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ABSTRACT. Dioscorea cayenensis and Dioscorea rotundata are among
the most important yam species for the humid and sub-humid tropics. We
isolated nine polymorphic microsatellite markers using a microsatellite-
enriched genomic library technique. The nine primer pairs were validated
in 22 D. cayenensis accessions, and were tested for transferability in 26
D. rotundata accessions. The number of bands ranged from 2 to 4, with
a mean of 3.11. D. cayenensis gave primer polymorphism information
content values ranging from 0.37 to 0.62, while for D. rotundata the
values ranged from 0.15 to 0.66. The D parameter in D. cayenensis
ranged from 0.14 to 0.40, while in D. rotundata it ranged from 0.05 to
0.34. These SSR markers will be useful to characterize genetic diversity
in D. cayenensis and D. rotundata accessions.
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INTRODUCTION

Yams (Dioscorea spp) represent a staple food for about 100 million people world-
wide, where it is extensively cultivated and consumed in the humid and sub-humid tropics of
several countries in Africa, Asia, and Latin America (FAO, 2011). D. cayenensis and D. rotun-
data (known as Guinea yams) are the most popular and economically important yams in West
and Central Africa (Obidiegwu et al., 2009). In Brazil, these species, also called yellow yams
(D. cayenensis) or white yams (D. rotundata), are mainly grown in the Northeast, producing
few large tubers per plant (Santos, 2002). The taxonomy of these species is still controversial.
Some authors consider them as part of a complex called D. cayenensis/D. rotundata (Dansi et
al., 1999; Mignouna et al., 2002), while others consider them as two distinct species (Ramser
et al., 1997; Mignouna et al., 2005).

These species are considered polyploid by most authors (Obidiegwu et al., 2009), al-
though D. rotundata has also been considered diploid by Scarcelli et al. (2006). They are dioe-
cious and perennial and are characterized by the presence of herbaceous stems with thorns,
climbing habit and edible tubers rich in carbohydrates, vitamins and minerals (Lebot, 2009).
These species are widely cultivated and consumed by communities that practice traditional farm-
ing (Siqueira, 2011). Thus, these communities play a key role in maintaining the genetic diver-
sity of yams, as well as several other species of roots and tubers. However, the socioeconomic
pressures suffered by farmers in these communities, accelerate the decline and loss of genetic
variability in this crop (MMA, 2004).

In this context, there is a need to characterize the genetic variability of yam species
maintained by traditional farmers, to estimate their level of diversity as well as to develop
strategies for the conservation and maintenance of this diversity.

Several tools are available to estimate and characterize the genetic diversity, among
which microsatellites or simple sequence repeats (SSR) have gained prominence due to their
being codominant markers, multi-allelic and amplified via PCR, which facilitates their evalu-
ation even with small amounts of DNA (Oliveira et al., 2006). Once developed, primers that
amplify these regions can be easily used to characterize the genetic variability of any kind
(Agarwal et al., 2008).

In this study, we report the isolation and characterization of nine microsatellite
primers for the species D. cayenensis and the analysis of its cross-amplifications in D.
rotundata.

MATERIAL AND METHODS

Genomic DNA was extracted from fresh young leaves of 22 accessions of D. cayenen-
sis, originating from the municipalities of Iguape, Cananéia, Iporanga, Eldorado, Ubatuba,
and Ilha Comprida in Sdo Paulo State, and the municipalities of Joinville and Itajai in Santa
Catarina State. We also used the primer pairs obtained to evaluate 24 accessions of D. rotun-
data originating from Ubatuba and Mogi Guagu, in S@o Paulo State, from Alhandra, Rio Tinto,
Marcagao, Sapé, Caapora, Santa Rita, and Sobrado in Paraiba State, and the municipalities of
Sao Joaquim do Monte, Bonito, Goiana, Alianga, Ferreiro, Recife, in Pernambuco State. DNA
was extracted using the CTAB method (Doyle and Doyle, 1990).

