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Abstract: AGLIS5 is a member of the MADS ( MCM1-AGAMOUS-DEFICIENS-SRF) gene family. MADS proteins regulate the
accumulation of storage substances in plant seeds by binding specifically to cis-acting elements of downstream gene promoters.
To verify the function of AGLI5 gene in soybean, eight GmAGLI5 mutants were screened from My of ZP661 mutant induced by
EMS with TILLING. Ten mutation sites were detected, six of which occurred in the coding region of the gene, resulting in
changes in amino acids, and four occurred in the intron of the gene. One SNP changed from C to T at the 54th base of the sec-
ond exon, and mutated the 79th amino acid from alanine to valine. Five SNPs occurred on the 112 base of the sixth exon,
which changed the base from T to A, resulting in the mutation of the 568th amino acid from leucine to methionine. The muta-
tion frequency of soybean GmAGLIS5 was 1/805 kb. The protein or fat contents of five non-synonymous mutants and one intron
mutant were significantly different from those of wild type ZP661. Allelic variation found in this study is helpful to elucidate
the mechanism of GmAGLIS5 in soybean seeds and provide valuable germplasm resources for soybean genetic improvement.
Keywords: Soybean; Transcription factor; AGLI5; EMS; TILLING
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REIAFIK G 1) 5 A8 ARG 3 v, FH EMS Al NMU
B RAME T K5 Forrest fil Williams 82 2875 {4
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APRFE G R i 661 My #RFR . T = H & I
$RHL DNA KR TT AGLIS JEPR (At5g13790) BT 4ty
(B R P A AE R 2 2% FE R A 8 1 Soybase th
JEAT Blast Fp 91 beoxf, 48 R HAE R G by [R] L
AT RGE ARG 73 B Bz AL P B9 4 e
S, i 5 TILLING ¢ A i 4 58 7248 A3 st A1 58 A8 B
Pk, TILLING # i i AdvanCE™ FS96 ( Advanced
Analytical Technologies, USA) 5g i, T B I] 54K
AR PRFIEF A= BURR R 19 32 2R 2R A PR AR
i SPSS 19. 0 Bff T K46 3 A B A= AU 55 52 A2 (R 1y
RS
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1.2.1 REHA AGLIS AW 6y Z st otr  H
FH MEGA 6. 0 B f4F 3547 1 K R GE Ak 23 B , kAL A
A FE E5f 15F Neighbor-joining J7 7%, I %€ bootstrap {H
A1 000, F- BB AT 5 B2 /N T 70% RO, i 1 K
GmAGLIS5 3N

1.2.2 GmAGLIS ¢4 #13Fml  1E Phytozome {45
J ( http ://phytozome. jei. doe. gov/) N 2, GmAGLIS
SR P 51, I Z AL R e 51 45 i 22 NCBI 4
JE ( https ://www. ncbi. nlm. nih. gov/biosystems/) [
Protein Blast §1, 2 3% GmAGLIS [ 45 .

1.2.3  GmAGLI5 # S+ 3| 4% it NCBI £ ¢
N4 GmAGLIS 1) DNA J¥ 41, I L P 91 S AR A
F Primer 3 ( http://bioinfo. ut. ee/primer3-0.4.0/)
BB, LU i AR, Bl iR T AEY)
T B B,

1.2.4 DNA $2HL 3 —1tFfe 8 453 DNA 9 & 5
S/ Btk DNA Y4 HCR I CTAB 16 3l i 730 6o B
TH BB 8 B FEL VKR DNA (%) Jo i I B, I8¢
DNA Ve R B %5 40 ng-pL™"', A} 8 4287 {& DNA
IRA, et EE 200 4~ 8 fi5 DNA i,

