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Abstract

STAVELIKOVA, H., HANACEK, P, VYHNANEK, T.: The morphological description and DNA tools analysis:
for detection of duplicitions in the Czech germplasm collection of pepper (Capsicum annuum L.). Acta univ. agric. et
silvic. Mendel. Brun., 2010, LVIII, No. 1, pp. 191-198

The pepper (Capsicum annuum L.) is very popular annual vegetable either for fresh consume either as
spice after drying and grinding. The fruit contains high amounts of vitamin C, provitamin A, E, P (cit-
rin), B, (thiamine), B, (riboflavin) and B, (niacin). Crop Research Institute (CRI), Department of Vege-
table and Special Crops, Olomouc, the Czech Republic is the holder of the collection of pepper ge-
netic resources. The collection of pepper consists of 504 accessions, currently. It is necessary to find
duplications within collection for effective work with genetics resources. For analyses totally 41 acces-
sions were chosen. These were divided into ten groups according name: 1. Astrachanskij, 2. Aufrechte
Cayenne, 3. Bogyisloi, 4. Hatvani, 5. Japan Hontakka, 6. Japan Madarszen, 7. Kalocsai Fuszer (Edes),
8. Konservnyj Belyj 289, 9. Tetenyi and 10. Vinedale. Two approaches were used for the detection of
duplications - morphological description and polymorphism of DNA. The accessions were charac-
terized for 54 morphological traits: 1 character in seedlings, 8 characters in the plants, 10 characters in
leaves, 10 characters in flowers and 25 characters in fruits. The polymorphism of DNA was analysed
using the SSR (Simple Sequence Repeats) method with 8 SSR markers (Hpms 1-1, Hpms 1-5, Hpms 1-168,
Hpms 1-172, Hpms 1-274, Hpms 2-21, Cams 163 and Cams 647) which are localised on different chromo-
somes. The results from DNA analysis were complemented with the morphological characterization.
Possible duplications were in 4 groups: 1. Astrachanskij, 4. Hatvani, 5. Japan Hontakka and 7. Kaloc-
sai Fuszer (Edes). This work is the first step for the determination of duplications in the Czech germ-
plasm collection of pepper.
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The pepper is very popular, widespread in
the world, annual wvegetable, to produce high
amounts of vitamin C, provitamin A, E, P (citrin), B,
(thiamine), B, (riboflavin) and B, (niacin) (Val3ikova,
1987; Bosland & Votava, 2000). This files in class:
Magnoliopsida, order: Solanales, tribe: Solanaceae, ge-
nus: Capsicum. Various authors describe 25 species to
the genus Capsicum. The major species of this genus
are Capsicum annuum L., Capsicum fructescens L., Capsi-
cum chinense Jacq., Capsicum minimum Roxb., Capsicum
pubescenns Ruiz & Pav. and Capsicum baccatum var. pen-
dulum (Basu & De, 2003).

Pepper has been grown very long time. The old-
est known records of pepper come from the desert
valley of Tehuacén, in Southern Mexico. It is known
that the indigenes were eating peppers as early 7000
B.C. Now we do know that peppers were among
the first plants to be domesticated in the Ameri-
cas (Smith, 1984). Christopher Columbus brought
the pepper to the Europe (Bosland & Votava, 2000).
At the beginning the pepper was planted as the or-
namental and medicinal plant in the Spain and Por-
tugal and later in Ttaly. In the 16t century the pepper
was brought by Turks to Bulgaria. The Bulgarian gar-
deners expanded the pepper to other Europe coun-
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tries (Valsikova, 1987). Now the pepper is grown on
521 681ha on the world (Tab. I), (FAO). The pep-
per was known as spice plant in 16% century in Bo-
hemia (Miiller, 1959). In the Czechoslovakia the in-
tense growing of pepper started after the First World
War (Valsikovi, 1987). Now the pepper is grown on
243 ha in the Czech Republic (Tab. II) (Buchtovi,
2006; 2008).

