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Abstract Tartary buckwheat is an important edible crop as
well as medicinal plant in China. More and more research is
being focused on this minor grain crop because of its medic-
inal functions, but there is a paucity of molecular markers for
tartary buckwheat due to the lack of genomics. In this study, a
genome survey was carried out in tartary buckwheat, from
which SSR markers were developed for analysis of genetic
diversity. The survey generated 21.9 Gb raw sequence reads
which were assembled into 348.34 Mb genome sequences
included 204,340 contigs. The genome size was estimated to
be about 497 Mb based on K-mer analysis. In total, 24,505
SSR motifs were identified and characterised from this geno-
mic survey sequence. Most of the SSR motifs were di-
nucleotide (67.14 %) and tri-nucleotide (26.05 %) repeats.

AT/AT repeat motifs were the most abundant, accounting for
78.60 % of di-nucleotide repeat motifs. SSR fingerprinting of
64 accessions yielded 49.71 effective allele loci from a total of
63 with the 23 polymorphic SSR primer combinations. Anal-
yses of the population genetic structure using SSR data strong-
ly suggested that the 64 accessions of tartary buckwheat clus-
tered into two separate subgroups. One group was mainly
distributed in Nepal, Bhutan and the Yunnan-Guizhou Plateau
regions of China; the other group was mainly derived from the
Loess Plateau regions, Hunan and Hubei of China and USA.
The cluster analysis of these accession’s genetic similarity
coefficient by UPMGA methods strongly supported the two
subgroup interpretation. However accessions from Qinghai of
China could be grouped into either of the two subgroups de-
pending on which classification method was used. This region
is at the intersection of the two geographical regions associat-
ed with the two subgroups. These results and information
could be used to identify and utilize germplasm resources
for improving tartary buckwheat breeding.
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Background

There are two species of cultivated buckwheat, common
buckwheat (Fagopyrum esculentum Moench.) and tartary
buckwheat (Fagopyrum tartaricum Gaertn.). They belong to
the genus Fagopyrum (family Polygonaceae), which consists
of two monophylet ic groups— the cymosum and
urophyllum—and cluster in the cymosum clade (Sangma
and Chrungoo 2010). Tartary buckwheat seeds and leaves
are used mainly for human consumption and animal fodder,
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and contain proteins with high biological value, a balanced
amino acid composition, starch, mineral compounds, biofla-
vonoid rutin, relatively high crude fiber and vitamins (B1, B2,
B6) (Fabjan et al. 2003; Lee et al. 2013; Wang et al. 2014).
The seeds contain more rutin than common buckwheat, and
tartary buckwheat has recently also attracted attention as a
pharmaceutical plant. Tartary buckwheat seeds have very high
nutritional value, and have been promoted in several brands of
tea products and as a health-care supplement food in China.
There are abundant buckwheat germplasm resources in China,
cultivated mainly in the Loess Plateau and Yunnan-Guizhou
Plateau regions. The importance of preservation of these tar-
tary buckwheat genetic resources has attracted attention in
China, Russia and India, and germplasm collections have been
characterized, evaluated and utilized by various centers (Arora
1995). A total of 879 tartary buckwheat accessions was col-
lected and stored in the national germplasm repository of Chi-
na. Among the collections, those from Sichuan, Yunnan and
Shanxi Province accounted for 19.77 %, 15.14 % and
13.06 %, respectively (Zhao and Shaan 2008). Evaluation
and identification of these germplasm resources by a molecu-
lar marker approach is very important for elucidating inter-
and intra-specific variations and for the use of these stocks
for breeding.

Different types of molecular markers have been applied for
buckwheat genotyping and to identify genetic diversity. In
2001, based on amplified fragment length polymorphism
(AFLP) markers, a study of phylogenetic relationships among
42 accessions from 21 populations revealed that tartary buck-
wheat probably originated in eastern Tibet or northwestern
Yunnan in China. (Tsuji and Ohnishi 2001). In 2002, random
amplified polymorphic DNA (RAPD) markers were used to
analyze 28 different accessions belonging to 14 species and
two subspecies of Fagopyrum; the results showed that
F. tartaricum is closer to its wild ancestor F. tartaricum ssp.
potanini Batalin (Sharma and Jana 2002). Inter-simple se-
quence repeats (ISSR) were also used to analyze genetic di-
versity of 15 germplasms of F. tartaricum in the Western
Himalayas, which revealed that the genetic diversity of
F. tartaricum correlated significantly with altitude (Kishore
et al. 2013). Variation of rutin content among 195 tartary
buckwheat accessions has been studied using AFLP finger-
printing, which showed that they clustered into two separate
groups, one with high and the other with low rutin content
(Gupta et al. 2012). Simple repeat sequence (SSR) markers are
used widely for high-throughput genotyping and map con-
struction, due to their great abundance, random distribution
within the genome, high polymorphism information content
(PIC) and stable co-dominance (Zietkiewicz et al. 1994; Iwata
et al. 2005). Despite this, there has not been much research on
the application of SSRs to the study of the genetic diversity of
tartary buckwheat, due to the high cost if its development and
the lack of genome sequence data.

