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Agriculture: Africa’s “engine for growth” - Plant science and biotechnology hold the key

Genotype variant of soybean cultivars around Lake Victoria region,
East Africa
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Summary

Glycine gracilis, which originated from North-East China, is morphologically intermediate

between the cultivated G. max and the wild form, G. soja. These three forms are cross-
compatible and their crosses provide a resource for biologically and agronomically
important genes. Breeding genetics of soybean has developed slowly due to inherent
difficulties in crossing. The soybean stamens and the pistils are present in the same flower
resulting in a high percentage of self-fertilization. The cultivars grown around the Lake
Victoria differ in agronomic performance but their genotypes have not been described
at the molecular level. Amplification of 5S ribosomal gene from the cultivars yielded
uniform PCR product of about 700 bps. Limited sample sequencing showed a restriction
marker site within the 5S ribosomal gene. A phylogenetic tree based on 5S rDNA gene
sequences of East African cultivars and different Glycine species suggests that the cultivar
Mikumi is similar to, and SB 19 of Kenya and Maksoy of Uganda are closely related to,
G. max.

Key words: Glycine max, East Africa, 5S rDNA, restricion enzyme markers

Introduction

Soybean (Glycine max (L.) Merrill.) is one of the popular pulses around the world and has been
cultivated in China and Manchuria since 2500 BC (Morse, 1950). It is not only used as high protein
food, but also as an oil source and forage. Glycine gracilis, which originated from north-east China
1s morphologically intermediate between the cultivated G. max and the (Hymowitz, 2004; Ngeze,
1993) wild form, G. soja. These three forms are cross-compatible and crosses between these
cultivars provide good genetic resources for biologically and agronomically important genes.
Breeding genetics of soybean has developed slowly due to inherent difficulties in performing
crosses, lack of genetic variation in the germplasm and lack of cytogenetic markers (Keim et al.,
1990; Scott & Samuel, 1970). The method of producing hybrid soybean seed on the commercial
scale is difficult to achieve since in soybean both the staminate and the pistillate are present in
the same flower and pollination occurs before the flower opens (blooms). As a result soybeans
exhibit a high percentage of self-fertilization and cross pollination is usually less than one percent
(Caviness, 1966). DNA-based markers are important for selection and improvement of varieties
and hybrids in plant breeding programs. (Gupta et al., 2001; Kota et al., 2003) and is particularly
a more convenient method in producing hybrid soybean (Keim ez al., 1990; Choi et al., 2007). If
a larger number of simple sequence repeat (SSR) and restriction fragment length polymorphism
(RFLP) and Single nucleotide polymorphic (SNP) makers can be identified in a single segregating
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population, this may identify a genetic linkage map among makers and quantitative trait loci
(QTLs).

The coding portion of the nuclear ribosomal rDNA cistron (18S, 5.8S, and 26S rDNA) has been
extensively characterized at the sequence level for several flowering plants, mainly due to interest
in using these data for phylogenetic analyses. Sequences include (18S) rDNA (Nickrent & Soltis,
1995; Soltis et al., 1997), (26S) rDNA (Bult et al., 1995; Kuzoff et al., 1998), internal transcribed
spacer (ITS) and 5.8S rDNA sequences (Baldwin ef al., 1995). In contrast to the conserved 5.8S,
18S and 26S rDNA, which have phylogenetic utility at deeper divergence levels, ITS sequences
often contain sufficient variation to allow examination of genetic relationships between cultivated
varieties, populations, and individuals (Rogers & Bendich, 1987; Hemleben et al., 1988; Jorgansen
& Cluster 1988; Schaal & Learn, 1988).

The cultivars grown around the Lake Victoria region of East Africa show differences in agronomic
performance, however, there has been no study describing their genotypes at molecular level. In
this study, we sampled seedlings from different cultivars from the region and characterized the
genotypes using 5S rDNA.

Materials and Methods

Sampling
Seeds were collected from three regions; Kenya Uganda and Tanzania. A nursery of seedlings
from these different regions was established at National Museums of Kenya’s green house. Shoots
were plucked from the seedlings and used as materials for DNA extraction.