1: The area harvest in the world

Year Area harvest (ha)
2003 456 141
2004 502 401
2005 503 038
2006 524 008
2007 521 681

1T: The area harvest in the Czech Republic (source Czech and Mora-
vian Vegetable Union (CMVU))

Year Area harvest (ha)
2003 211
2004 315
2005 300
2006 276
2007 270
2008 243

It is necessary to find duplications within collec-
tion for effective, efficient and rational work with ge-
netics resources on the national and international
level (Dotladil, 2007; ECPGR, 2008a). Now many
methods for studying the genetic diversity and va-
riability in the collections of genetic resources are;
e.g. morphological characteristics, analysis of the ge-
nealogy, biochemical markers (in particular proteins
and their various iso-enzyme variants) and the dy-
namically developing molecular (DNA) markers
(Zhang etal., 2007).

MATERIALAND METHODS

The objective of the present study was to detect
the duplications in selected genetic resources of
pepper. The collection of pepper held by CRT con-
sists of 504 accessions (acc.), currently (Stavélikova
et al. 2009). All accessions of pepper have been de-
scribed for 27 characters taken from Descriptors for
Capsicum (Capsisum spp.) [IPGRI, (1995)]. Docu-
mentation photos of all accessions have been taken.
The passport data of the collection are fully re-
corded, computerized and entered in EVIGEZ (Plant
Genetic Resources Documentation in the Czech
Republic),http://genbank.vurv.cz/genetic/re-
sources/) and in the ECPGR (The European Coope-
rative Programme for Plant Genetic Resources) Pep-
per Database http://www.ecpgr.cgiar.org/Databases/
Crops/Pepper.htm.

We chose 41 acc. pepper from the collection of
pepper genetic resources to DNA analysis. The ma-
terial for analysis was prepared as follows: Pepper
seeds were drilled to the small pots with pearlite on
28" March. These were put on Jacobsen's germina-
tion apparatus for ten days. (Tree days the tempera-
ture was 35°C and seven days the temperature was
25°C. System (period) of light was 12 hour light and
12 hours dark.). The seedlings were transplanted to
plastic pots, diameter 8 cm, two plants per pot with
growing substrate in 8" April. The pepper plantings
were planted out to the isolation cages in16™ May.
20 plants from accessions were pricked in. Plant-
ing distance was 25 x 30 cm. During all growing pe-
riod the pepper growth was watered twice per week.
The fertilizer was not used. The insecticides with
effectual substance lambda-cyhalothrin (Karate
2,5 WG) and pirimicarb (Pirimor 2,5 WG) were used
protection against Aphis ssp. The samples for DNA
analysis were taken in 17" July:.

Theaccessionswere splitinto ten groupsaccording
name (Tab. ITI). These acc. were described according
Descriptors for Capsicum (Capsisum spp.) [IPGRI,
(1995)]1(Descriptor) — 27 characters and descriptor
list by International union for the protection of new
varieties of plants (UPOV) (UPOV, 2006) — 44 chara-
cters. Some characters are both in Descriptor and in
UPOV (plant habit, pedicule attitude, fruit colour
etc.). Finally 54 characters were used for pepper de-
scription — 1 character in seedlings — anthocyanin
coloration of hypocotyl; 8 characters in the plants
- stem pubescence, height, habitus, length of stem,
shortened internode (in upper part), anthocyanin
coloration of nodes, intensity of anthocyanin color-
ation of nodes, hairiness of nodes; 10 characters in
leaves - length, pubescence, length of blade, width
of blade, intensity of green color, shape undulation
of margin, blistering, glossiness, profile in cross sec-
tion; 10 characters in flowers — number of flowers
per axil, flower position, corolla colour, corolla spot
colour, anther colour, filament colour, calyx annular
constriction, calyx margin, stigma exsertion to an-
thesis, anthocyanin coloration in anther and 25 char-
acters in fruits — anthocyanin spots or stripes, colour
at intermediate stage, intensity of color (before ma-
turity), position, set, colour at mature stage, intensity
of color (at maturity), shape, length, ratio length/di-
ameter, width, shape at pedicel attachment, neck at
base of fruit, shape at blosoom end, cross-sectional
corrugation, surface, sinuation of pericarp at ba-
sal part, sinuation of pericarp excluding basal part,
glossiness, depth of interloculary groove, number
of locules, thickness of flesh, length and thickness
of stalk, aspekt of calyx. We took photo of the acc.
twice per growing season — in phase of flowering
and in phase plants with the ripe fruits (Fig. 1). Photo
- documentation of fruits contains fruit sideways/
sidelong look, top point of view, cross section, too.
The characters were assessed by scale from 1 to 9.
Number 1 presents none or very weak expression of
monitored character, number 3 presents weak inten-
sity of expression, number 5 presents middle inten-
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IIT: Analysed pepper accessions

