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Abstract

Eight anther-derived DH lines of pepper hybrids: two
red-fruited (AP14, AP15) and two yellow lines (AP25 and
AP32) of C. annuum (ATZ1 x PO)F,, two lines of (C. frute-
scens x C. annuum)F, (FA1, FA2), and two of (C. frutescens
x C. chinense)F, (FCH2, FCH3), were studied regarding im-
portant morphological plant and fruit characters. C. annuum
breeding line ‘ATZ1’ was used as a standard. The following
traits were evaluated: total fruit yield, fruit weight, weight of
placenta with seeds, technological matter, pericarp thickness,
extract content, dry matter content, weight and number of seeds
per fruit. The level of homogeneity within the DH lines was
analysed with a one-way analysis of variance, additionally the
values of coefficient of variation (CV) were determined for the
tested plant characters. The highest phenotypic uniformity was
noted for the red-fruited lines obtained from anthers of (ATZ1
x PO)F, and for the DH lines of (C. frutescens x C. annuum)
F,, while the least uniform were FCH2 and FCH3 lines of
(C. frutescens x C. chinense)F,. The DH lines AP14 and AP15,
as well as FA1 and FA2 were phenotype homogeneous in re-
spect of weight of fruit, technological matter, pericarp thick-
ness and extract content. For these parameters, also the values
of CV were the lowest. Statistically significant interline poly-
morphism between the androgenic lines of the same origin was
detected among the lines of C. annuum (ATZ1 x PO)F,.
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INTRODUCTION

In pepper in vitro anther cultures, besides ha-
ploid plants, diploid and mixoploid forms can also
develop. As for pepper, diploids among androgenic
regenerants are most often the result of spontaneous

duplication of the number of chromosomes in haploid
cells at the initial stages of embryo development (V a -
gera, 1990; Gyulai et al. 2000). Spontaneously
diploidized DH lines produced this way present a fully
homozygotic set of genes and as such they constitute
very precious breeding material which does not segre-
gate in successive breeding years. The morphological
characteristics of selected plant and fruit characters,
carried out in successive generations of anther cul-
ture-derived diploid regenerants, can be very helpful
in testing of genetic homogeneity within a single DH
line and the genetic polymorphism that occurs betwe-
en different androgenic pepper lines. High phenotypic
homogeneity of androgenic population reflects its con-
siderable homozygocity (Vagera, 1990; Supena
et al. 2006). Additionally, the morphological evalu-
ation of DH lines, besides allowing the confirmation
of genetic homogeneity of a single line, makes it also
possible to present the diversity across different lines
obtained in anther cultures (Nervo etal. 1995). This
variation between DH lines reflects the genetic diver-
sity of microspores, which results from random gene
segregation in meiosis, and is one of the most impor-
tant conditions of in vitro androgenesis practical ap-
plicability to plant breeding (Gé me sné et al. 2001).

The usefulness of induced androgenesis in pep-
per breeding depends on a broad diversity of anther-
-derived DH lines, as it facilitates the selection of indi-
viduals with interesting agronomical traits. This is the
reason why the most precious anther donors are hete-
rozygous. Heterogeneity of these plants may conside-
rably shorten the time of obtaining lines with a new
valuable gene combination of both parental forms of
the hybrid Mityk¢ etal. 1995).
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The main aim of this work was to apply the bio-
metrical analysis of eight R, androgenic generations
of three pepper hybrids: C. annuum (ATZ1 x PO) F,,
(C. frutescens x C. annuum)F , and (C. frutescens x
C. chinense)F,, for the estimation of homogeneity wi-
thin the tested DH lines, as well as for the presentation
of the morphological diversity between the lines of the
same origin.

MATERIALS AND METHODS

Eight DH lines of Capsicum obtained as a result
of self-pollination of anther-derived diploid regene-
rants were investigated in the experiment: four lines of
C. annuum L. (ATZ1 x PO)F, hybrid — AP14, AP15
(red-fruited), and AP25 and AP32 (yellow-fruited),
FA1 and FA2 lines of (C. frutescens L. x C. annuum
L.)F,, and FCH2 and FCH3 lines of (C. frutescens L.
x C. chinense Jacq.)F,. Additionally, the ATZ]1 bre-
eding line of C. annuum — the first Polish breeding
line, well adapted to local soil and climate conditions
- was used as a standard cultivar for the biometrical
tests. Plants were grown in polytunnels following the
standard pepper growing methodology. Ploidy level of
R, androgenic regenerants was analysed cytometrical-
ly (Galbraith etal. 1985).