To select fragments containing microsatellite markers, two genomic libraries were
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constructed from genomic DNA of the accession DGC 4.0 (from Iguape-SP) following the
protocol described by Billotte et al. (1999) with modifications.

Total DNA was digested using the enzyme Afa (Invitrogen cat. 15424-013, Carlsbad,
CA,USA). The digestion product was ligated to adapters Afa21 (5'CTCTTgCTTACgCgTggAC
TA 3") (IDT, Integrated DNA Technologies, Inc. Cat. 15,350,710) and Afa25 (5'pTAgTCCAC
gCgTAAgCAAgAgCACA 3.

After binding, we performed a pre-amplification step using 3 pL ligation product, 20
uM primer Afa21, 5 pL 10X buffer, 2.0 mM MgCl,, 200 mM dNTPs and 3 U Taq polymerase.
PCR reactions were performed in a MyCycler Thermal Cycler (Bio-Rad, Hercules, CA, USA),
in which the samples were initially submitted to 95°C for 4 min and then 20 cycles at 94°C for
30 s, 60°C for 1 min and finally 72°C for 2 min. After 20 cycles, the samples were kept for 8
min at 72°C. The PCR products were subjected to electrophoresis on a 1.0% agarose gel (w/v)
in 1X TBE buffer containing Syber Safe, at 110 V for 1 h. The Gene Ruler 100 bp DNA Ladder
Plus (Fermentas Life Sciences, Vilnius, Lithuania) was used as molecular weight marker.

The fragments were selected using magnetic beads (Promega, Cat. Z5481, Madi-
son, WI, USA) and biotinylated probes containing tandem repeats of dinucleotides: biotIII
(CTT),, biotIlI (TA),,, and III blot (GT),,. The microsatellite-rich fragments were amplified
in the same thermal cycler as above, at 95°C for 1 min and then 25 cycles of amplification. In
each cycle, the samples were submitted to 94°C for 40 s, 60°C for 1 min and finally to 72°C
for 2 min. After 25 cycles, the samples were kept for 5 min at 72°C. The PCR products were
subjected to electrophoresis on a 1.0% agarose gel, as described above.

The amplified fragments were then ligated into a pGEM-T (pGEM-T Vector System I, Pro-
mega cat. A3600) cloning vector using Escherichia coli competent cells. The next step was a PCR
to check whether the transformed clones had the inserts. After amplification, the fragments were
separated on a 1.5% agarose gel. The transformed clones were stored at -80°C. After the selection
of positive clones, the microsatellite fragments were extracted from the plasmids and sequenced.

The sequencing reaction was prepared in autoclaved ultrapure water with 4 pL plas-
mid, 0.5 mM primer SP6, 2 uL Big Dye Terminator v3.1 (Applied Biosystems, Foster City,
CA, USA) and 2 pL Save Money buffer (prepared with 10% (v/v) MgCl,, 50 mM and 20%
(v/v) Tris-HCI, pH 9.0, in autoclaved ultrapure water). Sequencing was performed at the Cit-
rus Center of the Agronomic Institute in Cordeirdpolis, Sdo Paulo, Brazil. We used the DNA
Analyzer 3730 sequencer (Applied Biosystems), and the sequences obtained were processed
by the 3730/3730x1 Data Collection Software v3.0 (Applied Biosystems).

The Websat program (available at http://wsmartins.net/websat/) was used to identify
the microsatellite sequences obtained. The Primer 3 program (available at http://bioinfo.ut.ee/
primer3/) was used to design primer pairs flanking the microsatellite. The parameters were
set for obtaining a final amplification product in the range of 150 to 250 bp, GC percentage in
the range of at least 50% and maximum 60%, the difference in annealing temperature of the
primers varying between 55° and 70°C, and the difference in annealing temperature between
primer pairs varying by 3°C at most.

