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Abstract—This work was aimed at compiling the world’s first linkage map of redcurrant with the use of micro-
satellite and SNP DNA markers. As a result of mapping, eight linkage groups with an LOD level of 10 were
constructed, which included 299 DNA markers, including 12 microsatellite and 287 SNP markers; the total
length of all linkage groups was 741 cM; the average was 93 cM. In seven of the eight linkage groups obtained,
at least one microsatellite DNA marker was mapped. Most of the microsatellite loci localized on the redcur-
rant map correspond to their position on the blackcurrant linkage groups (loci e3-B02, g1-A01, and g1-L12
are located on the same linkage group no. 5; loci g2-J08, g2-B20, e1-O21, and e1-O01 on the resulting map
are each in a separate linkage group 2, 3, 4, and 6, respectively), with the exception of the loci mapped at black-
currant on linkage group 1, which in our work were unmapped. The g2-J11 locus in our studies amplifies frag-
ments in two ranges, which suggests its duplication in the genome of the studied samples. This locus was
mapped in two linkage groups of redcurrant. Two new, not previously mapped and unpublished microsatellite
loci were also localized on linkage map of redcurrant. In the future, it is planned to localize economically use-
ful traits in the redcurrant genome.
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The genus currant Ribes L. includes more than
150 species, growing mainly in the temperate zone of
the Northern Hemisphere. Blackcurrant (Ribes nigrum
L.), redcurrant (Ribes rubrum L.), and gooseberry
(Ribes uva-crispa L.) are economically important [1].

The most extensively studied using DNA markers
culture of the genus Ribes L. is blackcurrant. For it,
several genetic maps (GM) of linkage groups were
compiled and a number of techniques for marker-
assisted selection were developed [2–4].

Redcurrant is today widespread in the industrial
berry industry of the countries of the European Union
[5]. In addition to the color and biochemical compo-
sition of berries, redcurrant has a number of signifi-
cant differences from blackcurrant, including the fact
that redcurrant that does not have an aroma inherent
to blackcurrant, secreted by special glands on the
leaves. Redcurrants are characterized by a more rapid
entry into a dormant state, more durable fruit-bearing
shoots, a later onset of vegetation, etc. Hybrids
between blackcurrant and redcurrant are barren [6].

The purpose of this work is to compile the world’s
first genetic map of redcurrant linkage groups using
microsatellite and SNP DNA markers.

In this work, we used a hybrid population of 139
hybrids (six of them were excluded during the mapping
process because of a large number of dying plants)
obtained from crossing the Belaya Potapenko variety
(Krasnyi Krest × Krasnaya sibiryachka) and hybrid
forms 1426-21-80 (82-4-11 (Rote Spatlese ×
Chulkovskaya) × 78-2-118 (Rote Spatlese × Maarsis
Prominent)). The mapped family has a complex
genetic origin in which species such as redcurrant (R.
rubrum L.), common currant (R. sativum L.), large-
fruited currant (R. sativum var. macrocarpum), rocky
currant (R. petreum Wulf.), and multif lorous currant
(R. multiflorum Kit.) are involved. More than 60 pairs
of primers for microsatellite loci were taken for analy-
sis on a small sample of redcurrant samples. Of these,
38 pairs of primers were previously used to study rep-
resentatives of the currant genus [7–11]. The nucleo-
tide sequences of 30 pairs of primers (hereinafter
referred to as new) were provided by Nahla Bassil
(unpublished data, personal communications) and
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Table 1. Comparison of the localization of microsatellite
loci on the genetic maps of blackcurrant and redcurrant

* According to Brennnan et al., 2008.

Locus
Linkage group 

in the blackcurrant 
genome*

Linkage group 
in the redcurrant 

genome

gr2-J05 1 Ungrouped
g1-M07 1 Ungrouped
g1-K04 1 Ungrouped
g2-J08 2 2
g2-B20 3 3
Cra-489 – 3
e1-O21 4 4
e3-B02 5 5
g1-A01 5 5
g1-L12 5 5
e1-O01 6 6
Cra-531 – 6
g2-G12 7 7.1
g2-J11 7 2, 7.2?

Table 2. Brief description of the obtained linkage groups of
redcurrant

Linkage 
group number Length, сМ SSR number SNP number

2 76 2 47
3 73 2 24
4 123 1 36
5 115 3 16
6 79 2 59

7.1 85 1 39
7.2? 110 1 15
8? 80 0 51

Mean 93 2 36

Total 741 12 287
were created on the basis of the nucleotide sequences
of currants placed in the NCBI database. Polymor-
phism of microsatellite loci was detected in 8% PAAG
stained with silver nitrate. To identify SNP markers, a
DNA library sequencing approach with reduced
genome complexity (genotyping by sequencing, GBS)
was used. The library ready for sequencing was
sequenced on one track of the Illumina HiSeq 4000.
The genetic map was compiled using the Join Map3/0
program, regression mapping was prepared using the
Kosambi function.