Genomic DNA extraction

DNA was extracted according to Phenol Chloroform method of Sambrook et al. (1989).
Approximately 1.0 g young shoot of soybean was obtained from the set experimental blocks,
taken to the laboratory, washed with distilled water and placed in a chilled sterile mortar and
quickly ground into pulp using a pestle then immediately subjected to DNA extraction procedures.
STE extraction buffer (200 uL) was added to approx 200 pL the ground leaf material. 500 pL of
Phenol:Chloroform was used to separate DNA into the ageous phase, then absolute ethanol added
to precipitate it. The pellet was then re-suspended in 100uL TE (10 mM Tris-HCL, 1 mM ETDA).
Quality of extracted DNA was determined by electroprhoresis on 1% agarose gel in TAE buffer
(40mM Tris-Acetate, | mM EDTA) and visualized under UV illumination. The isolated DNA
stored at -20°C.

PCR- polymerase chain reaction

PCR was done using a custom ordered pair of primers (Syrib F
5’-GCGGAAGGATCATTGTCGATG-3’ and Syrib R 5’-TGACCTGAGGTCTCGTTG-3’) that
correspond to the flanking ends of 5S ribosomal gene including the intergenic sequences of the
soy gene. The PCR amplification tube contained pL of the template DNA, 0.4 uM of each primer,
0.4 mM dNTPs, 2.0 mM MgCl,, 1x buffer and 0.5U of Taq polymerase, made up to 25 pL with
ddH,O with cycling conditions: Tag activation 94°C, 5 minutes, then 35 cycles of 94°C, 1 min,
annealing 53°C, 1 min, extension 68°C, 1 min, and final extension step 70°C, 3 mins. Perkin-
Elmer GeneAmp PCR System 2400 (MJ research, INC USA) was used in all the reactions. PCR
products were analyzed on agarose gel.

Gene clean
Target DNA bands were excised from agarose gel using a scalpel and placed in labeled
microcentrifuge tubes for gene clean procedure (Vogelstein & Gillespie, 1979). Three volumes
Nal (sodium iodide) solution was added to the gel slice and incubated at 56°C in water bath for
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15-30 minutes, mixing after 5 minutes until all agarose had melted. 20 puL of Glassmilk (Silica)
solution was added and mixed thoroughly by vortexing. The tubes containing the mixtures were
incubated for 15 minutes on ice, with intermittent mixing. The tubes were then microcentrifuged
for 5 s to pellet the glassmilk and DNA eluted in 25 pL TE analysed then forwarded to ILRI
(International Laboratory for Research Institute, Kenya) for custom direct sequencing procedures.
Sequencing was done using the BigDye® Terminator sequencing kit (Applied Biosystems Inc.
Foster City, CA USA).

BLAST identification of fragment sequences and phylogenetic analysis

The identities of the generated nucleotide sequences were assigned in the NCBI’s non-redundant
nucleotide BLAST search (Altschul et al., 1997) and alignment done using BioEdit suite Clustal-W
program.

Phylogenetic relationships were inferred from the aligned nucleotide sequences by the neighbour-
joining method implemented in the Phylip package (Felsentein, 1997) as implemented in MEGA
software package (Tamura et al., 2007). Consensus trees were bootstrapped for 100 replicates and
rooted to the Glycine soja to determine divergence from the other taxa.

Restriction fragment length polymorphisms (RFLPs) analysis
Choice of restriction enzymes was defined by predicted simulation restriction sites across the
known Glycine spp. 5S rDNA sequences using BioEdit suite programs. Restriction endonuclease
digestion (Hae III, Hpa II, Mse I, Taq I, Sac II and Sma I) of the amplified PCR product was
conducted according to manufacturer’s instructions. DNA fragments were separated by
electrophoresis in a 1% agarose gel in TAE running buffer or 8% Poly-acrylamide Gel
Electrophoresis in TBE (45 mM Tris-borate, 1 mM EDTA) for approximately 30 mins at 90 mA.

Results

PCR amplification of the 5S ribosomal gene in the cultivars yielded invariably PCR product
of about 650 bps equivalent to expected size based on the targeted DNA region. (Fig. 1). This
suggests that no gross differences in the in 5S gene among the cultivars.

