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Rye (Secale cereale L.) is an important grain crop in Latvia, where it is mainly used for baking rye
bread, which is a popular staple. However, the area under rye cultivation in Latvia is small, and
the majority of varieties planted are foreign. In 1937, almost 290 000 ha of rye were planted, while
in 2011, only 28 000 ha were planted, or ~5% of the area planted with cereals. The Latvian rye
genetic resources collection contains nine accessions, including old and new cultivars, landraces
and one repatriated accession, which was previously held in the N. I. Vavilov Research Institute
of Plant Industry collection. A set of descriptors has been developed for rye, and field evaluations
of the Latvian rye collection have been started. A set of simple sequence repeat (SSR) markers
has been utilised for genetic fingerprinting of the collection. The initial genetic results indicate that
the Latvian rye collection contains a high degree of genetic diversity. Analyses are continuing in
order to more fully characterise the collection both phenotypically and genetically.
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Rye breeding in Latvia began in 1913, with the establish-
ment of the Priekuli Breeding Station. The material used for
breeding included German (‘Petkuser’) and Estonian (‘San-
gaste’) germplasm. The Latvian Gene Bank holds nine ac-
cessions of rye (Secale cereale L.) (Table 1). The majority
of the accessions are old varieties or landraces, with
‘Kaupo’ being the only currently registered Latvian rye va-
riety, which is also the only variety being actively main-
tained by phenotypic selection. The aim of this study was to
utilise SSR markers to investigate the amount of genetic di-
versity and differentiation within and between the acces-
sions in the Latvian rye genetic resources collection. The
collection has also been characterised over three years
(2007-2009) according to rye descriptors, which have been
developed in Latvia, based on the UPOV descriptors (avail-
able at http://www.genres.lv/en/kulturaugi/deskriptori/).
The evaluation was carried out at the State Priekuli Plant
Breeding Institute. Assessment of disease resistance has not
been done in controlled conditions, however field evalua-
tion was possible in 2007 due to conditions favourable for
infection, and so data for one year is available. The geno-
typing and phenotyping results were compared, taking into
account the history of the development of the analysed ac-
cessions.

The material analysed consisted of seed accessions held in
the Latvian Gene Bank (Table 1). The majority of the acces-
sions were received into the gene bank from the State
Priekuli Plant Breeding Institute, where they were stored
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Table 1
RYE ACCESSIONS STORED IN THE LGB

Accession Pedigree Year of develop-
ment/first release™
Arupe Recurring family selection from 1982 *
Nemcinovskaja 50, Vambo and
Dankowske Selekcine **
Cesvaines No information, possibly a landrace
Hibrids 11 Hybrid population (Culpan (Russia), ~ 1982 ###
Otello (Sweden), EM — 1*Vjatka (Rus-
sia), Gibridnaja 5 (Russia)) **#*
Janu rudzi No information, possibly a landrace
Stendes II Stendes x Petkus (short) x Sangaste ** 1949 *#*

Stendskaya II Presumed to be an accession of Stendes
II, repatriated from VIR

Priekulu Selection from Térauda ** 1930 *

Kaupo Family selection from population de- 1998 *
veloped using Tulvi (Estonia), Glorija
(Germany), Vambo (Estonia), CHD
181 (Germany), Muro (Germany) *#%3*

Vaive Selection from tetraploid Petkus (4n = 1967 *

28)

* Bebre (2003), ** Lindermanis (1992), ***Zute et al. (2012).
##k%k Kokare, A. (unpublished).

and maintained prior to being placed into the Latvian Gene
Bank. The accession ‘Stendskaya II’ was repatriated from
the N. I. Vavilov Research Institute of Plant Industry (VIR),
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and is presumed to be an accession of the variety ‘Stendes
II’. The only information on this accession in the VIR data-
base indicates that it was placed into the collection in 1952.
Regeneration of accessions in Latvia has been undertaken at
the State Priekuli Plant Breeding Institute using isolation in
pollination cages.

