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Abstract: In order to determine the inheritance of resistance to PPV in apricot three crosses between resistant
and susceptible cultivars and selections were performed. The B, seedlings were inoculated with the PPV-M strain
by an infected bud. PPV infection was evaluated over 5 consecutive growth periods through visual symptoms,
ELISA and in some cases reverse transcriptase PCR assays. Chi-square analysis of each B, progeny was performed
to determine if the segregation ratio differed from the expected ratio. PPV resistance segregated in three apricot
B, progenies in a 1:7 (resistant:susceptible) ratio, indicating that resistance was controlled by three independent
dominant complementary genes. All three dominant genes are needed for the resistance to be expressed, and
the lack of any one of the dominant alleles will result in susceptibility. This knowledge will help us in effective
planning of apricot breeding programs with this subjective.
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Apricot (Prunus armeniaca L.) ranks as the third
most agronomically important species of the stone
fruit crops. Plum pox virus (PPV) causes serious
damage in apricots grown in the Czech Republic
and other countries where it is present. It is evident
from previous studies (Karayiannis 1995; LLACER &
CamBra 1998) that breeding and growing of PPV-re-
sistant apricot cultivars are the only way how to
solve one of the most significant phytopathologi-
cal problems.

PPV is difficult to study in Prunus plants because
of (1) infection procedure is not easy to control, (2)
detection is complicated by low virus concentra-
tion, (3) infection distribution is not uniform in a
plant, (4) lengthy test procedure requiring several
growth-dormancy cycles (GUILLET-BELLANGER &
AvupEercon 2001).

Studies on inheritance of resistance to PPV in
apricot started at the end of 1980s. Currently,
there are three different published hypothesis

suggesting that the resistance is controlled by
one (DicenTa ef al. 2000), two (Dossa et al. 1991;
MousTa¥Fa et al. 2001; ViLanova et al. 2003) or three
genes (GUILLET-BELLANGER & AUDERGON 2001;
PoLAk et al. 2002).

A breeding program aimed at introducing re-
sistance to PPV was initiated in the Czech Re-
public in 1991 (PoLAK et al. 1995). Several apricot
cultivars and selections have been determinated
to be resistant to PPV (PorAk ef al. 1997). Genetic
determinism of PPV resistance in apricot has been
studied since 1998.

The aim of this study was to improve knowledge
on the inheritance of PPV resistance in apricot.

MATERIAL AND METHODS

Plant material. Apricot cultivar Stark Early Or-
ange (SEO) and selections LE-3241 and LE-3246
(both Vestar x SEO) were used as donors of the
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resistance in crosses with PPV susceptible cultivar
Vestar and selection LE-3218 (Vestar x SEO). Follow-
ing cross combinations between above-mentioned
cultivars and selections were made at Faculty of
Horticulture, Mendel University of Agriculture
and Forestry in Lednice in 1999: LE-3218 x SEO
(H868), LE-3241 x Vestar (H869) and LE-3246 x
Vestar (H870). Crosses were performed by hand
pollination in flower buds after removing petals
and anthers.

PPV inoculation and evaluation of PPV infection.
The B, seeds were stratified and the subsequent
seedlings were grown in an insect-proof green-
house. When the stems of the seedlings reached
about 5 mm thickness they were inoculated with
a chip-bud from the plum infected with the PPV
isolate from apricot cultivar Vegama (Marcus
strain) (PoNcarovA & KomiNEk 1998). Seedlings
were pruned directly after grafting to promote
the growth of the inoculated bud. Plants without
sharka symptoms on shoots growing from the
inoculated bud and with negative ELISA reaction
were re-inoculated. PPV infection was evaluated
over 5 consecutive growth periods through visual
symptoms and ELISA (PoLAk et al. 1997). Pruning
was performed at the beginning of each growth
period to induce vigorous new shoots for symp-
tom scoring. The plants, in which PPV was not
detected by ELISA, were tested by RT-PCR using
the specific primers P1 and P2 (WETzkL et al. 1991).
Plants were classified as resistant if they did not
show symptoms and positive ELISA or RT-PCR
reaction in last 3 growth periods evaluated.

