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waR, e F B, DR, AR, R AR EFE

(L A E R AR PO A R BT ST AL SR AR ) AR R T GO CSE B0 2, M8 1B 0 5711015
2. PEBEA R BE OB BHE EARGE MR ELLRE, B 0 570102)

W E.L“BH”E Musa acuminata L. AAA group cv. Brazilian) A X4, # B B R % &% 3%
13 4 B4 A4 B 1(Granule-Bound Starch Synthase I, GBSSD) X B & 7% & i % ¢cDNA
4,35 Al MEGA 5. 05 #k 4 #t 47 8 £ % #7, f # iF quantitative real-time PCR(gPCR) . A #& |
MaGBSSI AR Z#%BRRAEAZERFERAALFTHPELARBN B REAARPHLAFERL, &R
% . &% 4 A MaGBSSI % B % #% M R MaGBSSI-1,MaGBSSI-2,MaGBSSI-3,MaGBSSI-4 %
cDNA &K 2 %] %4 1 851.1 851,675.1 845 bp, & & 5 4 4 A KF512020, KF512021, KF512022,
KF512023, REH5# X I, % % MaGBSSI 2 W R 5 € Hi¥ GBSSI £ W Fl R ik 65%.,
qPCR % #7 & 3. ,MaGBSSI-1 . MaGBSSI-2 MaGBSSI-4 £ & ¥ 3k Z BB EERET
¥ £ LE &K, M MaGBSSI-3 B RE RAFAABE PRAXZRE S, ER KRELTH
¥ L REK, HERELF i Y, MaGBSSI-1.MaGBSSI-2 . MaGBSSI-4 # 0~30 d % £ L
ARk, f MaGBSSI-3 £ & ER A A 30~60 d KX FWKZH, £ 0~30 d JU-FREL, AR A
R FE MR, MaGBSSI-3 (A F# W TH, RLERARPEER T LS EMESRESE

AR I 2 AT R KA LR T Amh,

KW A 5L MaGBSSI 3K 5 7ok ; F/ak

thE 43S .S 668. 103. 6

FHH Musa spp.) I EE LM EKBAERSL, HE
RELEBFARPEAE UM BN EMRET . RIR
WA A AR SR SE R e A B 7000 ~80%0 , HBEVEN A
B 20%6~30%, K B leh & R BB A AR
MBIV TER & B RO M B 55 B R . ORI 4E B T
$3& BBE (Granule-Bound Starch Synthase, GBSS) &
FE B TEN G B SR , B 7 A ) 40 T TP S e R
EXES F AN ERERRERI RS 25X
FHRERSANE—AEINEAY . BTFHEY
GBSS# 2 Fi [7] T, 73 7| & GBSSI il GBSSII, GBSSI
H waxy ZEH G, /N E PO TFH 7 etafk B0 KAE
HRIZIE O T4 6 Yeik B, TR TFEE 9 Yetalk
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ESUR:“T 2" A ABRBEHAK AN T B A
(2011AA10020605) ; AR AR b = b B KK AE R ERA T ST YR
A (CARS32) ;i K B AAF A4 T 33 B (314116) 5 F R
# WAL B AT A A AT A 438 % 32 F B R (ITBB140205)
W fs HH#:2014—06—24

SCHERFRIRAD A

3T 42 :1001—0009(2014)20—0115—06

B R E AT RIS AR B BT A R, T
GBSSIT FEEHIMR 25 B R E A TEh & 8, X
Tty R A GBSSII B4 Kk, HIh e 5 8 F A Y
GBSSIT A",

GBSS H[H j2 — ™ Fk PR 58 1 5% 1) 2R 98 D0 s AR %
D3P, H cDNA 2Kk 0. 6~2. 4 kb, f34 6~13 M4h
BF, A5 200 ~800 N HFEMR, | H K /MK 30.0~
70.0 kDa, HH{,7E7K#S (OsGBSSI,OsGBSSID™ | /N3
(TaGBSSI , TaGBSSII )™ | £ Kk (ZmGBSSI, ZmGB-
SSIDY | ¥ B (StGBSS)™ | k 2 (GBSSD™ | T 3¢
(GBSSD™ #IR§F (AtGBSS)™ A B 3E R (MdGBSSII-1,
MdGBSSII - 2, MdGBSSII - 3). # ( PpGBSSII - 1.
PpGBSSII-2) 4% (CsGBSSII-1.CsGBSSII-2)M 45 %
FhE 4 o 72 [ 2 45 75 GBSS WM, H GBSSI FE 7
TR P AFE TS B R, 1M GBSSIT FEAEM
EMEERBEPFRAN HEMAEXRFERL
GBSSI 3N HiaE R