From each of the tested populations, 15 plants
were selected and total fruit yield per plant was deter-
mined. Besides, for the purpose of detailed analysis,
two fruits were sampled per plant. The biometrical
studies evaluated the following fruit characters: fruit
weight, weight of placenta with seeds, technological
matter (pericarp without placenta), pericarp thickness,
extract content (optically active compounds), dry mat-
ter content, weight of seeds and number of seeds per
fruit. The morphological characters of plants and fru-
its were estimated according to the principles provi-
ded for in *Descriptors for Capsicum (Capsicum ssp.)’
(1995).

The phenotypic uniformity of the tested andro-
genic lines was determined with analysis of varian-
ce (ANOVA/MANOVA). The phenotypic diversity
across the lines of the same origin (lines derived from
anthers of a particular hybrid) was evaluated on the ba-
sis of Scheffe’s multiple range test results. For all the
characters tested, there were also defined the values of
standard deviation (SD) and the coefficient of varia-
tion (CV).

RESULTS

The R, progeny of eight diploid plants obtained
in anther culture of C. annuum (ATZ1 x PO)F, hybrid,

(C. frutescens x C. annuum) F, and (C. frutescens x
C. chinense) F, was investigated in this study, in spite
of their morphological characteristics. The results of
the analysis are given in Table 1.

The analysis of variance performed on the
biometrical characteristics of the R, generation of
androgenic diploid plants confirmed the highest phe-
notypic homogeneity of four of the tested pepper
DH lines in the case of yield and all the fruit parame-
ters in question. Two of these genotypes — AP14 and
AP15, originated from anthers of the hybrid compo-
sed of C. annuum cultivated lines — ATZ1 and PO,
whereas the other two — FA1 and FA2, were obtained
in anther cultures of an interspecific hybrid between
C. frutescens and C. annuum, used as a pollinator.
The DH lines AP14 and AP15, as well as FA1 and
FA2 were homogenous in respect of weight of fruit,
technological matter, pericarp thickness, and extract
content. The statistical analysis of the other four te-
sted lines, especially these derived from diploid R,
regenerants of (C. frutescens x C. chinense) F,, did
not show such a high level of morphological unifor-
mity (Table 1).

The phenotype homogeneity of DH lines obta-
ined in anther cultures of C. annuum (ATZ1 x PO) F,
and (C. frutescens x C. annuum) F, hybrids was con-
firmed also by the low values of the coefficient of
variation (CV). They were very similar to the CV pa-
rameters obtained for the breeding line ATZ1, particu-
larly in case of the red-fruited lines AP14 and AP15.
On the other hand, the highest CV values, very often
exceeding 30%, were typical for the genotypes FCH2
and FCH3, originated from the hybrid of two wild
species of Capsicum. Rather high CV values were re-
corded also for fruit yield per plant in case of the DH
lines derived from the hybrids composed of at least
one wild species. In general, out of nine parameters
analysed, for most of the tested androgenic popula-
tions the lowest values of CV were noted for pericarp
thickness and extract content (<20%), while the hi-
ghest ones for the characters concerning fruit fertility
(>30%) (Table 1).

