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Abstract 
 

Biological nitrogen fixation ability of soybean is depending on the nodule traits. To identify QTL that underlying nodule traits 

by the chromosome segment substitution line (CSSL) (Sunong14×ZYD00006, n=160) and the recombination inbred line (RIL) 

(Charleston×Dongnong594, n=150) in the field condition at the same time. 121 simple sequence repeat (SSR) markers in 

CSSL and 5,308 specific length amplified fragment sequencing (SLAF-seq) in RIL were used to construct genetic map. 

Nodule traits were evaluated in the field trial. QTL underlying nodule number, nodule size, and nodule dry weight were 

analyzed. There were nine QTLs were found in CSSLs and these QTLs were located on (LGs) A2, C1, D1b, I, K, and L, 

respectively. A total of 14 QTL were identified and mapped on six different LGs A1, A2, D1b, E, I, and K in RILs. 

Interestingly, both CSSLs and RILs had the same cluster of QTLs on LGs D1b (chromosome 2) and I (chromosome 20). 

Focus on these two loci, we compared the genomic substituted region of special lines in CSSL and the SLAF markers of RIL, 

then we narrow down the Confident region to ~320kb and ~330kb, respectively. And the QTL confident region located on LG 

K (chromosome 9) was narrow down to ~540kb. Eight, 28 and 41 genes were found in these three confident regions, 

respectively. Three candidate genes Glyma.20g106800, Glyma.09g183800, Glyma.02g190100 could be used for further study. 

These results could supply strong candidate genes for soybean-rhizobium interaction. © 2018 Friends Science Publishers 
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Introduction 

 

Nitrogen is the most important limiting factor for crop 

growth, usually provided by the use of chemical fertilizers, 

but it has a great cost to farmers and has a potential adverse 

impact on the environment (Zahran, 1999; Purcell, 2009; 

Islam et al., 2011). Soybean Glycine max (L.) Merr., can be 

obtained by biological nitrogen fixation and can be 

improved based on biological nitrogen fixation, inorganic-N 

or both (Coale et al., 1985; Rondon et al., 2007; Kumudini 

et al., 2008; Santos et al., 2013). Biological nitrogen 

fixation is mutually beneficial: although bacteria provide 

nitrogen sources for the growth of plants, plants provide 

carbon sources for bacteria survival (Santos et al., 2013). 

The nitrogen fixation of the rhizobium of soybean could 

reduce the amount of chemical nitrogen fertilizer, but 

also keep the soybean yield and reduce production cost 

(Hussain et al., 2011). Therefore, it is necessary to clear the 

gene locus underlying symbiotic relationship between 

soybean and rhizobia. 

At present, biological nitrogen fixation applied in 

agriculture has aroused wide public concern (Burias and 

Planchon, 1990; Sinclair et al., 1991; King and Purcell, 

2001; Tanya et al., 2005; Nicolás et al., 2006; Hwang et al., 

2014; Scheifele et al., 2017). By the detection of identified 

QTLs support that the number of nodules, weight and 

quantity of the nodules directly affected the yield of the 

seeds (Greder et al., 1986; Burias and Planchon, 1990). 

Only a few studies are based on quantitative trait loci (QTL) 

analysis of the nodules of the soybean with genetic mapping, 

and the use of markers on the linkage group is also limited 

(Santos et al., 2013). 

For example, only 45 simple sequence repeat (SSR) 

markers was tagged in QTLs underlying nodule number and 

nodules weight utilized a single strain of 160 F2 population 

(Nicolás et al., 2006). Tanya et al. (2005) used 85 SSR 
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markers in the F5 population to evaluate the correlation 

traits of 136 recombination inbred lines (RILs). Even 

though many traits of nodules QTL was identified, but 

the linkage group they used is not a complete genome 

covered and only based on the single marker analysis 

(Tanya et al., 2005). Santos et al. (2013) used compound 

interval mapping to analyze the QTL of nodule number 

and weight of 157 F2:7 population. Only 50 percent of the 

genome was covered by 97 SSR markers. Most of the QTL 

location of nodule trait was completed in the greenhouse 

condition, only few experiment was completed in the field 

(Hwang et al., 2014). 

