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Abstract; The soybean cyst nematode ( SCN) , Heterodera glycines, is a major threat to soybean production around the world.
In order to explore the molecular genetic characteristics of soybean germplasms resistant to SCN and screen SCN resistance re-
lated genes, we analyzed the field trials, identified the resistance with SLAF-seq technology and identified the loci related to
the resistance to SCN race 3 via genome-wide association mapping based on the genetic and genomic features of the SCN resist-
ant soybean cultivars widely planted in Heilongjiang province, China. The results showed that the genetic sources of SCN re-
sistance were Fliklin and Peking. Kangxian 2, Kangxian 6 and Kangxian 10 were genetically close, with a genetic resistance
of 0. 24 between Kangxian 2 and Kangxian 6, 0. 213 between Kangxian 2 and Kangxian 10. Kangxian 2 was genetically distant
from Fengdou 3, with a genetic distance of 0. 799. A total of 105 563 SNP loci were amplified from Kangxian 2 and its derived
lines, among which 4 352 loci were genetically conserved, accounting for 4. 12% of the total. The percentage of identical al-
lelic variants ranged from 56% to 96.3% among the tested soybean cultivars, which differed between cultivars and chromo-
somes. Above 65% of the genetic information in different chromosomes of Kangxian 2 was passed on to Kangxian 4 and Kangx-
ian 6. Between Kangxian 2 and Kangxian 4, Kangxian 6, the percentage of identical allelic variants was more than 95% on
chromosome 4, more than 91% on chromosome 10, indicating that there may be particular genome sections on chromosomes 4
and 10 related to the main agronomic traits, SCN resistance, Phytophthora resistance, drought resistance, virus resistance,
root morphology, hilum color, 100-seed weight and so on, which are the genetic basis of the SCN resistant cultivars planted in
western Heilongjiang province, China. In addition, four loci associated to the resistance to SCN race 3 were detected on chro-
mosome 11, and among them Glymal1g35700. 1 has the greatest synergistic effect, and can be used for molecular marker as-
sisted selection of soybean.
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Western Heilongjiang province has long suffered from
sandstorms, drought, saline stress and the prevalence
of soybean cyst nematode (SCN, Heterodera glycines).
Soybean was not planted here until 1992. New soybean
cultivars that could be planted in western Heilongjiang
were generated by introducing Flinlklin, a USA soy-
bean cultivar with SCN resistance, and genetically im-
proving Peking, a Chinese black soybean cultivar. A-
mong them, Kangxian 2 which was developed in 1995,
was used as an important parental line in the selection
of SCN resistant soybean cultivars in this area. Charac-
terizing the phenotypic and genotypic characteristics of
the excellent parents will help to develop new cultivars
with expected traits. There are mainly three physiologi-
cal races of SCN in western Heilongjiang.

Numerous studies have been conducted on the selec-
tion and innovation of soybean germplasms''®' | QTL
mapping is one of the most effective methods to screen
genes related to resistance. Whole genome sequencing
and QTL mapping are important approaches to screen
candidate genes. The QTLs related to the resistance to
SCN race 4 have been mapped using SSR markers'**'.
The infection mechanism and control of SCN race 3
have also been reported'”®!. Sixteen studies on SCN
resistance related QTLs have been published, and in
these studies 360 QTLs have been mapped on 17 ge-
netic linkage groups: Al, A2, B, B2, C1, C2, D1,
D2,E,F, G,H, I,J, L, Mand N . Reduced-
representation genome sequencing [ also know as spe-
cific-locus amplified fragment sequencing( SLAF-seq) ]
is an efficient and high-throughput technique used to
analyze the genetic difference between verities based on
genomic GC analysis. In 2017, Cao, et al'"®' created a
high-density genetic map for plant height and flowing
time by using SLAF-sequencing. And Li,et al''’ | in
the same year, using the same method, created another
map of an RIL group for oil quality. However, the ge-
nomic and genetic differences between SCN resistant
soybean cultivars have not been analyzed using SNP
markers.

