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Abstract A genomic library enriched with (gT)n

repeats from tartary buckwheat (Fagopyrum

tataricum) was constructed using 5¢-anchored

PCR for the development of microsattellite

markers. Sequencing analysis of 5 clones from

the library showed that they all contained micro-

satellites (totally 10 loci), and each was unique.

An additional locus-specific primer was designed

according to flanking sequence. Two of the

microsatellite loci of 10 tartary buckwheat vari-

eties were amplified using an anchored primer

and a locus-specific primer, which revealed a clear

polymorphic pattern. The data confirmed that the

degenerate primer was reliably anchoring at the

5¢-end of the microsatellite, and the primers

developed based on this technology could be

used for diversity analysis of tartary buckwheat.
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Introduction

Tartary buckwheat (Fagopyrum tataricum) is an

ancient dicotyledon belonging to Polygonaceae

family. Besides its benefits for human consump-

tion due to the high quality proteins with a well

balanced amount of essential amino acids in the

seeds (Javornik et al. 1981), tartary buckwheat

is also important as a pharmaceutical plant

(Alekseeva 1986). It can reduce the blood cho-

lesterol, regulating the blood sugar, blood lipid

and blood pressure in human body. Therefore it is

an important crop which needs to be explored.

Tartary buckwheat is mainly cultivated in the

Loess plateau and Yungui plateau in China.

There is an abundance of genetic resources of

tartary buckwheat because of the complex geog-

raphy in the country.

The evaluation of genetic background of germ-

plasm is an essential step in a plant breeding

program. However the low natural hybridization

rate of tartary buckwheat results in a low effi-

ciency of conventional breeding methods which

use mostly phenotypical traits in selection. With

the development of molecular markers, more

choices could be selected.

Microsatellite, also called simple sequence

repeats (SSR), are widely used as genetic markers

because of being co-dominant, multiallelic, easily

scored and highly polymorphic (Tautz 1989;

Weber et al. 1989). However, their flanking
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regions are conservative among closely related

species (Gupta et al. 1996; Powell et al. 1996;

Schlotterer et al. 1998). It is desirable to develop

species specific primers for characterizing these

loci, which is very time and cost consuming. The

5¢-anchored PCR is a useful technique to reduce

this cost by producing a library enriched with

microsatellite from genomic DNA using a degen-

erate primer (Fisher et al. 1996).

The primary purpose of this study was to

develop new microsatellite markers from tartary

buckwheat, which would work for most varieties

of tartary buchwheat to facilitate marker assisted

breeding of the crop.

Materials and methods

Materials

Ten varieties of tatary buckwheat (Table 1) from

eight provinces of China were used in this study.

Seeds of each variety were sowed in pots in a

growth chamber, the growth conditions were 16 h

photoperiod and room temperature was used.

Two weeks old plants were whole harvested for

DNA extraction.

Extraction of genomic DNA

Seedling samples were ground in liquid nitrogen

and suspended in 800 ll DNA extraction buffer

(50 mM Tris/HCl, 25 mM EDTA, pH 8.0,

300 mM NaCl, 1% (w/v) SDS, 2% (v/v)

b-mercaptoethanol and 5% (w/v) polyvinylpyrr-

olidone)). After being incubated at 65�C for

30 min, 0.2 volume pre-cooled 7.5 M ammonium

acetate was added and mixed well. The mixture

was held on ice for 30 min, centrifuged at 11,300 g

for 10 min at 4�C, and the supernatant transferred

to a new Eppendorf tube. DNA was extracted by

sequential phenol/chloroform (1:1, v/v) and chlo-

roform/isoamyl alcohol (24:1, v/v) extractions.

The DNA was then precipitated by adding 2 vol

ethanol and incubating at –20 �C for 30 min. The

pellets was re-suspended in 50 ll TE buffer after

centrifuging at 13,100 g for 15 min and washing

with 70% ethanol.

Design of 5¢-anchored primer

A degenerate primer was designed according to

Fisher et al. (1996). The sequence 5¢-
KKVMVMV(gT)6-3¢ was synthesized by TaKaRa

Biotechnology (Dalian, China) Co., Ltd, where

K = G/T, V = G/C/A and M = C/A. The (gT)6

component of the primer was designed to anneal

to (CA)n. The seven 5¢-nucleotides in the primer

formed the ‘anchor’. The first two 5¢-nucleotides

in the anchor were designed to anneal to any

nucleotide. The next five nucleotides, designated

as ‘‘blocking’’ bases, were designed in such a way

so that they would not pair with CA repeats, but

were otherwise as redundant as possible. These

redundancies meant that this primer would be

complementary to one in six of all possible

random sequences adjacent to CA repeats.