In soybean, several genes derived from QTL 

underlying nodulation have been described. These genes 

including gene Rj1, Rj2, Rj3 and Rj4, then Rj1 is a recessive 

gene as spontaneous non-nodulating mutant (Williams and 

Lynch, 1954). Rj2, Rj3 and Rj4 have the function of control 

the host specificity (Caldwell, 1966; Vest, 1970; Vest and 

Caldwell, 1972; Htwe and Yamakawa, 2017). The non-

nodulation ability of the gene Rj5 and Rj6 (Harper and 

Nickell, 1995) has been identified by chemical induced 

mutations and corresponds to the same sites of the Rj1. 

Chemical mutagenesis also produced supernodulating 

mutants (Rj7 and Rj8) (Vuong et al., 1996; Santos et al., 

2013). Since then, there has been less research on the 

regions of genes that underlying biological nitrogen fixation 

(BNF) in soybeans. In soybean only Rj2 and Rj4 were 

cloned based on the genetic location (Yang et al., 2010; 

Tang et al., 2016). In other legume, such as pea and 

common bean (Phaseolus vulgaris L.) also were used to 

identify the QTL underlying nodulation ability (Nodari et al., 

1993; Tsai et al., 1998; Bourion et al., 2010). So that it is 

helpful to use QTL find the pivotal gene relate with 

symbiotic traits.  

In soybean, there are still few genetic was found for 

underlying symbiosis establishment. In this study the QTL 

underlying nodulation relative characters would be detected 

via two high generation genetic populations in the field 

experiment. As the nodule phenotype between the two 

parents of RIL and chromosome segment substitution lines 

is different. We wish to use this two population in the same 

time to locate the QTL underlying the nodule trait. Then the 

overlap interval appeared in two populations was further 

compared by high density map, which constructed by the 

specific length amplified fragment (SLAF). Two 

populations used in the same time could detect more QTL 

information in the same time, this is helpful to identify the 

same location region in different genetic map. Although the 

plant grown in the field versus a greenhouse are likely quite 

large, some novel information could also be found. In the 

same time the wild soybean (Glycin soja) genetic 

background would helpful to find some novel locus which is 

not found in normal populations (Glycine max (L.) Merr.). 

This work would find valuable candidate genes underlying 

soybean nodulation character, this is important for 

molecular mechanism understanding of symbiosis. 

Materials and Methods 
 

Genetic Populations Used in this Study 

 

The recombinant inbred line RIL population used in the 

study (C×D, n=150) was derived from two individual lines, 

‘Charleston’ and ‘Dongnong594’ (Chen et al., 2005). The 

high density genetic map was constructed by the specific-

length amplified fragment sequencing (SLAF-seq) (Qi et al., 

2014). A wild soybean chromosome segment substitution 

lines (CSSLs) including 160 lines has been constructed (Xin 

et al., 2016). In these lines, different chromosomal segments 

of wild soybean ZYD00006 (Glycine soja Sieb & Zucc) had 

been substituted into the genetic background of Suinong 14 

(Glycine max (L.) Merr.). 

Two populations and their parents were planted in 

Xiangyang crop breeding base of Northeast Agricultural 

University (45.75°N, 126.53°E) in 2017. Each line was 

planted in row with 5 m long, the row space is 0.65 m and 

the seed interval is 5 cm. The management method was the 

same as the general field (Zhang et al., 2018). 

 

Trait Evaluation 

 

Two months after soybean germination (V10-V13 stage), 

phenotype of nodule traits was evaluated in all RILs and 

CSSLs and their parental lines. The nodule traits including 

nodule size (small nodule number (SNN) (diameter ≤2 mm), 

big nodule number (BNN) (diameter > 2 mm), total nodule 

number (TNN) and total nodule dry weight (NDW). Five 

plants were randomly selected for each row of each plot of 

each line and the parents of populations were digged out 

from the field carefully to detect the nodule traits. The 

average phenotypic value was used for QTL identification. 

For the evaluation of nodule dry weight (NDW) was tested 

after treatment in an oven at 65°C for 48 h. 