In this study, we obtained approximately 25,000 SSR loci
from a genome survey of tartary buckwheat by using next
generation sequencing with the Illumina HiSeq 2000 plat-
form, and developed SSR markers and tested their effective-
ness for analyzing genetic diversity with 64 accessions of
tartary buckwheat.

Results

Genome Size Prediction and Sequence Assembly

A total of 21.9 Gb nucleotide raw reads were obtained by
sequencing a tartary buckwheat genome library with 500 bp
inserts, and the average read length and sequencing coverage
were 100 bp and 40 fold, respectively. According to17-mer
analysis, the K-mer frequency distribution curve conformed to
a Poisson distribution, and had a peak atK=37 (Fig. 1). A total
of 18,387,842,676 unique k-mers were identified, and the ge-
nome size of tartary buckwheat was estimated to be 497 Mb
by the Lander-Waterman formula. We also observed a smear
phenomenon after the main peak, suggesting a relatively high
abundance of repetitive sequences in this genome. A total of
204,340 contigs and 348 Mb assembled sequences were ob-
tained by removing redundancy from this genome survey in-
formation. The contig and scaffold length of N50 were 1492
and 7862 bp in this assembly, and the number of contigs
(longer than 2 kb) was 31,787 (Supplementary Table S1).

Identification and Characteristic of SSRMotif in Genome
Survey

From the 348,339,842 bp genome survey sequence, 24,505
SSR loci were identified, which included 18,285 SSR-
containing sequences (Supplementary additional files S1,
S2). However, only 4440 sequences contained more than 1
SSR motif, and 898 SSR loci were present in compound for-
mation. The motif types of SSR repeats included 67.14 % di-

Fig. 1 K-mer (17mer) frequency analysis of the Fagopyrum tartaricum
sequence. Data produced from 500 bp insert libraries. The peak k-mer
frequency was 37. Genome size was estimated with the formula: estimated
genome size (bp) = total number of K-mers /peak k-mer frequency
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nucleotide, 26.05 % tri-nucleotide, 5.29 % tetra-nucleotide,
0.93 % penta-nucleotide and 0.59 % hexa-nucleotide repeats
(Fig. 2a). Of the di-nucleotide repeats, AT/AT was the most
abundant, accounting for 78.60 % (12,931) of all di-
nucleotide repeats, whereas AG/CT and AC/GT repeats
accounted for 14.47 %(2381) and 6.67 %(1098), respectively
(Fig. 2b). GC/CG repeats were rather rare (0.26 %, 42).
Among the tri-nucleotide repeats, AAT/TTA was the most
abundant, accounting for 31.83 % (2032) of all tri-
nucleotide repeats, followed by AAG/CTT (29.20 %, 1864)
and ATC/TAG (11.84%, 756) (Fig. 2c). AAAT/ATTTwas the
most abundant tetra-nucleotide repeats, accounting for
56.25 % (729) of the total, followed by AAAG/CTTT
(12.96 %, 168). Among penta- and hexa-nucleotide repeats,
AAAAT/ATTTT and AAACCG/CGGTTT were the most
abundant, accounting for 25.11 % (57) and 0.08 % (12), re-
spectively. Moreover, 98.84, 93.72, 93.60, and 76.65 %, of
di-, tri-, tetra- and penta-nucleotide repeats, respectively, were
less than 30 bp in length, and only < 0.3 % tri-, tetra-, pentra-,
or hexa-nucleotide repeats were longer than 35 bp.