J T WRAWIE GBSSI FEF R L HB M EY S
B RV, % 58 DA B P R SR S iR, 1L IR
U5 T R s Xt 7 BE SR 52 MaGBSSI H: PR 5% i 5L i) cDNA
SRFATIRE, H 0 HAE AN FAH LR F & B RO
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BB B 1) R IR FEME AT oPCR 43#7, I MaGBSSI
EFERLTHBETER EY & B 15 L H 28 2
T HA
1 MHEEF*E
1.1 stk

AR B 7”2 (Musa acuminata L. AAA group cv.
Brazilian) 525k B H B #H R L Bl 27 B #d A Y BR
RO BT 8 8 F A I KL il e A 38 41 38 £+ (pH
4.5~5.0) , KB4 H FHREK &R 30~40 kg, i
RHEHR B B> & 1R, BRI IR E & &
0. 1~0. 2 kg, Jfi 5 koK , LR FAR RN, AR BE AR
T~8 Bi. T HREL AT 0.10,20,30,40.50,60 d(3R
WOBURE . AT B 4~6 STRAEH IR A 20~50 g,
WREIRG —T0°CRERH.

TEPE SR SRS B - B SR SR, X4 K8 [l S 56
L, R/ A)  Toe HUE SRR 4 i B R, F BT
AL, 0. 10K BRI R T IHEE 10 min, BTG
30 ZRIEETF 22°CHMT BRBE, H-FRIUE 0.
5,10,15,20,25.30 d ke, EE 3. BIMEER 4 X
RAEPIRA 20~50 g, MAE GG —T0°CHRAFEEH.

1.2 BB
1.2.1 B RNA#ERE DNAE 44K FRAME

CTAB :42HUE RNA, BABEL RS BICEk[12], DA
& RNA SRR, % FH cDNA 4 B8R 7 & (PrimeScript™
RT-PCR Kit, TaKaRa ) 4= i, <DNA %5 —4f , Bk #/E S
F G & UL AT

1.2.2 MaGBSSI #HNRIEM B W TEE AR
cDNA MM, EEBFE"ERE 2 d 5L cDNA L
PEUSI I F 2 A 2 K 4 (http://banana- genome. cirad.
fr/ ) FFF o R BB, 51 P LR 1. R
FH PrimeScript™ RT-PCR Kit(TaKaRa)#47 PCR ¥,
PCR Z A% :0. 25 pL ExTag,2.5 pL 10X PCR buff-
er,0. 25 pL ANTP(10 mM), b\ F #3145 (10 M) £
0.5 pL,19.5 pL ddH, O 1 2. 0 uL ¢cDNA(100 ng), "3
FEFEILFE 1, PCR =4 1. 096 3 B 0 0 Jie v, Tk A )
PCR 7=4 [l ir2: FE DNA % 81 5055 & (Agarose Gel
DNA Purification Kit, TaKaRa ) 3Bl 35 | 89 5 B ¥ 17,
BRI R pMD19-T(TaKaRa) , B V) % 5 5 , A3
PBEER 3 S TEREHEATIR . WP TAERFG MR A
YWIBARA BRA A 58 .