Besides, to provide a broader picture of va-
riation that occurs between androgenic plants of the
same origin, the degree of variation across the anther-
-derived DH lines of each of the three studied pep-
per hybrids was statistically evaluated. The results of
Scheffe’s significance test revealed the highest phe-
notypic diversity in case of androgenic lines of the
hybrid (ATZ1 x PO) F,, for which only the total yield
level and the number of seeds per fruit were not si-
enificantly different between the compared DH lines
(Table 1).
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Table 1
Biometrical characteristics of pepper DH lines
Genotype Fruit yield Fruit \Zfz:cg:r:tgf Technological tlflfi(;f:si Extract [%] Dry matter \szzidih;t):rf l\i;l:lze;e(;f
per plant [g] weight [g] with seeds  matter [g] [mm] [%)] fruit [g] fruit
[g]
X 1135 nsNS 135 nsb” 362 nsb 993 nsb 620 nsbc 6.65 nsb 834 nsb 1.64 nsb 196 nsNS
AP14 SD 281 20.1 8.17 16.7 1.14 1.27 1.62 0.61 73.3
CV[%] 24.8 14.8 22.6 16.8 18.4 19.1 19.5 37.23 37.41
X 1211ns 182 nsa 440nsa 136 nsa 7.50 nsa 6.35 nsb 8.06 nsb 1.85nsab 229 ns
API5 SD 344 31.1 10.1 25.6 1.03 0.97 2.20 0.72 86.6
CV[%] 28.4 17.1 229 18.8 13.8 15.3 27.3 39 37.9
X 1205 ns 111 nsc 29.2nsb 79.9% ¢ 5.65nsc 7.89% a 996nsa  1.99 ns ab 246 ns
AP25 SD 373 24.8 5.23 222 0.65 1.62 1.21 0.56 69.0
CV[%] 30.9 224 17.9 27.8 11.5 20.5 122 28.1 28.1
X 1254 ns 161*a 45.6% a 114* b 6.68nsb  6.68nsb  7.85nsb  2.15nsa 239 ns
AP32 SD 383 40.3 12.3 32.6 1.13 1.04 1.78 0.78 91.1
CV[%] 30.6 25.1 27.0 28.6 16.9 15.6 227 36.4 38.1
X 933 nsNS 964 nsb 188 nsNS 758 nsb 4.15 ns NS 8.04 nsNS 9.40 nsNS 1.38 nsNS 187 nsb
FAl SD 325 21.7 4.81 18.8 0.78 0.77 1.70 0.55 83.7
CV[%] 34.8 22.5 25.6 24.8 18.8 9.57 18.1 39.7 44.8
X 1082 ns 109 nsa  21.3ns 86.1 nsa 4.08ns 8.29 ns 9.38 ns 1.67 ns 242 nsa
FA2 SD 428 20.6 5.05 16.7 0.36 0.99 1.11 0.59 79.0
CV[%] 39.5 18.8 23.8 19.4 8.88 12.0 11.8 355 32.7
X 472 nsNS 544*% NS 135% a 40.3* NS 3.33* NS 12.1* NS 12.7%* NS 0.86ns NS 140ns NS
FCH2 SD 244 20.9 4.14 17.0 0.48 3.34 3.29 0.36 485
CV[%] 51.6 38.4 30.7 423 14.6 27.6 259 41.7 34.7
X 423 ns 453* 10.5ns b 33.9% 3.29% 12.4% 13.0% 0.80 ns 114%*
FCH3 SD 252 25.4 5.40 19.9 0.72 3.76 322 0.57 73.6
CV[%] 59.7 56.1 51.5 58.8 21.8 30.2 24.7 71.5 64.3
X 1335 ns 94.1 ns 25.0 ns 67.8 ns 4.90 ns 7.36 ns 9.40 ns 1.85 ns 235 ns
ATZ1 SD 374 20.1 4.85 16.5 0.68 0.98 1.15 0.49 64.1
CV[%] 28.0 21.4 19.4 24.4 13.8 13.3 122 26.7 27.2

X —average value of trait. SD — standard deviation. CV — coefficient of variation (%)

*  —values composing the mean of a given line are significantly different at p = 0.05

ns — no significant difference between values composing the mean of a given line at p = 0.05

D —significant differences between the lines of the same origin at a=0.05 acc. to Scheffe’s test

NS — lack of significant differences between the lines of the same origin at ¢=0.05 acc. to Scheffe’s test

DISCUSSION

Practical application of anther cultures to pepper
breeding is possible only if the process is effective and
results in pure lines of doubled haploids. Such lines
can develop, e.g., thanks to spontaneous diploidization

of haploid embryos (Gyulai et al. 2000). Vage-
ra (1990) claims that the formation of spontaneously
doubled haploids in anther cultures is observed much
more often in pepper than in other Solanaceae species.
The development of diploid regenerants of microspore
origin in pepper anther cultures is usually explained
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by the lack of tendency to indirect embryogenesis via
callus phase, neither to the formation of embryos from
somatic anther tissues. However, before anther-deri-
ved diploid plants are included into further breeding
programs, it is necessary to confirm their gametophyte
origin and thus their full homozygocity.

Nervo et al. (1995) and Supena et al
(2006) propose that the gametophytic origin of andro-
genic pepper regenerants can be confirmed based on
the high morphological homogeneity of R, generation,
obtained as a result of self-pollination of diploid plants
derived from anther cultures. Phenotypic homogeneity
of an androgenic population can point to the high level
of its homozygocity. Besides, due to a necessity of pro-
viding a biometrical description of the most important
plant and fruit parameters, this method additionally al-
lows for a simultaneous selection of the lines which
present the characters of interest to breeders and for
allocating them for further breeding work. And, what
is important, it does not demand using very sophistica-
ted and expensive research tools.

The results of the analysis of variation show
that the highest homogeneity of plant and fruit biome-
trics was characteristic for two pepper lines — AP14
and AP15, derived from anther cultures of the hybrid
composed of cultivated C. annuum lines, and in the
androgenic populations FA1 and FA2, obtained from
the hybrid (C. frutescens x C. annuum) F,. Howe-
ver, it was not found to such a high degree in case
of the other four androgenic lines evaluated in this
work, including the yellow-fruited AP25 and AP32.
The presented results suggest that the morphological
characteristic of Capsicum androgenic lines is not a
method sufficient enough for verification of their ge-
notype uniformity, because the yellow colour of the
DH lines, derived from anthers of the red-fruited C.
annuum hybrid is the marker character proving their
microspore origin. Additionally, the lack of phenoty-
pic homogeneity may result from the environmental
variation, which can have a modifying effect on the
morphological characters of the genotypes cultivated
in Poland, especially those derived from the hybrid of
the wild pepper species C. frutescens and C. chinense.
For example, Kozd6j and Oleszczuk (2006),
who analysed heterogeneity of some economically
important traits of DH lines of barley, present com-
parable results.

