7 N 2 ® % Soybean Science
i hitp://www. ddkx. haasep. cn

2019,38(6) :889-897
DOI;10. 11861/j. issn. 1000-9841.2019. 06. 0889

KE GmAMS R KR AR FHREMRIESH

b B K B ENU,E B, TARBTE

(R RN R KRR BT B R E R TG/ ARl AR T A W2 5 38 B R A SR % (4 /AR A% 5 Fh B B0 I 58 3 i S B /9T
P38 BURVEYLE 7= DR VT8 R Rt 210095 )

## E:bHLH(basic Helix-Loop-Helix ) #% s A /e MERC 7 & B P BA EE N IIEIEN . A58 bHLH 33 H 1
TER TR B PIVER, AR 5 405 R B 2 NJCMSSA (1463 cDNA I B DNA #4847 , i 3 RT-PCR 35 fs
FIHAT WA bHLH S583800) GmAMS JEP KR 8hF K3k, 3+ 047 A W15 B 2= M M 22 3k b 2B S B2 0r
ISR BR GmAMS FEPH B 45 X P31 &K M1 716 bp , Zifith 571 A 3R . A0 RE A7 i GmAMS {3 F 40 iz o
PR AT AR WR A TAR%E R NJCMS5B, 72 R % NJCMS5A {462 GmAMS BE K 1 R k7K 7 2 T .
WL F Y O L5 R R GmAMS J5 3 TIR3h M) GUS R 1 £ B R 7R IR B IF G/ MEZ R Rk . DFoTasRoh it
—HRIT GmAMS TE K G AE LT PR AEYF D REFE LG 282 T 30

KGR KT GmAMS FEK ; J5 30 B K TR s 3k 4#

Cloning and Expression Analysis of GmAMS Gene and Its Promoter in Soybean
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Abstract: The basic Helix-Loop-Helix( bHLH) transcription factor plays an important role in the regulation of male gamete
development in plants. In order to explore the role of bHLH transcription factor in the flower development of soybean, the tran-
scription factor GmAMS gene with typical bHLH domain and its promoter were cloned by RT-PCR using ¢cDNA from the flower
bud and DNA from the leaf of soybean cytoplasmic male sterile line NJCMS5A as the template. Bioinformatics analysis and
spatiotemporal expression analysis of GmAMS gene were conducted. The results of bioinformatics analysis showed that the cod-
ing region sequence ( CDS) of GmAMS gene was 1 716 bp in length, encoding 571 amino acids. Subcellular localization pre-
diction results showed that GmAMS was localized in the nucleus. Real-time fluorescence quantification analysis showed that
the expression level of GmAMS gene in the flower bud of NJCMS5A was significantly downregulated compared with the maintai-
ner line NJCMS5B. Histochemical staining results showed that the GUS protein driven by GmAMS promoterwas mainly ex-
pressed at the early anther development stage. The above results provided the foundation for further study on the biological
function and regulation mechanism of GmAMS gene in the flower development of soybean.
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ik, i 1 = 5™ 2X High-Fidelity Master Mix {5 {4
LT (TSINGKE, Fg 52 ) 914 GmAMS F:PA )5 3+,
PCR &0 98 C A8 2 min,98 CAZM: 10 5,55 °C
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Table 1 Primers used in cloningand qRT-PCR
ElE7) SIYFHI(5'-3") PRI
Primer Primer sequence(5'-3") Product size/bp
GmAMS-F GAGCTCGGTACCCGGGGATCCATGAACATCAGCATGCAACACTTAG 1716
GmAMS-R CAGGTCGACTCTAGAGGATCCACTATGAAACTGGTGCGGGTAGG
GmAMS Pro-F GACCTGCAGGCATGCAAGCTTCTAGTGGAATAAACAATGAAGTC 2096
GmAMS Pro-R TTACCCTCAGATCTACCATGGCTCACCTGAAATTAATAATTGG
gRT-PCR-AMS-F TCGGCATAAGTCAAAGGAAGTAAC 132
qRT-PCR-AMS-R CACGAGGGGTCTTAGTCTCTC
Tubulin-F GGAGTTCACAGAGGCAGAG 189
Tubulin-R CACTTACGCATCACATAGCA

