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Cloning and Bioinformatics Analysis of Two Members of
PSAG in the Wild Banana (Musa spp., AB Group)
from Huanxi Town in Fuzhou
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Abstract Photosystem reaction center subunit ~ (PSAG or PSI-G) is one of the main components of photosystem
and it is important for the stability of the PS complex, and closely related with salt resistance. In this report, the
leaves of the wild banana (Musa spp., AB Group) from Huanxi Town were used as the materials for cloning PSAG
genes by the homologous cloning method, and the two members of PSAG were firstly isolated and named as
PSAGI and PSAG2 (the accession numbers were JX317082 and JX317083 in GenBank, respectively). The
sequences of the full -length ¢cDNA of PSAGI and PSAG2 were 800 bp and 827 bp, encoding 150 and 160
amino acids, respectively. The genomic DNA sequencing analysis of PSAGI and PSAG2 indicated that there were
no introns in the two members. Bioinformatics analysis showed that both of the two members of PSAG were with
the super—family conservative domain of photosystem reaction center subunit (psaK), and they were hydrophilic
and without the signal peptide, belonging to the transmembrane protein. Both PSAG1 and PSAG2 had four
phosphorylation sites. The special structure characteristics of PSAG in the wild banana (Musa spp., AB Group)
from Huanxi Town formed in the evolution, i.e., without introns and the high consistency of the conservative
sequence among different species, were essential to guarantee maintaining the stability of the PSAG functions.
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RevertAid™ First—Strand ¢DNA Synthesis Kit
cDNA ,
, Olig(dT)18 primer AP,
AP 5'-GTACTAGTCGACGCGTGGCC-3",
cDNA cDNA-1, cDNA

PSAG 3'RACE (ORF), Invitrogen
5'RACE System for Rapid Amplification of ¢cDNA
Ends, Version 2.0 5'RACE c¢DNA
o : ¢cDNA
) ) cDNA
o ¢cDNA 0.2 pnL

2 pmol/pLL 5'PSAG PSAG GSP: TTGAGG
TGGCGAGGATGTAGTAAG, c¢DNA

10 pmol/L : 5'-GCTGTCAACGATA
CGCTACGTAACGGCATGACAGTGTTTTTTTITTTITTT
TTTTTTTTTT-3" 1.0 pL,

’

5'RACE ¢DNA cDNA-2, 5'RACE
GenBank
PSAG ,
, 3 ,
3 , o
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, 700 bp, ,
3 5
, 5 o
PSAG
PSAGI, PSAG2 , 1
ATG ,
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2 95.89
33 bp
, 400 bp ,
DNAMAN 6.0 ,
I:
PSAGI, PSAG2 3’ cDNA -1 ,
3" GSP 3P, 3NP 3" RT-
PCR o
1 PSAG
(5'-3")
3'GSP-1 GGCGTGACGCACTTCGAGGCCGGC
3'GSP-2 ATCCTTGCCACCTCCAGCAATGGGT
5'GSP-1 CAAAATGTACAACCAGAAGCCTTC
5'GSP-2 GCCTTCTTACATGATTCAACAGCGAT
PSAGI ORF-F ACATGGGCTTCCAGTCTCTTCACCT

PSAG2 ORF-F
PSAGI. PSAG2 ORF-R

GCAGAGTACATGGGGAAAGACGAAC
AGTGACCAAGAATAACCCAAG
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PSAGI., PSAG2 5' . ORF PSAGI . ClustalX 18 MAGA 50(Maximum Likelihood
PSAG2 3’ , PSAGI, PSAG2 3’ Tree) o
N . ORF . . bootstrap 1000 .
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3" RACE 3'RACE 3" GSP-2 3NP 57 30
5" RACE cDNA-2 3p 5" GSP-1 54 40
5" RACE 5'RACE 3NP 5" GSP-2 54 40
PSAGI ORF cDNA-1 PSAGI ORF-F PSAGI PSAG2 ORF-R 55 40
PSAG2 ORF cDNA-1 PSAG2 ORF-F PSAGI PSAG2 ORF-R 54 40

RNA; 2: 3" RACE ; 3: 5'RACE ; 4, 5: PSAGI ORF ; 6, 7: PSAG2 ORF

DNA PSAGI. PSAG2 ; M: DL 2 OOO MAKER, 2000, 1000, 750, 500 250 100 bp.
1 PSAGI. PSAG2 PCR
2.2 PSAGI. PSAG2 , , TA o PCR
22.1 E &I A PSAGI, PSAG2 ¢DNA 3'RACE °
S 2 3’ RACE PCR , 365 bp .
1 , 3/ “A ” ,
400 bp , PSAG 3 .
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Description Hax Total Query £ Hax
Color key for alignment scores Eole Eme overse —vibe  dem |
<40 4050 50-80 80-200 >=200 Phyllostachys edubis CDNA clone: bbassto02121, full insert sequence 252 = 2% 153 86%
Query m Phyllostachys edubis cDNA clone: bbassto02h12, full insert sequence s 52% 1693 8
F‘I 100 200 300 400 500 Zea mays clone 22121 mRNA sequence 5 s 291 5 m