The software Gene Runner v.3.1 was used to evaluate the quality of each primer pair
obtained by selecting the most suitable for PCR. The software Chromas 2 was used to evalu-
ate the quality of primer sequencing and the regions of the microsatellite. Allele sizes were
estimated using the software GeneMarker v.1.95 (Softgenetics, State College, PA, USA).

The 22 accessions of D. cayenensis and 26 accessions of D. rotundata were analyzed
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in a transferability test, using a “touchdown” cycling PCR program, using a “touchdown” cy-
cling PCR program (Table 1). Electrophoresis was done in 7% denaturing polyacrylamide gels
pre-run at 45 V/cm for 40 min, using 6-pL samples previously denatured with 2 pL loading
buffer (95% formamide, 0.05% xylene cyanol, 0.05% bromophenol blue, and 12.5% sucrose)
at 95°C for five minutes. Electrophoresis was performed at a constant voltage of 45 V/cm.
Gels were stained using a silver staining procedure (Creste et al., 2001) and photo-documented
with a digital camera.

The number of bands was estimated visually and the polymorphism information con-
tent (PIC) was calculated according to Botstein et al. (1980) to estimate marker informative-
ness. The discrimination power (D) parameter (Tessier et al., 1999) was estimated for each
primer according to the formula: p;=1-¢;=1-%., ;"“" Y where D is the probability
that two randomly selected individuals have a different and dlstlnct banding pattern, C is the
probability that two randomly selected individuals have a similar band pattern, and N is the
number of individuals analyzed.

RESULTS AND DISCUSSION

Of the 12 designed primers, nine were successfully amplified and used to characterize
the accessions of D. cayenensis and to test for cross-amplification in D. rotundata. The three
remaining primer pairs were excluded due their being monomorphic or nonspecific.

The SSR primers obtained in this study were used as dominant markers to evaluate the
genetic divergence between germplasm accessions of D. cayenensis and D. rotundata. A total of 28
bands were obtained for the nine primers. The number of bands ranged from 2 to 4, with an aver-
age of 3.11 bands per primer pair (Table 1). The PIC values of the nine microsatellite primers in D.
cayenensis ranged from 0.37 to 0.62, with an average of 0.54. The highest PIC was found for the
Dcall primer, with a value of 0.62, containing the highest band number (4 bands), also obtained
with Dca5 primer. The PIC values in D. rotundata ranged from 0.15 to 0.66, with an average of
0.43. The highest PIC was also found for the Dcall primer, at 0.66. Obidiegwu et al. (2009) as-
sessed the genetic diversity of 219 accessions of D. cayenensis/D. rotundata from Benin, Congo,
Cote d’ Ivoire, Equatorial Guinea, Gabon, Ghana, Nigeria, Sierra Leone, and Togo on the basis of
15 microsatellite primers, and observed that PIC ranged from 0.37 to 0.80, with an average of 0.65.

We compared the markers for efficiency in genotype identification by determining the
discrimination power (D) parameter for each primer (Tessier et al., 1999). The D parameter in
D. cayenensis ranged from 0.14 to 0.40, with an average of 0.23. Higher D values were found
for the Dcall (0.40) and DcalO (0.36) primers (Table 1). The D parameter in D. rotundata
ranged from 0.05 to 0.34, with an average of 0.21. The highest D value was found for primer
Dcall (0.34) (Table 1). Siqueira et al. (2011) developed nine primers specific for D. alata,
observing D values ranging from 0.15 to 0.91, with an average of 0.68. Thus, the primers
developed for D. cayenensis/D. rotundata showed low D values, indicating low power in
discriminating the accessions used in this study. However, these primers may perform well in
other sets of accessions, thereby assisting in studies of the genetic diversity of yam.

The results of the cross-amplification tests showed that all primers allowed transfer-
ability to the species D. rotundata, indicating that the nine microsatellite primers reported in
this study are a potentially useful tool to evaluate genetic variation and population structure
in these two species.

