Development of Anther-Derived Flue-Cured Tobacco
Dihaploids from PVY Resistant DH10 Hybrid

B. Smalcelj and M. Curkovié Perica

Entwicklung von aus Antheren stammenden ,,flue-cured” Tabakdihaploiden
aus PVY resistenten DH10 Hybriden

1. Introduction

Potato virus Y (PVY) is an increasing problem affecting
Croatian tobacco growers (BUZANCIC, 1988). It causes sig-
nificant economic losses not only on tobacco, but on all
solanaceous crops. Therefore, a breeding program has been
initiated to produce a flue-cured tobacco (Nicotiana
tabacum L.) cultivar resistant to PVY, with better yield and
quality than standard cultivars grown in Croatia: Drava and
DHI10. The source breeding material with genetic variabi-
lity for resistance to PVY, yield and cured leaf quality was
formed by hybridization of the Croatian line GV3 and the
cv. Virginia D. The hybrid is known as the commercial cul-
tivar DH10, which has a genetic basis for the traits of inter-
est in this study. The parental line GV3 is resistant to blue
mold caused by Peronospora tabacina Adam (GORNIK et al.,

1973) and to PVY (SMALCEL], 1992), but it is characterised
by low quality (SMALCELJ, 1988). The German variety Vir-
ginia D is also described as resistant to PVY, burt it is
extremely susceptible to blue mold and black root rot
caused by Thielaviopsis basicola Berk. and Br. Ferraris (PUL-
ULU, 1985). In comparative trials on the field of the Tobac-
co Institute Zagreb in Pitomaca, Virginia D had a smaller
growth and lower yield than the standard cultivar Drava,
but it reached a higher price ($/kg) (§MALCELJ, 1990).

The hybrid, DH10, displays an acceptable leve] of resis-
tance to PVY and blue mold, and in the Croatian growing
area its yield is approximately 2 t/ha, which is better than
the yield of the parental line GV3 and the cv. Virginia D.
Indeed, tobacco producers have found this cultivar more
acceptable than Drava since flue-curing of the leaf is rela-
tively simple to achieve (KOZUMPLIK et al., 1992).

Zusammenfassung

Vom ,,potato virus Y* (PVY) verursachte Schiden gaben Anlaf fiir ein Ziichtungsprogramm, um die PVY-Resistenz,
die Ertragsleistung und die Qualitit des in Kroatien wachsenden ,,flue-cured“ Tabak zu verbessern. Die Antheren stam-
men von kommerziellen DH10 Hybridpflanzen, die bereits eine Kreuzung zwischen der Linie GV3 und der Sorte
Virginia D darstellen und hervorragende Eigenschaften besitzen. Aus Antheren stammende haploide Pflanzen bilde-
ten die Grundlage fiir die dihaploiden Nachkommenschaften. Sie wurden aus Geweben der Mittelrippe erzeugt. In
dreijahrigen Feldversuchen wurden 47 Dihaploide kultiviert und deren Eigenschaften vergleichend beurteilt. Drei der
47 verwendeten Dihaploiden glichen in den agronomischen Eigenschaften dem DH10 Hybrid, iibertrafen jedoch
dessen den wirtschaftlichen Wert bestimmenden Qualititen. Ihre Ertrige und Resistenzeigenschaften gegeniiber PVY-
Viren waren vergleichbar, sie erzielten aber bessere Preise ($/kg). Diese Ergebnisse zeigen, dafl haploide Tabaklinien
nicht unbedingt geringere Ertrige erzielen und dafl die Antheren-Gewebekultur zusammen mit der Erzeugung diploi-
der Linien eine sehr gute Methode ist, um neue, homozygote, verbesserte Tabaklinien zu erzeugen. Die vom selben
Haploid stammenden Dihaploide unterscheiden sich signifikant hinsichtlich Bliitezeit, Resistenz gegeniiber PVY-
Viren, Grofe der Pflanzen, Anzahl, Breite und Linge der Blitter sowie mengenmifligem bzw. monetirem Ertrag. Die
Untersuchungen zeigen, daf§ sich sowohl die vom selben Haploid stammenden Dihaploide als auch die unterschied-
licher Hyploide voneinander unterscheiden kénnen.