Order Accessionnumber Name Country of origin | Order Accessionnumber Name Country of origin
1. group Astrachanskij - former Soviet Union 6. group Japan Madarszem - Hungary
7 09H3100055 Astrachanskij 14 09H3100350 Japan Madarszem
8 09H3100056 Astrachanskij 28 09H3100351 Japan Madarszem
9 09H3100057 Astrachanskij 29 09H3100503 Japan Madarszen
10 09H3100058 Astrachanskij 30 09H3100504 Japan madarszen
12 09H3100059 Astrachanskij 147 31 09H3100505 Japan madarszen
11 09H3100541 Astrachanskij 7. group Kalocsai Fuszer (Edes) - Hungary
2. group Aufrechte Cayenne - France 2 09H3100243 Kalocsai Fuszer (Edes)
20 09H3100137 Aufrechte Cayenne 3 09H3100244 Kalocsai Fuszer (Edes)
21 09H3100138 Aufrechte Cayenne 4 09H3100245 Kalocsai Fuszer (Edes)
22 09H3100139 Aufrechte Cayenne 8. group Konservnyj Belyj 289 — former Soviet Union
23 09H3100140 Aufrechte Cayenne 18 09H3100354 Konservnyj Belyj 289
3. group Bogyisloi - Hungary 40 09H3100352 Konservnyj Belyj 289
24 09H3100111 Bogyisloi 41 09H3100353 Konservnyj Belyj 289
25 09H3100112 Bogyiszloi 9. group Tetenyi - Hungary
26 09H3100113 Bogyiszloi 32 09H3100067 Tetenyi
27 09H3100114 Bogyiszloi Vastaghusu 33 09H3100068 Tetenyi
4. group Hatvani - Hungary 34 09H3100069 Tetenyi
13 09H3100416 Hatvani 35 09H3100070 Tetenyi
17 09H3100417 Hatvani 1 09H3100071 Tetenyi
16 09H3100418 Hatvani 10. group Vinedale - Canada
15 09H3100419 Hatvani Csemege 5 09H3100290 Vinedale
5. group Japan Hontakka — Hungary 6 09H3100291 Vinedale
37 09H3100349 Japan Hontakka 19 09H3100292 Vinedale
38 09H3400501 Japan hontakka 36 09H3100288 Vinedale
39 09H3100502 Japan hontakka

09H3100069
Tetenyr—

1: Photo of the acc. 09H3100069 (Tetenyi) over the growing season

g 09H3100069
R _ Tetenyi

(a) in phase of flowering, (b) in phase plants with the ripe fruits
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sity of expression, 7 presents strong intensity of ex-
pression and level 9 presents very strong intensity of
expression. Only two possibilities 1 and 9 were used
for characters — seedling: anthocyanin coloration
of hypocotyl, plant: shortened internode (in upper
part), plant: anthocyanin coloration of nodes, inflo-
rescence: calyx annular constriction, fruit: anthocya-
nin coloration, fruit: neck at base of fruit, fruit: stalk
cavity and calyx: aspect. Characters — plant: height,
leaf: length, fruit: length and width were measured
on ten plants. The wide scope of characters for mor-
phological description was used. We chose impor-
tant characters which are in Minimum descrip-
tors (ECPGR, 2008b) for comparison accessions
(Tab. 1V). The polymorphism of DNA in pepper
was analysed using the SSR (Simple Sequence Repeats)
method (Rohrer et al., 2009). Three plants of each
accession were sampled. We analysed 8 SSR mar-
kers chosen in accordance with literature (Lee et al.
2004; Minamiyama et al. 2006). SSR markers (Hpms
1-1, Hpms 1-5, Hpms 1-168, Hpms 1-172, Hpms 1-274,

IV: Morphological description in group number 7*

Hpms 2-21, Cams 163 and Cams 647) are localised on
different chromosomes. The PCR amplification was
verified by agarose electrophoresis before loading of
the sampleas on capillary electrophoresis ABI Prism
3000 (Applied Biosystems, USA). The number and
size of the amplicons were evaluated by the Gene
Marker 1.3 software.