Statistical analysis. Chi-square analysis of the
segregation of PPV resistance in B, apricot plants
was performed and a x* homogeneity test conducted
to compare the segregation ratios between families
of the same generation (Fisuer 1970).

RESULTS

An inheritance study of resistance to PPV was
conducted in the B, progenies of crosses LE-3218 x
SEO, LE-3241 x Vestar and LE-3246 x Vestar. The
segregation for resistance to Plum pox virus in the
three studied progenies is given in Table 1.

The segregation (resistant:susceptible) obtained
after first chilling treatment was 1:1, 1:4 and 1:7
after second respectively third chilling treatment
and then it settled down. These results did not vary
after more chilling treatments. A slight excess of
resistant individuals with respect to the expected
ratio 1:7 was observed in all three B, progenies.

To eliminate “false resistant individuals” (unsuc-
cessful inoculation) we evaluated symptoms on
shoots from the inoculated bud. Plants without
sharka symptoms on shoots from the inoculated
bud and with negative ELISA reaction were re-
inoculated.

A few individuals in each progeny showed symp-
toms on several leaves and had positive ELISA
reaction the next growth period after inoculation.
The symptoms only occurred on single leaves in the
shoots near the point of inoculation. No symptoms
on leaves have been observed and ELISA reac-
tion has been negative since the second growth
period after inoculation. This may be due to plant
recovery and elimination of the virus (DEcroocqQ
et al. 2005).

The intensity of symptoms in susceptible seed-
lings was high in first two cycles. A decrease in
symptom intensity of the seedlings in the later
cycles has been observed, probably because of
the age of the plants grown in pots in controlled
conditions in a greenhouse.

Observed segregation ratios for each individual
progeny (x?=0.11, P = 90-95%) and over the total

Table 1. Chi-square analysis of the segregation for PPV resistance in B, progenies generated from crosses between
PPV resistant and susceptible apricot cultivars and selections

Phenotype

Progeny - o otal X2 (1:7) Probability (%)
LE-3218 x SEO 9 46 55 0.75 25-50
LE-3241 x Vestar 11 64 75 0.32 50-75
LE-3246 x Vestar 13 67 80 1.03 25-50
Observed 33 177 210 1.99 10-25
Expected 26.25 183.75

Test of homogeneity among B, progenies 0.11 90-95

*Phenotype classes are R (as resistant parent) and S (as susceptible parent)
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210 B, plants screened (x*=1.99, P = 10-25%) were
not significantly different from the predicted 1:7
segregation ratio (Table 1). These findings sug-
gest that PPV resistance in apricot is controlled
by three independent dominant complementary
genes, where the resistance would be a dominant
trait and the resistant parents (SEO, LE-3241 and
LE-3246) would be heterozygous for all loci.

DISCUSSION

Different genetic controls of PPV resistance in
apricot have been published. Dossa et al. (1991)
studied a progeny of 76 individuals from the cross
of Screara (susceptible to PPV) with Stark Early
Orange (resistant to PPV). They found the ratio %
susceptible and % resistant (tolerant), which led
them to think that the genetic control of tolerance
(of SEO) to PPV might be determined by two in-
dependent dominant genes. DicenTa et al. (2000)
analysed 291 seedlings from 20 different crosses,
where the donor of resistance were cultivars SEO,
Lito, Avilara and a selection A2408, resulting in
a segregation 1:1 susceptible /resistant, which
indicate that the resistance to PPV in apricot is
controlled by a single dominant gene, the donor of
resistance being heterozygous for this trait. Mous-
TAFA et al. (2001), from crosses between resistant
and susceptible cultivars, obtained segregation
3:1 susceptible/resistant to PPV, which adjusted
to the hypothesis of two independent dominant
loci. GUILLET-BELLANGER and AupERGON (2001)
observed the segregation for resistance to Plum pox
virus in progenies SEO x SEO, Bergeron x SEO and
Bergeron x Bergeron. Preliminary results suggest
that the resistance of SEO cultivar is dominant
and controlled by at least 3 genes. PoLAx et al.
(2002) reported a control of the resistance by two
dominant independent loci in two crosses SEO
(resistant to PPV) x LE-3218 (susceptible to PPV).
Moreover, the segregation 7:1 susceptible/resist-
ant obtained in the cross Lejuna (susceptible to
PPV) x Harlayne (immune to PPV) indicated that
at least three independent dominant genes were
involved in the determination of the resistance
to PPV. ViLanova et al. (2003) based on results
obtained from the self-pollination of Lito, a resist-
ant cultivar from the cross Stark Early Orange x
Tyrintos, suggested that the genetic control relies
in two dominant genes.