Of the tested pairs of primers for microsatellite
loci, the majority were unsuitable for mapping for the
RUSSIA
following reasons: they amplified fragments of more
than 500 bp, they amplified non-polymorphic PCR
products, they did not amplify on the DNA of the par-
ents of the hybrid population at a minimum annealing
temperature of 50°C, they showed an atypical profile
of amplification for microsatellite loci (a large number
of fragments in a wide range that do not disappear with
increasing annealing temperature), etc. A typical
microsatellite profile and the presence of polymorphic
fragments were observed during amplification with 13
pairs of primers (previously published gr2-J05, g1-M07,
g1-K04, g2-J08, g2-B20, e1-O21, e3-B02, g1-A01,
g1-L12, e1-O01, g2-G12 and the new Cra-531 and
Cra-489). Fragments in two ranges (250–260 and
315–320 bp) are amplified at the g2-J11 locus in the
mapped population, which suggests the duplication of
this locus in the genome of the studied samples. Thus,
data on polymorphism of 14 microsatellite loci were
used for mapping (Table 1).

Sequencing of DNA libraries with reduced genome
complexity created on the DNA of a hybrid population
and parents resulted in 382373581 readings of good
quality. After removing adapter sequences and detect-
ing SNP using Tassel 5.0, 5741 SNPs were detected.
After analysis of cleavage in the population, 667 SNP
markers were used for mapping.

As a result of mapping, eight cohesion groups were
constructed with a LOD level of 10 (Fig. 1), which
included 299 loci, among them 12 microsatellite and
287 SNP markers; the total length of all cohesion
groups was 741 cM; the average length was 93 cM
(Table 2). Three microsatellite loci were not included
in any of the linkage groups (ungrouped)—these are
gr2-J05, g1-M07, and g1-K04. It is interesting to note
that these loci are located on the same linkage group
no. 1 of the genetic map of blackcurrant. More than
half of the SNP markers were also outside the linkage
groups; several markers were excluded because of the
high contribution to the parameter Mean chisquare
contributions. In seven of the eight linkage groups, at
least one microsatellite DNA marker was mapped.

On the resulting map of the redcurrant, the linkage
groups were numbered according to the linkage groups
of the previously published genetic map of the black-
currant [2], based on the localization of identical
microsatellite loci. In this case, the loci e3-B02, g1-A01,
and g1-L12 mapped together on the fifth linkage
group of blackcurrant and on the map of redcurrant we
obtained also are located on one linkage group. Loci
g2-J08, g2-B20, e1-O21, and e1-O01 on the map of
blackcurrant, located respectively in linkage groups 2,
3, 4, and 6, and on our map are also each in a separate
linkage group (Table 2). The position of the locus g2-J11
contradicts the localization on the blackcurrant map.
Mapped to the blackcurrant genome on the seventh
linkage group together with the g2-g12 locus, on our
map, the g2-J11 locus did not join the g2-g12 locus but
entered a separate linkage group (tentatively desig-
N JOURNAL OF GENETICS  Vol. 56  No. 11  2020



RUSSIAN JOURNAL OF GENETICS  Vol. 56  No. 11  2020

THE DEVELOPMENT OF A GENETIC LINKAGE MAP OF REDCURRANT 1389

Fig. 1. Genetic map of redcurrant (the numbering of linkage groups corresponds to the map of blackcurrant taking into account
the location of microsatellite loci; the presented linkage groups combine markers at LOD 10 and are maps of the first round of
mapping, except for linkage group 2, which is represented by a map of the second round of mapping).
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nated as 7.2?). In addition, in connection with the g2-J11
duplication assumed in the redcurrant genome, this
locus was also mapped to linkage group 2 together with
the g2-J08 locus. One of the obtained linkage groups is
made up entirely of SNP markers and, possibly, rep-
resents the eighth linkage group, since the microsatel-
lite loci mapped to the linkage group 8 of the blackcur-
rant genetic map did not pass the initial test for one of
the reasons described above and were not used in the
mapping of the redcurrant genome. Thus, the major-
ity of microsatellite loci located by us on the map of
redcurrant correspond to the position of loci on the
linking groups of blackcurrant. Two new, not previ-
ously mapped and unpublished microsatellite loci are
also localized. Design of primers for them was carried
out on the basis of sequences of Ribes americanum.
These are the Cra-489 locus (F: 5'-TCTATTATCA-
CACCCTCAACAA-3', R: 5'-GTTTATACGACA-
CATCAACTTTCCA-3') to pentanucleotide repeats in
the genome and the Cra-531 locus (F: 5'-AGAAGT-
GAAAGTGGAAGAACC-3', R: 5'-GTTTGTTT-
GAAGGAAGACAGAGA-3') to trinucleotide
repeats, localized in this work on redcurrant linkage
groups no. 3 and no. 10, respectively.

In the future, it is planned to increase the number
of mapped microsatellite loci and to search for the
localization of economically useful traits in the red-
currant genome.
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