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Abstract

Ipomoea trifida belongs to the family Convolvulaceae and is closely related to sweetpotato. In this
study, we reported the microsatellitesliririfida sequence database, and tested their transferability
and polymorphisms for both sweetpotato and its related wild species.

Inthe DNA database, 1425 sequences were registeréedriidida. Sixty-one independent sequences
were found to have microsatellite motifs and PCR primers were designed to amplify 15 microsatellites
loci identified. Twelve primer pairs could amplify the expected product size and nine primer pairs
showed polymorphisms among the three genotypds wifida. These 12 functional primer pairs
were used to assess the transferability and the level of polymorphism between sweetpotato cultivars
and its related wild species. The transferability showed, 1009%. foatatas, 83.3% forl. tiliacea,

75% forl. triloba and 66.7% fot. Lacunosa, respectively. These markers also revealed high level of
polymorphism between wild species and sweetpotato cultivars.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Microsatellites, also called simple sequence repeats (SSRs), are present in all plants and
animals. The polymorphism of microsatellites is caused by slippage of DNA polymerase
during replication and/or unequal crossing-over, resulting in variation in the number of
repeated DNA motifsgchlotterer and Tautz, 1992As DNA marker, microsatellites show
high level of polymorphismAkagi et al., 1997 and co-dominant inheritance.

Morgante et al. (2002eported the analysis of the density and distribution of microsatel-
lites in plant genomes. They compared the genome¥s atfidopsis thaliana, rice (Oryza
sativa), soybean Glycine max), maize Zea mays) and wheat Triticum aestivum), which
have genome size ranging from 125 to 5660 Mbp. They found that microsatellites were abun-
dantin transcribed regions, particularly in untranslated regions. Analysis of 5000 full-length
cDNA sequences ofrabiposis showed highly significant differences among the regions
in the frequencies of all microsatellite types, withAUBTRs had a higher microsatellite fre-
guency than the whole genome, whileldTRs had an almost threefold higher frequency
than any other genomic fraction. They also found that microsatellite frequency is not a func-
tion of overall genome size and microsatellites were more frequent in single- or low-copy
DNA fractions than in repetitive DNA.

Microsatellites have recently been applied successfully to plant genetic analysis and
breeding programsPpwell et al., 1996; Gupta et al., 199%However, establishment of
microsatellite marker system has lagged for many plants because it is a considerably com-
plex, costly and time-consuming task. At present, microsatellites are developed by two
main strategies: DNA library construction and public DNA database search. The intensive
labor of screening small insert libraries and low efficiency of microsatellite-enrichment
approaches illustrate the importance of searching for microsatellite from published DNA
databaseWang et al. (1994%earched for all possible microsatellites on GenBank and
EMBL sequence databases and identified 130 microsatellites in 54 different @aats.
et al. (2000)described 10 polymorphic microsatellites derived from a grape expressed se-
gquence tags (EST) database. They found that microsatellites located in both untranslated
regions (3UTR and 3-UTR) as well as in coding sequences and the microsatellites in
3'-UTR showed the most polymorphic at cultivar levBllva (2001)analyzed sugarcane
EST database and identified 402 microsatellites. PCR primers were designed for 20 mi-
crosatellite loci and were tested on eight sugarcane genotypes for detecting polymorphism.
Hackauf and Wehling (200 stablished 157 microsatellite markers from 8000 reported
cDNA sequences for rye.

Ipomoea trifida belongs to the family Convolvulaceae, having different ploidy levels
such as diploids (2= 30), tetraploids (& = 60), and hexaploids (2= 90). Austin (1988)
pointed thatl. trifida is one of the most likely ancestors of the cultivated sweetpotato,
batatas. The ISSR, RFLP and RADP data also supported th#tifida is related most
closely to sweetpotatdérret et al., 1992; Jarret and Austin, 1994; Huang and Sun, 2000;
Hu et al., 2003 Wild species oflpomoea are a potential reservoir of useful genes and
play an important role in sweetpotato varietal improvement. Interspecific hybridization
betweerl. trifida and sweetpotato, produced new sweetpotato cultivars having high yield of
storage roots and high dry matter content have been developed in China andiapaki(

2009.
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The development of molecular markers as a tool farifida characterization is highly
desirable, which will contribute to knowledge of the genetic relationships among the wild
and cultivated accessions, and hence facilitate the breeding of sweetpotato cultivars to satisfy
market needs. Despite the importance and efficiency for genetic diversity and mapping study;,
no information on microsatellite markerslintrifida is available to date. In this paper, we
describe the identification of microsatellites framtrifida sequence database, and report
our findings on the transferability and the polymorphism of these microsatellites for both
sweetpotato and its related wild species.