Schlagworte: Nicotiana tabacum, Dihaploide, PVY-Resistenz, Ertrag, Qualitit.
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Summary

Damage caused by potato virus Y (PVY) has motivated a breeding program which aimed at the production of a flue-
cured tobacco cultivar resistant to PVY, with better yield and quality than standard cultivars grown in Croatia. Anthers
were collected from the commercially grown hybrid DH10, a cross of line GV3 and cv. Virginia D, with favourable
agronomic traits. Dihaploides were raised from the midvein explants of anther-derived haploids. Forty-seven dihap-
loids raised in this experiment were evaluated in comparative field trials, over a 3-year period. Three out of 47 tested
dihaploid lines equaled agronomic and exceeded commercial properties of DH10 hybrid. Their yield and PVY-resis-
tance were similar to that of the DH10 hybrid, but the price ($/kg) was considerably higher. These results show that
dihaploid tobacco lines do not necessarily exhibit yield reduction and that anther culture followed by diploidization
is a useful method to accelerate the development of new, improved, homozygous tobacco varieties. Significant differ-
ences between dihaploids derived from the same haploid plant were observed in flowering date, PVY resistance, plant
height, number of leaves, leaves width and length, yield and price, showing that dihaploid lines derived from the same

haploid individual can differ among themselves as well as those derived from different haploids.
Key words: Nicotiana tabacum, dihaploids, PVY resistance, yield, quality

The objective of the present breeding program was to use
anther culture to accelerate the development of completely
homozygous varieties bearing the desirable traits of the
DHI10 hybrid. By comparing them to their parents and
commercially grown varieties, dihaploid lines raised in this
experiment were evaluated for their agronomic and com-
mercial traits as well as for resistance to PVY.

2. Materials and Methods

Anther culture of tobacco hybrid DH10 was established
following the procedure of NITSCH and NITSCH (1969).
Buds were collected from plants grown in the field and
treated at 4° C for 24 h. Anthers were sterilised in 70 %
ethanol (10 s) and in 1.5 % Izosan-G (a chlorine based
product purchased from Pliva, Zagreb) (5 min) and placed
on the medium recommended by Bajaj (1983). Haploid
plantlets generated viz anther culture were transferred to a
medium described by KASPERBAUER and WILSON (1979).
Midvein explants from mature haploids were cultured to
generate dihaploid shoots on the medium recommended by
KASPERBAUER and COLLINS (1972), supplemented with 2
mg/] kinetine. Separated shoots were transferred to MS
medium (MURASHIGE and SKOOG, 1962) supplemented
with organic constituents according to KASPERBAUER and
WiILSON (1979). Midvein-derived plants were grown to
maturity and self-pollinated.

Seeds were collected from 47 dihaploids (2n = 4x = 48)
derived from 29 haploids (n = 2x = 24). In this way, some
dihaploids were derived from the same haploid individual.
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Haploidy of the anther-derived plants was generally verified
by the lack of seed production, but the ploidy level of those
plants as well as of those regenerated after diploidization
was also cytologicaly analysed as described by Curkovié
PERICA et al. (1997). Each haploid raised in anther culture
was indicated by a number which was than used combined
to a letter, to designate the dihaploid, thus indicating from
which haploid it was derived.

Dihaploid lines were tested in field comparative tests in
Pitomaca during 1995, 1996 and 1997. A randomized com-
plete-block design with four replications was used. Entries
were planted in single-row plots containing 20 plants each.
Only selected dihaploid lines that displayed at least one desir-
able trait were retested again in the following year. The cul-
tivars Drava, DH10, Virginia D and the line GV3 were used
as standards. The variety McNair 944 was used as a standard
for the evaluation of PVY occurrence. Symptoms of PVY
infection, as described by Lucas (1975), were visually exam-
ined. Susceptibility to PVY was expressed as the number of
plants (0-80) displaying the symptoms according to SMAL-
CELJ (1989). Holes (D up to 5 cm) in leaf tissue that devel-
oped from small injuries caused according to PLESS and
MILLER (1986) by plant bags in the early stage of leaf growth,
were observed in the populations of some dihaploids and
expressed as a number in the range 0 to 80. In the compara-
tive field tests where no plant bag injuries were observed, this
parameter was omitted from the results. Yield, price ($/kg),
pre-flowering time, the number of bag-injured plants and
PVY symptoms were determined in all field tests, while last
leaf height, number of leaves and 10% leaf length and width

were only measured in comparative field tests 2 and 4.
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Data for all traits were analyzed by ANOVA within each
year. An LSD value was calculated for comparison between
entries.