Seeds of rye accessions stored in the Latvian Gene Bank
were germinated and DNA was extracted using a modified
CTAB method (Doyle and Doyle, 1987). Five individuals
from each accession were genotyped using a total of 12
SSR markers (SCM43, SCM2, SCM86, SCM120, WMS44,
WMS6, SCM101, SCM138, SCM75, SCM9, SCM39,
SCM5) (Saal and Wricke, 1999). The forward primers were
labelled with the fluorescent dyes 6-FAM, HEX or NED in
order to facilitate genotyping on an Applied Biosystems
3130x! genetic analyser. PCR amplification conditions were
as previously described (Saal and Wricke, 1999). Genotyp-
ing was done using GeneMapper 4.0 (Applied Biosystems).

The two accessions which are presumed to be landraces
‘Cesvaines’ and ‘Janu rudzi’ are characterised by a long
stem length, sparse spikelets and low thousand grain weight
(TGW). The old cultivars ‘Priekulu’ and ‘Stendes II’, which
were bred prior to the 1950’s, have long stems, medium
density spikelets, medium resistance to lodging, and high
TGW. The accessions ‘Arupe’ and ‘Kaupo’ are the most
modern rye cultivars, which were bred in the 1980’s utilis-
ing western European germplasm containing recessive short
stem length alleles. They have a shorter stem, better resis-
tance to lodging, and shorter and denser spikes. The acces-
sion ‘Hibrids II’ was developed using germplasm with
dominant stem length alleles, and while the average stem
length is shorter in this accession, this trait is still segregat-
ing quite strongly. ‘Hibrids II’ has improved resistance to
lodging, and the spikes are longer, with a lower density of
spikelets. Disease resistance was only assessed in one year
(2007), and only for some of the accessions. However, one
of the most resistant accessions was the landrace ‘Cesvai-
nes’, while the more recently developed cultivar ‘Kaupo’
was quite susceptible to diseases, especially to leaf rust.

Of the twelve SSR markers utilised, 11 were informative,
with the marker SCM86 not yielding genotypes of sufficient
quality to be accurately scored. PCR amplification products
of the marker SCM138 were scored as two separate loci
(Fig. 1). The 11 SSR markers utilised yielded 12 loci which
were genotyped in the Latvian rye collection and analysed
wirh GenAlEx 6.41 (Peakall and Smouse, 2006) (Table 2).
The average number of alleles and observed heterozygosity
was similar among cultivars, with the lowest values found
in ‘Janu Rudzi’. The fixation index was close to zero in the
cultivars. The intra-accession genetic variation was large;
analysis of molecular variance (AMOVA) indicated that
92% of the genetic diversity was found within accessions,
and 8% between accessions (P < 0.005). However, each ac-
cession contained unique alleles, ranging from 1 found in
‘Arupe’ to 6 in ‘Stendskaya II' (average 3.4 unique al-
leles/accession). There was no indication that genetic diver-
sity was higher in the old cultivars and land races, which
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Fig. 1. Example of marker SCM138 genotyped as two separate loci.

could be a reflection of the relatively smaller breeding effort
in comparison to other grain crops, leading to a smaller loss
of genetic diversity in the modern cultivars. In addition,
there is no information on the sampling of the old cultivars
and landraces, i.e. the number of individuals genotypes in-
troduced into the genetic resources collection. Inclusion of
only a small number of individuals may have resulted in a
genetic bottleneck in comparison to the modern cultivars.

Genetic distance between the accessions was calculated us-
ing the shared allele method and the robustness of the ge-
netic relationships was examined by bootstrap analysis
(1000 bootstraps) using PowerMarker V3.25 (Liu and
Muse, 2005). A consensus neighbour-joining dendrogram
was constructed using MEGA 5 (Tamura et al., 2011) (Fig.
2). The consensus dendrogram indicated that the accession
‘Hibrids II’ and ‘Stendskaya II” were most distinct from the
other accessions, as well as from each other. There was
moderate support for the grouping of the remaining acces-
sions into one cluster (67%), and also for the similarity of
‘Kaupo’ and ‘Arupe’ (58%), and ‘Priekulu’ and ‘Janu
Rudzi’ (51%). The other bootstrap values were below 50%.