1.2.5 PCR ¥ ¥ AR MK TE4  FIH
GmAGLIS JEPfRe S5 | S A Y 8 8 DNA bt
7 PCR 744, PCR A0 1 wL DNA(40 ng-pl ™)
5 wL 2 x KOD Buffer.1 L dNTPs.0.1 L KOD Fx
BE 1 WL 514 H 1.9 WL KK PCR 9 4827 0«
95 °C 3 min;95 °C 30 5,62 °C 30 5,68 °C 1 min,4 4~
TEER, B0 PR JCilh B FE AR 1°C ;95 C 3 ming
98 °C 10 5,58 °C 30 5,68 C 1 min,45 EFF;68 C
5 min,99 °C 10 min;70 C 20 s,70 AEFF , 43 AEER
FEAIK0.3 °C,

1.2.6 CEL 1 B4 R & Bsdn -+ CEL 1 B4
PRI 52% Jiang %2, WIAR 2 pL PCR 7
¥.0.6 pL 10 x CEL 1 Buffer, 0.2 pL CEL 1
3.2 pL H,0 V) 551 : B DI IR BE 45 °C, g DI I ]
15 min, B§VIRV LSRG B 3 pL 0. 25 mol-L.~"
EDTA 2 1}

1.2.7 REREHRMNFHIERR LIMFENH  PCR
P ZE L v il A RN G 5 M S TR IS IR RS A%
MR31 4 DNA M A 7E SNP, I S5 5 BUE A% 1R 73
TR S A RO , A AT LR S U T DI
FEBCHEERY CEL 1 REgX; PCR =Yy it 47 Mg U1 SO, i
J R FH 72 50 4 v 1 B 40 A 58 I H Yk A ( Advan-
CE™ FS96) 6l # Y] %1 ) DNA J Bt TILLING fii
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dk/services/ChloroP/ ) il il 2 FEM2 %) IV 41 i % 17 , 7]
F  ProtScale ( http://www. org/ cgi-bin/
protscale. pl) J} A 2 HERR 7 51 3 K M ALgE K P , A1)

expasy.

NetNGlye ( hitp;//www. cbs. dtu. dk/services/NetNG-
lye/ ) TN 2 BE R TE I BEIR AL A
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Fig. 1
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5032 bp, 156 NMMEFAS MHT T LG
TR A 8 G5, 43 501 S 0L R I [R5 HE 2
F GLABRA2 [¥) C %fifig i 45 5 2 Ui 3k START _ Ar-
GLABRA2_like . START %& {4 35 . [7i] VB HiE 2% #4 4%, Ho-
meobox .5 5 HAZ AW E K& B o B G SR s 4
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Phylogenetic analysis of AGLI5 gene
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Fig.2 Structure domain prediction of GmAGLI5
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2.2 RTIKEHE (http ://bioinfo. ut. ee/primer3-0.4.0/) ¥ il 9 Xt F
2.2.1  GmAGLI5 31 4%+t FIJH NCBI %45 2 BN 600 ~ 1200 bp (945 5 PE5 14, LI 6 %
( https ://www. ncbi. nlm. nih. gov/biosystems/) T % ANFEE(K3)

GmAGLI5 1 DNA J#51, PLH AR A Primer 3

5 Sk FRHE P 7 1) 5 FRAE PR FIHE LR 0 2R BE D A B N & TR S [ 0 3 A B
Pl ~ PO RIRAIFMT19
The arrow indicates the direction of gene; Black frames, black lines and dotted lines represent ex-
ons, introns and the amplified fragments of primers, respectively; P1-P9 represents different primers.
B3 GmAGLIS 5|9 R BEERSH TR E
Fig. 3 Location of fragment amplified with GmAGLI5 primer in gene structure
2.2.2 DNA 427 % DNA by 780K DNA - gt JEAE 200 4> 8 {7 DNA . BrOUlR B BE L L Ik
MHE R CTAB ¥, R 540 0 06 BE TR S5 WO, DNA K IR LS 19 DNA 77 2518 I G 3 fi
1 60017y DNA JF e , 246 01 DNA JFORAG U (1&814) , & DNA i 84y, ol LUH T TILLING fi
500 ~2 000 ng-pl ™' FIRZE KK DNA J5fke 5B,
FERREZ 40 ng-pl™' & 8 (3 FFEJS (19 DNA JR2)

A:DNA BEW; a ~ h 23 00 AR SR A [] 58 748 fAC BBk 1K) DNA; B2 DNA 3tis i ~ p 23 AR TR 9
DNA L,

A DNA solution; a-h represent the DNA of different mutants; B: DNA pool; i-p represent different
DNA pools.