*®1 #"18 MaGBSSI-3 BRI Rk G RIS #7517 PCR R 27
Table 1 Primer sequences and PCR amplification procedures of MaGBSSI-3 gene family members
HH AR 514)F 51 PCR N 2 JF
Gene name Primer sequences (5'~3") PCR amplification procedures
MaGBSSI-1-F CCCATGGGATGGCTGCTGTGATG
94°C 5 min;94°C 30 s,57°C 30 s,72°C 120 s,35 cycles;72°C 10 min
MaGBSSI-1-R GACTAGTCTCATGGAGCGGCCAC
MaGBSSI-2-F CCCATGGGATGGCTGCTGTAACAA
94°C 5 min;94°C 30 s,58°C 30 s,72°C 120 5,35 cycles;72°C 10 min
MaGBSSI-2-R GACTAGTCTCAGGGAGTGGCCACAT
MaGBSSI-3-F CCCATGGGATGGACACAAATGAGTG
94°C 5 min;94°C 30 s,55°C 30 s,72°C 90 s,35 cycles;72°C 10 min
MaGBSSI-3-R GACTAGTCCTACTTCTTAGCTGGTCCCT
MaGBSSI-A4-F CCCATGGGATGGCGACTGTGACGGT
94°C 5 min;94°C 30 s,57°C 30 s,72°C 120 5,35 cycles;72°C 10 min
MaGBSSI-4-R GACTAGTCTCACGGGGTGGCCATGT

MaGBSSI-1-qPCR-F
MaGBSSI-1-gPCR-R
MaGBSSI-2-qPCR-F
MaGBSSI-2-qPCR-R
MaGBSSI-3-qPCR-F
MaGBSSI-3-gPCR-R
MaGBSSI-4-gPCR-F
MaGBSSI-4-qPCR-R
MaActinF
MaActin-R

CCTTCAGTGTGGAGTGTGCTGTTG
ATTGCTCCCACTTCTTGGCAGGTC
TGTCATAGAAGGCATCACAGGGT
CCACTTCTTAGCAGGTCCCTTCCA
CACCACTGGCGGACTCGTTGA
GATCTTGGTCCATGCAGTTCT
GTTGACAAGGAGGACATAGAAAAAG
TGGGCGAAGGCCGGAGTACGGTAG
CAGTGGTCGTACAACTGGTAT
ATCCTCCAATCCAGACACTGT

95°C 1 min;95°C 10 s,56°C 15 s,72°C 35 5,40 cycles

95°C 1 min;95°C 10 s,55°C 15 s,72°C 35 5,40 cycles

95°C 1 min;95°C 10 5,55°C 15 5,72°C 35 s,40 cycles

95°C 1 min;95°C 10 s,56°C 15 s,72°C 35 5,40 cycles

95°C 1 min;95°C 10 s,55°C 15 s,72°C 35 5,40 cycles

1.2.3 MaGBSSI N F MG IR E D e
MaGBSSI #:H % i it 2 <DNA JF 31 ExPASy
4 Translate Tool (http://cn. expasy. org/tools/dna. html)
T X R EERR TS, Il Blast X B8 R R
BRERTH), X HR R iz LN e )F 5. ik
AERFIM EFEZ G, R H MEGA 5. 05 34 H i1
neighbour-joining methods #1747,

1.2.4 MaGBSSI # N Z M 5 R B M RIELR
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BHRPHE 4K cDNA JE%,i2 A Primer Premier 5.0 %
R FF& qPCR 2SR 9 B i ZE R 514 i S 2
Maactin 51 (£ 1), 8 TOYOBO Real-Time PCR
Master Mix & 7 & Ui B 5, 20. 0 pL A9 SN 1R R .
ddH, O 6. 4 pL,SYBR® Green Real-time PCR Master Mix
10. 0 pL, primer-F (10 pM) 0.8 pL, primer-R (10 pM)
0.8 pL, AR 2.0 pL(80 ng)., ¥E iQ5 Real-Time PCR
Detection System _F#47 gPCR i/ .9 R FINFE 1,5
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AHE 3 IREE ., oPCR S0 40 #7: 45 3K J5 32 H
27 AACT D AT RR AL B , 155 Y MaGBSSI 3£ R 5 %
RRFEARFH LA R A B R A R, ZRRY
W 3 WEE , BCFEH F 4R 4047, L ddH O Sh B4
X} HE
2 HRESW
2.1 MaGBSSI #: KR KRG cDNA 2K H3kE &R
For i