Genetics and Molecular Research 13 (2): 2766-2771 (2014) ©FUNPEC-RP www.funpecrp.com.br



2770

L.R.G. Silva et al.

‘uoneoyidwe ou = (-) Ouoo paouanbas [euISLIO 9Y) JO JeY) 0} JB[IWIS JZIS B JO SPUBQ 910U
10 ouo Yym uoneoyrjdwe [njssaoons = (+) Tomod UOHRUTWILIDSIP = (] SJudjuod uonewuojur wisiydiowod = D14 ‘sired towrid oy Jo armerodwd) Surjeouue = e,

170 £C0 (340 ¥$°0 e o5e10AY
LOIVOVLODIVVVIOVIOID A

+ €0 0¥°0 99°0 w90 14 10VT8TXI  Do05-009 €8-€L "(oV) VLIOOVVOOVOHIVVOIVLIIO A e
ODOIVOILVVVLLODLLODLOD I

+ 870 9¢'0 €50 650 € 00¥T8TXT  Do05-009 S61-9¢1 *itvo) DDVOVOIVIOLVOLOLODDD 4 olexd
LOVODIODIVIOVVLLIDOL A

+ LT°0 810 0r’0 0$°0 € 66ET8TXI  DoSP oSS S0cT-S61 ‘0L JVVIOIHVOHVOIVVIILVVOVD 4 6eod
VVOOVIVLOLOVOLLODDLIVLOO ¥

+ S0°0 y1'0 S1'o LEO [ 86ET8TX[  DoSP oSS S0z-L61 *(10) LVOLODIOOVIOLIDOVOIVL A 8exd
VLLVOLLOOVVVOIOOLVIODL A

+ L1°0 o 0r'0 650 € 96£T8TXI  DoStmoSS 012061 ’(O1) VVLIOLOOOVOLLODLOVLLOOL A 9eod
DOHIVOVLLODLIVVLOIIOVD ¥

+ 870 (430 61°0 650 14 SOETVTXI  DoSP oSS 0ST-861 "OV) DDHIVVILOODIVOLLLOIVY A sedxd
VOOVIOVOVOLLOVOVVVIVVVIVVO o

+ LT0 81°0 090 90 € P6ETSTXT  DoStoSS  06T-9LT (VL+(VO) DDDVLIVVVIVOVODDOOLV i e
DOHVVOVOHLODOLOVOLLOOV A

+ 110 910 wo S0 € €6ET8TXI  DoSP oSS 0Tc-T0T (1) DIVVDOVIVODLLOVIIOOVD A g€ed
DOVOVIVVVVVOLLOOVOIVID i

+ 81°0 0€°0 1$°0 950 € TOETVTXL  Do0$-009 €61-L81 (1o) LLOLIVODOVVOLOLIVODL -4 ceod

g s Ao - La s o -q
spueq uMOopyonNoJ, (dq)
Anpiqeroysuel], d Iopwered OId JON  Yuegouon (Do) BL J3uer az1g Jeadoy (,€-,6) @ouonbos Jowy  IowWLg

"DIDPUNIOL D2.10ISO1(] UT UOTIedYI[dUIe-SSOI0 pue S1suauadnd 24025017 Ul SIOWLIA 9JI[[A)ESOIONU AUIU JO UONBZLIdIORIRY) *T I[qEL

©FUNPEC-RP www.funpecrp.com.br

Genetics and Molecular Research 13 (2): 2766-2771 (2014)



New microsatellite primers for D. cayenensis and D. rotundata 2771

ACKNOWLEDGMENTS

Research supported by the Research Foundation of the State of Sdo Paulo
(#2007/04805-2) and CNPq (scholarship).

REFERENCES

Agarwal M, Shrivastava N and Padh H (2008). Advances in molecular marker techniques and their applications in plant
sciences. Plant Cell Rep. 27: 617-631.

