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Abstract Progeny obtained from single plants of culti-
vated tobacco Nicotiana tabacum cv ‘Zamojska 4’ and its
isonuclear analogue with the cytoplasm of N. knightiana
were compared for 16 agronomic traits. The alloplasmic
strain showed reduced self-fertility, increased 1000-seed
weight, lower plant height, lower leaf width, and reduced
yield and money-value of cured leaves, most of which were
fairly common effects of an alien cytoplasm. However,
some of these parameters such as plant height, leaf width
and Iength/width ratio, yield and money-value of the crop,
and, less regularly, leaf number and fertility, underwent
further reduction in the selfed offspring of the alloplasmic
strain. Furthermore, among those offspring, especially in
the S,-and S;-selfed generations, a significant progeny-to-
progeny variation was found for the majority of traits stud-
ied, the extent of which far exceeded that encountered in
the selfed offspring of the autoplasmic paternal cultivar.
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Introduction

Cytoplasmic inheritance in higher plants, although long
recognized and in many cases well documented, is still not
fully understood in all its manifestations. Over the last two
decades, advances in molecular genetics and the develop-
ment of biotechnology, including protoplast fusion, have
increased our understanding of extrachromosomal inheri-
tance and the possibilities for manipulating genetic factors
resident in the cytoplasm. None-the-less, the significance
of the cytoplasm in total genetic variation continues, to
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some extent, to be an area of speculation rather than of
systematic knowledge. Cytoplasmic male sterility and the
associated effects seem to be the best explored aspects of
cytoplasmic inheritance in higher plants mainly because of
the economic importance of this trait. However, since it
can be maintained solely by repeated backcrossing, cyto-
plasmic male sterility imposes some serious limitations on
the study of cytoplasmic-nuclear interactions. The allo-
plasmic strain of Nicotiana tabacum L. cv ‘Zamojska 4’
with the cytoplasm of N. knightiana Goodspeed provides
a genetic system, not frequent in tobacco, in which alien
cytoplasm substitution is associated with partial male fer-
tility and, consequently, the ability to produce selfed off-
spring (Berbe¢ and Doroszewska 1992). This system gives
an opportunity to study the effect of cytoplasmic factors
on the stability and integrity of a cultivar reproduced by
selfing. In Poland, there has been an unwritten rule in to-
bacco breeding that domestic forms should be used as ma-
ternal components in cultivar development to secure a
stable and well-adapted variety. However, that recommen-
dation, although conscientiously followed by tobacco
breeders, was based on lore rather than knowledge since
no attempt was ever made to back it up by experimental
evidence. The primary aim of the present study was to find
out if the substitution of an alien “undomesticated” cyto-
plasm may in any way interfere with the true-breeding
character of a cultivar.

Materials and methods

In the 1970s the flue-cured cultivar ‘Zamojska’ 4 was grown over
large areas in Poland and employed as a standard in official variety
tests. Withdrawn from cultivation several years ago, it has contin-
ued to be used as the recurrent male parent in the isonuclear collec-
tion of alloplasmic strains of tobacco involving different Nicotiana
cytoplasms.

The alloplasmic strain of N. tabacum cv ‘Zamojska 4* with the
cytoplasm of N. knightiana was developed conventionally from the
N. knightiana X N. tabacum hybrid (Berbe¢ and Doroszewska 1992).
It was increased over nine generations by backcrossing to the paren-
tal cultivar ‘Zamojska 4’ before being used in a self-fertilization pro-
gram.
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Table 1 Designation of offspring derived from Nicoriana tabacum
cv ‘Zamojska 4’ and its alloplasmic counterpart with the cytoplasm
of N. knightiana

Progeny No. of Source of Generation *
group progeny cytoplasm

1991 1992 1991 1992
A 12 10 N. tabacum -
B 2 7 N. knightiana BC,, BC,
C 3 3 N. knightiana BC,;S; BC,5;
D 22 5 N. knightiana BC;S, BC;S,
E 5 10 N. knightiana BCyS3  BC4S3
F 2 N. knightiana BCyS,

# Number of selfed generations unknown (higher than 15); BC, back-
crossing (fertilization with pollen of cv ‘Zamojska 4°); S, selfing of
the alloplasmic strain

Progeny obtained from single plants of cv ‘Zamojska 4° and its
alloplasmic counterpart were investigated in the present study. These
progeny were divided into groups depending on their origin. The
groups were assigned capital letters from A to F for easier tabular
presentation of the data. The origin of the progeny in each group is
explained in Table 1.