Genotyping data and the phenotyping data were in agree-
ment, and also were comparable to the history of the acces-
sions. The old cultivars ‘Priekulu’, ‘Janu Rudzi’ and
‘Stendes II' clustered together, and are also similar accord-
ing to the descriptors, both of them having long stems, and
medium spike density and lodging resistance. The accession
‘Hibrids I is more distinct from the others, and this variety
was developed using germplasm with dominant stem length
alleles, in contrast to the other shorter accessions ‘Arupe’
and ‘Kaupo’. The repatriated accession ‘Stendskaya II” was
genetically distant from all the other cultivars, including
‘Stendes II’. Unfortunately, no phenotypic information is
available for the accession ‘Stendskaya II’, and thus no
comparison with ‘Stendes II’ could be made. From this
data, it is not possible to draw conclusions on the identity of
the repatriated accession ‘Stendskaya II’. The two supposed
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Fig. 2. A bootstrap neighbour-joining dendrogram based on the shared al-
lele genetic distances between the analysed diploid Latvian rye accessions.
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Table 2
GENETIC DIVERSITY PARAMETERS OF THE ANALYSED RYE ACCESSIONS (AVERAGE OVER LOCI UNLESS OTHERWISE STATED).

Locus Accession | Janu Rudzi | Cesvaines Arupe Hibrids 1T Kaupo Priekulu Stendes II [Stendskaya Il Mean over
accessions

SCM2 Na 2 3 3 2 3 1 4 2 2.50
Ho 0.00 0.50 0.33 0.00 0.33 0.00 0.33 0.20 0.21

He 0.48 0.53 0.50 0.48 0.61 0.00 0.72 0.50 0.48

F 1.00 0.06 0.33 1.00 0.45 N/A 0.54 0.60 0.57

SCM5 Na 4 3 5 3 4 2 4 5 3.5
Ho 0.40 0.50 0.67 0.20 0.67 0.50 0.33 0.60 0.48

He 0.48 0.63 0.78 0.46 0.72 0.38 0.72 0.68 0.61

F 0.17 0.20 0.14 0.57 0.08 -0.33 0.54 0.12 0.18

WMS6 Na 4 2 4 3 4 5 4 4 3.75
Ho 0.40 0.33 0.50 0.00 0.50 0.80 0.75 0.20 0.44

He 0.66 0.28 0.66 0.67 0.66 0.76 0.66 0.58 0.61

F 0.39 -0.20 0.24 1.00 0.24 -0.05 -0.14 0.66 0.27

SCM9 Na 3 5 4 3 5 3 3 3 3.63
Ho 0.80 1.00 1.00 1.00 1.00 0.80 0.75 0.40 0.84

He 0.54 0.78 0.69 0.59 0.78 0.56 0.59 0.54 0.63

F -0.48 -0.28 -0.45 -0.68 -0.28 -0.43 -0.26 0.26 -0.33

SCM39 Na 1 5 2 2 4 4 2 7 3.38
Ho 0.00 0.67 0.00 1.00 0.50 0.25 0.33 1.00 0.47

He 0.00 0.78 0.44 0.50 0.72 0.66 0.28 0.84 0.53

F N/A 0.14 1.00 -1.00 0.30 0.62 -0.20 -0.19 0.10

SCM43 Na 3 3 6 5 6 4 3 4 425
Ho 0.75 0.33 1.00 1.00 1.00 0.60 0.50 0.20 0.67

He 0.53 0.61 0.81 0.78 0.83 0.66 0.63 0.58 0.68

F -0.41 0.45 -0.23 -0.28 -0.20 0.09 0.20 0.66 0.03

WMS44 Na 2 2 2 2 2 2 2 2 2.00
Ho 0.20 1.00 1.00 1.00 1.00 0.50 0.67 1.00 0.80

He 0.18 0.50 0.50 0.50 0.50 0.38 0.44 0.50 0.44
F -0.11 -1.00 -1.00 -1.00 -1.00 -0.33 -0.50 -1.00 -0.74

