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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 Two new, not previously mapped and unpublished microsatellite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 X Krasnaya sibiryachka) and hybrid
forms 1426-21-80 (82-4-11 (Rote Spatlese X
Chulkovskaya) x 78-2-118 (Rote Spatlese X 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 multiflorous 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

Linkage group Linkage group
Locus in the blackcurrant in the redcurrant
genome™ genome

gr2-J05 1 Ungrouped
g1-MO07 1 Ungrouped
gl1-K04 1 Ungrouped
g2-J08 2 2
g2-B20 3 3
Cra-489 — 3
el-021 4 4
e3-B02 5 5
gl1-A01 5 5
gl-L12 5 5
el1-001 6 6
Cra-531 — 6
g2-G12 7 7.1
g2-J11 7 2,7.2?

* According to Brennnan et al., 2008.

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

Linkage Length, cM | SSR number | SNP number

group number

2 76 2 47

3 73 2 24

4 123 1 36

5 115 3 16

6 79 2 59

71 85 1 39

7.22 110 1 15

82 80 0 ol

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

RUSSIAN JOURNAL OF GENETICS

PIKUNOVA et al.

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,
gl-K04, g2-J08, g2-B20, ¢1-021, ¢3-B02, g1-A0l,
gl-L12, e1-001, 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, gl-M07, and g1-KO04. 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 gl-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, e1-021, and ¢1-0O01 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-gl2 locus, on our
map, the g2-J11 locus did not join the g2-g12 locus but
entered a separate linkage group (tentatively desig-
Vol. 56

No. 11 2020



THE DEVELOPMENT OF A GENETIC LINKAGE MAP OF REDCURRANT 1389
3 4 5
TP3816
TP6754
P2293
1 TP6222 TP1358
1 P1404
2 TP4967
2 TP83
30 W TP1456 OS LLEkhy 0 ——TP6384 0 TP4810
3 TP1632
35 TP5302
36 TP3306 11 —H—TP1457
% Th3302 S I e 18 TP3695 18 TP6037
38 TP3302 Al -
39 TP4058 12 TP3521 23 <[ | -TP4592
40 TP40% 16 ——— TP2415 27~ | -TP114
41 TP6621 TP2513 28 T [~TP344
20 [ |- TP2526ndm
42 L e 21 —~TP352 40 TP4885
43 TP3734 44 TP6648 41 TPI12
44 ~EI[TP301 TP514 L TP o5 14 308 44—TT-TPI74I
TP2876 TP5810 P2 ¢ Ty A 48 ——1—TP1474
TP3752 TP1327 32~ |- TP6351 A\ TPs 5 Sl [ i
45 TP1523 TP2603 34 - [-TP932 o7 Bt P e
TP5572 TP5491 35 [~ TP1705 |/ TP4369
2208 B170/014150/198 TP3102 65 \EY/|TP434 TP6681 63~ |- g1L12B249/014230/240
46 TP5771 TP606I 4 TP2885 = TP421 66— 4-TP1147
47 TP1055 g2111_14/250 45 ', TP6902 T = g%ﬂ% TP2661 gg T [~ gla01230B245_14 240
P58 49\, TP3062 ndm
48 TP3554 52 TP3855 67 TP3222 TP409 78~ |- TP4362
49 TP6393 53\ Tp378 TP6926 TP1726 81—~ e3b02_180/184
50 P1405 34 TP947 68 TP5864 TP2406 85~ -TP2518
51 WTP6694 TP74 55 N/, TP5819 69 TP1489 86T [~TP2920
55 [ 08 56 -~ TP2439 70 TP625
59 TP3595 TP4419 59~ |~ TP6574 72 TP262 95 ———TP1867
68 P3635 60 = TP6733 76 TP3714
76 TP2041 61 =~ TP1434 81 TP6606 102 ———TP4582
62 7/_I\ TP6466 87 TP1271
63 //CI\\ g2b20175B180_14 200 89 TP330 110 ———TP2431
65 /[N TP2347 96 pus iy 15— TP841
67 TP4590 104 TP3864
69 / JI\ Cra-489_14 235 1101? PS%E%?
73 TP2913
123 TP1617
6 7.1 7.2? 8?
0 TP4043
2 TP3399
9 I TP6722
TP4224 0 TP6110 13 TP3000
TP230 9 TP2082 17 TP4817
TP1193 10 TP5599 20 TP6334
TP1417 15 TP6167 31 TP3594
TP995 18 TP6015 0 TP846 32 TP2130
TP324 20 TP2655 38 TP5291
TP3507 21 TPIS64 43 | TPI865 TP3527
TP1125 23 TP4460 TP6840 12 TP5054 44 TPI817
TP3615 24 TP2443 48 TP4007
TPs35 25 TP79% 20—~ TP4344 50 TP2617 TP6416
TP1470 TP1957 TP802 TP608 23 —— TP4343 jil TP6552
TP5886 26 TP1601 TP5481 SUAR iy TP1IS
TP6003 TP753 52 i TPI1211 TP3544
TP3501 TP401 TP634 33 @J11_BP/315 o3 TP3944 TP4410
TP6629 27 TP6289 TP1311 37 TP1922 TP2060
TP56 TP4368 TP652 TP4740
44~1 1~ TPa64s 54 TP4822 TP5995
TP6783 2% TP5732 TP3187 47~ TP6219 TP2434 TP2643
TP4837 i TP4804 TP295 49 —T T~ TP5830 TP6332 TP340
TP4571 29 #i—{ith TP2862 TP3127 52 T~ TP6267 55
TP9 TP290 30 i TP42 TP6547
Cra-531_17514_173 TP3016 31 W TP2838 TP2822 56 TP303 TP5895
TP734 32 il Il TP3346 TP4068
TPIIITP2112 3341t G2¢12B19219814196200 Bl TP4823 TP5841
TP837 3441 [\ TP4436 7 TP569 TP6038
£~ TP326 TP1444 35 I\ Tp101 9 TP5143 TP6356
TP3176 431 TP854 78 TP6654 TP4055 TP6829
TP6325 TP6261 514 TP583 < TP19%2 60 TP939
TP4376 TP2863 53 TP4904 63 TP3414
TP5939 TP4750 68 TPI376 64 TPI872
TP2989ndm TP2710 75 TP3193 92 TP5923 69 TP3891
TP1162 85 TP3637 70 TP5470
TP3240 TP3283 100 TP3031 72 TP3650
TPo482 TPOLS 760 |reemoTeiss
TP6482 TP9I5 o psass 76 TPe790

TP1260 TP498
TP5008

TP5011 TP2792
TP2126 TP2892
TP5650 TP523
TP6504
TP1286
TP4190

TP730

TP5166 €1001_154B152_14_160

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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