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Fig.1 Phylogenetic tree(ML) established based on the psbA gene sequence
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Fig.2 Alignment of the amino acid sequence of PsbA
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Fig.3 Reference three-dimensional structure of PsbA in Nostoc commune (\P0O18326)

ARBFFE o THER h, [ R R S R B8 ALB.C.DME R o H/NT 1.IUA F 2320 o K
F 1(w {7 999.000 00) , Pt BHIZ 4> S A7 s AT BE L T T IE B8 . T % F 43 S b A7 10— 25 1 0 32— s B 2R 4G 10
I UE. SR AR S AT R X F 1 o fHE R T 1L BUERIEE R 999.000 00, 36 W3 4~ 43 372 AT fE A7 7E 1E 2k £
P AT ALB,C.DLE 9 o M THER/NT 1, R JLAN 47 32 0] BRI A AEFE IE R 2 LRT K2 55 & 3
(W 2),B,C.E Ml F 43 2195 B MR P KT 0.05, PEW] iR 45 SR a5 7 SRR, S 1 255K B A
A Gt T SR IE 1) PR AL 5, A6 PR M2a F M8 B4 6 L 5 BB 4 R T 99 %0 DL 22 450 il i
T T A5 43 SUXEAS [ 2138 rbe L B DR 38 R M A 5 v 389 06 SR BB AE A (B R R R B 1E S B 07 258 43 i 4
B AR RS S BRI A7 S 75SUR RMER A 100 %) 207 T IEZe#%, B 5t 52 E A I 47 45 94SUR B R
h99.7Y) G T IE MR 42 3 F R i 13SUR S5k 96.8%0) , 42V R M= 95.5 %) , 75S U Btk
R 99. 7Y M 152RUF B ME 2 99.7 %00 55 5 A IEBEEEAL o, FLAR 70 LB R4S ) IE BE B 55 & (UK LL A 38
RIE 2),A,C.D Fl E 47 31 J5 SRR KT 0,05, $E 445 Hh 1F BE£E A7 45,

AR SR ] 4 SRR A7 (SRR LA R o 3 A R RV RS T RS I8 R AR BR B pso A FERIAE AL i R o
MR 7, K 138,42V, 758, 152R 1 255K 45 5 AN gl 4852 1 IE M 388 R 7, 48 R 2 80 AR R0 . K
T SCHR 2 B AR A ) e L R R R 2 B PR A T OE s R 2 RO M IR SR A L A Bk
BEA 35ACEZ A AR 2 B L CH T A0 5T AT S H AT L 3 2 L Y R B R
R FE A/ T 3 28 o 5 DR e 9% 1 ) 0 A 14 3 4 300 T 4 By JH 23— AKCF- 19 i A,



# BEWF ARERCER psbA AW 6h 315 A7 119

(1]

2]
(3]

[4]

(5]
(6]

(8]
9]
[10]

[11]

(12]

[13]

[14]

[15]

[16]

(171

[18]

(191

[20]

[21]

M R
Ff 2% 0 HE B (DOT:10.16366/.cnki.1000-2367.2023.01.015).

& % x #t

NOWRUZI B,HAGHIGHAT S,FAHIMI H,et al. Nostoc cyanobacteria species:a new and rich source of novel bioactive compounds with
pharmaceutical potential[J].Journal of Pharmaceutical Health Services Research,2018,9(1):5-12.

FIPS B BELO . P EIR K B R0 AR A IM AL 5t Bl i i, 2006.

NOWRUZI B,AHMADI M A.A new report of N fixation by two species of cyanobacteria[ ] ].Iranian Journal of Science &. Technology,
Transaction A,2008,2:1-4.

RIPPKA R,STANIER R Y,DERUELLES J,et al.Generic assignments, strain histories and properties of pure cultures of cyanobacteria
[I].Microbiology,1979,111(1) :1-61.

SRIVASTAVA A,SHUKLA P.Tightening the screws on PsbA in cyanobacteria[ J]. Trends in Genetics,2021,37(3) :211-215.
SHERIDAN K J,DUNCAN E J,EATON-RYE J J,et al. The diversity and distribution of D1 proteins in cyanobacteria[ J ].Photosynthesis
Research,2020,145(2) :111-128.

AR X e 0 L 4 R e SR I AR pso A S PR % 2 BRI SR LT AR AR S AR PR A 4. 201935 (10) £ 1322-1329.

LI CX,LIU T T,LIU Y S,et al.Phylogenetic diversity of cyanophage psb A gene in the plateau eutrophic Yilong Lake in Yunnan Prov-
ince[ J].Journal of Ecology and Rural Environment,2019,35(10) :1322-1329.

YANG Z H.Computational molecular evolution[ M ].Oxford: Oxford University Press,2006.