Billotte N, Lagoda PJL, Risterucci AM and Baurens FC (1999). Microsatellite-enriched libraries: applied methodology for
the development of SSR markers in tropical crops. Fruits 54: 277-288.

Botstein D, White RL, Skolnick M and Davis RW (1980). Construction of a genetic linkage map in man using restriction
fragment length polymorphisms. Am. J. Hum. Genet. 32: 314-331.

Creste S, Tulmann Neto A and Figueira A (2001). Detection of single sequence repeat polymorphisms in denaturing
polyacrylamide sequencing gels by silver staining. Plant Mol. Biol. Rep. 19: 299-306.

Dansi A, Mignouna HD, Zoundjihékpon J, Sangare A, et al. (1999). Morphological diversity, cultivar groups and possible
descent in the cultivated yams (Dioscorea cayennensis/D. rotundata) complex in Benin Republic. Genet. Resour.
Crop Evol. 46: 371-388.

Doyle JJ and Doyle JL (1990). Isolation of plant DNA fresh tissue. Focus 12: 13-15.

FAO (2011). FAOSTAT Database for 2007. Available at [http://www.fao.org/crop/statistics/en]. Accessed 19 June, 2011.

Lebot V (2009). Tropical Root and Tuber Crops: Cassava, Sweet Potato, Yams and Aroids. 1st edn. CABI, London.

Mignouna HD, Dansi A and Zok S (2002). Morphological and isozymic diversity of the cultivated yams (Dioscorea
cayenensis/Dioscorea rotundata complex) of Cameroon. Genet. Resour. Crop Evol. 49: 21-29.

Mignouna HD, Abang MM, Wanyera NW, Chikaleke VA, et al. (2005). PCR marker-based analysis of wild and cultivated
yams (Dioscorea spp.) in Nigeria: genetic relationships and implications for ex situ conservation. Genet. Resour.
Crop Evol. 52: 755-763.

MMA (2004). Encontro Nacional Sobre Agrobiodiversidade e Diversidade Cultural. Available at [http://www.mma.gov.
br/estruturas/sbf agrobio/ publicacao/89 publicacao21092009104952]. Accessed 10 November, 2012.

Obidiegwu J, Rodriguez E, Ene-Obong E, Loureiro J, et al. (2009). Ploidy level studies on the Dioscorea cayenensis/
Dioscorea rotundata complex core. Euphytica 169: 319-326.

Oliveira EJ, Padua JG, Zucchi MI, Vencovsky R, et al. (2006). Origin, evolution and genome distribution of microsatellites.
Genet. Mol. Biol. 29: 294-307.

Ramser J, Weising K, Terauchi R, Kahl G, et al. (1997). Molecular marker based taxonomy and phylogeny of Guinea yam
(Dioscorea rotundata - D. cayenensis). Genome 40: 903-915.

Santos ES (2002). Cultura do Inhame (Discorea ssp.). EMEPA-PB, SEBRAE, Jodo Pessoa.

Scarcelli N, Tostain S, Mariac C, Agbangla C, et al. (2006). Genetic nature of yams (Dioscorea sp.) domesticated by
farmers in Benin (West Africa). Genet. Resour. Crop Evol. 53: 121-130.

Siqueira MVBM (2011). Yam: a neglected and underutilized crop in Brazil. Hortic. Bras. 29: 6-20.

Siqueira MVBM, Marconi TG, Bonatelli ML, Zucchi MI, et al. (2011). New microsatellite loci for water yam (Dioscorea
alata, Dioscoreaceae) and cross-amplification for other Dioscorea species. Am. J. Bot. 98: e144-e146.

Tessier C, David J, This P, Boursiquot J, et al. (1999). Optimizations of the choice of molecular markers for varietal
identification in Vitis vinifera L. Theor. Appl. Genet. 98: 171-177.

Genetics and Molecular Research 13 (2): 2766-2771 (2014) ©FUNPEC-RP www.funpecrp.com.br