The PCR reaction mixes contained 1.5 mM

MgCl2, 10 mM Tris/HCl (pH 8.3), 50 mM KCl, 1

U Taq DNA polymerase, 50 pmol degenerate

primer, 0.25 ng genomic DNA, 0.2 mM of each

dNTPs and deionised water (to 20 ll) with a drop

Table 1 Accessions of
tartary buckwheat used in
the study

No Varieties Color of seed coat Shape of seeds Source

1 Haiyuan KQ Grey Triangular Ningxia province
2 Liu-3 Motley Olivary Guizhou province
3 Hu’nan 3–1 Brown Triangular Hu’nan Province
4 Jin-2 Brown Olivary Shanxi Province
5 Heifeng-1 Black Olivary
6 Kuci Grey Triangular Sichuan province
7 Xinong 9909 Grey Olivary Shaanxi Province
8 Ding 98–1 Motley Olivary Gansu province
9 Qiubei KQ Grey Conical Yunnan Province
10 Shizong KQ Brown Conical
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of oil as overlay. The PCR amplification was

performed on a PTC-150 Mini Cycler (MJ

Research) with the following temperature cycling

program: initial denaturation at 94�C for 1 min,

five cycles of: 1 min at 94�C, 30 s at 59�C, 1 min at

72�C, followed by 35 cycles of: 1 min at 94�C, 30 s

at 57�C, 1 min at 72�C, and followed by a final

extension at 72�C for 8 min. The PCR amplifica-

tion products were analyzed by electrophoresing

5 ll on 1.4% (w/v) agarose gels.

Only strong bands were extracted by Gel

Extraction Mini Kit (Watson Biotechnologies

Inc, Shanghai, China).

The extracted bands were inserted into pGEM-

T Vector following the Technical Manual (Pro-

mega). The recombinants were transferred into

DH5a competent cells and transformants were

identified by blue/ white screening.

Digestion and PCR tests for recombinant

plasmids

The recombinant plasmids were extracted. The

double-digestion was made in a 10 ll reaction

system by adding 20 U NdeI (MBI), 20 U StyI

(Promega) in 1 · buffer R+ (MBI) and approx

220 ng plasmid DNA. The PCR for these plas-

mids DNA was also taken according to above

conditions.

Sequence analysis and design of specific

primers

Five possitive clones were confirmed by ristricted

endonuclease digestion and PCR amplification,

the inserted fragments were sequenced by TaKa-

Ra Biotechnology (Dalian, China) Co., Ltd.

The additional specific primers were designed

by Oligo software according to internal conser-

vative sequence of each insert. The annealing

temperature of specific primers was set close to

57�C of degenerate primer, and the length of

primer sequences was limited within 16–22 bp.

Polymorphism tests

Degenerate primers and specific primers were

used to amplify the polymorphic loci. The PCR

mix contained a 1.5 mM MgCl2, 10 mM Tris/HCl

(pH 8.3), 50 mM KCl, 1 U Taq DNA polymerase,

25 pmol degenerate primer, 4 pmol specific

primer, 0.25 ng genomic DNA of each variety,

0.2 mM of each dNTPs and deionised water

(to 20 ll) with a drop oil overlay. The PCR

amplification was performed as the development

process, except the exact annealing temperature

based on the specific primer. The PCR results

were run on a 6% (w/v) denaturing PAGE

(Arc:Bis = 19:1, w/w) at 60 w for about 1.5 h,

and finally stained in a strongly alkaline devel-

oper containing 0.067% (w/w) Na2CO3, 2% (w/w)

NaOH and 0.08% (v/v) formaldehyde.

Results and discussion

The PCR amplified fragments with 5¢-anchored

primer had the sizes of 0.27–1 kb (Fig. 1). Four

strong bands named FI, SE, TH and FO (1, 0.6,

0.5 and 0.27 kb, respectively) were extracted and

purified. We were aware that these four bands did

not necessarily represent four microsatellite loci

because of the resolution of agarose electropho-

resis. This was also sustained by following

sequence analysis. These four bands were cloned

into pGEM-T and transferred into DH5a compe-

tent cells.

Fig. 1 PCR products amplified by 5¢ anchored primer.
Lane 1: PCR products; 2: CK; Mr: 1 kb ladder (Promega
Inc. WI)
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Twenty-four positive clones were identified by

the digestion and PCR amplification and the size

of PCR products and digested fragments equal to

their corresponding original inserted fragments.

Sequence analysis of five of these clones revealed

that each was unique, and each contained a

(gT)n microsatellite at both ends of the insert

(Table 2). The repeat numbers of the 10 terminal

microsatellites ranged from 6 to 49. This pattern

of repeat lengths is entirely consistent with

successful 5¢-anchoring of the primers during

PCR amplification.

To test for their polymorphism, the specific

primers were designed according to four micro-

satellite loci and were used to amplify the total

genomic DNA of tartary buckwheat. An impor-

tant feature of this approach is that only one

additional primer (Table 3) was required, most

costs for synthesis could be saved.

Figure 2 showed that two microsatellite loci

were amplified using anchored primer in conjunc-

tion with locus-specific primers. The 10 tartary

buckwheat were divided into four groups by

TH3A_CA7 (A E, B C, D G, and F H I J) and

six gorups by TH3A_GT16 (a, b, e, g, j and c d f h i).

The products of lane J and j were amplified from

one individual, their size was corresponded exactly

with that obtained from the sequenced plasmid

(derived from the same individual). The similar

results were also obtained in amplification of two

other microsatellite loci.

This data confirmed that the degenerate primer

was reliably anchoring at the 5¢-end of the

microsatellite, the polymorphic information could

be whole kept in the PCR products. The other

kinds of SSR loci also could be successfully

developed in case of changing the repeats of 3¢-
end and ‘blocking’ bases of this primer.
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