In the present study, the genetic and genomic fea-

tures of the SCN resistant soybean cultivars widely

planted in Heilongjiang province, China were analyzed
by field trials, resistance identification and SLAF-seq
technology, and the loci related to the resistance to
SCN race 3 were identified via genome-wide association
mapping, to reveal the genetic basis of SCN resistant
soybean cultivars, screen the loci and genes related to
SCN resistance, and thus to provide technical support

for molecular marker assisted selection of soybean.

1 Materials and Methods

1.1 Materials

Three hundred and twelve soybean cultivars from
Northeast China and 14 cultivars those are genetically
related to Kangxian 2 and widely planted in western
Heilongjiang; Kangxian 11, Kangxian 6, Kangxian 9,
Kangxian 4, Kangxian 8, Kangxian 2, Nenfeng 14,
Kangxian 7, Nenfeng 20, Kangxian 10, Kangxian 13,
Kangxian 5, Fengdou 3 and Fengyuan 3 were selected
as the experimental materials in the present study.

We planted the 14 cultivars in the field from 2012 to
2014, and each cultivar was sown in three rows, with
three replicates. The agronomic traits, vyield traits,
photosynthetic characteristics, resistances to SCN, root
rot, leaf spot and virus diseases of each cultivar were
analyzed.

1.2 Methods
1.2.1

The photosynthetic parameters of functional leaves at

Measurement of photosynthetic characteristics

RS stage were measured using LI-6400XT portable
photosynthesis system ''*"*/.

1.2.2
soybean seedlings were identified as previously de-
FERDE

Identification of diseases The main disease in

scribe
1.2.3

sequencing )

SLAF-seq ( specific-locus amplified fragment
Reduced-representation genome sequen-
cing in soybean was carried out. In brief, the genomic
DNA was extracted from each sample, digested with
designed combination of restriction endonucleases. The
digestion product was end-repaired, phosphorylated at
the 5" end, and adenylated to add a single A at the 3’
end, which was complementary to the T at the 5" end

of Solexa adapter. After Solexa adapter was ligated,
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the DNA fragments were loaded into flow cell channels
for bridge amplification. The amplification products
were separated via agar gel electrophoresis. The entire
library was PCR-amplified to increase the total amount
of DNA, and then sequenced using Illumina HiSeq
2 500 System. Finally, 2 230 890 reads were obtained
from each sample on average, and mapped to reference

3161 As a result, a to-

sequences using SOAP aligner
tal of 312 398 SLAFs were obtained, with a sequen-
cing depth of 4. 12. The SNPs were detected using the
SLAFs, and as a result 432 222 SNPs were found.
56.5% of the SLAFs were polymorphic. Genetic com-
ponents and principal component analysis was per-
formed according to SNPs of each cultivar'"?’. The
genetic distances between the soybean cultivars were
computed using neighbor-joining (N5) and the maxi-
mum composite likelihood methods in Mega 5. 0%/ |
and the identical allelic variations were calculated u-