YANG Z H.PAML 4 :phylogenetic analysis by maximum likelihood[ J].Molecular Biology and Evolution,2007,24(8) :1586-1591.

BRI B L B BRI AW b L Jik DRI T 0 49 A 67 30 38 07 ) 248 R (0. P AL AR ) 2 41 . 2009, 29 (12) £ 2391-2400.

CHEN J,ZHANG L J,WANG T.Diversifying and purifying selection sites in rbc L. gene of fern species[ J]. Acta Botanica Boreali-Occiden-
talia Sinica,2009,29(12):2391-2400.

FRAR SR AR L ok vK, AR RUR BR MR rbe Lk IR A0 5 107 4 9 £ 20 L) 1. 8l SIE FAAH A 9 2 4 . 2010, 18 (1) : 1-8.

SEN L,SU Y J,ZHANG B, et al. Adaptive evolution of the rbcL gene in pteridaceous ferns[ J].Journal of Tropical and Subtropical Bota-
ny,2010,18(1):1-8.

FARE IR AR roc L 3 BRI A 3 R A A AN HE AL 3 (00, AR 4 . 2017,37(2) :145-152

WANG C B,GUO Z Y.Adaptive evolution and coevolution of the rbcL. gene in Hymenophyllaceae[ J].Guihaia,2017,37(2) ;:145-152.
RN IR WA S5 BRI psa A FERI 23 T AL BT TS [T MM B2 5741, 2017,35(2) : 177-185.

WU X P,SEN L,CHEN N,et al.Study on the molecular evolution of the psa A gene from ferns[]].Plant Science Journal,2017,35(2):
177-185.

PR I8 1, 25 A T FE 0 85 5 Bk s A DR AS 35 A AE 3 AT LD ). DY AR AL 2 412, 2010, 30(8) £ 1534-1544,

CHEN X X,SU Y J,WANG T.Adaptive evolution analysis of the psb A gene in Lejeuneaceael J]. Acta Botanica Boreali-Occidentalia Sini-
ca,2010,30(8) :1534-1544

VERT , E 1 R AR 55 BREAE D) psoD e PR 3 17 v HE A0 A Stk A6 23 A [T ) A WA 22 24 4 . 2013, 31(5) : 429-438.

XU K.WANG B,SU Y J,et al. Molecular evolution of psbD gene in ferns:selection pressure and co-evolutionary analysis[ ] ].Plant Science
Journal,2013,31(5) :429-438.

SKEH T L BRI AL BRI T SR rps 4 FE TR IE R PR R AL 3T L) ] A B WS L 2010, 30(1) 42-50.

ZHANG L J,CHEN J,WANG T.Adaptive evolution in the chloroplast gene rps4 in ferns[ J].Bulletin of Botanical Research,2010,30(1) :42-50.
- AR LS IR L S5 BRI R I SRR s 12 BEDR Y 4 F BRI S LT A R 2 R, 2020,38(1) 1 1-9.

PING J Y,ZHU M,SU Y J,et al.Molecular evolution of chloroplast gene rps12 in ferns[ J].Plant Science Journal,2020,38(1) :1-9.

SEP L IR RLAH R BRIEHIY rpoCL N T BRI S A T AL B AR [T ] A 241 2020, 55(3) : 287-298.

PENG Y.SU Y J,WANG T.Intron loss and molecular evolution rate of rpoCl in ferns[ J].Chinese Bulletin of Botany,2020,55(3) :287-298.
REPTHR o — B AT A2, 4540 TP BRI mar K JEIH 19 R G053 26 B o3 F AL 5E L) ] AR R 5 4. 2020, 38(1) :10-22.

XIONG Z M,GAO Y B,REN H Y,et al. Analysis on the phylogenetic classification and molecular evolution of the matK gene in 40 fern
species[ ] ].Plant Science Journal,2020,38(1);10-22.

AR A AR N SRR TR pso A SR 23 T AL URE B9 BIF S LT T30 S BAAT AL 2412 2016, 24(2) : 151-159.

SEN L.YU K,HU Z G,et al. Molecular evolutionary patterns of the ps6 A gene in gymnosperms[ J].Journal of Tropical and Subtropical
Botany,2016,24(2) :151-159.

MILLER S R.Evidence for the adaptive evolution of the carbon fixation gene rbcL during diversification in temperature tolerance of a

clade of hot spring cyanobacterial ] ].Molecular Ecology,2003,12(5):1237-1246.



120 I E R FFARCA RAF RO 2023 %

[22] DUBE.RBIJFA . M 5 RBE H A psa A JE DY 3 N4 0 1 R 3L 10 A o0 B L0 0. 10 P R 272 4 CELAR B2 iRD . 2019.,42(3) :662-672.
GONG C Y.NAN F R,FENG ]J,et al. Adaptive evolutionary and co-evolutionary analysis on psa A gene of batrachospermales[ J].Journal
of Shanxi University(Natural Science Edition) ,2019,42(3) :662-672.