The groups comprised different, sometimes small, numbers of
progeny due to technical reasons. Backcross number (BC,) is the
number of repeated backcrosses to male ‘Zamojska 4’ in the pedi-
gree of a progeny group. Likewise, S, denotes selfed generations:
from st to 4th. The number of selfed generations for cv “Zamojska
4’ since the inception of the cultivar was difficult to establish be-
cause of its origin outside this Department. In 1990, as part of the
department’s germplasm collection, the cultivar had been increased
from single plants for 15 generations.

The investigations reported here were carried out in the field dur-
ing the years 1991-1992. Since a large number of entries were com-
pared, relatively small one-row plots were used because of space lim-
itations. The distances were 60 cm between rows and 40 cm between
plants. There were 28 plants per plot in experiment 1991, 24 in
experiment 1992 a, and 28 in 1992 b. Growth and development
records were taken from 20 plants in 1991 and 15 plantsin 1992. The
entries were replicated three times in 1991 but only twice in 1992.
Standard husbandry practices for flue-cured tobacco culture were ap-
plied.

Data were collected on the following parameters: plant height,
leaf number/plant, days to flower, length/width ratio of the 8th—10th
(midposition) leaves, fresh leaf weight, cured leaf weight by grades,
fertile capsule number/plant, selfed seed weight/plant, and 1000-
seed weight. Internode length was calculated as the plant weight/leaf
number ratio. Seed weight/capsule was calculated as the seed weight
per plant/capsule number per plant ratio. Leaf area was estimated as
leaf length x leaf width x 0.675 according to the formula accepted
for Virginia-type tobacco. The percent dry matter was calculated
from the cured leaf weight/fresh leaf weight ratio; the percent light
grades was the ratio of the weight of leaves in the 1st, 2nd and 3rd
grades to the total weight of cured leaves; money-value/ha was the
value of cured leaves harvested from a single plot, converted to 1 ha
and calculated in 1991 prices.

For self-fertility studies, five plants at full flowering were picked
for each entry on the same day. After removing expanded flowers
and seed capsules the inflorescences were bagged. Care was taken
to choose plants with similarly-developed inflourescences. After a
month bags were removed and the seed heads cleared of flowers and
flower buds. When mature, seed heads were harvested and the above
parameters determined.

The experiments were laid out as randomized block designs. A
hierarchic classification was used in the analysis of variance and the
least significant differences (LSD) were calculated for each group of
entries using Tukey’s test at the 0.05 significance level.

Results

The performance of the investigated progenies is listed in
Tables 2 to 5. Group means for plant height, leaf number,
leaf width, leaf area, yields, and the money-value of cured
leaves, were consistently higher in progenies derived from
cv “Zamojska 4’ (group A) than in their isonuclear allo-
plasmic counterparts (groups B-E or F). Leaf length/width
ratio was consistently larger in the alloplasmics than in the
counterpart autoplasmics. The self-fertility of the proge-
nies studied was also dependent on the source of cyto-
plasm. The alien cytoplasm of N. knightiana drastically re-
duced the number of seed capsules set within a specified
period and, to an even larger extent, the seed weight per
plant and the number of seeds per capsule, but significantly
increased the weight of 1000 seeds. The response of the
other traits to the source of cytoplasm was less regular. The
autoplasmic cultivar had longer leaves than its alloplasmic
counterpart but only in experiment 1992 a. Internode
length, days to flower, dry-matter percentage in cured
leaves and percentage of superior (light) grades, were lit-
tle affected by the alien cytoplasm. However, among the
alloplasmic groups there were differences for a number of
traits. Plant height, leaf width, yield of cured leaves,
money-value of the crop and, less consistently, leaf num-
ber and self-fertility parameters, tended to be lower in al-
loplasmics derived from selfing compared to their coun-
terparts maintained by backcrossing to the autoplasmic
cultivar. Crop-quality indicators (dry-matter percentage
and light grades) also showed some group-to-group differ-
ences within the alloplasmic strain but those differences
did not follow any regular pattern.