sing custom Perl scripts.
2 Results and Analysis

2.1 Cluster analysis and genetic improvement of

Kangxian 2 and other cultivars of
Kangxian series

Kangxian 2 which was developed by Heilongjiang A-

cademy of Agricultural Sciences is an indeterminate

line with high resistance to race 3 SCN, high yield, re-

o
100

sistances to drought and salt, and widely planted in the
areas of Heilongjiang province suffered from sand-
storm, drought and salt. The genes responsible for re-
sistance to SCN race 3 in Kangxian 2 were from Flenk-
lin. Cluster analysis of Kangxian 2 and its derived lines
(Fig. 1) showed that Kangxian 2 had a close genetic
relationship with Kangxian 10 and Kangxian 6, and
with genetic distances of 0. 213 and 0. 24, respective-
ly. Kangxian 2 was genetically distant from Fengdou 3,
and their genetic distance was 0. 799. Kangxian 10 and
Kangxian 6, which were genetically close to Kangxian
2, still had the resistance to SCN. However, Kangxian
10 was a semi-determinate line, and Kangxian 6 had
increased oil content, but was susceptible to leaf spot.
Kangxian 8 and Kangxian 9 had similar genetic basis,
and their genetic distance was 0. 064. Kangxian 8 was
moderately resistant to SCN race 3, and Kangxian 9
was susceptible to root rot, and the leaf photosynthetic
capacity of the former was lower than that of the latter.
Kangxian 2 was genetically distant from Fengdou 3 and
Kangxian 11, and the genetic distances were 0.799
and 0. 554 respectively, indicating that Fengdou 3 had
abundant genetic basis (Table 1) and thus could be
used for genetic improvement in soybean breeding.
Fengdou 3 was genetically distant from all the tested
cultivars, especially the genetic distance between

Fengdou 3 and Kangxian 8 was up to 0. 921.

angxian 9

Kangxian 8

100 Kangxian 10
10Q
Kangxian 7
76
- Fengyuan 3
91
Nenfeng 20
Kangxian 11
2 | Kangxian 5
100 94 Fengdou 3
Kangxian 13
Nenfeng 14
Kangxian 6
100 Kangxian 2
Kangxian 4
—
0.05

Fig. 1 Cluster analysis of Kangxian 2 and its derived lines
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Table 1 Genetic distance between Kangxian series cultivars
KX11 KX6 KX9 KX4 KX8 KX2 NF14 KX7 NF20 KX10 KX13 KX5 FD3 FY3
KX6 0.622
KX9 0. 446 0. 441
KX4 0.530 0.243 0.334
KX8 0. 455 0.434 0. 064 0.348
KX2 0. 554 0.247 0. 306 0.318 0.304
NF14 0.558 0.468 0.548 0. 479 0. 598 0. 445
KX7 0.309 0. 498 0.201 0. 387 0. 195 0. 396 0.631
NF20 0. 504 0. 587 0.423 0.451 0. 401 0.452 0. 667 0.362
KX10 0. 495 0. 406 0. 090 0.330 0. 095 0.253 0. 585 0. 189 0.413
KX13 0.632 0.531 0. 600 0.522 0. 630 0. 555 0. 623 0. 606 0. 568 0. 646
KX5 0. 589 0.575 0. 692 0. 487 0. 673 0.572 0.516 0. 604 0. 497 0. 685 0. 680
FD3 0. 662 0.711 0.912 0. 655 0.921 0.799 0. 885 0. 803 0.743 0. 891 0.749 0.672
FY3 0.478 0.473 0.294 0.334 0. 300 0.333 0. 639 0. 350 0. 444 0.267 0.573 0. 662 0. 749

2.2  Distribution of genetic information from
Kangxian 2 on the chromosomes of its de-
rived lines

A total of 105 563 SNPs were amplified from Kangxian
2 and its derived lines, among which, 4 352 (account-
ing for 4. 12% of the total) were genetically conserved
among the cultivars. The identical allelic variations
were different on all the chromosomes between the cul-
tivars( Table 2). The percentage of identical allelic va-
riants on chromosome 14 was up to 96.2% between

Kangxian 4 and Kangxian 2, but only 59. 5% between

Kangxian 13 and Kangxian 2. The percentage of iden-
tical allelic variants in all the chromosomes ranged from
55% to 96.3% between Kangxian 2 and its derived
lines. In the genome of Fengdou 3, the percentage of
identical allelic variants was more than 80% on chro-
mosome 4, more above 70% on other five chromo-
somes, and only 58% , 55% and 59% on chromo-
somes 4, 6 and 9. The results indicated the genetic in-

formation of Kangxian 2 was differentially passed on to

its derived lines.