3. Results

The first anther-generated plantlets appeared after 4 weeks
of cultivation. Cyrological analyses showed that they were
all haploid. Midvein cultures of 346 haploid individuals
produced 389 regenerants. Only 12% of the regenerated
plants were dihaploid and some of those dihaploids were
raised from the same haploid plant. Finally, 47 dihaploids
derived from 29 haploids could be evaluated in field tests.

In comparative field test 1 (1995) eight dihaploid lines
were tested (Table 1). Although lines 3-A and 3-B are
dihaploids derived from the same haploid progenitor, they
significantly differed in susceptibility to PVY. Line 3-A was
resistant to PVY and its yield and price equaled those of
standards. The agronomic performance of this line was con-
firmed in a repeated test in 1996. (Table 5). All other diha-
ploid lines evaluated in this field test performed worse than
the standards for at least one trait.

Comparative field test 2 (1995) was almost devastated by
PVY (Table 2). All plants of the susceptible variety McNair
944 displayed symptoms of PVY infection and in the stan-
dard cultivars Drava and DH10 one fourth of the plants
showed symptoms. In such condition line 207-B showed

desirable resistance to PVY. Unfortunately, repeated testdid
not confirm the superior performance of this line (Table 5).
Lines 215-A and 215-K had neither agronomic nor com-
mercial value (Table 2).

In comparative field test 3 (1995) dihaploid 228-L was
resistant to PVY and reached high price (Table 3), but
because of the low yield it has only a breeding value. Diha-
ploid lines 236-B and 239-K showed an adequate resistance
to PVY and reached higher price than standards, but some
of their chemical traits are not desirable in flue-cured tobac-
co (data not shown).

None of the lines tested in comparative field test 4 (Table
4) had a sufficient commercial value. Nine dihaploid lines
tested in comparative field test 5 (1995) performed worse
than line GV3 (data not presented).

In comparative field test 2 (1995) (Table 2), differences
were observed among dihaploid lines derived from the same
haploid. Line 207-C performed poorer than line 207-B for
all traits. Significant differences® in price(**) and pre-flower-
ing period(**) were also observed between dihaploid lines
238-B and 238-C, as well as between lines 239-A and 239-
K, and 240-K and 240-L, respectively (Table 3). Characte-
ristic plant bag injuries were observed in progenies 240-K and
240-L, and in 5 dihaploid lines derived from haploid 244
(Table 4), so that all dihaploids derived from the same ha-
ploid exhibited this trait. On the other hand differences were
observed between 244-B and 244-D in plant height 13 cm
(**) length 5 cm (**) and width 3.9 cm (**) of the tenth leaf.

Table 1:  Comparative field test 1: Agronomic and commercial traits of 8 dihaploid lines and control tobacco cultivars, grown in the field during 1995
Tabelle 1: Vergleichender Fehlversuch 1: Pflanzenbauliche und konomische Eigenschaften 8 dihaploider Tabaklinien und von Konrrollsorten unter

Feldbedingungen 1995
Plants with bag Plants with Pre-flowering Yield Price
Cultivar induced injuries PVY symptoms period
0-80 0-80 No. of days t/ha Skg
DH 10 0 1 66 2,0 1,31
Drava 0 1 62 22 1,12
McNair 944 0 41 74 1,6 1,12
Virginia D 0 2 78 1.9 1,17
GV3 0 5 62 1,9 1,11
3-A 0 0 70 2,1 1,11
3-B 0 6 67 2,0 1,02
21-A 0 1 67 2,1 0,86
23-E ] 1 78 1,5 1,03
36-B 0 16 61 15 1,40
37-B 0 5 62 2,0 1,32
42-D 80 7 63 1,7 1,17
44-A 0 10 64 15 0,85
LSD 5% - - 5 0,3 0,15
LSD 1% - - 7 04 0,22
Die Bodenkultur 13 51 (1) 2000



B. Smalcelj and M. Curkovi Perica

Table2: Comparative field test 2: Agronomic and commercial traits of 9 dihaploid lines and control tobacco cultivars, grown in the field during 1995
Tabelle 2: Vergleichender Feldversuch 2: Pflanzenbauliche und skonomische Eigenschaften 9 dihaploider Tabaklinien und von Kontrollsorten unter