2. Materialsand methods
2.1. Plant materials and DNA isolation

A total of 12 accessions, including six sweetpotato cultivars or breeding lines, three
accessions df trifida and other three related speciedmimoea were selected for analysis
of the polymorphisms and transferability of the designed primeis Q).

Total DNA was isolated from about 2.0 g of young leaves, following the CTAB method
described byGawel and Jarret (1991)
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Fig. 1. Dendrogram of 12 accessions of sweetpotato and its related wild species generated by UPGMA cluster
analysis with SSR markers. The numerical scale indicates genetic distance. Bootstrap values are shown on the
corresponding node for each cluster.
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2.2. Microsatellites mining

All 1. tridifa DNA sequences were obtained from the GenBéattp(//www.ncbi.nlm.nil.
gov) database. The resultant sequences were screened for all theoretically possible tandem-
repeated sequences. A repeat was identified as a microsatellite if the number of repeats
(n) was more than seven for dinucleotide repeats, or more than five for trinucleotide re-
peats, or more than four for tetra-nucleotides repeats, or more than three for penta- and
hexa-nucleotide repeats with home made program in PC.

2.3. Primer design, PCR amplification and electrophoresis

Sets of PCR primers, between 18 and 25 bp in length and located in the flanking regions of
the repeated sequences, were designed using MacVector (Oxford Molecular Group, 1996).
Primers were selected to give an expected fragment size between 100 and 250 bp based on
GC content, melting temperature and the lack of a secondary structure.

PCR amplifications were performed in a thermal cycler (MJ Research PTC-200, Peltier,
USA). Reaction mixtures contained 20 ng of DNA, Q. of each primer, 20Q.M of each
dNTP and 1 U GeneTaq (Nippon Gene) with PCR universal buffer (Nippon Gene) in a
total volume of 2Qul. The amplification condition included an initial denaturation of @4
for 5min, followed by 35 cycles of amplification with a 30 s denaturation &t(®430s
annealing at 50—64C (depending on primers used), and 30 s extension aC72 final
extension was performed at 7€ for 5min. In the case of ITSSR09 locus, touchdown
PCR amplification was conducted, programmed with an initial denaturing step @tfo4
5 min, followed by 10 touchdown cycles of 30 s at°@} 30s at 58C, and 60s at 72C,
decreasing 0.5C per cycle down to 53C; ending with 30 cycles of 30s at 9€, 30s at
53°C, and 30 s at 72C. The amplified PCR products were resolved in 12% non-denaturing
polyacrylamide gels at 200 V for 1-2 h, stained with ethidium bromide and visualized under
UV light.

2.4. Sequencing amplified microsatellite alleles

PCR products amplified with ITSSR02 were excised from polyacrylamide gels and lig-
ated into pPGMEM-T easy vector following manufacturer’s instruction (Promega). Plasmid
DNA was isolated and sequenced using an ABI Prism 310 Genetic analyzer. Several dif-
ferent independently clones were sequenced for each allele to derive a consensus sequence.
Sequences were compared with each other using the multiple sequence alignment procedure
with Genetyx-Mac (Software Development Co. Ltd., 1999).

2.5. Relationship analysis

Each unambiguous amplified fragment was treated as a character and scored manually for
the presence or absenbkei’'s (1978)genetic distance was calculated using TFPGA program
(Miller, 1997) and dendrogram was constructed using UPGMA (Unweighted Pair-Group
Method with Arithmetical averages). Bootstrap resamplimg (L000) was performed to
test the robustness of the dendrogram topologies.
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Table 1
Number of sequences containing SSRs from repdrtedida sequences
Motif (bp) mRNA (18) EST (1407)
Anther (561) Stigma (846)
2 1 6 5
3 1 7 14
4 1 2 4
5 0 3 10
6 0 2 8
Total 3 20 41

The numbers within parentheses are the number of sequences in the database.
aData downloaded on 31 October 2002.
b Data downloaded on 21 February 2003.