It is also noteworthy that interlinear phenotypic
polymorphism between the tested DH lines was obse-
rved in the experiment, especially in case of the lines
produced in anther cultures of the hybrid (ATZ1 x PO)
F,, in respect of such economically important traits as
fruit total weight and technological matter, or pericarp
thickness. That phenotypic diversity reflects the gene-

tic variability of microspores they originated from and
is a very essential character of androgenic populations,
since it greatly facilitates the selection of plants valu-
able for breeders. It can help in considerable broade-
ning of variation that occurs in pepper cultivars grown
so far. Moreover, the performed biometrical analysis
of six of the tested DH lines showed that yielding
and the quality value of the lines, especially the ones
obtained in anther cultures of the C. annuum hybrid,
are comparable with ATZ1 used as a reference line in
this experiment as well as with other breeding lines
and pepper cultivars from our germplasm collection
(Kisiata, 2008).

The results obtained in the present research
show that anther culture-derived DH lines of Capsi-
cum may constitute a precious source of new gene-
tic variation and may be used as a source material for
pepper breeding. Therefore, it seems to be justifiable
to prove the genetic uniformity of DH lines, especial-
ly these originated from wild pepper forms also with
more specific techniques. Apart from morphological
characters of the progeny of anther culture-derived di-
ploids, verification of their microspore origin is also
possible by DNA molecular analysis of androgenic re-
generants (Nervo etal. 1995; Gyulai etal. 2000)
or by isosyme markers (Dolcet-Sanjuan et al.
1997).

CONCLUSIONS

Biometrical analysis of pepper doubled haplo-
id lines constitutes a very important part of breeding
work, as it allows for the assessment of agronomical
value of the lines and facilitates the selection of the
most interesting populations for further research. Ad-
ditionally, examination of morphological characters of
plants and fruits helps to reveal desirable interline po-
lymorphism often occurring between androgenic lines
of the same origin.
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Charakterystyka biometryczna linii
otrzymanych w kulturach pylnikéw
mieszancow papryki (Capsicum spp.)

Streszczenie

W pracy oceniono wybrane cechy plonotwor-
cze osmiu linii DH, otrzymanych w kulturach pylni-
kéw mieszancéw papryki (Capsicum spp.): C. annu-
um (ATZ1 x PO) F, (dwie linie czerwonoowocowe
— AP14, AP15 i dwie zéttoowocowe — AP25 i AP32),
(C. frutescens x C. annuum) F, (FA1, FA2) oraz (C.
Jfrutescens x C. chinense) F; (FCH2, FCH3). Linia ho-
dowlana C. annuum ATZ1 zostala wykorzystana jako
standard do poréwnan. Oceniano catkowity plon owo-
cOw z rosliny, mas¢ owocu, mas¢ tozyska z nasionami,
masg¢ technologiczna, grubos¢ scian perykarpu, zawar-
tos¢ ekstraktu i suchej masy oraz mas¢ i liczbe nasion
z owocu. Wyréwnanie kazdej z linii okreslono przy
pomocy analizy wariancji oraz wspélczynnika zmien-
nosci cech (CV). Najwyzszg jednorodnos¢ fenotypowg
roslin stwierdzono w przypadku czerwonoowocowych
linii DH, otrzymanych w kulturach pylnikéw mieszan-
cow (ATZ1 x PO) F, oraz (C. frutescens x C. annuum)
F,. Linie AP14, AP15 oraz FA1 i FA2 byly wyrow-
nane miedzy innymi pod wzgledem masy catkowitej
oraz technologicznej owocu, a takze grubosci scian
perykarpu i zawartosci ekstraktu. Dla tych cech odno-
towano roéwniez najnizsze wartosci CV. Najmniej wy-
rownane fenotypowo okazaly si¢ linie FCH2 i FCH3,
pochodzace z kultur pylnikéw migdzygatunkowego
mieszanca (C. frutescens x C. chinense) F,. Istotny
statystycznie, migdzyliniowy polimorfizm cechowat
cztery androgeniczne linie wewnatrzgatunkowego
mieszanca C. annuum (ATZ1 x PO)F,.
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