B4 IRAsHEEER ARk DNA &
Fig. 4 Determination of DNA quality by agarose gel electrophoresis
2.3 TILLING #{AR#i%& GmAGLIS SREEREME  ARILEHI 8 X1 CmAGLLS J7ERIIEFY] 267
S FUrp S SRR il R D) 260 R/ — 2, I 5 AR
2.3.1  GmAGLIS REARM MRk KA GmAGLIS (ARG, miA e FE N i [R)— Ak (181 5) .
[ 9 X5 ¥%; DNA W47 PCR §" 1, TILLING $¢

1066bp

671bp

395bp

a.b.e.d e f, g h 435 IR &AL K 16M0097 . 16M1423 | 16M3052 , 16M3121 , 16M4328 |
16M3326 ,16M1187 Fil 16M4862

a, b, ¢, d, e, f, g and h represent mutant of 16M0097, 16M1423, 16M3052, 16M3121,
16M4328, 16M3326, 16M1187 and 16M4862, repectively.

BS5 REFHERERKEXE

Fig. 5 Capillary gel electropherogram of mutants
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2.3.2 REBIKREEMESH  FIH LA PCR {
F NP1 o Y 28 BBk DNA J5, % PCR
FERIHEA TN . %522 10 S5RAR 1, X BB ZAR
RORA T 8 NRAK, L 6 AR L2 AE (R
2ANE TR, L5 6 Fhepfial, Hrp o 4
SNP {3 T3 H 971 BT, 31X 6 4~ SNP 4324 2 Ff s f%
R, 53 5 R A - B 5 236 fif Sl C B T
(16M4862) Fl4f 568 s T 48 H A (16M0097 |

16M1423 _ 16M3121 , 16M4328 il 16M3052); 4 4
SNP {37 T A & F, 3% 4 A4~ SNP 430 4 Bl fs
RPN & F RS2 171 A 2228 G
(16M1187) ,452 929 Ay C 25y A, 453 028 (i
BAEER T 424 A (16M0097 ) FN553 216 (i ik i G
253 A(16M3326) . H:rh e 78 fA 16M0097 16 GmA-
GLIS LA 3 ANRAEL, o nlh 1 AR RS 2
ARG5S X I (1 6) .

o .,

ﬂ\u.%@‘ “\\\*" @\4_,3‘1'“ N “%&V’\‘J-"g\&‘p“'%
Ao AS O RN

FRHET Sk FRFE P 7 1] 5 AR FIRE 2 70 3 FROR AN BT RN & 5 P FRR R 5 5 4
FoIR GBI AEHE PR SR v ) Ay A
The black arrow represents the direction of the gene; Boxes and lines indicate exons and introns;
The numbers indicate the mutants; Hevertical lines represents the physical position of the mutation sites
in the gene structure.
6 REBRREMUAEEEFUHAYELE

Fig. 6 Physical position of the mutation sites in the gene structure

HRH SNP (81550, GmAGLIS 1R 58 ff A rh
(2755528 21/ (1 600 x 5. 032 kb/10) =1/805 kb,
Horp T > A ARAL A0 | g 3L A8 1k R 60% , C >
TA>G.C>A FlG>A A& g 3L A8 4k 5
B 10% . 2875 K 16M0097 . 16M1423 . 16M3052 |
16M3121 F1 16M4328 (#5845 v/ 1 F1 5 AF A AU AH ],

