LA PTREFE R I (B0E T AERT) 2
BelE e, Ja R IEEREAL s B K E AR R it B e for
M E R TR R, B AT IE BT A X LA
o BB, 2R R S TR AT ER A I S — A,
HoF 2R AKCFRAR. PR S Mat A, K4
TRV R IR TE] K 29 4E 450~600 Mya 1], K7y
TRIK LIRS ITE 1K B BA P T U o R skt ] 40

R e R R DN A R R A g S A [, DRIt
PUAE A BRI ) 1E 3BT A

M ANIEN S 2 IEIR PR, R Z R e
AET T RE R N ISR [ B AR, 1T 2 JE R Ak T 5 8
BOEFRIT, U B % R R A Y L) e HL
Tham el @i 2 A R rbcl B PR 4 i d Y
WG B 2R HT, W Rubisco KV 3 0454
B o BRER] B T B, difatesE HE IR
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Table 4 Likelihood ratio statistics

B EAL ZI b

Comparison between models Degree of freedom
S Xl MO vs. A 1.787 402 1 0.1812
Branch model MO vs. B 8.340 644 1 <0.05
MO vs. C 0.062 312 1 0.802 9
MO vs. F 24.392 052 30 0.754
[oA=y; Ll MO vs. M3 34.934 584 4 <0.01
Site model Mlavs. M2a 0 2 1
M7 vs. M8 0.000 5 2 0.999 8
43 - AR avs. a0 0 1 1
Branch-site model b vs. b0 0 1 1
cvs. co 0.000 01 1 0.997 5
d vs. d0 0.361 812 1 0.547 5
evs. el 0 1 1

*. P<0.05; **: P<0.01.

R . PAAEXT Rubisco 45 #HF 70 R, Rubisco K
WAERFRE I IA 1N H 8 A a MR IEHN 8 4> g &
) ol BAREERIE,  5AH Q0 Jk i T e 425 4 4
(BH 2> o BRTE AN 5 A B 418 2H B /N 056 ) 3 [F] 4
JR R PR P H 0 B2, Rubisco KIE JEFE RO S 1F
Mo BENEH, XL RIE T Rubisco
RV () B By e Ao r R FF AR E RS
TEAHIFFE R, A7 s RY AN 43 52 -7 ) vh 244G
T H AT RE R IR IEFRAL A, HE SR LIRSS, &%
AT, 47T IEE A B s, el
(9 L4 B0 25 D]t A Hp T B AL A B 5T RN
o, Horb ) JE R DR AR S A R R/ ik
PEOL s AW Se it 7V TR K P IL28, (HEk
TE33-341 Bl OR LU 56 1Y) 45 SRR T A A A FH T 4
ZHUE, AR MERS 225 5 B S H0 SR LSRG
THE, B3048R T PR M: . ZhangBol i@
T TH BN 7 VR 56 H 43 - B AL () ALL AR
A Z0 T BeAF (R PE P o XA A SEE T B &t T
BN SRS T AR R A R O TR, AN R
B AT A FRESRE T, BLAER] S k]
N i e . B R AR AR 22 R s U . 25,
SO0y SC-Ar SRR AT | oGk, R e E T
AN LRT K256, 43500 testl F test2, ZEI6GIF test2
F TS bR B8 A e T 5, ARG b o 1 B SH A 1)
R0, BT AT, AR REH T RAKE
B3 SCKFERR, 7 A EE AN e K3 35U S YA
£, WAk, JEFEE ST A AT Rt X — 45 8
AR ST o [E¥/NT 1, i EEA

(25 B AL TR FUE B R )R, (A4
A. B. C WHMLIERMFE—EER, PXCH ol
M f%(0.000 10), + KT H B A o {E(0.027 85),
4> % B AI3EL 3 2.(0.571 50) 3z w5 T Hoft 43 52,
LRT A& 50 tHE S MO A Pl 58 o 3X m] B8 S A IR AR N
IRVEFE A B —F, NRGK E R 53T A
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