MARKER 1 Z 3 & 5 G 7 2 3

B50 hps

Fig. 1. 1% agarose gel of PCR product of the East African soybean Glycine max 5S rDNA gene. 1,Nyala,
2,Mikumi, 3, Duicker, 4,Mikese, 5,SB20, 6,Nam 4M, 7,SB9, 8, SB8, 9Maksoy IN.

Restriction fragment length polymorphism
Digestion with restriction enzymes Haelll, Hpall and Msel gave similar patterns across the

cultivars (Fig. 2a).
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Fig. 2a. Restriction digest of 5S rDNA gene with enzyme Msel. ( Lanes 1-8) and Haelll (Lanes 10-
22) Lane 1,2,3,4,5,6,7 and 8 are Nyala, Mikumi, Maksoy 1N, SB20, Mikese, TGX-1876-2E and Nam II
respectively. Lane 9 is undigeted PCR product. Lines 10 to 22 are Nyala, SBS, SB9, SB19, SB20, Mikumi,
Mikese, TGX-1876-2E, Duicker, Nam I, Nam Il Nam 4M and Maksoy 1N.

The restriction enzyme did not discriminate between the local cultivars indicating that they
closely related. However, in the computer simulated restriction digests amongst distantly related
cultivars, these enzymes could indicate markers sites.

Restriction digest with restriction enzymes Hpall was analysed on agarose gel. All these cultivars
produced similar bands (Fig. 2b).

8 9 10 1 12 13 14

Fig. 2b. Restriction digests of 5S rDNA gene with enzyme Hpall on Agarose gel. Line 1, PCR product.
Lines 2 to 14 were Nyala, SB8, SB9, SB19, SB20, Mikumi, Mikese, TGX-1876-2E, Duicker, Nam I, Nam
II Nam 4M and Maksoy IN in that order.

nE 19 F sy TCCCGLGGGOCCCCAGACLETOTCCCORGGGAGTOOTCACGACACAACATTTACA
WE 19 R seq TCCCGGGGLECCHGAGACGGTOTCCCGRGGOAGTCOTCALGACACAACATTTACA
MIEUMI Fsey  TOCCGGGGGCCCGOAGACGOTOTCOCORGGGAGTCOTCACGACACAACATTTACA
MIEUMI Ry TCCCGGOGGCCCGGAGACOOTOTCCCGRGGAGTCOTCACGACACAACATTTACA
MARROY IN F seq TOCCGGGGGCCCGGAGACGOTOTCOCORGGEALTUGTCACGAC ACAACATTTACA
MAKSOY IN R seq TCCCGGGGGOCCGHAGACGETOTOCUGRGGGAGTCCTCACGACACAACATTTACA

Fig. 3. Section of gene sequences of one cultivar each from East African countries.

Sequence analysis of 58 rDNA genes
Limited sample sequencing of the 5S gene fragment was carried out to determine possible sequence
variations. Sequence analysis identified a restriction marker site within the 5S ribosomal gene in the local
cultivars (Fig. 3). The 5S rDNA sequences for the East African soybean were identical except for
one base that appeared different in Mikumi.
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Fig. 4. Restriction digests of 5S rDNA gene of the soybean cultivars using an enzyme Sac I on agarose gel.
Lane 1 is Marker, lanes 2-4 Duicker, 5 and 6 Mikese, 7 Mikumi, 8-10 TGX-1876-2E, 11 and 12 Maksoy,
13 Nam 4M, 14-16 Nam II, 17-19 Nam I, 20-22 Nyala.

Sacll marker site
The sequence analysis identified Sacll digestion with restriction enzyme gave distinct restriction
patterns (Fig. 4). However, these mutations did not correspond to differences as shown by
agronomic performance.

Gene BLAST analysis
Blast analysis of 5S ribosomal gene of the East African cultivars against different species of
genus Glycine show that all the cultivars studied have high (>99%) homology with E = 0.00
within Glycine spp.

A phylogenetic tree was constructed based on 5S rDNA gene sequences of East African cultivars
and different Glycine species. This phylogenetic analysis suggests that cultivar Mikumi is similar
to Glycine max while SB 19 of Kenya and Maksoy of Uganda are the same species and also
closely related to Glycine soja.

This type of study can, therefore, trace the East African soybeans origin in comparison with
Glycine species globally (Fig. 5). Further analysis is needed to reflect genotype and agronomic
data of specific region of the world.