Feldbedingungen 1995
Plants with Pre-flowering Yield Price Last leaf No. of Tenth leaf
Cultivar PVY symptoms period height leaves length width

0-80 No. of days t/ha Skg cm cm cm
DH 10 21 65 2,0 1,26 120 16 42 21
Drava 25 62 2,0 1,09 120 17 39 16
McNair 944 80 69 1,1 0,89 90 20 38 17
Virginia D 27 71 2,0 1,23 120 21 46 25
GV3 33 63 1,8 0,97 110 15 43 19
201-B 14 66 1,6 1,17 110 16 39 18
207-A 17 70 1,9 1,14 130 19 42 21
207-B 8 67 2,0 1,29 150 18 41 20
207-C 31 77 1,3 1,09 100 18 39 18
207-D 24 68 1,8 1,12 130 16 42 21
207-E 28 66 1,8 1,14 130 21 44 20
207-F 21 66 1,9 1,11 130 19 43 21
215-A 72 58 1,0 0,86 100 16 39 16
215-K 61 55 1,1 0,94 90 16 38 17
LSD 5% - - 0,4 0,15 20 3 5 2
LSD 1% - - 0,5 0,20 30 4 7 3

Table 3: Comparative field test 3: Agronomic and commercial traits of 9 dihaploid lines and control tobacco cultivars, grown in the field during 1995
Tabelle 3: Vergleichender Feldversuch 3: Pflanzenbauliche und 6konomische Eigenschaften 9 dihaploider Tabaklinien und von Kontrollsorten unter

Feldbedingungen 1995
Plants with bag Plants with Pre-flowering Yield Price
Cultivar induced injuries PVY symptoms period

0-80 0-80 No. of days t/ha $/kg

DH 10 0 0 63 2,2 1,08
Drava 0 0 59 23 1,05
McNair 944 0 44 66 2,2 1,29
Virginia D 0 1 66 24 1,42
GV3 0 7 59 24 0,85
228-L 0 0 73 1,7 1,46
236-B 0 0 71 1,8 1,19
237-K 0 0 67 1,9 1,15
238-B 0 0 56 1,9 0,66
238-C 0 0 68 1,6 1,09
239-A 0 8 56 1,6 1,00
239-K 0 0 73 1,8 1,23
240-K 80 1 71 1,8 0,99
240-L 80 0 64 1,6 1,09
LSD 5% - - 6 0,5 0,15
LSD 1% - - 8 0,7 0,20

In comparative field test 11 (1996) lines 289-A, 289-B,
289-C performed similarly or better than the parents (Table
5). Their estimated price was higher than that of the better
standard and they were resistant to PVY. They were not sig-
nificantly different among themselves for any presented
trait. Agronomic and commercial traits of those three lines
were confirmed in a repeated field test in 1997 (Table 6).

4, Discussion

Problems with reduced yield in cultured dihaploid tobacco
lines have been observed by many researchers (ARCIA et al.,
1978; BURK and CHAPLIN, 1980; BURK and MATZINGER,
1976; COLLINS et al., 1974; DEATON et al., 1986). There-
fore, these lines are usually considered to be of breeding
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Table4: Comparative field test 4: Agronomic and commercial traits of 6 dihaploid lines and control tobacco cultivars, grown in the field during 1995
Tabelle 4: Vergleichender Feldversuch 4: Pflanzenbauliche und 8konomische Eigenschaften 6 dihaploider Tabaklinien und von Kontrollsorten unter