RESULTS AND DISCUSSION

Morphological characteristics can detect only
a degree of polymorphism, and may be sensitive to
environmental conditions. These characters suffer
from limitations of number interaction with the en-
vironment in which the plant variety grows and
the subjectivity in decisionmaking (Sing et al., 2004).
Kwon et al. (2007) recommended using of the phe-
notypic and molecular (SSRs) markers for analyz-
ing the duplicities in collection of plant genetic re-
sources. A dendrogram (Rohrer et al., 2009) based on
our genetic analysis suggests a high level of simila-
rity between some of the accessions presumed to be

— Fruit colour Fruit
§ ¥ &
. £ £ LS & £ & — .
Accession . 3 e, o9 S = bS] = £
Name accession e 5] =& O 5] i g o
number 5 s %9 o = ©
i - 25 = E © E @ ?D = =
S 5 = E = [ S & = = B
Sa & ElS ) s S 5] E = BT 5
& < = = © &% E 3 L 2
09H3100243 Kalocsai Fuszer (Edes) erect 46-65 two white green red [triangual 11-15 3-5 smooth
09H3100244 Kalocsai Fuszer (Edes) intermediate 66-85 one white green red |elongate 11-15 <3 smooth
09H3100245 Kalocsai Fuszer (Edes) intermediate 67-85 one white green red |elongate 6-10 <3 smooth
* - minimum descriptors (ECPGR, 2008b)
V: The size of amplicons (bp) in the possible duplications
Number SSR markers
Group EVIGEZ Hpms Hpms Hpms Hpms Hpms Hpms Cams Cams
1-1 1-5 1-168 1-172 1-274 2-21 163 647
09H3100055 270 318-320* 172 340 175 290 250 218-224*
09H3100056 270 320 172 340 175 290 250 218
1 09H3100057 270 312 172 340 175 296 250 218
) 09H3100058 270 308 172 340 175 292-294* 250 212
09H3100059 270 308 172 340 175 294 250 212
09H3100541 270 318-322* 172 340 175 294 250 224
09H3100416 270 296 172 340 175 294 250 224
4 09H3100417 270 318 172 340 175 294 250 212
) 09H3100418 270 318 172 340 175 294 250 212
09H3100419 270 318 172 340 175 294 250 188
09H3100349 270 308 172 340 175 266 250 218
5. 09H3400501 270 308 172 340 175 290 250 218
09H3100502 270 306-308* 172 340 175 294 250 218
09H3100243 270 320 172 340 175 292 250 224
7. 09H3100244 270 308 172 340 175 294 248 218
09H3100245 270 308 172 340 175 294 248 218

* —interval from 3 individual plants
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distant and, at the same time, genetic variability be-

tween accessions of the same or similar name. Our

results in pepper show the possibility of duplicities
in group number 1 (group Astrachanskij), 4 (group

Hatvani), 5 (group Japan Hontakka) and 7 (group Ka-

locsai Fuszer (Edes)) (Tab. V).

1. group Astrachanskij —according morphologi-
cal characterization 09H3100059 Astrachanskij
147 was different from others acc. in height plant
and colour fruit at intermediate stage. The acc.
09H3100059 and 09H3100057 were different
from others acc., according DNA analysis.

2. group Aufrechte Cayenne - within group
the genotype 09H3100140 was different in
length of blade, width of blade and shape of fruit
according morphological characterization. DNA
analysis presented the small differences in all ac-
cessions but big differences were between acc.
09H3100137, 09H3100138, 09H3100139 and
09H3100140.

3. group Bogyisloi - the fundamental morpho-
logical differences were not found within group.
According DNA analysis acc. 09H3100113 and
09H3100114 were very similar. The small dif-
ferences were between acc. 09H3100111 and
acc. 09H3100112. All these acc. were in one sub-
group.

4. group Hatvani - the morphological differences
were not among acc. 09H3100417, 09H3100418
and 09H3100419. The plants of acc. 09H3100416
had heterogeneous phenotype expression.
09H3100416 was dissimilar to the rest group, ac-
cording DNA analysis.