Discussion

Improvement of our local soybean cultivars will require identifying molecular makers that define
their relationship to other improved varieties and also makers linked to quantitative trait loci
(Keim et al., 1990). This study is a pioneering effort in this region, to study molecular makers
that correlates to the differences in agronomic performances observed in East African soybean
cultivars (Nassiuma & Wasike, 2002).

There is negligible size variation in soybean cultivars tDNA (Nickrent & Patrick, 1998).
Similarly, PCR product from cultivars in East African region was uniform (Fig. 1). Restriction
enzyme data show that makers that can identify disparate varieties of genus Glycine but did not
show differences among the local cultivars (Figs 2 and 3). This is not unexpected since soybean
flower do not cross pollinate domesticated cultivars are developed from a few hybrid crosses.

Sequence alignment of the local cultivars identified a single Sal II restriction site (Fig. 3) within
5S rDNA ITS region. This enabled genotyping of large population size of soybean cultivars from
Lake Victoria region (Fig. 4). The data show that most cultivars in Kenya and Uganda has Sal
1I site in their 5S rDNA while those from Tanzania does not. This may indicate differences in
lineages of cultivars that were introduced in the region.
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gi|5596685 G. soja 5.8S gene isolate 039
4{ gi[5912443 G.max ITS isolate
0i|5532501 G. max isolate 48Hidatsa
gi[238696052 G. max voucher PS1684MT01
gil4456160 G. soja DNA ITS isolate 043

gi|5596684 G.soja 5.8S gene ITS isolate
gi|5532499 G .max isolate 43Virginia

4' gil5532498 G. isolate 38virginia-s
0i[223036843 G. max 18S RNA gene partial ]

TZ3P F 046 C11.seq ]
’7 TZ3P R 046 C12.seq ]
KE1 P F 048 A11.seq
KE1 P R 048 A12.seq
UG2 P F 047 B11.seq
UG2 P R 047 B12.seq
0i|5532500 G. soja isolate 39soja
gi[1885365 G. cyrtoloba ribosomal RNA

0i|155733471 G. microphylla voucher PGGC
0i|26225014 G. clandestina isolate G1575

gi|38098567 G. tomentella voucher CSIRO
I— 0i|5596683 G. tabacina 5.8S rRNA ITS iso

0.005

Fig. 5. Phylogenetic relationship between the East African cultivars and global Glycine species.

The Sal II maker did not correlate with agronomic performance observed in the cultivars (data
not shown). The maker reflects an underlying genotype difference that may not have phenotypic
expression. Moreover, the maker site is within a non coding (ITS) region. Further SNP and SSR
genotyping of the two varieties of cultivars in the East African region can elucidate other genotype
differences than can relate the local cultivars to the original hybrid lines. A phylogenetic analysis
of rDNA sequences of the local cultivars against similar sequences available in public databases
(NCBI: http://www.ncbi.nlm.nih.gov/) indicate that the genotypes cultivars grown in the Lake
Victoria region of East Africa are related to Glycine max and Glycine soja isolates and distantly
related to the indigenous cultivars. (Fig. 2). Further studies are necessary to identify QTL markers
that relate to agronomic performances. Single nucleotide polymorphisms (SNPs) provide a rich
source of useful molecular markers in genetic analysis.

SNPs can be analyzed using high-throughput and cost effective systems, they are useful for
construction of high-density genetic maps as well as for genetic association studies (Cho et al.,
1999, Picoult-Newberg et al., 1999; Nairz et al., 2002; Rafalski 2002; Kota et al., 2003). The
relatively high level of linkage disequilibrium (LD) that would be anticipated in self-fertilizing
plant species such as soybean may permit whole genome scans using SNPs for QTL discovery
(Rafalski, 2002; Tenaillon et al., 2001; Zhu et al., 2003). Expressed sequence tag (EST) data
serve as a useful source of DNA sequences in which SNPs can be discovered. The Soybean EST
Project database contained more than 342,000 publicly available ESTs from 84 libraries as of
December 2004. This resource provides an excellent source for the development of gene-derived
SNP markers (Collins et al., 1998; Brookes, 1999; Marth et al., 1999; Picoult-Newberg et al.,
1999).
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