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Abstract: GmILPAI ( Glyma.11g026400 )is an important gene that controls petiole angle by modulating the
formation of leaf pillow by promoting cell growth and division in soybean. The mutation of GmILPAI can cause
abnormal development of leaf pillow and increase petiole angle. However, whether the polymorphic variations of
this gene in soybean germplasm determines the petiole angle remains unknown. In this study, re-sequencing data
derived from 783 soybean germplasm accessions was used to analyze the haplotype variation of the GmILPAI
gene. Thirty-two polymorphic loci including 13 SNPs and 19 Indels were detected, with a frequency of 1 SNP/
285 bp and 1 Indel/195 bp, respectively. Out of nine haplotypes, Hapl was found to be predominant and Hap3
showed two non-synonymous mutations. The results showed that there were three a-helix differences in the secondary

structure between Hapl and Hap3, whereas there was not detected difference on the stimulated crystal structure.
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No significant difference in petiole angle among different haplotypes was observed. The number of polymorphic

loci and haplotype diversity of GmILPAI were decreased in varieties in relative to the landraces. Collectively,

gained from the genetic diversity analysis, this study revealed a fixation ( bottleneck ) of GmILPAI elite allele in

varieties due to positive selection in the process of soybean breeding.
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Table 1 Basic data analysis of petiole angle of 783 accessions

i A (o) /M) FHIH ) 2 R RH(%)
Location Max. Min. Average SD crv
T3 Top 110.6 17.0 41.0 12 29.2
T Middle 109.9 14.6 40.0 10.7 26.8
JIGH Bottom 99.8 21.7 57.8 12.9 22.3
S Average 104.2 24.4 46.3 9.8 21.2
®2 FETHEZERXES L A M B R(F3), &4 134 SNP I 194
Table 2 Correlation analysis between different nodes Indel ( DNA (3 A/ B2k 58745 ), — % 452 43 3] K
REEVA T3S Sl JEHR

1 SNP/285 bp Al 1 Indel/195 bp; F 1 IF 4 ) [X. SNP

Location Top Middle Bottom

T Top 1 64, G i X SNP A 745 Al 4 75 X Indel H

i Middle 0.601" | AT 2F A 1 Indel/108 bp, g 5 [X. Indel H B A3 K Hy

JEE ¥R Bottom 0.426" 0.584" 1 1 Indel/521 bp, Indel jkéﬁ@gﬂqgﬁﬁﬁﬁféﬁﬁ%gﬂq
"R P<0.01 K 12 R 4.8 1%, TERIIE]H 13 4~ SNP H1,8 > SNP &£ T
"Represent highly significant variation at P<0.01 WEE &> 5 s I = (] (18] i 4t ( Transversion ), 5§ SNP %

AT MR 5 IR 2 1) A 46 ( Transition ), B 46 5 6 4
T RN 1.60 X4t DX RISt DX f AR 5407 5
WEATGETT, G5 SR F U A DX ) A8 S A TG k2 1
o ZHVELE Glyma. 11g026400 K& [H 45 X S rh 12
AT 5340 o Gl X AR A7 8 FE B A FE 3UTR
SUTR PIKES 3 ANE X3, HoAr s 3 i X eAr
SERCNFEE AUFE 4 4 SNP, HiH 2 SRR YRR

2.2 GmILPAIl EEFF &M
GmILPAI 3£ A v F K 5 55 11 4 (R 1 26
1877873~1881580 bp Z [h], H: 421K 3708 bp, HEA LY
¥ S'UTR . 4 NAREF .3 NN 3'UTR 414,
5 —AK BN 1734 bp (TR SEHE ( ORF, open
reading frame ), 4iht 577 PRI .
12 35 R 7E 783 45y R G i o b A ) &) 32 A4

®3 GmILPAl B3 EER T
Table 3 Polymorphism of GmILPAI sequence in 783soybean accessions

SNP Indel A Total
(i K (bp) e ik . S . ES
Location Length ( SNP/bp) ( Indel/bp ) ( SNP+Indel/
Number Number Number
Frequency Frequency bp ) Frequency