The distribution of genome-SSRs with various motifs was
also studied, and the frequencies of genome-SSRs occurring
with different repeats numbers are shown in Fig. 3. Our results
show di-nucleotide and tri-nucleotide repeats were more
abundant than tetra-, penta-, and hexa-nucleotide repeats.
The frequency distribution range of SSR motif repeats among
genome-SSR markers in tartary buckwheat ranged from 6 to

18 repeats for di-nucleotide, from 5 to 12 repeats for tri-nu-
cleotide, from 5 to 9 repeats for tetra-nucleotide, from 5 to 7
repeats for penta-nucleotide, and from 5 to 6 repeats for hexa-
nucleotide. There were 8962 SSRs with 6 tandem repeats,

Fig. 2 a–c Identification and
characteristics of simple repeat
sequence (SSR) motifs. a
Frequency of different SSR motif
repeat types. b Frequency of
different di-nucleotide SSR
motifs. c Frequency of different
tri-nucleotide SSR motifs

Fig. 3 The distribution and frequency of SSR motif repeat numbers. x-
axis SSR repeat numbers, y-axis Frequency of this SSR type. Red bars
Di-nucleotide repeat motifs, yellow-green bars tri-nucleotide, green bars
tetra-nucleotides, blue bars penta-nucleotides, purple bars hexa-
nucleotides
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which was the highest repeat number (36.57 %), followed by
5 tandem repeats (19.86%, 4866), 7 tandem repeats (19.81%,
4854), 8 tandem repeats (10.76 %, 2636), 9 tandem repeats
(5.89 %, 1443) and over 10 tandem.

SSR Loci and Sequence Length Variation

We designed 221 pairs of primers from the above SSR loci in
the tartary buckwheat genome, and tested their PCR product
polymorphism by polyacrylamide gel electrophoresis (PAGE)
analysis in 64 tartary buckwheat accessions (Supplementary
additional files S3, S4). The amplification products of 193 pair
primers showed 170 monomorphic and 23 polymorphic SSR
loci. Finally, 23 polymorphic SSR primer combinations were
used for analyzing genetic diversity among these cultivars.
These polymorphic SSR loci included 4 di-nucleotide, 13
tri-nucleotide, 1 tetra- and 1 penta-nucleotide and 4 hexa-
nucleotide repeats. The PCR products of these SSR primers
showed a range of PIC from 0.030713 to 0.747487, and
Shannon’s information index from 0.0795 to 1.3828. Only
11 SSR primer combinations had PIC values higher than
0.5. The Shannon’s information indices for (AAG)10,
(AAT)10, (AGT)10 and (TTC)11 repeats were higher than 1.0,
indicating their abundant genetic variance among these differ-
ent cultivars. Most importantly, (TTC)11 and (AT)11 motifs
had the highest PIC value (0.742356 and 0.747487) and allele
loci (4), which could be used as core primers to distinguish
these seed accessions (Fig. 4).

We re-sequenced some of these polymorphic SSR locus
amplicons using TA cloning strategy and found allelic length
variations among these different accessions. For example, se-
quence alignment showed that the locus SXAU97 amplified
variant allelic from 206 to 234 bp, and revealed a variable
number of repeats in the microsatellite motifs (TTC)n accom-
panied by an insertion or deletion mutation (Fig. 5).

Population Genetic Structure of Tartary Buckwheat

Bayesian modelling of the number of homogeneous
genepools (K) in STRUCTURE gave a minimum mean prob-
ability of In P(D)=−1156.3 at K=1 and a maximum mean
probability of In P(D)=−604.6 at K=7. Evaluation of the op-
timum number of K following the procedure of Evanno et al.
(2005) found one clear maximum for ΔK, at K=2 (Fig. 6a).
The 64 accessions from 15 geographical regions were classi-
fied into two subgroups (Fig. 6b). One subgroup contained 31
accessions collected from China (19 accessions), Nepal (3
accessions), Bhutan (8 accessions) and the United States (1
accession). The residual 33 accessions belonged to the other
subgroup, which included 29 China accessions and 4 US ac-
cessions. Forty-eight accessions from China, however, had no
obvious geographical distribution characteristics, but 10 out of
15 accessions from the Yunnan-Guizhou Plateau (Sichuan,
Yunnan and Guizhou of China) and 10 out of 11 accessions
from the Loess Plateau regions (Shanxi, Shaanxi, Qinghai and
Gansu of China) were clearly classified into two separate sub-
groups. Meanwhile, according to similarity coefficient, we

Fig. 4 PCR-amplified products
of markers SXAU97 (a) and
SXAU134 (b) for the 64
F. tartarcium accessions resolved
on 6 % PAGE. Lanes: M 20 bp
DNA marker; 1, 10, 20, 30, 40,
50, 60 number of F. tartarcium
accessions