3. Results
3.1. SSRsin published database

The NCBI database contained 1426ifidasequences when the data mining analysis was
performed. The database sequences included 18 individually deposited cDNA sequences
and 1407 sequences from two EST libraries, stigma and anther EST libréaias ().

The downloaded data were used to investigate for all 2—6 bp combination as repeat motif

unit and 64 sequences were found to contain microsatellites. The sequences containing
microsatellites were 4.5% of the total population in the published sequences. Out of the

64 sequences, three were duplicates and were removed. The proportions of all types of
microsatellite motifs with more than 14 bp were showiTable 2 The repeat unit number

of microsatellite loci ranged from 3 to 18 and most (83.6%) showed repeat number of less

than 7.

Database-derived microsatellites contained a variety of repeat motif sequences. Di- and
trinucleotide repeat motifs presented about 50% of the total microsatellites linttHela
database sequences. The most abundant dinucleotide microsatellites were TA, followed by
TC. The trinucleotide microsatellites TAA, TCT and CCG showed high abundance, as has
also been found in other plant speci€upta et al., 1996; Cordeiro et al., 2001

3.2. PCR amplification and polymorphismin I. trifida

From the sequences containing microsatellites, 15 were chosen for the design of PCR
primers [Table 3. The 15 sequences were chosen to represent di-, tri-, tetra-, penta- and
hexa-nucleotides motifs microsatellites in order to test the relationship between the type of
repeat motif and the level of polymorphism. Being tested in PCR reactionlwitHida
genomic DNA, 12 pairs amplified the products with scorable size (less than 300 bp) under the
used conditions. ITSSR05 and ITSSR13 failed to amplify any PCR product. The products
amplified by ITSSR10 were too large to detect polymorphism. Out of the 12 functional
primers, nine primers revealed polymorphisms for three genotypkdrifida (Table 4.
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Table 2
Occurrence of microsatellites in reportedrifida sequences (hon-redundant)

Motif Number of repeats Total

3 4 5 6 7 8 9 12 13 18

2bp
TA 2 1 1 2 2 8
TC 2 1
TG 1

3bp
TCT
TAA
CCG
TAG
TAC

4bp
TTAT 1 1
GCCT 2
AAAC 1
TGCA 1

5bp
AATAA 3 1
GATCG
AAAAC
CAGAA 1
ACAGT
GATCC
TATAT
TTTTC

6bp
AGATTC
ATGCAT
TTTTAT 1
TGTTTT
AGGCCT
AAGCCT
CAAGGC
TGATAA
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In contrast to reports from a number of plant genomic-derived microsatellite studisesy
etal., 2001; Kolliker et al., 20Q1amplification efficiency and polymorphism did not appear
to be influenced by repeat structure or repeat number.

3.3. Microsatellites transferability and polymorphism for sweetpotato and its related wild
species

The 12 functional primers were applied to six sweetpotato cultivars and other three re-
lated wild species in order to assess the transferability and the level of polymorphism.



Table 3

Sets of primers for detecting SSRs loci developed from the repbrtafida sequences. SSR marker name, accession number, repeat motif and expected size are shown