4145 Noncoding region 1621 6 1/270 15 1/108 21 1/77
it [X. Coding region 2087 7 1/298 4 1/521 11 1/190
P4 K Complete region 3708 13 1/285 19 1/195 32 1/116

SNP/bp: [F]FEZ A< & SNP B9 M3E ; Indel/bp : [RIFF 28 A B Indel HHINMYAT2E ; SNP+Indel/bp : [AIFF 21N HEA 2 SNP il Indel
AR
SNP/bp: Frequency of SNP in the sequence, Indel/bp: Frequency of Indel in the sequence, SNP+Indel/bp: Frequency of SNP and Indel in the

sequence

2.3 GmILPAI FF 5| 5B 517 T M iS4 GmILPAT B REAAR A

FIF 783 BRI A FM P 25 RAHZ L R HEA T R FLARAE A L B 783 AR A 5 181 1y
G XS I AT A RS S o o A3HT RIS BY AR GRS Y B 45 5 AT 0. TR ALy
76 7> SNP 78 S i i, J Ay o RhBaf /0, 3'UTR A4 B s, 964 15 A1 BT & 12 4> SNP {7 i, 3k
DR B 2 AR SR L 5 3B T IXIAEAE 4 4 41U T 18 R (18] 2A ) Hapl by R ZEEAEAY
A S, S'UTR IKBUAATE | MR i, 7E9#  H v Hap3 . Hap5.Hap6.Hap7.Hapl0, Hapl4
HfE R Hapl SRRSO e, 20 773 s HA R, SR A AR A
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ANNO UTRS UTRS NONSY | NONSY SYN SYN SYN SYN UTR3 UTR3 UTR3 UTR3
POS 1877912 | 1877957 | 1879933 | 1879934 | 1880165 | 1880806 | 1880968 | 1881151 | 1881483 | 1881488 | 1881526 | 1881543 |Cuigivates Wild | Sum
Hapl AA €E GG AA i AA GG CE GG T AA GG 773 132 | 90s
Hap2 AA AA GG AA T AA GG cc GG T AA GG 2 0 2
Hap3 AA cc T GG T AA GG cc GG T AA GG 1 0 1
Hap4 AA cC GG AA CcC GG GG CC GG vy AA GG 2 1 3
Hap5s AA ccC GG AA cC GG GG cc GG gy gy cc 1 0 1
Hap6 AA cC GG AA T GG GG cc GG gy AA cC 1 0 1
Hap7 AA cC GG AA e AG GG CC GG Ly AA GG 1 0 1
Hap8 AA (efc! GG AA iy AG GG (efe! GG gy AA cC 1 1 2
Hap9 AA cc GG AA i AA GG cc GG i AA cc 1 1 2
Hap 10 GG cC GG AA ™ AA GG cc GG gy AA GG 0 1 1
Hap11 AA CE GG AA cc AA GG cc GG i AA GG 0 3 3
Hap12 AA GG GG AA CG AA GG cc GG i AA cc 0 v Pl
Hap13 AA cC GG AA cC GG GG CC GG gy AA cc 0 2 2
Hapl4 AA (efc! GG AA iy AA AA CC GG e AA GG 0 1 1
Hap15 AA cc GG AA ™ AA GG ™ GG ™ AA GG 0 21 21
Hap16 AA cc GG AA i AA GG T GG T AA GG 0 2 2
Hap17 AA cc GG AA i AA GG cC ™ T AA GG 0 3 3
Hap 18 AA GG GG AA i AA GG cC GG cc AA GG 0 6 6
C D
021%. 021%0.42% 0.21%0 219 1.56%
i 021%
Hapl  © Hapl5 Hapl Hapl
“Hapl2 * Hapl8 Hap3 ® Hap2
®Hapl7 ®Hapll Hap4
Hapl6 ®Hapl3 Hap6
72.93% EHapl4 = Hap4 ¥ Hap7
. ®Hap8  ®Hap9 L 98.54% ® Hap8 98.44%