PREDICTED: Brachypodum distachyon photosystem I reaction cente i E a3 L B
Phyllostachys edulis cDNA clone: bphyst009d15, full insert sequence kL 52% Be30 5
Zea mays photosystem | reaction center subunit V (LOC100284847), ¥ 52% B3 85% m
Zea mays clone 1707142 photosystem I reaction center subunit V m ¥ 52% Be80 5% m
Zea mays clone 1590298 photosystem I reaction center subunit V m ¥ s2% 8e8 (5 m
Zea mays clone 1588044 photosystem I reaction center subunit V m L 2% 5 8 UGl
Zea mays full-length cONA clone ZM_BFc0132C01 mRNA, complete ¢ 30 52% Lo 85% EE
Oryza rufipogon (W1943) cDNA clone; ORW1943C003815, full insert £ 52% 388 8
Oryza sativa Japonica Group 050990481200 (0s09q0481200) mRNA, e 52% 3-8 & m
Oryza sativa Japonica Group genomic DNA, chromosome 9, PAC clon E: 2% 3ot 5%
Oryza sativa Japonica Group genomic DNA, chromosome 9, PAC clom E 2% 38 5
Oryza sativa Japonica Group cDNA clone:1013000C21, full insert sequ E: 5% e 5% U E]
Oryza sativa Japonica Group cDNA clone:001-037-C08, ful insert set I 52% Jedd 5% m
Zea mays ful-lenqth cONA clone ZM_BFb0041020 mANA, complete ¢ 3 2% e us
Sorghum bicolor hypothetical protei, mRNA m 52% 4o % m
Zea mays I veaction center subunit V (LOC100285458), EEd 2% e L m
Oryza sativa (indica cultivar-group) cDNA clone:0SIGCSADS3007, fu = 5% 1686 % ]
Oryza sativa (indica cultivar-group) cDNA clone:0SIGCSNOB3K23, ful B 2% 168 % m
Oryza sativa (indica cultivar-qroup) cONA clone:0SIGCSNO07001, fu Er] 52% 1635 u% E
Zea mays CL7431_1 mRNA sequence k. b le86 5% m
Vitis vinifera contiq VW78X273139.15, whole genome shotqun sequer 316 53% Se3 8%
Hordeum vulgare subsp. vulgare mRNA for predicted protein, complet 213 i 4% ledt 8%

4 PSAG1 ORF BLAST
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Links
Color key for alignment scores
Query W Phylostachys
1 100 200 300 400 500 600 Teamays ﬂ]
B
Phvostachys eduls cONA clone: bofys
Zea mays photosysten | eaction U]
Zea mays clone 1707142 pho! m
7ea mays ckne 1590298 pho Uc)
I U]
lenqth CONA clone ZM
Oryza rufipagan (W1343) cONA clone: ORW.
21 Oryza sativa Japons m
Oryza satva Japors
Oryza sativa Japonica Group genom: DN, cheomosome 9, PAC coy. ¢
Oryza satva Japonica Group UE}
(ryza sativa Japons clone:001-037-C0B, ul m
— Zea mays lblenath cONA cone ZM_BFB0041020 miA, complete ¢, 33 a4,
i hypathetical protein, mRKA i dedi EE
e subunit  (LOCI002ES458), 2 “ @
Oryza satva (indica culbvar-grouy 0SIGCSAOS3007, fu 3B i e S [ﬂ
Onyza sabva (indca cultvar-grou GCSHBIC, ful 38 ] & 8 [[]
Oryza sativa (indica cultvar-groy CSHO0T001, fu 18 5 m
Zea mays CL7431 L mRHA sequence n m 48 m
—_— Vits vinfera contig W7BK273130.15, whole gename shatqun sequer 116 £ "
Hordeum vulgare subsp. vulgare mRNA for predicted protei, complet: 313 n St
5 PSAG2 ORF BLAST
HERABMEPsAc.2eq  ATCECTACTICCACTCTCTTOACCTATTC RN e 100
PSAGL1ORF.3eq T
PSAGZORF.seq
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ﬁa‘a‘.ﬁmﬂﬁ.:cq 200
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TEAEMrsAc. seq b i 400
PSAGIORF . zeq T i E : b o
PSAGZORF .seq s +A A PAGOLCOULGACA L AAAGGAGTACGTGGG 7 ALCGA S TGGGGTTCALCATCGTERGACG 1
Consensus ‘GPCUTPACHCACTICPAgUCCUUCPacacce gUcyasaguaglacglgggtctgcteangtcCancgaccCeegtguugttcaacatcgt gacgLgetty
FEAFEBreac. seq 430
PSAG1ORF.seq
PSAG2ZORF.seq ATGGGOATCCATCG ACATCGTCGCCTACTA ACCTCCAGCAATGGGTACGA LAGTTCTTTGGTTGA
Consensus catggggatccatcggccacatcgrogoectactacatcocttgecacciccagraatgggtacgaccccaagtictTtiggttga
6 2 PSAG ORF PSAG

