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Mapping of Distichous Alternate Phyllotaxis Gene in Cultivated Soybean

XU Weidia' LU Jin' GAO Huihui' WAN Mingyue' LI Jiagia' MIAO Long' WANG Xiao-bo'
QIU Li4uan’

( 1. College of Agriculture Anhui Agricultural University Hefei 230036 China; 2. Institute of Crop Science Chinese Academy of Agricultural Sciences/

The National Key Facility for Crop Gene Resources and Genetic Improvement ( NFCRI) /Key Laboratory of Crop Gene Resource and Germplasm
Enhancement ( MOA)  Beijing 100081 China)

Abstract: The distichous alternate phyllotaxis was a plane arrangement of all three compound leaves. In order to provide a
reference for the formation mechanism of distichous alternate phyllotaxis in cultivated soybean ( Glycine max) and promote the
plant type research and molecular genetic improvement of soybean under dense condition this study investigated a distichous
phyllotaxis novel germplasm ( Wanzhonghuang 601) obtained by EMS mutagenesis of soybean cultivar Zhongpin 661. We used
this mutant in combination with the Zhonghuang 13 configuration and investigated the type of Fy plants. And then we
constructed the mixed pools by using Fs decussate alternate and distichous alternate traits respectively and performed the
gene mapping by BSA-Seq method and took on the GO functional annotation analysis. The results showed that the average
comparison efficiency between the BSA-Seq and the reference genome was 94.30% and the average coverage depth was
38.01 x. According to the SNP-index and Indel-index association analysis four regions were mapped on chromosomes 14 and
15 comprising a total of 216 genes. Through GO analysis there were five genes responding to cytokinin four genes
responding to ethylene one gene responding to gibberellin and eight genes responding to auxin. Meanwhile the content of
CTK in SAM ( shoot apical meristem) and leaf segment of distichous phyllotaxis soybean were significantly lower than that of
alternate phyllotaxis soybean as well as the CTK content of SAM in distichous phyllotaxis soybean was lower than leaf
segment however it was opposite in alternate phyllotaxis soybean. These results indicated that the difference of cytokinin
distribution may be an important reason for the formation of distichous alternate phyllotaxis.
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A - Schematic diagram for decussate phyllotaxis; B — Schematic diagram for distichous alternate
phyllotaxis; C — Top view for decussate phyllotaxis of Zhonghuang 13; D - Top view for distichous
alternate phyllotaxis of Wanzhonghuang 601.
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Fig. 1 The phenotypic schematic of plant phyllotaxis
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Table 1 The evaluation of sample sequencing data
GC/% Q30/%
Sample Clean reads Base number Mapped reads/%
B )
80522682 12078402300 39.27 93.27 94.15
Zhonghuang 13( Male parent)
601( )
96495796 14474369400 38.74 93.16 95.22
Wanzhonghuang 601( Female parent)
231508028 34726204200 37.21 92. 64 96. 64
Aliernate bulked poor
278195816 41729372400 37.29 92.73 97.50
Distichous alternate bulked poor
2.2.2 SNP SNP SNP 2 029 370 SNP
o 601 1304 274 SNP 725 096 /
F, BSA 1.80( 2).
2 SNP
Table 2 The quantitative statistics on the population SNP
SNP /
Sample Total SNP Transition ~ Transversion Ti/Tv Haterozygosity Homozygosity
1B )
2029370 1304274 725096 1.80 1813931 215439
Zhonghuang 13( Male parent)
601( )
2155125 1395946 759179 1. 84 513752 1641373
Wanzhonghuang 601( Female parent)
1988146 1276866 711280 1. 80 1776486 211660
Alternate bulked poor
413489 244070 169419 1.44 238881 174608
Distichous alternate bulked poor
2.3 BSA 99% F;
2.3.1 ASNP-index ASNP-index 3.14.15 17
601 F ASNP- ASNP-index 15
index 2 o 4.31 1. 68 Mb
20kb 1 99% 578 217 ( 3o



461

¥ 10{A ,
£ 05 B eidet bog
% 0 ‘ ” k
5 -05 'Eﬁ 1|
X ) o A b 9
& &S

QX
& o

‘WB-SNP-index

S oo
V]
RR-ER=

FIRH H:—~SNP—index 3¢ H H.A:-SNP—index

]
3
T
oy
7
g
N A R T A O N T T N . T TR
N
Y4k Chromosome
A - ASNP-index B - SNP-index ;G- SNP-index
loess 99%

ASNP-index ~ SNP-index ;
A —The ASNP-index fitting graph of the reciprocal and alternate traits; B — The SNP-index fitting graph of the reciprocal and alternate

traits sample; C —The SNP-index fitting graph of the distichous alternate traits; The scattered points in the figure represent the calculated
ASNP-index and SNP-index values; The black curve represents the corresponding fitting value; The pink dotted line represents the threshold
line with a loess fitting value of 99%.
2 SNP-index
Fig. 2 The distribution of SNP-index in the whole genome

3 SNP
Table 3 The statistics of SNP associated region

Chromosome No. Start region End region Size /Mb Gene number in region
3 41435520 45749041 4.31 578
14 36185701 41474926 5.29 77
15 4192 1683933 1.68 217
17 24779 481381 0. 46 47
2.3.2 AlnDel-index AlnDel-index
601 F; AlnDel-index 3 15 2.23  1.88 Mb
3 279 239 o
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A-The AInDel-index fitting graph of the reciprocal and alternate traits; B-The InDel—index fitting graph of the reciprocal and alternate traits
sample; C—The InDel—index fitting graph of the distichous alternate traits; The scattered points in the figure represent the calculated A InDel—index

and InDel—index values; The black curve represents the corresponding fitting value; The pink dotted line represents the threshold line with a loess

fitting value of 99%.

3 InDel-index

Fig. 3 The distribution of InDel-index in the whole genome

4 InDel
Table 4 The statistics of InDel associated region

Peta kg X3 o DCIRZE 1oL AR DX 3ol A DR
Chromosome No. Start region End region Size/Mb Gene number in the region
3 38732057 40961957 2.23 279
14 34545893 37140469 2.59 32
14 38652414 39385564 0.73 7
14 40874059 40891401 0.02 1
15 190788 2072439 1.88 239
5 SNP  InDel
Table 5 The screening candidate regions based on SNP and InDel
Pt kg X BRAR IR DCIRZE L DRI/ DX PRy 35 R
Chromosome No. Start region End region Size /Mb Gene number in the region
14 36231769 36992745 0.76 7
14 38652414 39385564 0.73 7
14 40874059 40891401 0.02 1
15 190788 1690410 1.50 201
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