Our results are in agreement with the hypothesis
of GUILLET-BELLANGER and AubpercoN (2001) that

resistance SEO is controlled by at least 3 genes. The
number of genes observed to segregate in crosses
depends on the genotype of the susceptible par-
ent. Distinct hypotheses suggested by Dossa et al.
(1991), DicenTa et al. (2000), Moustara et al. (2001),
and ViLanova et al. (2003) might be explained by
differences in genotypes of parents, methodolo-
gies (conditions of evaluation, type of inoculation,
number of growth periods evaluated, etc.) and size
of progenies. It has also to be taken into considera-
tion that susceptibility or resistance is dependent
not only on the plant but also on the virus. Our
group is the only one using the Marcus strain in
research on the inheritance of PPV resistance in
apricot. The Marcus strain is more aggressive and
therefore more suitable for the resistance examina-
tion (DosBsa et al. 1992).

We found out that the correct determination of
the trait is the key to establish a hypothesis for the
inheritance. According to our experience at least
three chilling cycles followed by the symptom ob-
servations in the new shoots together with ELISA
or RT-PCR are necessary. A standard procedure
that allows comparing the results between differ-
ent laboratories has to be elaborated.

The results presented will be utilised in apri-
cot breeding program at Faculty of Horticulture,
Mendel University of Agriculture and Forestry in
Lednice. Considering the incomplete explanation
of the phenotypic variability (different degrees of
susceptibility observed) of the trait we are going
to perform quantitative trait loci (QTL) mapping
in the progeny LE-3246 x Vestar.

Acknowledgements: The authors wish to thank Dr.
Petr KominEk for performing RT-PCR assays. We also
recognize the technical support of Mr. Jikf Svosopa and

Mrs. Jitka PfvaLovaA.

References

Decroocq V., FouLonGgNE M., LamBerT P, LE GaLL O.,
ManTIN C., PascaL T., Scaurpi-LEVRAUD V., KERVELLA
J. (2005): Analogues of virus resistance genes map
to QTLs for resistance to sharka disease in Prunus
davidiana. Molecular Genetics and Genomics, 272:
680-689.

Dicenta F., MarTiNEZ-GOMEZ P., BUurGos L., EGea J.
(2000): Inheritance of resistance to plum pox potyvirus
(PPV) in apricot, Prunus armeniaca. Plant Breeding,
119: 161-164.

169



Czech |. Genet. Plant Breed., 41, 2005 (4): 167-170

Dossa F., DENisk F., Ma1soN P.,, MassoNIE G., AUDERGON
J.M. (1991): Plum pox virus resistance in apricot.
Acta Horticulturae, 293: 569-579.

DosBaE.,, OrLiacS., DutrannNoy F., MaisoN P, MAssoNIE
G., AUDERGON ].M. (1992): Evaluation of resistance to
plum pox virus in apricot trees. Acta Horticulturae,
309: 211-220.

FisHEr R.A. (1970): Statistical Methods for Research
Workers. Oliver and Boyd, Edinburgh, 78-113.

GUILLET-BELLANGER 1., AuDERGON ].M. (2001): Inher-
itance of the Stark Early Orange apricot cultivar
resistance to plum pox virus. Acta Horticulturae,
550: 111-116.