 

QTL Analysis 

 

The nodule traits mapped in the RIL and CSSL population 

were SNN, BNN, TNN and NDW. QTL mapping and 

estimation of their effects were generated by the method of 

composite interval mapping (CIM) using the software of 

WinQTL Cartographer (Wang et al., 2005). The control 

marker number and window size were 5 and 10 cM, 

respectively. A walk speed of 0.5 cM and the forward 

regression method were selected. LOD score peaks greater 

than 2.5 indicated the existence of QTL for all four nodule 

traits reported in this study. The exact method following the 

known protocol (Brensha et al., 2012). 

 

Genes Identification in the Confident Interval of QTL 

 

The identification of genes located in the QTL regions was 

performed as described method (Qi et al., 2014; Xin et al., 

2016). The overlap region between the location of RIL and 
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CSSL was compared, and narrow down by the SLAF 

marker. Then the genes found in the overlap region were 

annotated by the reference genome of Willams 82 

(www.phytozome.net/soybean).  

 

Results 

 

Phenotype Analysis 

 

Means, standard errors and coefficients of variation of RILs 

and CSSLs were calculated for all phenotypic nodule 

presented in Table 1 and Table 2. There is significant 

difference in the nodule number and nodule dry weight 

between Charleston and Dongnong594, Suinong14 and 

ZYD00006, respectively. The phenotype of nodule number 

in RIL all lines are more than Charleston, then the 

phenotype of nodule dry weigh all lines are similar as 

Dongnong5694 (Table 1). The phenotype of nodule number 

in CSSLs all lines are more than the parents, then the 

phenotype of nodule dry weigh all lines are also more 

than the parents (Table 2). Frequency distributions of 

nodule trait were shown in Fig. 1 and Fig. 2. 

 

QTL Mapping 

 

In soybean C×D RIL population, a total of nine QTL for 

number of small nodule (SNN), number of big nodule 

(BNN), total of nodule number (TNN), nodule dry weight 

(NDW) were identified on six different linkage groups (LGs) 

(Table 3). The LOD scores of identified QTL ranging from 

3.0 to 6.0 (Table 3). Two QTL were identified for SNN: one 

located on LG D1b (chromosome 2) (qSNN001) (Fig. 4) 

and another located on LG C1 (chromosome 4) (qSNN002) 

(Table 3 and Fig. 3). The trait BNN has only one QTL 

(qBNN001) on LG A2 (chromosome 8) (Table 3 and Fig. 3). 

Three QTLs underlying TNN were located on LG D1b 

(chromosome 2), LG C1 (chromosome 4) and LG L 

(chromosome 19). For the NDW, three QTLs were 

identified distributed in LG D1b (chromosome 2), LG K 

(chromosome 9) and LG I (chromosome 20) (Table 3 

and Fig. 3). The QTLs underlying SNN, TNN and NDW 

are consistent located on the LG D1b in the same site, 

and the QTLs underlying SNN and TNN are consistent 

located on the LG C1 in the same site (Fig. 3). 

In the chromosome segment substitution lines, there 

are 14 QTLs for SNN, BNN, TNN, NDW were identified 

on different LGs (Table 4). LOD scores ranging from 4 to 

16.7 (Table 4). The QTL underlying SNN was identified on 

LG A2 (chromosome 8) (qSNN003) (Table 4 and Fig. 4). 

Three QTLs underlying BNN were found on LG D1b 

(chromosome 2), LG K (chromosome 9), and LG E 

(chromosome 15), respectively. Four QTLs underlying 

TNN were identified on the LG D1b (chromosome 2), LG 

A1 (chromosome 5), LG A2 (chromosome 8) and LG K 

(chromosome 9), respectively. There are six QTLs 

underlying NDW were found on LG D1b (chromosome 2), 

LG A1 (chromosome 5), LG A2 (chromosome 8), LG K 

(chromosome 9), LG E (chromosome 15) and LG I 

(chromosome 20), respectively. The QTLs underlying 

SNN and TNN are overlap located on the LG A2 in the 

similar region, and the QTLs underlying TNN and NDW 

are overlap located on the LG K in the similar region 

(Fig. 4). 

 

Delimitation of QTL Regions 

 

To narrow down the confidence region of QTL, the QTL 

location result of RIL and CSSL was compared. We 

found that the locus on D1b was identified in RIL and 

CSSL in the same time. The overlap region of the QTL 

located region between RIL and CSSL background is 

74.8-76.8 cM (Fig. 5). Based on the SLAF marker of 

RIL, we narrow down the confident region to ~320 kb. 