Y5 1, GmAGLIS YRS iy 190 {37 4 JL % 1h 2 & R A Hy
AR 2271 16M4862 [¥) 79 v 44 HLMR Hh N &R
AR AR , % SNP A4bF 3K RecF Z5 b3 (£
1) o HEMZAN S5, 0 B 35 A2 16 7T 58 X 35 P 1) 18 1) el
ESIIRIPNI AT

*1 GmAGLI5 BRI SHIEEITW

Table 1 Base change in the mutation sites
AL S X3 & TR fL E=R LI A IR
Number of mutants Region Position Change of base Position of amino acids ~ Change of amino acids
16M0097 Ak 5F 568 T>A 190 L>M
16M1423 T 568 T>A 190 L>M
16M3121 T 568 T>A 190 L>M
16M4328 T 568 T>A 190 L>M
16M3052 T 568 T>A 190 L>M
16M4862 T 236 C>T 79 A>V
16M0097 SRR 2929 C>A - -
16M0097 WET 3028 T>A - -
16M1187 WET 2171 A>G - -
16M3326 W& T 3216 G>A - -

“T>AFORTEEN T RAE R A L > M FoR e @R N ERAR . T,

‘T>A’ represents the base mutated from T to A; ‘L >M’ represents that the Leucine changed to Methionine. The same below.

2.3.3 RELELEGEDREEF N L2 WL
R GmAGLIS Fitt i 3 F A & B I, HE
SEPEBUKE i EH A 12 M2ZE R T A9
AR 1 AR AR AL AL o 2 R A A

RAR N5, 1 0 A0 E A7 S5 L LB TG R
TEAE RO AL AR A S LR g s AR A B 258K
B 8P e s Y S BN S RIS TV S S
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Table 2 Bioinformatics prediction of mutation sites

B RIS IR I A SEHLR FIKFRE P REEE F WRRRAL LR

Material Position of Change of Subcellular Isoelectric Hydrophilic ~ Transmembrane  Phosphorylation
amino acids amino acids localization point coefficient structure site

7P661 - - Other 7. 64 -0.426 0 12S8/7T/1Y
16M0097 190 L>M Other 7.64 —-0.435 0 125/7T/1Y
16M1423 190 L>M Other 7.64 —-0.435 0 128/7T/1Y
16M3121 190 L>M Other 7.64 -0.435 0 12S8/7T/1Y
16M4328 190 L>M Other 7. 64 —-0.435 0 125/7T/1Y
16M3052 190 L>M Other 7.64 —-0.435 0 128/7T/1Y
16M4862 79 A>V Other 7.64 -0.442 0 12S/7T/1Y

GmAGLIS B Sty 8 1 BT i — R A5, o B2
WE i 46. 54% | JEEE 5 23.5% ,B i ff 5 8.29% ,
TCHLN 4 M 5 21. 66% ; 16M0097 45 5 {5y 52 A% A iy
55 190 {7 Z IR i1 52 J IR AL W R ARG, 5 o 1B
TEHG N 0. 46% |, JE A HEAL /1 0. 46% , B % £ F TC
T VA A5 Ak 5 16MA862 YA 79 v Z HEMR i T 4
FR7S A AR 5 , BB Fe MG 0. 46% , Jo LI
B 0. 46% , o BRTEFIAE S 15 A 254K
2.4 REEHEMRBESH

ISR A 1) 3% TR0 WL 5 R0 2% Pl RS 3 A 2 1]
Z8 A5 fA& 16M0097 , 16M1423 | 16M3121 . 16M4328

16M3052 F1 16M1187 fy ok i 1 fik 25 Ik T~ B A Y 5 28
A5 K 16M0097 ., 16M1423 . 16M3121, 16M3052 .
16M4862 F1 16M1187 () £ [ it 7 & 5 B A= AUAH [k
e % Pk 25 5 8 A8 & 16M4862 , 16M3052 Fil
16M1187 [fg 7 & & 5 B A= AR b 25 59 o 3 28 A%
K 16MA4862 (1) FRLIR A B A= BUAH LL 1 35 A1 52
A 16M0097 . 16M3121 F1 16M4328 (1443 i % i 3
KT EF A, 2825 K 16M0097 . 16M3121 il 16M3052
() SRR B G S IK T B AR AR 98 AR iR 16MO0097 FHI
16M1423 [y E ki B E L TEAERI(FR3) .