Table 2 Percentage of identical allelic variants on different chromosomes between Kangxian 2 and its derived lines

Chromosomes KX13 KX10 KX8 KX9 KX7 FY3 NF20 KX6 KX4 NF14  KXII FD3 KXS
1 0.74356 0.93599 0.92605 0.93529 0.92635 0.92621 0.6273  0.9232 0.87396 0.847250 0.839 0.62 0.62
2 0.80833 0.81264 0.75410 0.79736 0.80905 0.78189 0.7817  0.8237 0.78992 0.688687 0.799 0.71 0.74
3 0.78725 0.61967 0.62708 0.61899 0.61658 0.78229 0.8426  0.8067 0.76886 0.893989 0.865 0.72 0.70
4 0.92421 0.88681 0.89167 0.88808 0.88605 0.87886 0.8700 0.9627 0.94879 0.905471 0.869 0.58 0.88
5 0.82760 0.84633 0.81490 0.83004 0.90294 0.82288 0.7366 0.7110 0.76932 0.862344 0.805 0.64 O0.88
6 0.78488 0.81975 0.85496 0.86232 0.62762 0.66572 0.6048 0.9226 0.66631 0.893776 0.635 0.55 0.71
7 0.76168 0.88070 0.89577 0.90361 0.89640 0.71434 0.9113  0.8469 0.82713 0.874098 0.806 0.67 0.79
8 0.81948 0.87998 0.84826 0.88808 0.87397 0.87145 0.8086 0.8756 0.82090 0.828105 0.860 0.78 0.82
9 0.77029 0.68468 0.69932 0.67177 0.74259 0.64189 0.8294  0.9463 0.72696 0.749919 0.692 0.59 0.87
10 0.59792  0.95974 0.94689 0.95684 0.66904 0.81814 0.5942  0.9408 0.91420 0.885006 0.621 0.65 0.56
11 0.84229 0.85870 0.93849 0.90751 0.88719 0.85892 0.8561  0.8861 0.88210 0.851233 0.783 0.78 0.88
12 0.74642 0.95722 0.96315 0.95290 0.93187 0.87537 0.8779 0.8918 0.83714 0.890129 0.900 0.77 0.88
13 0.69482 0.78916 0.69483 0.69033 0.72713 0.72520 0.5928 0.8795 0.82590 0.804468 0.597 0.80 0.73
14 0.59531 0.96227 0.85569 0.77239 0.78340 0.84713 0.8484  0.9563 0.85537 0.679895 0.655 0.65 0.83
15 0.70088 0.94708 0.95767 0.95370 0.95945 0.94820 0.9345 0.8758 0.86648 0.645023 0.941 0.88 0.78
16 0.67497 0.68843 0.69602 0.68120 0.69913 0.68513 0.6539 0.8190 0.71706 0.704694 0.722 0.62 0.70
17 0.73940 0.89849 0.74365 0.82346 0.57182 0.92625 0.6992 0.6533 0.66868 0.669239 0.580 0.63 0.66
18 0.77292 0.91506 0.90569 0.90210 0.85427 0.87377 0.8726  0.8102 0.83882 0.837357 0.789 0.83 0.88
19 0.89146 0.91983 0.89938 0.90576 0.90585 0.80645 0.8993  0.8295 0.88397 0.697671 0.567 0.67 0.56