There are eight genes were found in this region by the 

prediction of Williams 82 genomic sequence 

(www.phytozome.net/soybean) (Table 5). 

The QTL location on LG I was also found had overlap 

between RIL and CSSL. The overlap region of the QTL 

located region between RIL and CSSL background is 26.1-

28.0 cM (Fig. 5). Based on the SLAF marker of RIL, we 

narrow down the confident region to ~330 kb. There are 

28 genes were found in this region by the prediction of 

Williams 82 genomic sequence 

(www.phytozome.net/soybean) (Table 6). 

 
 

Fig. 1: Frequency distribution of phenotypic values of the 

nodule number in RIL 

 

 
 

Fig. 2: Frequency distribution of phenotypic values of the 

nodule number in CSSL 

http://www.phytozome.net/soybean)
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As there is overlap QTL located region in the LG K, 

although this locus was found in RIL. The overlap region of 

the QTL located in this region is 76.2-77.8 cM (Fig. 3). 

Based on the SLAF marker of RIL, we narrow down the 

confident region to ~540 kb. There are 41 genes were found 

in this region by the prediction of Williams 82 genomic 

sequence (www.phytozome.net/soybean) (Table 7). 

 

Discussion 

 

Many reports have found that the QTL region of seed 

protein, oil, yield and nodule traits were co-localized 

(Hanson et al., 1961; Thorne and Fehr, 1970; Wilcox and 

Cavins 1995; Helms and Orf, 1998; Chung et al., 2003; 

Hwang et al., 2014). In this study, using the SLAF map, 

a total of 23 QTL for three root nodule traits were 

detected and located on eight different chromosomes of 

the soybean genome. Clusters of QTLs that underlying 

different nodule traits were observed on several 

chromosomes which is in agreement with previous 

studies (Santos et al., 2013; Hwang et al., 2014). For 

example, a region on LG D1b (chromosome 2) was 

Table 1: Nodule traits in a soybean recombinant inbred line population between Charleston and Dong nong594 were 

evaluated 
 

RILs (n=150) Parents 

Trait mean S.E CV% Charleston mean Dong nong594 mean 

Small Nodule Number(r ≦ 2mm) 56.133 5.001 73.88 39 46 

Big Nodule Number (r > 2mm) 18.606 2.056 91.63 12 18 

Total Nodule Number 74.74 5.609 91.92 51 64 
Nodule Dry Weight (g) 0.166 0.011 87.80 0.098 0.163 

 

Table 2: Nodule traits in a soybean chromosome segment substitution lines population between Suinong14 and ZYD00006 

were evaluated 
 

CSSLs (n=160) Parents 

Trait Mean S.E CV% Sui nong14 mean ZYD00006 mean 

Small nodule number (r ≦ 2mm) 45.162 3.745 95.29 26.25 21 

Big nodule number (r > 2mm) 17.906 2.484 57.54 13 1 
Total nodule number 63.143 4.497 97.09 39.25 22 

Nodule dry weight (g) 0.209 0.018 89.82 0.070 0.025 

 

Table 3: QTL of nodule traits in soybean: number of small nodule (SNN), number of big nodule (BNN), total of nodule 

number (TNN), nodule dry weight (NDW) in the soybean C × D RIL population grown at Harbin in 2017 
 

    Trait LG QTL Marker/interval Position(cM) LOD R2% Additive 

 

 

 
 

RILs 

SNN D1b qSNN001 Mark1027864-Mark983458 73.0-76.8 5.2 13.56 -7.120 

 C1 qSNN002 Mark754603-Mark763760 30.3-31.4 3.4 8.49 -3.818 

BNN A2 qBNN001 Mark1353907-Mark1344302 53.8-55.5 4.1 16.15 -2.412 
TNN D1b qTNN001 Mark1027864-Mark983458 73.0-76.8 4.3 9.84 -23.54 

 C1 qTNN002 Mark767306-Mark763760 30.3-31.4 6.0 14.09 -29.19 

 L qTNN003 Mark937111-Mark944473 42.3-47.4 5.0 9.91 31.24 
NDW D1b qNDW001 Mark1027864-Mark983458 73.0-76.8 4.0 9.27 -0.009 