Karayviannis I. (1995): Reaction of apricot cultivars to
plum pox virus infection. Acta Horticulturae, 384:
571-574.

LLAcER G., CaMmBRA M. (1998): Thirteen years of sharka
disease in Valencia, Spain. Acta Horticulturae, 472:
379-384.

Moustara T.A., BaApenes M.L., MarTiNEz-CaLvoO J.,
LLAcer G. (2001): Studies on plum pox (sharka) resist-
ance in apricot. Acta Horticulturae, 550: 117-120.

PoLAk J., Oukrorec 1., CHoD j., KrSkaA B., Jansta Z,,
PivaLova J. (1995): Virological programme in breed-
ing of apricots for resistance to plum pox virus in the
Czech Republic. Acta Horticulturae, 384: 581-585.

Abstrakt

PorLAk J., Oukrorkic I., Kominek P., KrSkA B., Birroova
M. (1997): Detection and evaluation of resistance of
apricots and peaches to plum pox virus. Journal of
Plant Diseases and Protection, 104: 466-473.

PorAk J., Kominek P, Sarava J., Krska B., Saskova H.
(2002): Preliminary studies on the inheritance of
resistance to Plum pox virus (PPV) in apricots. In:
Proceedings Plant’s Health (Sanatatea planteor), July
2002, Special Edition: 28-31.

PoncarovA Z., KoMiNEK P. (1998): Restriction fragment
length polymorphism differentiation of Plum pox
virus isolates. Acta Virologica, 42: 268-269.

Viranova S., Romero C., AssorT A.G., LLACER G,,
Bapenes M.L. (2003): An apricot (Prunus armeniaca
L.) F2 progeny linkage map based on SSR and AFLP
markers, mapping plum pox virus resistance and
self-incompatibility. Theoretical and Applied Genet-
ics, 107: 239-247.

WETZEL T., CANDRESSE T., RAvELONANDRO M., DUNEZ ].
(1991): A polymerase chain reaction assay adapted
to plum pox virus detection. Journal of Virological
Methods, 33: 355-365.

Received for publication
Accepted after corrections December 7, 2005

Savrava J., PoLAk J., KrSka B. (2005): Oligogenni dédi¢nost rezistence viici viru sarky svestky u merunky. Czech
J. Genet. Plant Breed., 41: 167-170.

Pro zjisténi zptsobu dédicnosti rezistence merunék viici viru Sarky Svestky (PPV) byla provedena tfi zpétna
kfizeni mezi rezistentnimi a ndchylnymi odrtidami a novoslechténimi. Byl vyvinut novy postup hodnoceni rezis-
tence viici PPV. Semenacky byly inokulovany kmenem PPV-M ockovanim. Rezistence byla hodnocena po pét po
sobé jdoucich vegetacnich obdobi pomoci sledovani symptomi na listech, ELISA testem a v nékterych pfipadech
RT-PCR. Za rezistentni byly povaZovany rostliny, u kterych nebyly nalezeny symptomy na listech a které mély
negativni vysledky ELISA a RT-PCR testu v poslednich tfech vegetac¢nich obdobich. Shoda ziskaného a teoretic-
kého §tépného poméru byla prokdzéna pomoci X2 testu. Stépné poméry 1 : 7 (rezistentni : nachylni) ziskané ve
vSech tfech potomstvech ukazuji, Ze rezistence je fizena tfemi nezavislymi dominantnimi komplementarnimi
geny. V3ech tff dominantnich genti je zapotiebi k tomu, aby se rezistence projevila. Jakakoliv chybéjici dominantni
alela zptisobi nachylnost jedince. Z nasich pokusi je zfejmé, Ze pro vytvoreni modelu dédic¢nosti rezistence viici
PPV je klicové spravné hodnoceni rezistence. Ziskané poznatky pomohou pfi pfipravé Slechtitelskych programu
merunék zahrnujicich tento Slechtitelsky cil.
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