20 0.84176 0.94479 0.94010 0.91814 0.91372 0.91033 0.9165 0.7683 0.81615 0.822936 0.894 0.81 0.84
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2.3 Introgression of genetic material among SCN
resistant cultivars
Kangxian 4 and Kangxian 6 were two soybean cultivars
widely planted in western Heilongjiang. Kangxian 4
which was more widely planted in eastern Hei-
longjiang, was developed by hybridization and pedigree
selection using SCN resistant 8105-5 as the female par-
ent, and Jiufeng 1 as the male parent, which was a ge-
netically improved line derived from the cross between
Kangxian 2 and Heinong 37. The base substitution co-
efficient between Kangxian 2 and Kangxian 4 was
0.334, indicating close genetic relationship between
them. The genetic information of Kangxian 2 was dis-
tributed unevenly on the chromosomes of Kangxian 4,
as the percentage of identical allelic variants was more
than 91% on chromosomes 4 and 10, more than 81%
on chromosomes 1, 7, 8, 11, 12, 13, 14, 15, 18,
19 and 20, more than 71% on chromosomes 2, 3, 5,
9 and 16, and more than 68% on chromosomes 6 and
17, indicating that more than 66. 8% of the genetic in-
formation of Kangxian 2 was passed on to its offsprings,

which possessed high resistance to stresses, but

KX8
KKX10

KX9

—— KX7
FY3
NF20
KX1

KX8

KKX10

KX7

FY3

NF20

KX11

KXS

FD3

KX13

NF14

KX6

KX2

KX4

changed in stem termination type, plant height, growth
period (Table 3 and Fig. 3) , which was also proved by
the introgression of genetic material between Kangxian
2 and Kangxian 4 (Fig. 2, Fig.3).

Kangxian 6 was a SCN resistant line generated
through the introduction of exogenous DNA wia pollen
tube pathway, with the genomic DNA of a Hainan soy-
bean cultivar as the donor, and Kangxian 2 as the re-
ceptor. The genetic distance between Kangxian 2 and
Kangxian 6 was 0. 47. More than 65. 3% of the genetic
information of Kangxian 2 was passed on to Kangxian 6,
and differentially distributed on the chromosomes. In
detail, the percentage of identical allelic variants was
92% on chromosomes 1, 4, 6, 9, 10 and 14, above
80% on chromosomes 2, 3, 7, 8, 11, 12, 13, 15,
16, 18 and 19, above 70% on chromosomes 5 and 2,
and 65.33% on chromosome 17. The two cultivars had
similar phenotypic traits, increased oil content and de-
creased resistance to leaf spot, in addition, the intro-

gression of genetic material showed significant differ-

ences between them (Fig. 2, Table 3 and Fig. 3).

KX5
FD3
KX13
NF14
KX6
KX2
KX4

Fig. 2 Schematic diagram of introgression of genetic material among SCN resistant cultivars
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Fig. 4 Genetic relationship of the SCN resistant cultivars from Heilongjiang province

2.4 Important loci and candidate genes responsi-
ble for the resistance to SCN race 3
Genome-wide association mapping for SCN resistance
of the 326 soybean cultivars were performed using a
mixed model and a linear model. By genome-wide as-
sociation mapping, six SNP loci significantly related to
the incidence rate of SCN race 3 diseases were detected

on chromosome 11 and 19 (Fig. 5 and Fig. 6), among

which, the SNP locus Gmll: 37323330 showed the
association, followed by Gmll;
37419001 with their contribution rates were 6.03%
and 5. 63% , respectively. They were detected in 88%

most  significant

and 95% of the lines resistant to SCN race 3 and by
the two models. Moreover, SNP loci related to the in-
cidence rate of SCN race 3 diseases were also found on

chromosomes 1 and 8.
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A total of 15 loci significantly correlated with the
disease index of SCN race 3 were found on chromo-
somes 8, 11 and 18, among which the locus Gm18 .
1581688 showed the most significant association with
the disease index of SCN race 3, followed by Gml8;
1554392, and their P values were 8.90E " and
3.61E ™", respectively.