 K qNDW002 Mark272164-Mark273071 41.8-44.2 3.2 6.26 -0.009 

 I qNDW003 Mark1168456-Mark1164942 25.7-28.0 3.0 7.05 0.008 
 

Table 4: QTL of nodule traits in soybean: SNN, BNN, TNN, NDW in the soybean S × Z CSSL population grown at Harbin 

in 2017 
 

 Trait LG QTL Marker/interval Position (cM) LOD R2% Additive 

 

 
 

 

 
 

CSSLs 

SNN A2 qSNN003 Block5149-Block5150 63.1-65.4 8.8 16.43 -6.681 

BNN D1b qBNN002 Block 961-Block 982 15.2-16.5 4.2 4.64 -2.535 
 K qBNN003 Satt260- BARC-065467-19490 80.1-82.3 5.8 0.93 -4.747 

 E qBNN004 Block 8562-Block8563 53.0-54.7 5.7 20.40 -7.811 

TNN D1b qTNN004 Block1185-Block1187 74.8-76.9 4 0.143 -3.47 
 A1 qTNN005 Block3098-Block 3171 75.8-80.2 5.9 0.009 -0.318 

 A2 qTNN006 Block5148-Block5150 61.8-65.4 4.1 1.044 33.57 

 K qTNN007 Block 5479-Block 5481 76.2-77.8 5.5 1.816 -26.04 
NDW D1b qNDW004 Block1180-Block1184 62.5-64.5 15.4 0.003 -0.003 

 A1 qNDW005 Block 2984-Block 2992 39.4-41.1 9.6 4.69 -0.002 

 A2 qNDW006 Block 5303-Block 5307 119.6-128.86 13.6 0.08 0.0004 
 K qNDW007 Block 5479-Block 5481 75.9-77.8 6.2 0.70 0.0006 

 E qNDW008 Block 8267-Block 1841 12.8-13.7 13.9 0.26 -0.0015 

 I qNDW009 Block11244-Block11245 26.1-28.0 16.7 0.08 -0.0003 
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identified containing two QTLs underlying TNN and NDW, 

respectively. In this locus, other QTLs of oil content, 

resistance protein, seed coat hardness, seed weigh, and 

sucrose concentration were also found by different 

populations (Liu et al., 2011). Besides, it consistent with the 

linkage group of soybean nodule gene rj6 (Indrasumunar et 

al., 2010; Hwang et al., 2014). Through gene annotation 

found one candidate gene Glyma.02g190100 coded an 

Amino acid permease 3, had a special expression in root 

(https://phytozome.jgi.doe.gov/pz/portal.html#). 

In particular, on LG K (chromosome 9) and I 

(chromosome 20) contain the same QTLs between the RIL 

and CSSL population. In previous research in soybean, 

Hwang et al. (2014) found a QTL on Gm20 associated with 

nodule dry weight close to the marker BARC-051035-

10955. The marker BARC-061551-17265 was very 

approximately linked with BARC-051035-10955 (2 cM 

distance on consensus map), which was identified as a QTL 

for nodule dry weight trait. The QTL for nodule number 

trait on Gm20 was close to the QTL for nodule number trait 

by Santos et al. (2013). In this region, QTL was related to 

the high protein and low fat (Santos et al., 2013), anti-

soybean cystic nematodes and low beta-globulin (Panthee 

et al., 2004). The results indicate that it may be that the 

genes with the marker chain have a multi-effect function. 

On the other hand, the functional genes of these traits 

may exist in clusters. Besides, on LG I (chromosome 20) 

found a candidate gene (Glyma.20g106800) coded a Protein 

Phosphatase 2C 64-Related, which had a high expression 

level in root and nodule 

(https://phytozome.jgi.doe.gov/pz/portal.html#). On LG 

K (chromosome 9), the gene  (Glyma.09g183800) 

coded a Predicted Ca
2+

-dependent phospholipid-binding 

protein was special high expressed in nodule. As Ca
2+ 

signaling pathway play pivotal role in nodule organogenesis, 

Table 7: The predicted genes in the chromosome 02 of the 

overlap region 
 

Gene ID Function annotation 

Glyma.09g179200 Protein phosphatase 2C family protein 
Glyma.09g179300 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase 

superfamily protein 

Glyma.09g179500 poly(A) polymerase 1 

Glyma.09g179600 aminopeptidase M1 

Glyma.09g179800 Heavy metal transport/detoxification superfamily protein 

Glyma.09g179900 Copper transport protein family 

Glyma.09g180100 Octicosapeptide/Phox/Bem1p family protein 

Glyma.09g180200 Uncharacterised conserved protein UCP031088, 
alpha/beta hydrolase 

