
The research of genetic characterization of international almond varieties in the
territory of Herzegovina includes seven international almond varieties. The
international group of almonds consisted of selections from Italy (Tuono, Genco,
Supernova), two selections from France (Ferragnes and Ferraduel) and two
originating from the USA (Texas and Nonpareil). Genetic characterization was
performed using 10 microsatellite markers, of which 9 microsatellite markers were
derived from Prunus persicae and 1 from Prunus armeniaca. Microsatellite locus,
used in the preparation of this paper, showed high polymorphism in previous studies
by a group of authors who analyzed almond populations. The results of genetic
characterization show that the total number of alleles detected by 10 pairs of
beginners in seven international almond cultivars was 5.4 alleles per locus. The
average number of effective alleles for the ten SSR loci of international cultivars was
3,924. The Shannon Information Index averaged 1,413. The observed heterozygosity
(Ho) averaged 0.529 and the expected heterozygosity (He) was 0.686. The results of
these studies indicate that in the territory of Herzegovina there are international
varieties of almonds that can be used in breeding programs to improve the
represented genotypes of the free population of almonds in the territory of
Herzegovina.
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The analyzed almond genotypes were selected at the Gnojnice site near Mostar,
Bosnia and Herzegovina (latitude 43.645812N; longitude 18.969383E). The sample
included 7 international almond cultivars (Tuono, Texas, Ferraduel, Feragnes,
Genco, Nonpareil, and Supernova) which were represented at the examined locality.
Sampling in 2018 included marking perspective trees and taking leaves in April from
each marked tree. On average, four young DNA extraction sheets were taken, to
obtain as much DNA as possible and better purity. The leaves were stored until
lyophilization in the Gen Bank of the Faculty of Agriculture and Food in Sarajevo, in
a freezer at -80°C until the time of extraction. Cold drying of frond tissue of a leaf by
lyophilization was performed under reduced pressure, using a lyophilizer (Christ,
model Alpha 1-2 LDplus). This method of drying plant material was used to prevent
the degradation of DNA molecules. Dried samples of almond leaves were vacuumed
in PVC bags and stored at -80ºC until DNA isolation. 10-20 mg of powdered leaf
tissue was used for DNA isolation. Isolation and genetic characterization were
performed at the Institute of Genetic Engineering and Biotechnology, University of
Sarajevo INGEB. DNA isolation was performed according to the principle of a
modified CTAB protocol (Doyle and Doyle, 1987; Cullings, 1992) which is most
commonly applied to plant samples.
Table 1. Characteristics of 10 microsatellite markers originating from Prunus
persicae and 1 from Prunus armeniaca used for the study of almond and cherry
genotypes from different localities, used in the given work

The genetic microsatellite markers used in this study are a very reliable tool for
studying genetic diversity because they are adaptively neutral. Amplification of
microsatellite sequences was performed in a PCR device ABI GeneAmp® PCR
System 9700. Fluorescently labeled primers were used for amplification, in order to
be able to multiplex and analyze the PCR product on a DNA genetic analyzer.
Amplification of selected loci was performed in two separate PCR reactions (mix 1
and mix 2) with five microsatellite loci each. The total volume in which the PCR
reaction took place was 15 μl (Table 2). Taq DNA polymerase from Gdansk with an
optimized protocol previously described by Dangl et al., (2005) was used for
amplification. The temperature regime for the amplification reaction was the same
for both PCR reactions (Table 3). Allele sizes were determined by analysis of PCR
products on an ABI 3500 genetic analyzer, by vertical capillary electrophoresis. LIZ
500 (Applied Biosystem) was used as an internal standard. The obtained data were
processed using GeneMapper ID 5 software.
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Table 4 shows allele frequencies for seven international almond cultivars Tuono,
Genco, Supernova, Ferragnes, Ferraduel, Texas, and Nonpareil using 10
microsatellite markers UDP97-402, PacA33, BPPCT026, BPPCT034, BPPCT040,
UDP96-005 -411, UDP98-407 and BPPCT039
Table 2. Allele frequency calculated for 7 analyzed international almond cultivars at
10 SSR loci

Table 3. Number of detected alleles (AN), effective number of alleles (AE), ratio
between the effective and detected number of alleles (AE / AN), Shannon
information index (I), observed (HO) and expected (HE) heterozygosity for ten SSR
markers on 7 samples of the international almond group

Inspecting Table 3, it can be concluded that the total number of alleles detected
using 10 primer pairs, in seven international almond cultivars, was 54 and 5.4 alleles
per locus, respectively (Table 3). The number of detected alleles ranged from 2
(BPPTCT014) to 9 (BPPCT034). The average number of effective alleles for the ten
SSR loci of international cultivars was 3,924, meaning that on average 4 alleles per
locus make up the bulk of the genetic diversity within the 7 genotyped international
almond cultivars. The ratio between the effective and detected number of alleles (AE
/ AN) ranged from 0.544 (BPPCT040) to 0.907 (UDP98-407), with an average value
of 0.727 indicating good allelic capacity (3/4 allele contributes to genetic diversity).
The Shannon Information Index ranged from 0.410 (BPPCT014) to 2,107
(BPPCT034), with an average value of 1,413, for international cultivars, which is a
lower value, relative to the diversity index values in the total sample examined
(1,580). The observed heterozygosity (Ho) in 7 international cultivars at the
analyzed 10 SSR loci ranged from 0.143 (PacA33) to 1,000 (BPPCT034 and
UDP96-005), with an average value of 0.529 (Table 5). The expected heterozygosity
(He) ranged from 0.245 (BPPCT014) to 0.867 (BPPCT034), averaging 0.686. By
analyzing the frequencies of the almond alleles for all examined loci, alleles specific
to the international group were detected. Six private alleles were detected in the
international group.