Feldbedingungen 1995
Plants with bag Plants with Pre-flowering | Yield Price | Lastleaf | No.of Tenth leaf
Cultivar | induced injuries | PVY symptoms period height leaves length width
0-80 0-80 No. of days t’ha $/kg cm cm cm
DH 10 0 0 60 22 1,20 114 17,9 41 20,1
Drava 0 2 59 23 1,02 118 19,8 42 18,1
McNair944 0 58 64 2,2 1,14 98 21,2 42 18,1
Virginia D 3 4 68 24 1,48 112 19,7 43 22,5
GV3 0 1 58 2,1 0,89 120 19,4 42 19,3
244-A 80 0 64 2,0 0,82 96 18,1 38 19,1
244-B 80 0 68 2,1 0,82 103 18,0 42 21,6
244-C 80 0 65 2,0 0,69 96 18,2 39 18,9
244-D 80 3 65 1,8 0,75 90 17,7 37 17,7
244-L 80 1 64 2,1 0,77 94 18,3 37 17,7
246-A 0 0 64 1,8 1,09 115 18,8 44 19,5
LSD 5% - - 4 03 0,12 8 1,7 4 1
LSD 1% - - 5 0,4 0,22 10 2,2 5 1,3
Table 5: Comparative field test 11: Agronomic and commercial traits ~ Table 6: Comparative field test 13: Agronomic and commercial traits

of 9 dihaploid lines and control tobacco cultivars, grown in
the field during 1996

Tabelle 5: Vergleichender Feldversuch 11: Pflanzenbauliche und ékono-
mische Eigenschaften 9 dihaploider Tabaklinien und von
Kontrollsorten unter Feldbedingungen 1996

of 3 dihaploid lines and control tobacco cultivars, grown in the
field during 1997

Tabelle 6: Vergleichender Feldversuch 13: Pflanzenbauliche und kono-
mische Eigenschaften 3 dihaploider Tabaklinien und von
Kontrollsorten unter Feldbedingungen 1997

value only (SCHNELL and WERNSMAN, 1986). Nevertheless,
BURK and CHAPLIN (1980), WALKER and Aycock (1994),
SMALCELJ (1996) and MENCHEY and AYCOCK (1998) sug-
gested that exceptional individuals can occure in dihaploid
populations derived from a hybrid anther source. In our
field tests, certain dihaploid lines performed similarly or at
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Plants with Pre-flowering | Yield | Price Plants with Pre-flowering | Yield | Price
Cultivar | PVY symptoms period Cultivar | PVY symptoms period
0-80 No. of days tha | $/kg 0-80 No. ofdays | t/ha $/kg
DH 10 3 71 1,9 1,17 DH10 1 64 2,1 1,35
Drava 0 70 2,4 1,03 Drava 3 65 2,4 1,31
McNair 944 46 75 1,6 1,11 McNair944 11 69 23 1,51
Virginia D 2 78 1,3 1,11 GV3 2 66 1,9 1,29
GV3 0 70 20 | 097 | |VirginiaD 0 71 1,8 | 146
3-A 0 73 1,9 1,09 298-A 1 66 2,6 1,54
207-B 0 76 1,8 1,00 298-B 2 68 2,1 1,54
228-L 1 80 L1 | 117 | [298-C 0 63 23 | 1,54
295-A 3 75 16 | 077 | [LsD 5% - 5 04 | 0,14
296-A 3 70 | 18| 099 | [LSD 1% - 6 05 | 019
296-B 1 7 1,7 | 092
298-A 0 74 20 | 1,25 a higher level than both parents for agronomic and com-
298-B 0 72 1,9 | 1,35 mercial traits and displayed resistance to PVY. This result
298-C 0 77 1,9 | 1,34 | shows that dibaploid lines with high quality and yield can
LSD 5% - 5 0,3 | 0,12 be developed through anther culture, thus shortening the
LSD 1% - 6 04 | 0,17 | time needed in conventional procedures to produce new,

superior, homozygous tobacco cultivars.

Among dihaploid lines derived from the same haploid
individual differences were observed in yield, price, plant
height, number of the leaves, length and width of the tenth
leaf, pre-flowering period and susceptibility to PVY.
Although theoretically all dihaploid lines derived from the
same haploid should display identical or at least similar
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traits, mutagenic effects of the dihaploid technique (ARCIA
etal., 1978) as well as amplification of DNA sequences dur-
ing formation of dihaploids (DHILLON et al., 1983; REED et
al., 1992; REED and WERNSMAN, 1989) could have caused
the differences between those lines. The only trait that was
common for all dihaploids raised from the same haploid
was susceptibility to plant bags.

These results show, for the first time, that dihaploid lines
albeit derived from the same haploid can perform at differ-
ent levels for a number of traits and should therefore be test-
ed as well as lines derived from different haploids. There-
fore, dihaploids derived from the same haploid deserve
researchers’ and breeders attention as well as those derived

from the different haploids.
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