Glyma.09g180300 RING/U-box superfamily protein 

Glyma.09g180400 Ribosomal protein S24/S35, mitochondrial 

Glyma.09g180500 Tetratricopeptide repeat (TPR)-like superfamily protein 

Glyma.09g180700 Putative membrane lipoprotein 

Glyma.09g180800 Reticulon family protein 

Glyma.09g181000 chlorophyllase 1 

Glyma.09g181100 Bifunctional inhibitor/lipid-transfer protein/seed storage 
2S albumin superfamily protein 

Glyma.09g181200 ATP binding microtubule motor family protein 

Glyma.09g181300 Protein of unknown function (DUF789) 

Glyma.09g181400 Protein kinase superfamily protein 

Glyma.09g181500 Protein kinase superfamily protein 

Glyma.09g181600 Protein kinase superfamily protein 

Glyma.09g181700 Protein kinase superfamily protein 
Glyma.09g181800 Protein kinase superfamily protein 

Glyma.09g181900 Transducin/WD40 repeat-like superfamily protein 

Glyma.09g182000 Protein kinase superfamily protein 

Glyma.09g182100 Protein kinase superfamily protein 

Glyma.09g182200 Protein kinase superfamily protein 

Glyma.09g182400 Calmodulin binding protein-like 

Glyma.09g182500 Core-2/I-branching beta-1,6-N-

acetylglucosaminyltransferase family protein 
Glyma.09g182600 zinc finger protein-related 

Glyma.09g182700 C2 calcium/lipid-binding and GRAM domain containing 

protein 

Glyma.09g182900 ortholog of human splicing factor SC35 

Glyma.09g183100 associated molecule with the SH3 domain of STAM 1 

Glyma.09g183200 S-locus lectin protein kinase family protein 

Glyma.09g183300 Ribosomal protein S7e family protein 

Glyma.09g183400 myb domain protein 62 

Glyma.09g183500 BR enhanced expression 3 

Glyma.09g183600 Plant protein of unknown function (DUF639) 

Glyma.09g183700 VQ motif-containing protein 
Glyma.09g183800 C2 domain-containing protein 

Glyma.09g183900 CRS1/ YhbY (CRM) domain-containing protein 

Glyma.09g184000 alpha/beta-Hydrolases superfamily protein 

 

Table 5: The predicted genes in the chromosome 02 of the 

overlap region 

 
Gene ID Function annotation 

Glyma.02g189700 Argonaute family protein 

Glyma.02g189800 receptor kinase 3 

Glyma.02g190000 Patatin-like phospholipase family protein 

Glyma.02g190100 amino acid permease 3 

Glyma.02g190300 Nucleic acid-binding, OB-fold-like protein 

Glyma.02g190500 PIF1 helicase 

Glyma.02g190600 WD-40 repeat family protein/small nuclear 
ribonucleoprotein Prp4p-related 

Glyma.02g190700 UDP-glcnac-adolichol phosphate glcnac-1-p-transferase 

 

Table 6: The predicted genes in the chromosome 02 of the 

overlap region 

 
Gene ID Function annotation 

Glyma.20g106800 Protein phosphatase 2C family protein 

Glyma.20g106900 translation initiation factor 3 (IF-3) family protein 

Glyma.20g107100 Splicing factor, CC1-like 
Glyma.20g107200 FAD/NAD(P)-binding oxidoreductase family protein 

Glyma.20g107300 ubiquitin-conjugating enzyme 23 

Glyma.20g107400 Cupredoxin superfamily protein 

Glyma.20g107500 basic helix-loop-helix (bHLH) DNA-binding superfamily protein 

Glyma.20g107600 Arabidopsis phospholipase-like protein (PEARLI 4) family 

Glyma.20g107700 GCIP-interacting family protein 

Glyma.20g107800 hydroxypyruvate reductase 

Glyma.20g107900 AP2/B3-like transcriptional factor family protein 
Glyma.20g108000 AP2/B3-like transcriptional factor family protein 