Four genes that were possibly associated with SCN
resistance were found ( Table 4 and Fig.7): Gly-
mal 1g35700. 1, which encodes a laccase, is a member

30 ~
25
20
15

10

Distribution of SCN3

rsGm1137419001

rsGm1137323330
SNP

rsGm1137283308

of laccase gene family. It is involved in the synthesis of
lignin and highly expressed in lignified tissues. When
soybean plant is infected by pathogens, Gly-
mallg35700. 1 is largely expressed, which promotes
the lignification of the infected part of roots to resist
further infection of the pathogens. In addition, it possi-
bly participates in ABA treatment, stress response and
lignin catabolism'>’. Glymal1g35820. 1, encodes al-
pha-soluble NSF attachment protein 2 (a-SNAP2) and
mediates membrane fusion. In detail, the adaptor pro-
tein of N-ethylmaleimide sensitive fusion proteins rec-
ognizes and binds to the receptors V-SNARE ( soluble
NSF attachment protein receptor residing on the vesi-
cle) on vesicle and t-SNARE on target membranes, in-
itiates the assembly of the fusion complex, which cata-
lyzes the fusion of vesicle with the target membrane.
Glymal1g35640. 2 encodes DEAD-box ATP-dependent
RNA helicase 18, which is involved in the unwinding
of RNA duplexes. Glymallg35651.1 which encodes
an autophagy related protein is involved in autophagy of
plant cells, and maintains the growth balance in vivo
by degrading damaged intracellular organelles, long-

lived proteins and macromolecular aggregates.

M Resistance cultivar

B Susceptible cultivar

rsGm1137274604

Fig. 7 Distribution of SCN3 related SNP marks in material
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Table 4 SCP loci and candidate genes significantly associated with SCN resistance of soybean

Distanceto  Beneficial

SNP Position Gene Start P value R/ % Anotation
SNP/bp Allele
rsGm1137274604 Gml1:37274604 Glymallg35640.2 37272846 37278083 5237 C 7.89E-06 5.548 RNA helicase
rsGm1137283308 Gml1:37283308 Glymallg35651.1 37280268 37287704 7436 C 3.90E-06 5.548  Autophegy protein
Enzymes and Ligui
rsGm1137323330 Gml1:37323330 Glymallg35700. 1 37321654 37326536 4882 A 2.73E-06 6.028
metabolism
a soluble NSF at-
rsGm1137419001 Gml1:37419001 Glymallg35820. 1 37416391 37421254 4863 A 6.67E-06 5.624

tachment protein

3 Discussion

3.1 Target loci under ecological selection

The percentage of identical allelic variants on both
chromosomes 4 and 10 was more than 91% between
Kangxian 2 and its derived lines: Kangxian 4 and Kan-
gxian 6. Especially, the percentage of identical allelic
variants on chromosome 4 was more than 95%. The re-
sults proved the genetic transmission between Kangxian 2
and its derived lines. In contrast, the percentage of al-
lelic variants on chromosome 17 between Kangxian 2
and Kangxian 4, Kangxian 6, was only 66.8% and
65.33% , indicating that more genes on chromosome
17 were replaced by new ones. Numerous loci related
to important traits of soybean such as SCN resistance,
100-seed weight, root morphology, growth period,
lodging resistance and hilum color were detected on
chromosome 4, and these traits are inherited by later
generations, which are also the results of artificial se-
lection of target loci.

The percentage of identical allelic variants on chro-
mosome 10 was more than 90% between Kangxian 4,
Kangxian 6 and Kangxian 2. According to the associa-
tion analysis on markers and phenotypic data, we
found that the resistances to SCN, phytophthora root
rot, drought, root weight, photosynthetic rate, SMV1
resistance and other dominant traits were preferentially
retained and passed on to later generations under eco-
logical selection in arid areas. In addition, on chromo-
somes 4 and 10 there are some traits those have high a-
bility to transmit and are preferentially selected as the
target loci by breeder under ecological conditions. So,
we speculated that there may be particular genome sec-
tions on chromosomes 4 and 10 related to the main ag-
ronomic traits such as SCN resistance, drought resist-
ance, high water use efficiency, root rot resistance,

root weight and virus resistance, which are the main

traits selected under the ecological conditions in west-
ern Heilongjiang, and also the genetic basis of the SCN
resistant cultivars.