R3 REEEFHSN
Table 3 Field phenotype of mutant

- Hii N o T FRE ERAREE N
Material Plant height Pod number  Branching number Seed weight 100-seed Protein content Fat content
/cm per plant/g weight/g /% /%

ZP661 146.7 £2.9 105.7 £2.6 7.0£1.0 37.1+1.4 19.1+0.5 40.6 £0.4 20.6 0.2
16M0097 108.7+1.2* 104.7 6.6 2.3+0.6" 25.1+4.0" 15.1+0.6" 35.6+0.1" 21.6 +0. 1
16M1423 110.7 +1.2* 112.3 +6. 1 6.0+0.0 32.3+5.8 15.7+0.3" 38.6+0.5" 21.4 +0.1
16M3121 127.3 +4.6" 97.0+2.2 3.3+0.2" 31.5+2.0" 17.4 0.4 38.1+0.1" 21.4 +0.2
16M4328 123.7+1.2" 103.7 4.1 4.0+£0.17 34.4 +6.1 19.1+0.5 38.9+0.2 20.2 +0.1
16M3052 121.7+2. 1" 100.7 3.0 5.3x2.1 30.6+1.1° 16.7 1.2 36.2+0.3" 22.3+0.3"
16M4862 148.0+1.7 93.3+4.1" 7.0£1.0 34.9+3.4 17.0+1.5 43.9+0.3" 18.3+0.3"
16M3326 141.7 £2.9 118.7 £4.1 9.6x1.5 41.2 £4.4 20.0 +0.2 39.5+0.3 20.4 +£0.3
16M1187 93.3+2.9"7 99.0 £5.5 6.6+2.1 32.7+3.5 20.2+1.0 43.7+0.6" 17.4 £0.4~

*FIRTE P =0.05 KV FERRE,

*indicates significant difference at 5%.
300

JS2 1) % 2 oo 2 08 1) 1 B2 A PR R A —
AR AR S B AR o AR, BT 58 AL AR 1Y
S S REHR e R 77 98 A S K 2 Bk
Z o N T RO A Z IR AR S AL

AV N 5 A2 R M, AW H 284 i 47 2 A0 i
TEZ My, {H IS AR TR AR B 3G I AN SR A i) 07 6 4R AT
RESPRAUHE R iy 2 A8 i 3, A, A 338 vp TILL-
ING 35 M BERASE501/805 kb [ 58 45 55 R AKX T
Cooper 257! 1 Anai'™ 3 3 TILLING i1k M, 28748
HEARTSRIAY1/140 kb F11/330 kb Ay ZEAEMH
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H A, XF AGLLS X 46 () I8 3= LB 78 38 0 IR
AT B AGLLS sl R 1A K & 7 i
PIR B R BB ST 4 Chen 2650 BIF 5% % LK I
AGLIS ()35 ] LU b1 iz, 2B AGLIS m] L)
JEPEAE W) R0 11 R 7 B ; Wang 257" % L7 100 /g
Jr LI AGLLS xRt DTAL 33k Ji] DTA2 1
ik IR B AR R, B AGLIS F]
DLl 5 T L R Ay S 2 A 0 O =X DR s R
AR I AR & &, JF e A F AR K A E T
B R EEEAEH.

AHBFFEFF TILLING 3% 4 8 4 GmAGLIS %
K IR T GmAGLIS TIRe o8 Hs (L oe i, 248
KRB R TR . GmAGLIS 5 AGLIS (/)% H T RE
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