Name Accession number SSR Forward primer sequerice- (3) Reverse primer sequencé (5 3') Length (bp¥
ITSSRO1 AU224762 (TGY GCTCTCAATTCCCATCCAAAC TCTGCACCATCCTTCTTGG 133
ITSSRO2 U51739 (TA(TG)12 AGGTCAAGGTGGTTTTGGTTCTG TTGCCCTCCAACAAGCATTCCC 198
ITSSRO3 AU223715 (AT AATAACTACAATGCAAGTCG TCATCCAGGAAACAGCCCAG 158
ITSSR04 AU224072 (AT GCGTAACACATAAATTGGACTG GGAAGTTTGAAAAGGTTAAGCC 223
ITSSRO5 AU223720 (AT CAAACAACCATGAAACTG TAAATTCACTCAACTCCTTC 101
ITSSRO6 AU224193 (TC® ACACAAAAGAGTTGATCCTCCACC TCCGGCTCTCGAGCCTATTG 183
ITSSRO7 AU223818 (AAT) CACCATACCCAATTTTTACAGATGC GATTGAATGAATGATGCGG 169
ITSSRO8 AU224817 (AATY(TAA)5 CAATCTGGGAGGAATGACATC AAGTGTTTGAAGATCCTGCAAC 158
ITSSR09 AU224328 (AAAQ) TGTGTCACCTTAGGGACATAACTC TTGGTATAGGTTAGGGCTTAGAAG 135
ITSSR10 AU224826 (TTAR) CCATCCCTAGTGCATCATCCAG ACAAAGCATCCCGCCTCTATCC 190
ITSSR11 AU224219 (TGChA) GGCTCCTTAAAAGGCAAACAC CCCTATTCGTAAATGGACTACAGC 113
ITSSR12 AU224351 (TTATT) CGTTGGTGAGTTTCCCAAACC AAAACGACGGCGTATCTGAGGCAG 122
ITSSR13 AU224607 (CAGAA) TGGTGGTACTAACCTGAAAGGGTC TTGCTGGAAGCTGGATTCATTC 109
ITSSR14 AU224674 (TGTTTH) CTCCATTCAAACAGCGTCTC CGGGCAATTCAGTTGACTC 151
ITSSR15 AU224600 (AGATTQ® CGAGATAACCCATTTTTGTGG ATTTGTGGTGTGAGCATTGG 118

2The lengths were determined from the reported sequences.

988-G/€ (002) ZOT SN} NO11OH BIUBIS /*[e 1 NH

8¢
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Table 4
Allele sizes (bp) of database-derived-SSRslfmmoea species. Polymorphisms (P) and transferability (Trans)
between genotypes (G) and species (S) are shown

SSR 1. trifida |. batatas I.lacunosa |I.triloba I.tiliacea P Trans T, (°C)
ITSSRO1 222,224,230 216,222,226, 232, 228 222 224 G,S A 64
ITSSR02 158, 162 167, 192, 194, 198, 200 180 174 167 G,S A 64
ITSSR03 142,162,178 142,162, 164, 170 n.a. n.a. n.a. G,S S 60
ITSSR04 266, 272,276 264, 266, 268, 272 268 268 268 G,S S 64
ITSSR06 177 177,179, 183 n.a. n.a. 181 G,S S 50
ITSSRO7 168, 171 171,174 171 168 171 G,S S 57
ITSSR08 175,181 175, 181 175 175 178 G,S S 57
ITSSR0O9 135 111, 135, 156 n.a. 188 129 G,S S 58-53
ITSSR11 118,122 122 122 122 118 G,S S 65
ITSSR12 122,117 127,122 117 122 122 G, S A 64
ITSSR14 175,163 163 193 151 157 G,S A 55
ITSSR15 132 132,136 n.a. n.a. n.a. S S 64

A: transferable to all accessions in this study; n.a.: no amplificaligrannealing temperature.

Because these new microsatellite markers were developed from cDNA, their DNA se-
quences may be conserved between related species and they can be more transferable to
cultivated sweetpotato and its related specleble 4. All the 12 primer pairs can amplify

the genomic DNA of sweetpotato and 10 revealed polymorphisms among six sweetpotato
cultivars. Ten primers could amplify the genomic DNA loftiliacea, nine forl. triloba

and eight forl. lacunosa. Finally, eight primers could amplify all 12 accessions of DNA
samples.

The 12 functional primer pairs were applied to test their abilities to discriminate sweet-
potato and its related species. Analysis of microsatellites polymorphism across 12 acces-
sions used in this study identified 53 alleles. The SSRs-based Nei’'s genetic distance ranged
from 0.1076 to 0.5245, with an average of 0.3857. A dendrogram was constructed based on
the genetic distancefig. 1). At the distance of 0.3655, three groups were clustered in the
dendrogram. Group 1 contained all six sweetpotato cultivars, ‘Kokei 14’ and ‘Benikomachi’
was very close in the dendrogram because ‘Kokei 14’ is one of the parents in the breeding
program. The second group included twadrifida accessions. The third group consisted
of I. triloba, I. lacunosa andl. tiliacea. The dendrogram showed thattrifida is closely
related to sweetpotato as compared to other wild species.