\_/ =Hap10 v ® Hap9 v

Az 964 175 (783 USARBE SR 181 SEFATT ) 11 ARBEAMIRI AT GmILPAL JER BA5H) ot ANNO SR 85— 1790 3 B, UTRS Al UTR3
AR UTR XIRALE, NONSY FoRAER LIERLE, SYN R [A] LA 5 POS Ry 5
B~D: 964 f FAAREAAT R EF A 5 (B ) M 77 it Fh ( C ) EE AR (D) AR 2B AR T ¥ o3 A
A: 964 natural population materials ( 783 cultivated varieties and 181 wild soybean ) were used to analyze the GmILPAI gene haplotypes. Among
them, ANNO represents the sites annotation in the first line, UTRS and UTR3 are the UTR region sites of gene structure, NONSY represents the
nonsynonymous mutation sites, SYN represents the synonymous mutation sites, POS indicates the physical location, B-D: Quantitative distribution
of different haplotypes in 964 natural population materials of wild bean ( B ), landrace variety ( C ) and breeding variety ( D )

B2 GmILPAI EEREEINHT
Fig.2 Haplotype analysis of GmILPAI gene

ST AE S M R R E AR ROAEISE AL SR T EA AR, SRR 141 R
RUPAERVBGE AT, S5 3RW, Hapl 7E 3 P2k &RZE N s &R, 5 142 Ab e se &R 78 WA TR
IR BEIE A BT 7 L i K, o A (E 2), (B 3). AT W58 ik DR A B rh g R ] S
BY AR O A RIRR S 13 B, RS 7 R e SRR AR IS R 145 M 192216, R Phyre X Hapl
A A HAT 2 Fh, B R DY AR S SRR S 1 Hap3 #4788 1 —Z 250 F = G 25 /b Tl
FAAERL T R AEE  RRAR , HE— 2BU] T GmILPAT % [H 4 K 3708 bp, Hrft CDS X 4 K
A G BT AP R AR A 28] 1734 bp, iR g B R 577 IR RR B & T
T W, G R 4 DE5EL, 14> APC-8 5451, 2 4
2.4 GmILPAI EF Hapl #0 Hap3 §IFE 5 £+l VO Ik = K H 27 5 45 F4 38 FT 1 > Tetratricopeptide

9 Fh S AR Hapl M R ZECEIRA) FE A% repeat 2544348, 437X Hapl Fl Hap3 Zwtis 1) &5
A, 5 Hapl #H L, Hap3 A 2 NE[R L 48 SNP i 4T &5/ il , 45 2 32 B, Hap1 2RI H
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ARG R K HEAE APC-8 ISR [, 2 N E A
3 o MBS E LA 25 5, 3l AE SR 24~25
FIERAL 5 74~78 EFEMRAL 56 121~153 F JEMR Ak

130 140 150

Y o BRI RE S R TR, ke 2z Sl g TR
[] SR G B R IR 7 51 A2 AL 5 1B AY (5T 4 ),
5 T RATHANRIIE , 2 Bl R = AT TR A
JUF—2, U] Hap3 5477 2 AR [R] CRAEfL A5 5 |
AL (1Y) 28 SRR A A T U 1 B s R 25 R A2 A

160 170 180 (aa)

SNRISVF LRCHALY LAGEKRKEEEMYE LEGP LGKSDAVNHELVSLERELSTFRKNGKVDPFCLY
ISVNYESVF LRCHALYLAGEKRKEEESMELEGP LGKSDAVNHELVSLERELSTFREKNGKVDPFCLY

3 GmILPAl EEFNEERREM R
Fig.3 Two amino acid mutation sites of GmILPA1 protein

A |MSSKESCRSELRI Al RQLSDRCLfY

C

? Disordered
A% Alpha helix ( 68%)
Beta strand ( 0%)

A: Hapl SRVt A A 1 T — 202548 ; B: Hapl ZEAIGntth 2k (A A 0000 =2 2544 5
C': Hap3 ZSHU% it 85 11 A TI0I — 245440 ; D= Hap3 ZEA 2t 45 111 A 000 =25 45 1)

A': The predicted secondary structure of Hapl type protein, B: The predicted tertiary structure of Hapl type protein,
C: The predicted secondary structure of Hap3 type protein, D: The predicted tertiary structure of Hap3 type protein
B4 GmILPAl AfEEE B &M
Fig 4 Structure prediction of two types of GmILPA1 protein
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Fig.5 Distribution of petiole angle in different haplotypes
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