5. group Japan Hontakka - the acc. 09H3100502
was different from 09H3100349 and 09H3400501
in the position, shape and size of fruits. The re-
sults of DNA analysis were the identical.

6. group Japan Madarszem - the individual acces-
sions were differed in the size of leafs, size and
shape of fruits. The biggest differences were be-
tween acc. 09H3100350 and 09H3100351 and
among the acc. 09H3100503, 09H3100504 and
09H3100505 according DNA analysis. These
groups were put in different cluster.

7. group Kalocsai Fuszer (Edes) - the genotype
09H3100243 was different from 09H3100244 and

09H3100245 in the shape and position of fruits
and in vegetation. The result of DNA analysis is
identical with morphological description.

8. group Konservnyj Belyj 289 - the morpholo-
gical differences were not found within group.
According DNA analysis acc. 09H3100354 and
09H3100352 were the same. The small differen-
ces were found between acc. 09H3100353 and
acc. 09H3100354 and 09H3100352.

9. group Tetenyi — according morphological de-
scription it is possible to split up two parts this
group. 09H3100068 and 09H3100071 form
the first subgroup. These acc. have low plants,
erect and triangular fruits, the fruit colour at in-
termediate stage is yellowish and light red at ma-
ture stage. The acc. 09H3100067, 09H3100069
and 09H3100070 form the second subgroup
have elongace and drooping (declining) fruits.
The fruits of this group are green at intermediate
stage and red at mature stage. The result of DNA
analysis is the same. Within the second subgroup
small variability was found.

10. group Vinedale —identical accessions were not
found according both morphological descrip-
tion and DNA analysis. Within this group the ac-
cessions were different in all important morpho-
logical characters.

CONCLUSION

This work was the first step for the determina-
tion of duplications in the collection of genetic re-
sources of pepper in the Czech Republic. The col-
lection is very large to have 504 accessions, currently.
The thorough morphological description gives bet-
ter information about material to user of genetic re-
sources — plant-breeders, research workers. The de-
tection of duplications leads to effective work with
genetics resources. In future we would like to con-
tinue in the determination of duplications on the ba-
sis of increase number of SSR markers and morpho-
logical description. Better number of SSR markers
gives results with higher predicative ability about
variability within collection and in the scope indi-
vidual accessions.

SUMMARY

The objective of the present study was to detect the duplications in selected genetic resources of pep-
per of the Crop Research Institute, Department of Vegetables and Special Crops in Olomouc. The col-
lection of pepper consists of 504 accessions (acc.), currently. 41 acc. were chosen for morphological
description and DNA analysis. These were divided into ten groups according name of accessions.
These acc. were described according Descriptors for Capsicum (Capsisum spp.) [IPGRI, (1995)] (De-
scriptor) for 27 characters and by descriptor list by International union for the protection of new va-
rieties of plants (UPOV) (UPOV, 2006) for 44 characters. We took photo of the acc. twice per grow-
ing season — in phase of flowering and in phase plants with the ripe fruits. Photo - documentation of
fruits contains fruit sideways/ sidelong look, top point of view, cross section, too. The polymorphism
of DNA in pepper was analysed using the SSR (Simple Sequence Repeats) method. Totally 8 SSR mar-
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kers are localised on different chromosomes were chosen. The possible duplications were detected
on the basis evaluation of apmlicons' size individually SSR markers from analysis of individual plants
(one accession presents tree plants) (Tab. V). The possible duplications were found in 4 groups (Astra-
chanskij, Hatvani, Japan Hontakka and Kalocsai Fuzser (Eder)) in the collection of genetic resources.
The detection of duplications leads to effective work with genetics resources. In future we would like
to continue with the determinative of duplications on the basis of increase number of SSR markers
and morphological description.