Fig. 5 Genetic analysis of
SXAU97 PCR amplicon
sequence variant length with
(TTC)n SSR motif repeat
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found that these accessions also clustered into two subgroups
by the UPMGA method (Fig. 7). One subgroup included 26
accessions collected from Gansu (4 accessions), Hunan (3
accessions), Hubei (7 accessions), Shanxi (2 accessions),
Shaanxi (1 accession), Qinghai (1 accession), Anhui (1 acces-
sion), Jiangxi (1 accession), Guizhou (1 accession), Guangxi
(1 accession) regions of China, and the US (4 accessions). The
other subgroup contained 38 accessions, which were derived
from Bhutan (8 accessions), Nepal (3 accessions), and, from
China, Qinghai (3 accessions), Anhui (2 accessions), Sichuan

(4 accessions), Guizhou (7 accessions), Yunnan(3 accessions)
and Guangxi (5 accessions).

Discussion

The genome sizes of 20 species of the genus Fagopyrum were
determined by flow cytometry with rice as a reference, and the
C-values of F. tartaricum (2n=16) was 0.55, which corre-
sponds to a genome size for tartary buckwheat estimated as

Fig. 6 a, b Population genetic structures and relationships of 64 Tartary
buckwheat accessions (K=2). a x-axis K values from 2 to 7, y-axis delta
K. b x-axis 64 accessions, y-axis Q assignments for each sample under
K=2. Colored dots/number key of sources of accessions: Orange/1
Bhutan; red/2 Nepal; dark green/3 Guizhou, China; green/4 Yunnan,

China; yellow/5 Sichuan, China; blue/6Qinghai, China; light blue/7Gan-
su, China; dark blue/8 Anhui, China; purple/9 Guangxi, China; dark
purple/10 Hubei, China; dark gray/11 Hunan, China; light gray/12
Shaanxi, China; light pink/13 Jiangxi, China; dark pink/14 shanxi, China;
black/15 USA
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about 540 Mb (Nagano et al. 2000). A draft genome sequence
of tartary buckwheat was reported during the meeting Plant &
Animal Genome XXII in 2014, indicating that the total number
of bases included in the assembly was 372Mb, corresponding
to 70 % of the genome (Logacheva 2014), and the genome
size of tartary buckwheat could be estimated to be 530 Mb.

From our genome survey data, the genome size of
F. tartaricum was estimated to be 497 Mb, close to the size
predicted by flow cytometry and the drafted genome. The
different estimates of the genome size for F. tartaricummight
be due to different experiment materials or methods used.
With the development of next generation sequencing

Fig. 7 Genetic similarity coefficient analysis of 64 F. tartaricum
accessions by the unweighted pair-group method with arithmetic means
(UPGMA) method. Background bar color/number indicating source of
accession: Brown/1 Bhutan; red/2 Nepal; dark green/3 Guizhou, China;
green/4 Yunnan, China; yellow/5 Sichuan, China; blue/6 Qinghai, China;

light blue/7 Gansu, China; dark blue/8Anhui, China; violet/9 Guangxi,
China; darkmagenta/10 Hubei, China; light cyan/11 Hunan, China; dark
gray/12 Shaanxi, China; light pink/13 Jiangxi, China; steel blue/14
shanxi, China; dimgray/15 USA
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technology, genome sequencing of these minor crops such as
tartary buckwheat should not only help to understand genome
organization and key genes associated with important traits
such as higher rutin content, self-compatibility, indeterminate
inflorescence and other agronomic traits, but also make it pos-
sible to generate molecular markers for subsequent application
in molecular breeding (Mardis 2008; Tan et al. 2014; Du et al.
2015).

A total of 24,505 SSR loci were obtained from the genome
survey sequence data described here. Therefore, the SSR dis-
tribution frequency in this genome is estimated to be about
70.34 SSR per Mb, which is lower than in Arabidopsis, where
it is about 135.5 SSR per Mb (Zhao et al. 2015). In
Arabidopsis, the higher frequency of AT/AT SSRs motifs
accounted for 52.6 % di-nucleotide SSRs motifs, in the whole
genome, followed by AG/CT motif (36.8 %) (Sonah et al.
2011). Meanwhile, we also found a higher frequency of AT/
AT and AG/CT SSRs motifs, accounting for 78.6 % and
14.47 % di-nucleotide SSR motifs in the tartary buckwheat
genome, respectively. In this study, the distribution frequency
characteristic of di-nucleotide SSR motifs in tartary buck-
wheat was the similar to that of Arabidopsis, possibly because
they are both dicot species. In the tri-nucleotide repeats cate-
gory, however, the distribution frequency of AAT/ATT repeats
(31.83%) in the tartary buckwheat genome was higher than in
Arabidopsis (7.9 %). Moreover, the distribution frequency of
all tetra-, penta- and hexa-nucleotide repeats in tartary buck-
wheat genome was higher than in Arabidopsis. These differ-
ences in distribution frequency of SSR motif types suggest
that the duplicated regions in each species may be subject to
different selection pressures.