[23] LIANG C W,ZHAO F Q.MENG C X,et al.Molecular cloning,characterization and evolutionary analysis of phytoene desaturase( PDS)
gene from Haematococcus pluvialis[J].World Journal of Microbiology and Biotechnology.2006,22(1) :59-64.

[24] FESEORM A0 B8 TR SR ALY d fH I B AIE BV 20 A7 L) ] 09 AR 22 41, 2019, 39(11) : 1961-1969.
WANG J.XU Y,SHI Y.et al. Adaptive evolutionary analysis on ni f H gene of Nostoc[ ] ]. Acta Botanica Boreali-Occidentalia Sinica,2019,
39(11):1961-1969.

[25] EHE,BLEW ., A1 BE, . EBREEE ALY her R B 38 N HE AL 53 A7 (0] AP B2 24 41, 2020, 38(1) : 23-31.
WANG J,WEI A L,SHI Y,et al. Adaptive evolutionary analysis of hetR gene in Nostoc[ J].Plant Science Journal,2020,38(1) :23-31.

[26] LARKIN M A,BLACKSHIELDS G,BROWN N P, et al.Clustal W and clustal X version 2.0[ ] ].Bioinformatics,2007,23(21) :2947-2948.

[27] KUMAR S,STECHER G, TAMURA K.MEGA?7 :molecular evolutionary genetics analysis version 7.0 for bigger datasets[ ]J].Molecular
Biology and Evolution,2016,33(7) :1870-1874.

[28] POSADA D,BUCKLEY T R.Model selection and model averaging in phylogenetics:advantages of akaike information criterion and Bayes-
ian approaches over likelihood ratio tests[]J].Systematic Biology.2004,53(5) :793-808.

[29] GUINDON S,DUFAYARD ] F,LEFORT V,et al.New algorithms and methods to estimate maximum-likelihood phylogenies:assessing
the performance of PhyML 3.0[]].Systematic Biology,2010,59(3):307-321.

[30] CHENNA R,SUGAWARA H,KOIKE T,et al.Multiple sequence alignment with the Clustal series of programs[]J].Nucleic Acids Re-
search,2003,31(13):3497-3500.

[31] HALL T A.BioEdit:a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT[]].Nucleic Acids
Symposium Series,1999,41:95-98.

[32] SAYLE R A,et al.RASMOL:biomolecular graphics for all[J].Trends in Biochemical Sciences,1995,20(9) :374-376.

[33] JUMEE RIS A 55 R RO E AR roc L 36 IR (938 7 P AL 43 BT () 0.1 P 15 07 . 2017.,48(3) 1 527-535.
GONG C Y,NAN F R,FENG J,et al. Adaptive evolutionary analysis on rbcL. gene of batrachospermales[ ] ].Oceanologia et Limnologia
Sinica,2017,48(3) :527-535.

[34] GHWOT BT A . PO E A5 B BOMR rbe L &R A I8 I 1 BE 46 3 B (). 34 WA 2, 2019,27(1) 1 36-44.
HAN Y X,NAN F R,GONG C Y,et al. Adaptive evolutionary analysis of the rbcL gene from Com psopogon (rhodophyta)[J].Journal of
Tropical and Subtropical Botany,2019,27(1) :36-44.

Evolutionary analysis on psbA gene of Nostoc-like(Cyanobacteria)

Wei Aili', Yang Xie', Wang Jie', Gong Chaoyan®, Wang Qinghua', Li Yanhui'

(1. Department of Biology, Taiyuan Normal University, Jinzhong 030619, China; 2. Laboratory Management Center,
Shanxi University of Chinese Medicine, Jinzhong 030619, China)

Abstract: The psb A gene family in cyanobacteria encodes different forms of the D1 protein which is part of the Photo-
system II reaction center. In this study, 39 psb A gene sequences with high homology of Nostoc were used to construct a maxi-
mum likelihood tree for phylogenetic analysis. Then using PAMI.4.9 software, the branch model, site model and branch-site
models were estimated w values, to explore the selective pressure of the psbh A gene. Our results indicate that: (1)the phyloge-
netic tree showing the inner group could be divided into two large branches of Nostoc. (2){five significant positively selected
sites such as 13S, 42V, 75S, 152R and 255K were detected in branch-site models and site model, indicating that most of the
sites were under negative selection pressure. Therefore. the results showed that positive selection of psb A might have played an

important role in the adaption of Nostoc to the extreme environments.

Keywords: Nostoc; psbA gene; positive selection; purifying selection
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Attached tab. I Likelihood ratio statistics
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