Table 6. Deviation of ten examined SSR loci from Hardy-Weinberg (HW) equilibrium
in the total set of samples, as well as within individual groups (ns = not significant, *
P <0.05, ** P <0.01, *** P <0.001)

Using ten primer pairs, all extremely polymorphic PCR products were successfully
amplified, and gave positive, coherent, and reproducible results in all seven
international almond cultivars, indicating a good selection of molecular markers. The
results of this research will be used as a supplement to the set of international
genetic data of almond (Prunus amygdalus L.) profiles present in Bosnia and
Herzegovina. The value of the genetic characterization of modern almond cultivars in
Bosnia and Herzegovina is that we now have a database of SSR profiles that we can
use to detect the intrusion of foreign germplasm into domestic.

Marker Primer sequence (5´ → 3´) A repetitive pattern
The origin of 

the marker
Reference

The size of 

base pairs

UDP97-402 
F:TCCCATAACCAAAAAAAACACG:C 
R:TGGAGAAGGGTGGGTACTTG

(AG)17
Prunus 

persica

Testolini et al. 
(2000)

108-152

UDP98-411
F:AAGCCATCCACTCAGCACTC
R:CCAAAAACCAAAACCAAAGG

CT and GT
Prunus 

persica

Testolini et al. 
(2000)

154-180

UDP96-005
F:GTAACGCTCGCTACCACAAA 
R:CCTGCATATCACCACCCAG

(AC)16TG(CT)2CA(CT)11
Prunus 

persica

Cipriani et al. 
(1999)
Testolini et al. 
(2000)

155

UDP98-407
F:AGCGGCAGGCTAAATATCAA 
R:AATCGCCGATCAAAGCAAC

(GA)29
Prunus 

persica

Cipriani et al. 
(1999)

212

PacA33
F:TCAGTCTCATCCTGCATACG
R:CATGTGGCTCAAGGATCAAA

(GA)16
Prunus 

armeniaca
- 188-196

BPPCT039
F:ATTACGTACCCTAAAGCTTCTGC
R:GATGTCATGAAGATTGGAGAGG

(GA)20
Prunus 

persica

Dirlewanger et al. 
(2002)

154

BPPCT014
F:TTGTCTGCCTCTCATCTTAACC
R:CATCGCAGAGAACTGAGAGC

(AG)23
Prunus 

persica

Dirlewanger et al. 
(2002)

215

BPPCT026
F:ATACCTTTGCCACTTGCG
R:TGAGTTGGAAGAAAACGTAACA

(AG)8GG(AG)6
Prunus 

persica

Dirlewanger et al. 
(2002)

134

BPPCT034
F:CTACCTGAAATAAGCAGAGCCAT
R:CAATGGAGAATGGGGTGC

(GA)19
Prunus 

persica

Dirlewanger et al. 
(2002)

228

BPPCT040
F:ATGAGGACGTGTCTGAATGG
R:AGCCAAACCCCTCTTATACG

(GA)14
Prunus 

persica

Dirlewanger et al. 
(2002)

135

Tuono Genco Nonpareil Texas Supernova Ferraduel Ferragnes

UDP97-402
120 114 112 112 112 114 134
120 114 142 112 112 114 154

PacA33
184 178 184 184 178 178 178
188 178 184 184 178 178 178

BPPCT026
142 142 140 144 142 142 146
148 148 140 156 146 148 146

BPPCT034
220 210 236 220 226 210 226
248 234 260 226 250 234 242

BPPCT040
134 134 132 134 144 134 142
134 134 132 140 160 134 142

UDP96-005
130 142 142 142 142 140 134
142 156 150 158 154 154 154

BPPCT014
178 178 178 178 178 178 178
194 178 178 178 178 178 194

UDP98-411
160 170 160 170 164 170 166
164 170 170 170 164 170 166

UDP98-407
180 180 200 180 184 180 184
184 186 200 180 184 186 200

BPPCT039
142 134 150 126 148 134 148
154 150 150 150 154 150 148

Locus AN AE AE/AN I Ho He

UDP97-402 6,000 4,083 0,681 1,569 0,286 0,755
PacA33 3,000 2,178 0,726 0,876 0,143 0,541
BPPCT026 6,000 4,900 0,817 1,673 0,714 0,796
BPPCT034 9,000 7,538 0,838 2,107 1,000 0,867

BPPCT040 6,000 3,267 0,544 1,468 0,286 0,694
UDP96-005 8,000 4,900 0,613 1,829 1,000 0,796
BPPCT014 2,000 1,324 0,662 0,410 0,286 0,245

UDP98-411 4,000 2,970 0,742 1,233 0,286 0,663
UDP98-407 4,000 3,630 0,907 1,334 0,571 0,724
BPPCT039 6,000 4,455 0,742 1,631 0,714 0,776
Average value 5,400 3,924 0,727 1,413 0,529 0,686

Locus International almond group

UDP97-402 *
PacA33 ns
BPPCT026 *
BPPCT034 ns
BPPCT040 *
UDP96-005 ns
BPPCT014 ns
UDP98-411 ns
UDP98-407 ns
BPPCT039 ns
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