PLCELPE AR ) cDNA JgASAR , SR [ IR 7 b 1k 3K
47T 44 MaGBSSI ZH FK iR 5 ) cDNA &K (E D,
LSS AN » MaGBSSI-1 . MaGBSSI-2 . MaGBSSI-
3.MaGBSSI-4 f#] cDNA £ K435 :1 851,1 851,675,
1 845 bp, 4> 4mHE 616.616.224.614 NI 6 4 4
FRFME R4 3% 558 GenBank 34 FE , % 5% 243 3
S :KF512020 . KF512021  KF512022 . KF512023,

# :M:DL 2 000 marker;1: MaGBSSI-1 3 ;2: MaGBSSI-2 £ ;
3. MaGBSSI-3 3 A ;4. MaGBSSI-4 2 ,
Note:M: DL 2 000 marker; 1: MaGBSSI-1 gene; 2;: MaGBSSI-2
gene; 3: MaGBSSI-3 gene;4:MaGBSSI-4 gene.
B 1 &# MaGBSSI ZERZRMKEM R cDNA £ K
PCR #1874y
Fig. 1 PCR products of full-length ¢cDNA of four MaGBSSI

gene family members from banana

i MEGA 5.05 84 B K 4 kK W, 4 4
MaGBSSI3: R 15 A 5t S 5L R ) R IR 7E 7396 ~82%
ZIE (& 2), ¥ 44> MaGBSSI % H 5 16 iR R 514838
% NCBI /9 Blastx ¥4 e #E 47 MUV bL X, 45 R A 4
MaGBSSI 5 3 H (Malus X domestica, & & 5
ACB97678) . [t # ¥ (Gossypium hirsutum, & 3% 5
ACV72639) . k5 (Glycine max , &5 NP001237971) %
Y GBSSI M MM 65201 F
2.2 MaGBSSI 2N Z R TE B AR R 440 iR
RFEPE

DIAEMR IRZE LR TR RN DNA
FEHR , gPCR 434 45 5 WA 3, MaGBSSI-1,MaGBSSI-2,

IOI()% 9(|)% 8(|)% 7?% 6(|)% S(I)% 4(|)% 3(|)%

Austrostipa aristiglumis GBSSI :| 92%
Microlaena stipoises GBSSI

MaGBSSI-1

65%
MaGBSSI-2
MaGBSSI-4

MaGBSSI-3

Gastilleja ambigua GBSSI

Junellia seriphioides GBSSI 77%

Malus X domestica GBSSI-2 78%
0,

Nelumbo nucifera GBSSI 6%

Gossypium hirsutum GBSSI

65%

Malus X domestica GBSSI-1

Glycine max GBSSI-1 83%

Vigna radiata GBSSI-1 82%

Lotus japonicus (GBSSI-1 37%

Lotus japonicus GBSSI-2
84%

Phaseolus vulgaris GBSSI-2 929
Vigna unguiculata GBSSI-2

Cicer a rietinum GBSSII 78%

u%

Pisum sativum GBSSII

MaGBSSII-1 34%

;

MaGBSSII-2 20,66%

Vitis vinifera GBSSII

Vo

Solanum lycopersicum GBSSII

0,
96% 59%
Solanum tuberosum GBSSII

1

Manihot esculenta GBSSII

2 & MaGBSSI 5HEHEY GBSSI S &E
F SRyt B 5 47
Fig. 2 Phylogenetic tree of MaGBSSI and GBSSI amino acid

sequences from banana and other plant species

MaGBSSI-4 TEF/AEM IKRZE R KA 8 EER
KGR RE VR AH LR R, HTER R R
BRI 10 £%5 (B 3-AB.D); il MaGBSSI-3 7E7E.
RBE RN PRI R B EAR BRI LA
Fik, HER N F R IZELHRA 40 £5(E 3-0O), X
—2E R F B, MaGBSSI-1, MaGBSSI-2, MaGBSSI-4 1]
REF W R B FEMIKE M EERGE HEER
)& R, T MaGBSSI-3 AIRE 5 /B R K R NEE
A B HAEETER A A K
2.3 MaGBSSI HNFEMAFEFERLRKETLEF
HIZRIR 54