3.2 Identification of SNP markers associated with

resistance to soybean cyst nematode

The QTLs associated with the resistance of soybean cyst
nematode were identified by QTL mapping. A total of
60 QTLs associated with resistance to soybean cyst
nematode have been reported by Concibido, et al'”’.
By mining candidate genes for resistance to soybean
cyst nematode based on meta-analysis and domains an-
notations, Chang, et al'’®™ found that Satt315-Sat400
was a QTL associated to the resistance to SCN race 3,
with a genetic contribution rate of 26. 2% . In the study
of Zhang, et al'®! | ESSR197 on GmO8 was proved to
be a marker related to SCN, and Satt197 on Gmll,
St193 on Gm16, and satt723 on Gm19 were QTL do-
mains and loci associated with resistance to SCN
race 3.

In the present study, 21 SNP loci associated with
SCN race 3 were found in natural populations of soy-
bean from Northeast China, and they were mapped on
Gmll, Gm19, Gm8 and Gml8. Association analysis
on the incidence rate and disease index of SCN race 3
revealed that the loci that showed extremely significant
association were all on Gml]1.

The SNP markers: rsGnll 37419001, rsGmll
37323330 and rsGml11 37274604 detected in the pres-
ent study can be used for molecular marker assisted se-
lection.

Among the four genes related to stress response we
detected, Glymallg35700. 1 encodes a laccase and is
involved in the synthesis of lignin, and helps to resist
infection of pathogens by promoting the lignification of
the infected parts. Cell wall is the natural barrier of
plants against the invasion of pathogens. The lignifica-

tion and lignin accumulation of cell walls play a major
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role in resisting the invasion of pathogens. Laccase is a
key enzyme during lignin polymerization, and is in-
volved in the stress response to pathogens. When the
plants are infected by pathogens, lignin is induced by a
complex metabolic pathway to form a new cell wall to
resist the mechanical stress caused by pathogen inva-
sion and prevent the degradation of the cell wall by the
pathogens, blocking the exchange of materials between
the pathogens and the host plants. Glymallg35651. 1
gene probably encodes an autophagy-related protein
which is involved in the autophagy of plant cells. Auto-
phagy is a highly conserved pathway of cellular degra-
dation present in all eukaryotes, and maintains the
growth balance in vivo by degrading damaged intracel-
lular organelles, long-lived proteins and macromolecu-
lar aggregates. In recent years, many studies have con-
firmed that it plays a vital role in plant defense re-
sponse and resisting pathogen infection. In addition to
the four genes mentioned above, some other genes in-
teracting with pathogens were detected on Gml1, such
as Glymal1g35880. 1, which may encode a subunit of
NADH : Ubiquinone oxidoreductase, respiratory chain
complex I, involved in respiration of plants. Some
genes related to chlorophyll synthesis and light migra-
tion were also mapped on chromosome 18 by associa-
tion analysis, suggesting that the resistance of soybean

to cyst nematode is controlled by multiple genes.
4 Conclusions

By identifying the resistance of a natural population
consisting of 326 soybean cultivars to SCN race 3 from
Northeast China, a total of 105 563 SNP loci were am-
plified from Kangxian 2 and its derived lines, among
which 4 352 loci were genetically conserved, account-
ing for 4. 12% of the total. The percentage of identical
allelic variants ranged from 56% to 96.3% among the
tested soybean cultivars, which differed between culti-
vars and chromosomes. Kangxian 2 was genetically
close to Kangxian 6 and Kangxian 10, and genetically
distant from Fengdou 3. The percentage of identical al-
lelic variants on chromosomes 4 and 10 was more than
90% between the SCN resistant soybean cultivars. In
addition, four loci significantly associated to the resist-
ance to SCN race 3 were detected on chromosome 11,
and among them rsGmll 37323330 has the greatest

synergistic effect, and can be used for molecular mark-

er assisted selection of soybean.
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