3.4. Allelesvariation of ITSSR02 in sweetpotato

DNA sequence analysis of the amplified products derived from locus ITSSR02 showed
that the size of polymorphism resulted mainly from differences in the SSR repeat number.
Moreover, differences were observed in the nucleotide composition of SSR arrays that were
identical in size (192 bp) from ‘Kokei 14’ and ‘Indonesia 47’. The smallest allele 167 bp
included repeat number reduction and two small deletion regions, 7 bp iri flemking
region and 4 bp in the’3lanking region of the SSR array. Insertion/deletion (indel) and
mutations were also observed in some alleles, for example, 198 bp allele from ‘Indonesia
47’, 167 bp allele from ‘Benikomachi’ and ‘Kokei 14'.
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4. Discussion

We searched the microsatellite locilintrifida DNA sequences registered in the Gen-
Bank. The database-derived microsatellites are more economical than the standard library
screening, since they are filtered out computationally for the generation of primers. The few
number of published sequence data limits the development of microsatellites from database
for many plants. However, the EST projects are undertaken for some important plants, which
could enlarge the sequence databases. For instance, more than 549,000 and 393,000 ESTs
have been released for wheat and barley till 5 March 2004, respectively. A large number of
microsatellites, being the by-product of EST projects, have been found for @empeét al.,

2000, rye Hackauf and Wehling, 2002nd sugarcané&prdeiro et al., 2001; Silva, 20p1

In our study, microsatellites were abundantly found (4.5% of total sequenckgyiiiida

DNA sequences based on the moderate microsatellite stringency criteria. Although direct
comparison between estimates of microsatellite frequencies in different reports is difficult
owing to various repeat motif length criteria, the di- and trinucleotide motif microsatellites
occupied 2.4% of the totdl trifida sequences, which corresponds to the recently described
frequencies in other plants, e.g. 2.5% in grapeqtt et al., 2000

A diverse range of SSRs repeat motif sequences were present in pulblighiéida
DNA sequencesTable 3. The short trinucleotide repeat units were most frequent in the
microsatellite loci. It is found that the abundance of different repeat motifs in EST-derived
microsatellites vary between plant species, but trinucleotide repeat units, perfect repeat
structure, and low repeat numbers were common features of EST-G8P=® (et al., 1996;
Scottetal., 2000; Cordeiro et al., 2001t is well known that (AT), repeat is the predominant
motif in plant (Powell et al., 199Band is the most polymorphic microsatellites in the rice
species Akagi et al., 199). However, (AT), motif is difficult to find by using traditional
hybridization methods. Searching for database can overcome this limitation.

Out of 15 primer pairs tested in this study, 12 primer pairs can amplify scorable fragments
with genomic DNA ofl. trifida. Some of the amplified fragments were larger than the
expected size, indicating the possible presence of introns within the genomic DNA sequence.
The presence of long introns between the sequences homologous to the primers in the
genomic DNA may explain the very large DNA fragment amplified with ITSSR10. This
is also one of the possibilities why there is no PCR product with ITSSR05 and ITSSR13.
Failures of amplification may also be due to the fact that the primer sequences contained
mutation and/or indels, or primer design across intron—exon boundaries. The mutation
and indel were also observed in the flanking regions of microsatellitéstiifida and
sweetpotatoButeler et al., 1999

Since most of the database-derived microsatellites come from cDNA, it would be expected
that these markers are more transferable than anonymous microsatellites. The transferabil-
ity of microsatellites established here was high, 100% to sweetpotato, 8B%ltacea,

75% tol. triloba and 66.7% td. lacunosa, respectively. High efficiency of transfer of
EST-SSRs across related species has been reported previously in otherSutatitet(al.,