Our analysis suggests that two separate genetic populations
of F. tartaricum are distributed in two geographical regions of
China with different ecological environments and latitude: the
Loess plateau (‘Shanxi & Shaanxi’, ‘Gansu & Qinghai’) and
the Yunnan-Guizhou plateau (‘Sichuan’, Yunnan & Guizhou,
Guangxi). A few reports indicate that tartary buckwheat may
have originated from the Himalayas (Ohnishi 1998; Yasui
et al. 2004). Interestingly, 3 accessions from Nepal and 8
accessions from Bhutan, which are located in the southern
Himalayas, were grouped with 10 accessions from the
Yunnan-Guizhou plateau. This result revealed that these ac-
cessions from the Yunnan-Guizhou plateau were close rela-
tives of those from Nepal and Bhutan. Additionally, previous
research had revealed that the original birthplace of cultivated
Tartary buckwheat is eastern Tibet and North-western Yunnan
(Tsuji and Ohnishi 2001). Our results provided further evi-
dence to prove that the origin of cultivated tartary buckwheat
is the Yunnan-Guizhou plateau in China. The results of cluster
analysis of these accessions using UPMGA methods were
also consistent with this conclusion, although the accessions
from Qinghai appeared to belong to a different subgroup be-
cause it was at the intersection of the two geographical regions

associated with the two subgroups. In addition, the accessions
from Hunan and Hubei had a close genetic relationship and
clustered into one group by two different clustering analyses.
This finding suggests these accessions from Hunan and Hubei
might represent an additional independent ecological
population.

The present study provided important new SSR loci and
polymorphism markers, and revealed the population genetic
structure mapping of 64 tartary buckwheat accessions. These
results will be helpful for evaluation of germplasm resources
for breeding.

Materials and Methods

Plant Materials, Genome Sequencing and Genome Survey

The plant material used for whole-genome de novo sequencing
was BHeiFengNo.1^, an elite tartary buckwheat cultivar planted
mainly in Shanxi province and nearby areas of China as a ho-
mozygous inbred line. In total, paired-end sequencing libraries
with insert sizes of approximately 500 bp were constructed and
sequenced using the Illumina Hiseq 2000 platform. The raw
genome survey sequence data was first filtered to obtain high
quality reads, then assembled using SOAP (http://soap.
genomics.org.cn/soapdenovo.html) de novo software to contig
and scaffold . K-mer analysis was used to estimate genome size.

Sixty-four accessions of tartary buckwheat collected
worldwide (Table 1) were used to evaluate and identify the
SSR suitability for genetic distance analysis. Young leaves
were collected and frozen in liquid nitrogen prior to genomic
DNA extraction using CTAB methods (Porebski et al. 1997).
DNA concentrations were measured by spectrophotometry at
260 nm, and the extracts were electrophoresed on 1 % agarose
to confirm quality. The purified DNAs were standardized at
100 ng/μL and stored at −20 °C.

SSR Identification and Primer Analysis

The Perl script MicroSatellite (MISA) was used to identify
microsatellites in tartary buckwheat genomes (Parida et al.
2010; Sonah et al. 2011). To identify the presence of SSRs,
only two to six nucleotide motifs were considered, and the
minimum repeat unit was defined as five reiterations for all
of the repeat units. The SSR primers were designed by Prim-
er3 software online (Untergrasser et al. 2012). We designed
221 pairs of primers that met the following parameters
(Supplementary additional file S5): 100–300 bp final product
length, primer size from 18 to 25 bp and GC content 35–70%;
annealing temperature was 50–65 °C. Primers were synthe-
sized by Sangon (Shanghai, China). We tested 64 cultivars for
221 SSR loci by PAGE to confirm their suitability.
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Each 25 μL reaction mixture contained 10× PCR buff-
er (plus Mg2+), 0.2 mM of each dNTP, 5 pmol of each
reverse primer and forward primer, 1.5 units of rTaq
polymerase (TaKaRa, Japan) and 100 ng genomic DNA
template. DNA amplification was accomplished in a PCR
system (PTC-200, MJ Research, Waltham, MA) pro-
grammed at 94 °C for 5 min for initial denaturation, then
35 cycles at 94 °C (30 s)/55 °C(30 s)/72 °C (30 s),
followed by an extension step for 10 min at 72 °C. Each
PCR product was run on 2 % agarose gel at 120 V for a
quality check. Subsequently, PCR products were run on a
6 % denaturing polyacrylamide gel at 60 W constant
gain, and polymorphism was detected by silver staining.