SCM75 Na 3 3 4 3 2 4 4 4 3.38
Ho 1.00 0.33 0.50 1.00 0.67 0.60 0.67 0.75 0.69

He 0.63 0.61 0.72 0.61 0.44 0.70 0.67 0.69 0.63

F -0.60 0.45 0.30 -0.64 -0.50 0.14 0.00 -0.09 -0.12

SCM101 Na 3 3 3 3 5 6 4 4 3.88
Ho 0.60 0.50 0.75 0.50 0.75 0.40 0.75 1.00 0.66

He 0.66 0.63 0.66 0.63 0.75 0.80 0.72 0.66 0.69

F 0.09 0.20 -0.14 0.20 0.00 0.50 -0.04 -0.52 0.04

SCM120 Na 2 2 3 2 3 3 2 2 2.38
Ho 0.33 0.33 0.50 0.40 0.50 0.60 1.00 0.20 0.48

He 0.28 0.28 0.41 0.32 0.41 0.46 0.50 0.42 0.38
F -0.20 -0.20 -0.23 -0.25 -0.23 -0.30 -1.00 0.52 -0.24

SCM138a Na 3 4 6 3 5 5 5 5 4.50
Ho 0.50 1.00 0.75 0.75 1.00 1.00 1.00 0.80 0.85

He 0.63 0.72 0.78 0.53 0.69 0.76 0.78 0.76 0.71

F 0.20 -0.38 0.04 -0.41 -0.45 -0.32 -0.29 -0.05 -0.21

SCM138b Na 4 4 3 2 2 4 2 5 3.25
Ho 0.33 0.33 0.50 0.25 0.00 0.20 0.00 1.00 0.33

He 0.72 0.72 0.59 0.22 0.38 0.70 0.44 0.72 0.56

F 0.54 0.54 0.16 -0.14 1.00 0.71 1.00 -0.39 0.43

Mean over loci Na 2.83 3.25 3.75 2.75 3.75 3.58 3.25 3.92 3.39
Ho 0.44 0.57 0.63 0.59 0.66 0.52 0.59 0.61 0.58

He 0.48 0.59 0.63 0.52 0.62 0.57 0.60 0.62 0.58

F 0.05 0.00 0.01 -0.14 -0.05 0.03 -0.01 0.05 0.00

Na, number of alleles; Ho, observed heterozygosity; He, expected heterozygosity; F, fixation index
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sister accessions ‘Stendskaya II” and ‘Stendes II" have been
maintained separately for over 60 years. The regeneration
history of ‘Stendskaya II’ is not known, and ‘Stendes II’ has
been regenerated without phenotypic selection. Given the
outcrossing nature of rye, and the high levels of genetic di-
versity within the accessions, it is possible that genetic drift
could be responsible for the observed genetic differences.
Alternatively, one or both of these accessions could have
been cross-pollinated or mislabelled.

The results from this study indicate that while the Latvian
rye collection is small, the genetic and phenotypic diversity
contained within and between the accessions is quite high.
The majority of the collection consists of old varieties and
landraces, which contain potentially useful alleles (e.g. dis-
ease resistance in the landrace ‘Cesvaines’). Given that this
material is well adapted to local conditions, this collection
will be useful for further rye breeding efforts in Latvia and
the surrounding region.
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LATVIAS RUDZU (Secale cereale L..) KOLEKCIJAS GENOTIPISKAIS NOVERTEJUMS

Rudzi (Secale cereale L.) ir Latvija nozimiga graudaugu suga, un tie galvenokart tiek izmantoti partika rudzu maizes cepSanai. Rudzu
platibas Latvija ir nelielas, un parsvara audzéSanai izmanto arzemju Skirnes. 1937. gada rudzu s€jumi bija gandriz 290 000 ha, savukart,
2011. gada — tikai 28 000 ha jeb ~5% no visam graudaugu platibam. Latvijas rudzu genétisko resursu kolekcija ir devini paraugi —
viet&jas un selekcionaru izveidotas §kirnes un viens no N. I. Vavilova Viskrievijas augkopibas institiita kolekcijas repatriéts paraugs. Rudzu
genétisko resursu kolekcija vértéta lauka apstaklos atbilstosi izstradatajiem morfologisko pazimju deskriptoriem. Kolekcijas genétiskaja
novertgjuma izmantoti SSR (Simple Sequence Repeat) DNS markieri. Sakotngjie genétiskie rezultati parada, ka genétiskas daudzveidibas
limenis Latvijas rudzu kolekcija ir augsts. Lai pilnigak raksturotu kolekciju (gan fenotipiski, gan genotipiski), petijumi tiek turpinati.
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