2000; Cordeiro et al., 2001The high transferability indicates that the primer binding sites
may have been conserved in genomic DNA over a long evolutionary history. These results
imply that EST-SSRs will be useful—along with other DNA-based marker systems—in the
comparative genetic mapping of sweetpotato and related wild species and in tracking the
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introgression of agriculturally important traits from exotic wild species and/or sweetpotato
germplasm sources. Furthermore, the results also demonstrated that cross-species transfer-
ability is related to the genetic distance, implying that microsatellites could be powerful
markers for synteny analysis. Besides the high transferability, the functional primer pairs
revealed a high level of polymorphisms between species and genotypes. The dendrogram
constructed in this experiment showed thatifida is the most close to sweetpotato, which

is in agreement with other authors’ conclusion as established by RAPD, RFLP and ISSR
analysis Jarret et al., 1992; Jarret and Austin, 1994; Huang and Sun, 2000; Hu et a)., 2003

In the present study, dlltrifida-derived primer pairs were able to amplify microsatellite
loci in sweetpotatoButeler et al. (1999Jound that only 9 out of 63 (14.2%) genomic
library-derived primer pairs amplified clearly scorable banding patterns. The low efficiency
of amplifying microsatellite loci was also reported in other polyploidy species such as
Medicago sativa (5%, Diwan et al., 199y and wheat (32%Bryan et al., 199 The high
percentage of. trifida-derived microsatellite loci that were successfully amplified sweet-
potato genomic DNA may be attributable to the close relatedness between sweetpotato and
I. trifida, and the fact that primer pairs were designed in highly conserved regions of the
genome (EST sequences). Our results indicated that the microsatellite markers derived from
. trifida database provide a unique and efficient source of microsatellites for sweetpotato.

Out of the 12 functional primer pairs, 10 (83%) were polymorphic and useful in the
differentiation of sweetpotato cultivars. The number of alleles detected per polymorphic
locus ranged from 2 to 8 with a mean of 5.3 alleles, and these values were comparable to those
reported byButeler et al. (1999)it is likely that the large genome size, allopolyploidy, and
heterozygosity of sweetpotato are the reasons for its high level of polymorphisaasn(
et al., 2002. Moreover,He et al. (1995)eported that self-incompatibility and outcrossing
nature of sweetpotato favor high gene flow among genotypes, while vegetative reproduction
maintains the high level of genetic diversity. Intomato, many microsatellites have beenfound
(Smulders et al., 1997; Areshchenkova and Ganal, 1999; He et al)) 2003nly a small
number of polymorphic SSR markers were obtained. Out of 158 SSR primer pairs screened,
41% were polymorphic among 19 tomato cultivate (et al., 2008 which was lower than
that found in this study. The low polymorphic nature of the microsatellite loci was expected
because of the narrow genetic base of modern cultivars, combined with the self compatible
nature of this cropNliller and Tanksley, 1990 The low genetic diversity of modern tomato
cultivars is also reflected by a low level of polymorphism for protein, isoenzymes, and
several DNA markerd\iller and Tanksley, 1990; Van der Beek et al., 1992; Rus-Kortekaas
et al., 1994; Broun and Tanksley, 199€omparison of the gene diversity values for 500
varieties in the collection with those reported for 16 other varieties showed that these values
are a direct result of the choice of the varieties udg@demeijer et al., 1998, 20P2n
a study on microsatellites in cassa@h@varriaga-Agurirre et al., 1988 27% increase
in both the number of alleles was observed and the level of polymorphism for g, (GA)
microsatellite locus was recorded when the number of accessions screened increased from
38 to over 500.

DNA sequence analysis of ITSSRO02 locus showed that the polymorphisms detected were
predominantly due to the differences in the SSR array. The sequence data also suggests that
microsatellite allelic variation is caused by complex genetic mechaniSoigdtterer and
Tautz, 1992; Di Rienzo et al., 199Moreover, indel and mutation were observed within
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the non-repeated flanking regions, which might be associated with the complex polyploidy
nature of sweetpotat@(teler et al., 1999

In conclusion, the database-derived microsatellites have some obvious advantages, such
as easy to search by electronic filtering, abundant, unbiased in repeat type and present in
gene-rich areas. Microsatellite markers derived from repdrtedida sequences are viable
sources of polymorphic, highly transferable SSRd fomoea species. EST-SSRs derived
from |. trifida may be a unique and efficient source of microsatellites for sweetpotato.
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