SOUHRN

Vyuziti morfologickych deskriptorti a DNA analyzy pro detekci duplicit v eské kolekei

genetickych zdrojt papriky
Cilem prezentované studie byla detekce duplicit u vybranych genetickych zdrojt papriky Vyzkum-
ného tstavu rostlinné vyroby, oddéleni zelenin a specidlnich plodin v Olomouci. V sou¢asnosti obsa-
huje tato kolekce 504 polozek. Hlavni ¢4st kolekce prezentuji staré odriidy z Madarska (129 polozek),
Sovétského svazu (68 polozek), Ceskoslovenska (52 polozek), USA (46 poloZek), Bulharska (44 polo-
zek) a 17 polozek je z Ceské republiky. Nové polozky jsou ziskdvany ze semenarskym firem a jinych
genovych bank. Pro morfologicky popis a DNA analyzy bylo vybrano 41 polozek, které byly rozdé-
leny do deseti skupin podle nazvu. Tyto polozky byly popsany podle deskriptoru pro papriku (Cap-
sicum spp.) [TPGRT, (1995)](Descriptor) — 27 znakt, a podle Mezindrodn{ tmluvy na ochranu novych
odrtd rostlin (UPOV) (UPOV, 2006) — 44 znakii. V pritb&hu vegetace byla pofizovina fotodokumen-
tace ve dvou fazich: (a) ve fazi kvetent, (b) ve fazi rostlin se zralymi plody. Polymorfizmus DNA u pa-
priky byl analyzovan pomoci SSR (Simple Sequence Repeats) metody. Bylo vybrano osm SSR markert
podle literarnich prament (kazdy z SSR markery byl lokalizovan na jiném chromozomu). Na zaklad¢
vyhodnocenti velikosti apmlikonti jednotlivych SSR markerti ziskanych z analyz jednotlivych rost-
lin (1 polozka = 3 rostliny) byly odhaleny mozné duplicity v kolekei (Tab. V). V kolekei genetickych
zdrojt byly nalezeny pravdépodobné duplikace u ¢ty¥ skupin (Astrachanskij, Hatvani, Japan Hon-
takka a Kalocsai Fuzser (Eded)). Detekce duplicit umoznuje efektivni préci s genetickymi zdroji. V bu-
doucnu bychom radi pokracovali ve vyhleddvani duplicit na zdkladé molekuldrnich markerd a mor-
fologického popisu.

paprika, genetické zdroje, mikrosatelity, SSR, variabilita, morfologické znaky

The study was funded by the National programme for the preservation and use of genetic resources
of plants and agro-biodiversity of the Ministry of Agriculture, CR Nor.: 20139/2006-13020 and by
the project IGA MUAF in Brno No. DP1/AF/2008.

REFERENCES

BASU, S.K.and DE, A.K.,2003: Capsicum: historical
and botanical perspectives. 1-15;In: DE, A. K. (ed.)
Capsicum: the genus Capsicum. London: Taylor &
Francis: 275 s. ISBN 0-415-29991-8.

BOSLAND, P. W. and VOTAVA, E., 2000: Peppers Ve-
getable and Spice Capsicums. New York: Cabi Publish-
ing: 204 s. ISBN 0-85199-335-4.

BUCHTOVA 1., 2006: Situaéni a vijhledovd zprdva zcle-
nina, prosinec 2006.1.vyd. Praha: Ministerstvo zemé-
dé&lstvi Ceské republiky: 56 s. ISBN 80-7084-436-1.

BUCHTOVA 1., 2008: Situacni a vijhledovd zprdva
zelenina, prosinec 2008. 1. vyd. Praha: Minister-
stvo zem&délstvi Ceské republiky: 65 s. ISBN
978-80-7084-604-9.

DOTLACIL, L., 2007: Projekt integrace evropskych
genovych bank (AEGIS). Sbornik referdtii ze semindiii
Aletudlni problém prdce s genofondy rostlin v CR, Koste-
lany: 79-83.ISBN 92-9043-319-1.

ECPGR, 2008a: A Strategic Framework for the Im-
plementation of a European Genebank Integrated
System (AEGIS). Discussion paper. European Co-
operative Programme for Plant Genetic Resources

(ECPGR). Bioversity International, Rome, Ttaly:.
ISBN 978-929043-774-1

ECPGR, 2008b: Minimum descriptors for eggplant,
Capsicum (sweetand hot pepper) and tomato http://
www.ecpgr.cgiar.org/Workgroups/solanaceae/So-
lanaceae_descriptors.pdf

FAO. Faostat database, update by annually: http://
faostat.fao.org.