60~430 o
PSAG
2.3 PSAG1, PSAG2
23.1 EEFEE PSAGI, PSAG2 %% & B AL
VE TR 5 o T ProtParam PSAGI .
PSAG?2 o
PSAG1, PSAG2 CrasHy 17aN206020181 |
CoooH 1 248N2160265: 2340, 2491;
16 460.8 Da, 17 560.1 Da; pl

10.05, ;

(Asp+Glu) 18, 10;

10.13,
(Arg+Lys)

30h, 20 h 10 h; 30.94
31.91, , PSAG1 ., PSAG2

; 86.40, 84.00; ,
11 460 L/(mol -cm) .,
0.696, 0.737,

280 nm
12 950 L/(mol *cm) ,
-0.145, -0.109, o
232 EEFAZE PSAGL, PSAG2 & & 43 Bk 4F
VB AT TR B AT PSAG1. PSAG2
ProtScale
: PSAG1 ., PSAG2

2.011, -1.867,
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) N- )

o SignalP4.0 Server PSAGI
PSAG2 , C.Y,
S 3 0.5, PSAGI |
PSAG2 o
234 E&EIAE PSAGL, PSAG2 & & #3545

# I 5 5 At Tmpred
PSAG1, PSAG2 ,

PSAG1, PSAG2 2 ,

500, PSAG1, PSAG2
23.5 E &I A E PSAGL, PSAG2 e 4% T
a5 5t

PSORT PSAG1, PSAG2

PSAG1., PSAG2 ( )

, 0.640, PSAG1
0425, 0400, 0.102; PSAG2 .
. 0.450, 0.254,
0.100, PSAG1, PSAG2

( )o
23.6 E &I AEE PSAGL, PSAG2 & F LR HT
PSAGI, PSAG2
NCBI ,
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( photosystem  reaction

center subunit , psaK) o PSAGI, PSAG2
PSI-PSAK superfamily
7~150, 1~160,
237 EEFLEE PSAGL, PSAG2 RR%&E & i &
e VLB 5 AT PSAG1, PSAG2

InterProScan EBI-InterPro

’

PSI-PSAK superfamily
PSAG1, PSAG2

PSAG1., PSAG2
) NCBI

, 109 ,
, 3

23.8 EEHAE PSAGL. PSAG2 & @ B i L 1%

5T NetPhos 2.0 Serve
PSAGI . PSAG2
) PSAGI
PSAG2 0.5
4 PSAG1 . PSAG2
4
N N
; ¢ 0
PSAGI 13, 35
, 8. 100 ;
PSAG2 23, 45
, 18, 110 o
PSAGI, PSAG2 2  Ser, 2
Thr o
PSAGI. PSAG?2 13 .23 N
Ser , s 0.992,
Ser PSAGL1 .
PSAG2 o pPS -

PSAK superfamily ,
239 EHEIFAE PSAGL, PSAG2 & & ;& ¥t
o COILS ,
PSAG1, PSAG2
14, 21 28 3
PSAG1, PSAG2 o
23.10 E &I A PSAGL, PSAG2 B v =A% H
T JPred PSAGI, PSAG2
, : PSAGI, PSAG2
5667 | 6000 ; a
24.67 | 2375 .

, window=

18.67 | 16.25
PSAG1, PSAG2
N , A o
, PSIPRED PSAGT,
PSAG2
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T 7 PSAG1, PSAG2
SWISS-MODEL



—-52 =

ol AF IR 34
, PSAGI, PSAG2, 7 Vitis  PSAG1-Musa
s o- o PSAG2-Musa
Zea
Arabidopsis
Spinach
7

Medicago
Tortula
PSAG1. PSAG2
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, , RNA
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¢ Y %
1S ¥y PSAGI., PSAG2 ORF
lh_.'
A ;L,w DNA (1), 600 bp
[/ h\ - ol
,,/ \ e il | 483 bp (GenBank I1X678610.
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5 € ORF ,
dG=-229.26Initially—249.40] dG=-225.70[Initially—243.10] PSAGI. PSAG2
12Augl5-08-20-08 12Aug15-08-22-10 X °
8 PSAGI. PSAG2 ORF 3
3.1 PSAG
23.13 FH T A E PSAGL, PSAG2 & G 4 Hiki
LR PSAG , PSAGI. PSAG2 ORF BLAST
2 , , PSAG
b 2 b
PSAG , PSAG PSI .
. . , PSAG ,
., ORF ,
mRNA . PSAG
. 2 PSAG 2 PSAG
C 9.
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