DFHERELAE 0.10,20.30,40.50.60 d A cDNA
FEHR ,gPCR #4552 WL I& 4, MaGBSSI-1,MaGBSSI-2,
MaGBSSI-4 TEFRFERL LT 0~30 d Bl FIRRIK,1E
30~60 d JLEAFE L, H MaGBSSI-1 fE R EF 10 d
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RIELEZA R 60 d 1Y 240 £2(& 4-A.B.D), i MaGB-
SSI3 EH/ERLEE 30~60 d BEEHEE, £ 0~
%% 0 d
zE B0, MuGBSSI-1, MaGB-

30 ULFEARIK, HERELER 60 d EREE
A 500 £ ( 4-C) , X —
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5
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K s
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AL Different tissues
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Relative expression level

L Ml

M Z R #BR T ORE A
Root Stem Leaf Bract Flower Peel Pulp

ARIFIZHLE Different tissues

SSI-2 . MaGBSSI-4 Wt X B W R B FER LK E R
(0~30 D) EHBETEH A 1L, T MaGBSSI-3 "] 5 &/ #
B B E(30~60 d) BT EIS E X,

° 75
k3
6.0
1.8
HE 45
RE
' 5 30
z
£ 15 ’—I—|
2 00 FIW Al e
= MR B B ORE AW
Root Stem Leaf Bract Flower Peel Pulp
ARIFLHE Different tissues
D 5 20
5
1.6
i% 8
ﬁg 12
®5 08
z
o
~ 0.0 L L L L |—-1 L L '

M2 MR Bl B R R
Root Stem Leaf Bract Flower Peel Pulp

AFIZHZE Different tissues

¥ : A:MaGBSSI-1 #:P ; B, MuGBSSI-2 3£ ; C. MaGBSSI-3 3£ ; D. MuGBSSI-4 3, DI F .
Note: A: MaGBSSI-1 gene; B: MaGBSSI-2 gene; C: MaGBSSI-3 gene; D: MaGBSSI-4 gene. The same below.
3 MaGBSSI EERRKH REEEARRERARHRIES
Fig. 3 Expression of MaGBSSI gene family members in different tissues of banana
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Fig. 4 Expression analysis of MaGBSSI gene family members in different development stages of banana

2.4  MaGBSSI %R %5 i 5t 76 R 52 i o 72
HIZRIR 53 HT

PIFERSRIG 0.5.10.15.20.25.30 d ) cDNA %
FitR ,qPCR 23445 5 WL 5, MaGBSSI-1,MaGBSSI-2,
MaGBSSI-4 TEHFERIRSG 15.30 d RABK R, HE
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At Bt ek B A X 8K (] 5-ALB.D), i MaGBSSI-3 i
ERHERLNR RIREBZBW T, 5RIEUS 0 d M LL
B, RS 30 d MaGBSSI-3 I FE X B T T 4 110 4%
(H 5-C) 3% — 45 R 7200 ,MaGBSSI-3 Fik & F A kS
RS BLRGT AR  ELAE TE A R AR R
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Fig. 5 Expression of MaGBSSI gene family members in different days after banana harvest

3 itit 54t
HEHEMREERINFER»Z— ENTEE
B EENTBMGE., GBSS Rk E HEERME
R HE B 3L Y, A F& GBSSI F1 GBSSII P K K%
GBSSI J2YLE L Fa 4 B AP A BN B R L, 76
JRAENS ok I A B0 oG e SRR Bk KA
U S YR A WGE . SR, B AT A R S A
TERY ROBIF 9T B A P 7R TR TR G5 A8 K S A
By & B AT EALRE ™, LA R Wy B AL 2 0 T &
7T 6 T I 4 o A SR S L U R A A A S Rl R TR
GBSSI X 18 i 2> %R T e b i) 4 N F &
MaGBSSI FEH 55 5 51 5 H e Y i iE i) GBSSI %
P[RR R 65 %6 , RFA LU SRR T B4 N
F MaGBSSI 3 R % i 5 R MaGBSSI-3 145 R
B VRASAFESE P RE, MEE 3 A BER BR
25 MR SREFRAVE RIS, N MaGBSSI-3 ] R 2 1R
FEAER L ERETER AR EE A .
HHEERLLEBELARY . HEERSEEZRH L
Fh#a #, 5 R AT E LB R 3.87% EF F
23.33%™7, GBSS ¥ H i 0 U/min F F %I
3.15 U/min™, %86 % B, MaGBSSI-3 i & &
ERLNARB RLBZEW L7 5 EHEER S &,
GBSS &AM —3. MEE 3 MR EFE
B RERB(0~30 DR FAEL MELRE
JE#I(30~60 ) JLPARFEIR, X —45 RN, MaGB-
SSI-1.MaGBSSI-2 .MaGBSSI-4 Tl g X B ¥ K& 8| &
ERLR BRI ESERERMA R, i MaGBSSI-3 ]
RS HFERLET oW HEE M A BBV,