SSR Data Analysis

Twenty-three high polymorphic SSR primer combinations
were selected as core SSR markers. Sixty-four tartary
buckwheat varieties were analyzed using these core SSR
markers. The observed number of alleles (Na), effective
number of alleles (Ne), and PIC were calculated by using
PopGen 32 (http://popgen-popgen.software.informer.com).
Population genetic structure was calculated using
Structure 2.3.4 (Hubisz et al. 2009). Genetic similarity
coefficient and UPMGA cluster analysis of these
accessions were calculated by NTSYS software (Powell
et al. 1996).

Table 1 The 64 tartary buckwheat accessions and their geographical origin

Accession name Geographical area Seed repository Accession name Geographical area Seed repository

ZNQ151 Shaanxi, China CGRISa ZNQ193 Guangxi, China CGRIS

ZNQ152 Gansu, China CGRIS ZNQ194 Guangxi, China CGRIS

ZNQ154 Gansu, China CGRIS ZNQ195 Guangxi, China CGRIS

ZNQ155 Gansu, China CGRIS ZNQ196 Guangxi, China CGRIS

ZNQ156 Gansu, China CGRIS ZNQ197 Guangxi, China CGRIS

ZNQ157 Qinghai, China CGRIS ZNQ198 Guangxi, China CGRIS

ZNQ158 Qinghai, China CGRIS ZNQ199 Sichuan, China CGRIS

ZNQ159 Qinghai, China CGRIS ZNQ200 Sichuan, China CGRIS

ZNQ160 Qinghai, China CGRIS PI427239 Nepal GRINb

ZNQ161 Anhui, China CGRIS PI427240 Nepal GRIN

ZNQ162 Anhui, China CGRIS PI476852 USA GRIN

ZNQ163 Anhui, China CGRIS PI481645 Bhutan GRIN

ZNQ165 Hubei, China CGRIS PI481653 Bhutan GRIN

ZNQ166 Hubei, China CGRIS PI481655 Bhutan GRIN

ZNQ167 Hubei, China CGRIS PI481661 Bhutan GRIN

ZNQ168 Hubei, China CGRIS PI481662 Bhutan GRIN

ZNQ169 Hubei, China CGRIS PI481666 Bhutan GRIN

ZNQ170 Hubei, China CGRIS PI481673 Bhutan GRIN

ZNQ171 Hubei, China CGRIS PI481675 Bhutan GRIN

ZNQ176 Hunan, China CGRIS PI503879 USA GRIN

ZNQ177 Hunan, China CGRIS PI658425 Nepal GRIN

ZNQ178 Hunan, China CGRIS PI658429 USA GRIN

ZNQ181 Sichuan, China CGRIS PI658430 USA GRIN

ZNQ182 Sichuan, China CGRIS PI658431 USA GRIN

ZNQ183 Guizhou, China CGRIS DiQing KuQiao Yunnan, China ICVRc

ZNQ184 Guizhou, China CGRIS WeiKu01-3 Guizhou, China ICVR

ZNQ185 Guizhou, China CGRIS JinQiaoNo.4 Shanxi, China ICVR

ZNQ186 Guizhou, China CGRIS KQ08-08 Guizhou, China ICVR

ZNQ187 Guizhou, China CGRIS JiuJiang KuQiao Jiangxi, China ICVR

ZNQ188 Guizhou, China CGRIS HeiFeng No.1 Shanxi, China ICVR

ZNQ189 Guizhou, China CGRIS ZNQ191 Yunnan, China CGRIS

ZNQ190 Yunnan, China CGRIS ZNQ192 Yunnan, China CGRIS

a Chinese Crop Germplasm Resources Information System
bGermplasm Resources Information Network, United States of America
c Institute of crop variety resources, Shanxi, China
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