Glyma.20g108200 AP2/B3-like transcriptional factor family protein 

Glyma.20g108300 AP2/B3-like transcriptional factor family protein 

Glyma.20g108400 AP2/B3-like transcriptional factor family protein 

Glyma.20g108500 NADH-ubiquinone oxidoreductase B18 subunit, putative 

Glyma.20g108600 Homeodomain-like superfamily protein 

Glyma.20g108800 Uncharacterised protein family (UPF0041) 
Glyma.20g109000 Sec23/Sec24 protein transport family protein 

Glyma.20g109100 Nucleotide-diphospho-sugar transferase family protein 

Glyma.20g109300 UDP-glucosyltransferase 73B2 

Glyma.20g109400 indeterminate(ID)-domain 4 

Glyma.20g109600 20S proteasome alpha subunit E2 

Glyma.20g109800 Tetratricopeptide repeat (TPR)-like superfamily protein 

Glyma.20g109900 GHMP kinase family protein 

Glyma.20g110000 TRICHOME BIREFRINGENCE-LIKE 36 
Glyma.20g110100 RmlC-like cupins superfamily protein 

Glyma.20g110200 Radical SAM superfamily protein 

 

https://phytozome.jgi.doe.gov/pz/portal.html
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so that this gene could a candidate gene for further analysis. 

Mapping QTL could supply powerful support for gene 

identification and marker-assisted selection (MAS) (Price, 

2006; Lai et al., 2017). Many successful examples had been 

developed by using QTL to modify crop agronomy traits, 

and the exact genes also be identified for the disease 

resistance studying and application (Su et al., 2002; Beaver 

and Osorno, 2009; Blair et al., 2009; Sabouri, 2009; 

 
 

Fig. 3: Locations of DNA markers and the QTLs that underlying SNN, BNN, TNN, and NDW in RIL. Markers were 

assigned to LGs on the basis of soybean genetic map (Qi et al.,2014) 
 

 
 

Fig. 4: Locations of DNA markers and the QTLs that underlying SNN, BNN, TNN, and NDW in CSSL 
 

 
 

Fig. 5: Overlap regions of LG D1b and LG I between RIL and CSSL 
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Swarbrick et al., 2009). Then the QTL application in root 

nodule traits is no so widespread, although they have the 

potential to increase crop stress tolerance. The pivotal first 

step in using these traits is to evaluate their phenotypic 

variation and detecting related QTL. In this study, QTL 

analysis was performed for nodule size, nodule number, 

nodule dry weight three traits in RIL (n=150) and CSSL 

(n=160) population, and overlaps sites were found on 

chromosome D1b, K, and I. This can improve the accuracy 

and effectiveness of locating, However, the clear 

background of CSSL is needed for the gene fine mapping. 

The CSSL used in this study would be backcrossed with the 

female parent Suinong 14 to get a clearer background. Then 

we could have more confident QTL location result. 

The new QTLs we found in this study has several 

reasons. The different genetic background of material was 

the mainly reason and may be unique loci associated with 

nodule traits. Also, the limited genetic mapping information 

to identify QTL used in the earlier reports. In the current 

research used 3900 and 5300 markers which may have 

precluded discovery of QTLs in past research. Additionally, 

the environment may influence the expression of nodule 

traits, plants grown in fields and greenhouse have different 

effects on nodule traits. 

As individual nodule weight and total nodule weight 

are closely associated with N2 fixation (Tanya et al., 2005; 

Hwang et al., 2014), and ours identified QTL information 

on nodule traits in soybean from field experiments using a 

dense and complete linkage map. We wish that this result of 

nodule traits would be helpful in selecting genotypes with 

increased capacity for N2 fixation. 

 

Conclusion 

 

In this study found 23 QTLs in total, three overlap regions 

was identified between the location result of RIL and CSSL. 

Three confident region were delimitated into ~320 kb, ~330 

kb, and ~540 kb on chromosome 2, 9 and 20, respectively. 

Furthermore, three candidate genes, Glyma.20g106800, 

Glyma.09g183800, Glyma.02g190100 were predicted 

involved in the nodule traits regulation. Future work could 

be conducted for these two genes.  
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