EEERLHARAFRASRE TS, B R & & h
21.60% i 3 T M 2 1.38% LI ™, GBSS & #
3.170 U/min F R 0. 012 U/min®?, MaGBSSI-1,
MaGBSSI-2 MaGBSSI-4 ZEFE R LXK G 15.30 dF
KRB, HE W BRIk B AR X BUK, T MaGBSSI-3
WEE FRR LR BRSNS BN TR . REAEZ
W R PR A A A AR R S R #E H , MaGBSSI-3
RIABRM TR S E e A X, B0 Xt
MaGBSSI-3 F [H 75 75 76 5 & H 4 7€ 0y & L S fige v
HIThRE#E— P2 5E
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Cloning and Expression Analysis of MaGBSSI Gene Family Members of Banana Fruit

MIAO Hong-xia' ,JIN Zhi-qiang"? , SUN Pei-guang® , LIU Ju-hua' ,JIA Cai-hong' ,XU Bi-yu' , ZHANG Jian-bin'
(1. Key Laboratory of Tropical Crop Biotechnology, Ministry of Agriculture, Institute of Tropical Bioscience and Biotechnology, Chinese
Academy of Tropical Agricultural Sciences,Haikou, Hainan 571101;2. Key Laboratory of Genetic Improvement of Bananas, Hainan province,
Haikou Experimental Station,Chinese Academy of Tropical Agricultural Sciences, Haikou, Hainan 570102)

Abstract: Taking Musa acuminata 1. AAA group cv. Brazilian as material, PCR amplification method of homologous gene
was used to clone the cDNA full length of Granule-Bound Starch Synthase I (GBSSI) gene family in banana. Then, the
cluster analysis of the gene family was performed by MEGA 5. 05 software and its expression patterns in different tissues
and different developmentals and harvest periods were tested by quantitative real-time PCR (qgPCR). The results showed
that the cDNA full length of four MaGBSSI gene family members,i. e. MaGBSSI-1, MaGBSSI-2, MaGBSSI-3 and
MaGBSSI-4 were 1 851 bp,1 851 bp,675 bp and 1 845 bp,respectively. The accession number of MaGBSSI-1,MaGBSSI-2,
MaGBSSI-3 and MaGBSSI-4 were KF512020, KF512021,KF512022 and KF512023, respectively. Cluster analysis showed
that the MaGBSSI gene family from banana shared 65% amino acid sequence identifies with GBSSI gene from other
plant. Tissue - specific expression of the MaGBSSI gene family members were detected using qPCR. MaGBSSI-1,
MaGBSSI-2, and MaGBSSI-4 were up-regulated in vegetative tissue such as root, stem, leaf, and bract. In contrast,
MaGBSSI-3 was highly expressed in reproductive tissues such as flower, peel, and pulp, but was weakly expressed in
root, stem, and leaf. Expression levels of MaGBSSI-1, MaGBSSI-2, MaGBSSI-4, MaGBSSII-1,and MaGBSSII-2 at
earlier stages of banana development (from O d to 30 d) were higher than the later stages (from 30 d to 60 d). In
contrast ,MaGBSSI-3 was weakly expressed at the early stages but was highly up-regulated at 50 d of development,while
the expression level of MaGBSSI-3 was gradually decreased with the ripening of banana fruit. The results had laid the
foundation to illustrate the amylose biosynthesis and degradation mechanism and regulate the expression of MaGBSSI
gene family members of banana fruit.

Keywords : banana ; fruit; MaGBSSI gene;clone;expression analysis
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