1.2.3 A2 8554 i@id ExPASy ProtPara 7F
AT GmAMS B2 AE o A R

R&5H . ] SMART 3 Bt GmAMS Z 5L 1R )7 1) o
BOAR ST 45 # 38, 38 4 ProtComp V 9. 0 Fil Plant-
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V5 , i VRl 2f pCAMBIA-3301 /AT GmAMS
Ja s+ GUS Fl & 2% 18 ZAR 53 51 i A AR 8 A FF T8
EHAIO05 , 32k 12 1€ 75 %% 46 ' 4= #Y ( Columbia ) 45
[EZE 1
1.2.5 e g &, a0k O ok Ao 5% L
P E T, 8, 288 Jefferson 25 iy 75 1, i 1
X-Glue Fit B4 (1 mg-mL™") % Ty FREEIEH )
B TR RR 301 B9 S A I D R R AR T G 25 i TR R
PSR P T AU e 60,37 CHEEIFE 24 h,
75% WS A5, 2 U, B T OLYMPUS SZ61 {A ¥ i
B T W%, I fft | OLYMPUS DP27 # 4t il 17
I,
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KUY T 3 1k 34 pCAMBIA3301: : GmAMS 3
W (K 2A) , BamH 1 1 Neo 1 X1 46 11F 45 R 55
B 8 F Bl A %5 15 3 /K pCAMBIA3301 : : GmAMS
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M:DL 5000 DNA Marker; 1 —2:GmAMS Fl GmAMS J3sh¥ PCR ¥ & =4y,
M:DL 5000 DNA Marker; 1-2: PCR amplification products of GmAMS and its promoter
Bl GmAMS BEERERBHFZEE
Fig.1 Cloning of GmAMS and its promoter
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pCAMBIA3301::GmAMS pCAMBIA3301::GmAMS Pro

M.DL 5000 DNA marker;1 12 :pCAMBIA3301:: GmAMS Fl
pCAMBIA3301: : GmAMSPro: : GUS #AKFEI IATE ,

M: DL 5000 DNA marker; 1 and 2: Enzyme digestion identifi-
cationof pCAMBIA3301 : : GmAMS and pCAMBIA3301 : : GmAMS
Pro:: GUS.

2 HEWRIEF AL pCAMBIA3301::GmAMS F1

pCAMBIA3301:: GmAMSPro:: GUS K Eg 1158 E

Fig.2 Enzyme digestion identification of plant

expression vector pCAMBIA3301:: GmAMS
and pCAMBIA3301:: GmAMS Pro:: GUS
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Stop condon ™
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PATTHE SN T 5 VAT HE ARG AD DX 5 £ 67 HE : BHLH Z5F358; b5 A BE £ 100 bp,
Black boxes:Exons; White boxes: Untranslated regions; Red boxes: bHLH domain; Scale bar: 100 bp.
3 GmAMS BERZHHRTREE
Fig.3 GmAMS gene structure diagram

Helix1

Basic Loop

RLYNLRSLVPRI s SILGC

GmAMS [Glycine max] < DRI i 56
AtAMS [Arabidopsis thalianal] {LNDRLYALRSLVPRI SILGD 56
CaAMS [Capsicum annuum] NERLYQLRELVPKT JINSTLED 56
CcAMS [Cajanus cajan] NDRLY¥NLRSLVPRISKLDRISTILED: 56
MtAMS [Medicago truncatula] KKLNDRL¥NLRSLVPRISK RIMSTLGD 56
CiaAMS [Cicer arietinum] NOSKNLVAERKRR NDRLYNLRSLVPRISKLDREZSILED: 56
VaAMS |[Vigna angularis] NQSKNLM NDP‘,LY;LP’SLVPPISK DRIASTLGD 56
PVAMS [Phaseolus vulgaris] NQSKNLMAERKRRKKLNDRLY SLRSLVPRISKLDRISTILEGD 56

Clustal Consensus Khogkkhkohkkkohkhhhdhoshhdk hkodhhkhkokghhhhhdhhhbhhky o

IR B F SR N . K, GmAMS, KRH36073. 1; #{# 7+, AtAMS, NP_179283. 2; #fi#§(, CaAMS, AYA60478. 1; K &, CcAMS,

KYP69184. 1; 7%, MtAMS, XP_013470329. 1; JiE 1 5, CiaAMS , XP_004497179. 1 ;2 5., VaAMS, XP_017413235. 1 ;3% &, PvAMS, XP

007142813. 1, 12 F/RHEME XA 5.9 (13 1 HEHR -

Amino accession numbers: Glycine max, GmAMS, KRH36073. 1; Arabidopsis thaliana, AtAMS, NP_179283.2; Capsicum annuum,
CaAMS, AYA60478. 1; Cajanus cajan, CcAMS, KYP69184. 1; Medicago truncatula, MtAMS, XP _013470329. 1; Cicer arietinum,
CiaAMS, XP_004497179. 1; Vigna angularis, VaAMS, XP_017413235. 1; Phaseolus vulgaris, PvAMS, XP_007142813. 1. Red star repre-

sents the S5th, 9th and 13th amino acids in the basic region.
E4 GmAMS 5HEYFEIREEBR bHLH RFEMENE FFIXTLE
Fig.4 Multi-sequence comparison of bHLH conserved domains between

GmAMS and its homologous proteins with other species
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06G29960. 2 ,GLYMA03G41800. 1 #1 GLYMA08G36320. 2

(K6),

OsEAT1 Q7X8R0.2 Oryza sativa Japonica
OsTIP2 Q5JNSO0.1 Oryza sativa Japonica
AtJAM1 OAP08147.1 Arabidopsis thaliana
AtBIM1 Q9LEZ3.2 Arabidopsis thaliana