TPGRI, AVRDC and CATIE, 1995: Descriptors for
Capsicum (Capsicum spp.). International Plant Ge-
netic Resources Institute, Rome, Ttaly; the Asian
Vegetable Research and Development Center, Tai-
pei, Taiwan, and the Centro Agronémico Tropi-
cal de Investigacién y Ensenanza, Turrialba, Costa
Rica.ISBN 92-9043-216-0

KWON, Y. S., MOON, J. Y, YI, S. I, BAE, K. M,,
SOH, E. H., CHO, I. H. and KIM, B. D., 2007: Com-
parative analysis of pepper (Capsicum annuum L.)
varieties using morphological characters, AFLP
and SSR markers. Korean Journal of Genetics, 29:
11-20.ISSN 0254-5934.

LEE, J. M., NAHM, S. H., KIM, Y. M. and KIM, D. D,
2004: Characterisation and molecular genetic map-



The morphological description and dna tools analysis: for detection of duplications

197

ping of microsatellite loci in pepper. Theoretical and
Applied Genetics, 108: 619-627. ISSN 0040-5752.

MINAMIYAMA, Y., TSURO, M.and HIRAI, M., 2006:
An SSR-based linkage map of Capsicum annuum.
Molecular Breeding, 18: 157-169. ISSN 1380-3743.

MULLER, S., 1959: Paprika ro¢ni. 257-277; In: PO-
DESVA, J. (ed.) Encyklopedie zelina¥stvi Vol. 2.
1. vyd. Praha: Statni zemé&délské nakladatelstvi:
440s.

ROHRER, M., CIESLAROVA, J,, HANACEK, P, VY-
HNANEK, T. a STAVELIKOVA, H., 2009: Poly-
morfismus mikrosatelitnich markertt v kolekci
genovych zdrojt papriky (Capsicum annuum L.).
Acta fytotechnica et zootechnica, 12: 566-572. ISSN
1336-9245.

SINGH, R. K., SHARMA, R. K,, SINGH, A. K,
SINGH, V. P, SINGH, N. K., TIWARI, S. P. and
MOHAPATRA, T., 2004: Suitability of mapped
sequence tagget mocrosatellite site markers for
among Korean rice cultivars. Korean Journal of Ge-
netics, 25: 223-230. ISSN 0254-5934.

SMITH, J. A.,1984: Peppers, the domesticated Capsi-
cums. 1. vyd. Austin: University of Texas:157 s.

STAVELIKOVA, H., LOSIK, J. and SUPALKOVA, V.,
2009: The Solanaceae collection in the Czech
Republic - Status 2007 In: Astley, D., Bas, N,
Branca, F,, Daunay, M. C., Diez, M. J., Keller, J., van
Dooijeweert, W.,, van Treuren, R., Maggioni, L.,
Lipman, E., compilers. Report of a Vegetables Net-
work. Second Meeting, 26-28 June 2007, Olomouc,
Czech Republic. Bioversity International, Rome,
Ttaly, 2009, 139-141 ISBN: 978-92-9043-792-5

VALSIKOVA, M., 1987: Papriky, raj¢iaky a baklazény.
1.vyd. Bratislava: Priroda: 155 s.

UPOV, 2006: International Union for the Protection
of New Varieties of Plants. Sweet Pepper, Hot Pep-
per, Paprika, Chili. 1-47. http://www.upov.int/en/
publications/tg-rom/tg076/tg_76_8.pdf.

ZHANG, L., LI, H., WANG, H. and LI, L., 2007: Ge-
netic diversification of the Chinese wheat lan-
drace Mazhamai as revealed by storage proteins,
morphological characteristics, and microsatel-
lite markers. Canadian Journal of Plant Science, 87:
763-771.ISSN 0008-4220.

Address

Ing. Helena Stavélikova, Ph.D., Vyzkumny tstav rostlinné vyroby, v.v.i., Oddéleni zelenin a specidlnich plo-
din, Slechtitelt 11, 783 71 Olomouc-Holice, Ceska republika, e-mail: stavelikova@genobanka.cz, Ing. Pavel
Hanééek, Ph.D., Ing. Tom4$ Vyhnéanek, Ph.D., Ustav biologie rostlin, Mendelova zeméd&lska a lesnicka uni-
verzitav Brn&, Zemédélskd 1,613 00 Brno, Ceska republika, e-mail: hanacek@mendelu.cz, vyhnanek@men-

delu.cz



198