AtDYT1 ABV21209.1 Arabidopsis thaliana
OsUDT1 B9FXT3 Oryza sativa Japonica

ZmDYT1 ONM24248.1 Zea mays

OsTDR Q6YUS3.1 Oryza sativa Japonica
Zm00001d053895 NP 001334803.1 Zea mays
AtAMS NP 179283.2 Arabidopsis thaliana
Brara.G00319 RID52887.1 Brassica rapa

CaAMS AYA60478.1 Capsicum annuum
Solyc089g062780.1 XP 019070622.1 Solanum lycopersicum
NtAMS XP 016448229.1 Nicotiana tabacum
Gorai.008G036900 XP 012436386.1 Gossypium raimondii
MtAMS Medtrlg112680.1 Medicago truncatula
CaAMS XP 004497179.1 Cicer arietinum
CcAMS C.cajan 08127 Cajanus cajan

A GmAMS XP 025979977.1 Glycine max
PvAMS Phvul.007G019000.1 Phaseolus vulgaris
VaAMS XP 017413235.1 Vigna angularis

5 GmAMS B RGH U1
Fig.5 Phylogenetic analysis of GmAMS
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P9

\_i\
GLYMA18G07960.1
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g5
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7/\\\ E GLYMA13G32360.1
//
/ mGLYMAOBGAlBOO.l
s
N’

GLYMAOBG3632?§ GLYMA16G07850.2

E 6 GmAMS E{EE A ML
Fig.6 Prediction of protein interaction
network of GmAMS
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Table 2 Prediction of cis-acting elements of GmAMS promoter

MR AE e N2l ke
Cis-acting element Core sequence Function
Unnamed__1 GAATTTAATTAA 60K AL AN
MSA-like TCAAACGGT 20 i JE 0 e s A
TC-rich repeats ATTTTCTTCA 9045 M 1 T A
A-box CCGTCC AR T e
ARE TGGTTT DR AR5 5 e e
circadian CAANNNNATC e T AR T
CGTCA-motif CGTCA SRR Y Wk e B T
TGACG-motif TGACG ST H Wi e T
CAT-box GCCACT 53 A HEA A N e
Skn-1_motif GTCAT JRFLFIA T
CAAT-box CAAT Je Bl F RIS SR DR WA F A
TATA-box TATA e SHEIG - 30 bp 24T IR B FOT
Box-W1 TTGACC ELTA 55 0 R T
GT1-motif GGTTAAT S i e
Spl CC(G/A)CCC e BT
MBS TAACTG TR TR MYB 45400 5,
MBSII AAAAGTTAGTTA A Wy L R P A MYB 4545 5
CATT-motif GCATTC 43 R TT 1
I-box GGATAAGGTG HB A3 MR R T
TCT-motif TCTTAC 43 R TS
AE-box AGAAACAA T3 e AR B
Box 4 ATTAAT 2560 0 (R 43 PR~ DNA B
TCA-element TCAGAAGAGG TR 52 IS = P T
LTR CCGAAA ARIRL S S AE e A4
1% Flower clusters %/ Seedlings 2% Stem K AR Silique M- Leaf FF Seed
¥ -
2un_ 2mm 2mm 0| Smm_ 200 pm
358:GUS .
2mm 2om B 2m smm_ 200
’ -
S 7 ,/
AMS Pro::GUS

2 mm

7 WETTARUFRESN

Fig.7 Comparison of histochemical staining in Arabidopsis thaliana
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2.5 GmAMS EREARBRMRIBFRANEFALRA
FR R B i8] 3R 3E S A
FEALZE R/ INKGE RIEMAEZE 3 5 T B (/v
TGN Z DU SR ) 5 T B B (RN 1)
FVERS T B ( —MLAEAR B0, 43 4R BUX 3 4B Bt
(AL ZF B RNA HE17 SER 28 3 8 43 #T. qRT-PCR

1.0 4 i

<o
=)

I
o

0.4 4

y 4
0.044
0.024
0+ v

AR IR K

Relative expression levels

SEHL B R, GmAMS 75 AR % NICMSSA i+ &
NICMS5B fE2F KB 3 BB ¥ Kk, Hrp
GmAMS FTEAEZERFH 1 M1 By Be Rk K E 22 7R
M6 28 K 5 50 T B Y R ak KK 22 573
Z, 7E% W Ky Bt, 5 NJCMSSB 4 L, GmAMS 1E
NJCMS5A H R iRk 0.60 £5 (1K1 8) .

0O NJCMS5A
B NJCMS5B

I

= —
I|| i*
it it

* L RBETE P <0.05 KPAETE R E SR
* s Thereis significant difference at P <0.05 level between NJCMS5A and NJCMS5B.
B8 GmAMS 7 NJCMS5A 71 NJCMS5B 35 % B ARIM BT ESHT
Fig.8 Analysis of expression patterns of GmAMS in flower buds at different
development stage between NJCMS5A and NJCMS5B
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