The range between the highest and the lowest progeny
mean within a group (see Tables 2 to 5) was compared with
the appropriate LSD value and the outcome was used as a
measure of genetic diversity within the groups (Table 6).
As expected of a true-breeding variety, in all but two cases
the progeny-to-progeny differences within the autoplasmic
group A were insignificant for the 16 parameters studied.
In all alloplasmic groups, except the very small group F,
the number of maximum within-group differences above
the significance level was higher. It was four for the back-
cross-derived group B, five for the selfed group C (S,
generation), and as much as 24 and 32 for groups D and E
(generations S, and S;), respectively. In terms of percent-
age, the incidence of the maximum within-group differ-
ence higher than the LSD calculated over the years and
experiments was from 3.6% for group F to 72.3% for
group E.

Discussion

The depressive effect of alien cytoplasm on the agronomic
performance of alloplasmic substitution races is a fairly
common phenomenon known from many crop species and
is a frequent problem in developing cms cultivars and hy-
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Table 2 Performance of single-plant progenies derived from N. tabacum cv ‘Zamojska 4’ (group A) and its alloplasmic counterpart with
the cytoplasm of N. knightiana (groups B-F): growth characteristics

Group Plant height (cm) Leaf number Internode length (cm) Days to flower
Mean Range Mean Range Mean Range Mean  Range

Max Min Max Min Max Min Max Min
(a) Experiment 1991
A 178.3 186.5 170.8 29.2 30.7 28.1 6.12 6.58 5.84 101.1  111.0 917
B 166.8 168.3 165.2 25.7 26.0 25.5 6.48 6.49 6.47 98.8 99.0 98.7
C 159.0 163.7 152.9 272 27.9 26.2 6.26 6.26 5.60 1042 1117 977
D 148.2 170.0 118.1 26.3 294 23.8 6.58 6.58 4.28 104.4 1167 923
E 154.1 1722 139.6 25.3 27.8 232 7.07 7.07 5.03 993 1140 873
LSD 10.8 0.8 0.46 5.1
(b) Experiment 1992 a
A 194.9 198.2 191.7 31.0 322 30.3 6.32 6.52 6.13 87.9 909 854
B 176.9 181.8 173.0 29.3 29.7 28.4 6.07 6.23 5.83 85.6 88.7 827
C 169.9 170.6 168.8 28.9 294 28.6 591 5.96 5.86 88.7 86.2 879
D 171.1 176.8 160.7 28.3 294 258 6.07 6.23 5.84 85.0 884 818
E 168.2 179.1 1553 27.9 30.5 26.0 6.07 6.85 5.60 87.3 934 820
F 157.0 169.0 155.1 27.5 27.8 271 5.71 5.73 5.72 88.7 849 825
LSD 9.2 14 0.41 4.3
(¢) Experiment 1992 b
A 113.7 116.5 108.0 32.5 33.9 31.1 351 3.68 332 934 96.8  89.2
B 97.0 106.9 86.4 28.5 29.9 26.7 3.44 3.84 3.06 92.2 96.0 864
C 914 95.5 89.0 28.6 28.8 28.3 3.20 3.30 3.14 98.8 101.0 957
D 92.0 944 86.9 27.9 30.7 253 3.33 371 3.06 91.5 964 855
E 91.5 99.5 76.1 27.1 29.5 247 3.41 3.94 2.88 91.1 97.0 855
F 89.2 91.2 87.2 26.7 273 26.1 3.39 3.52 3.26 88.4 91.0 857
LSD 9.2 1.9 0.31 5.0

Table 3 Performance of single-plant progenies derived from N. rabacum cv “Zamojska 4’ (group A) and its alloplasmic counterpart with
the cytoplasm of N. knightiana (groups B-F): middle leaf measurements

Group Length (cm) Width (cm) Length/width ratio Area (cm®)
Mean Range Mean Range Mean Range Mean Range

Max Min Max Min Max Min Max Min
(a) Experiment 1991
A 40.2 43.5 37.5 23.1 25.0 21.0 1.76 1.82 1.69 641 727 545
B 40.9 41.5 40.3 21.9 22.1 21.8 1.92 1.92 1.92 604 614 594
C 38.9 40.1 37.6 19.4 20.4 18.6 2.01 1.98 1.98 514 555 477
D 38.8 42.7 33.5 19.6 22.6 17.0 2.00 1.78 1.78 524 624 412
E 38.6 41.1 36.6 20.0 21.3 19.2 1.95 1.86 1.86 530 601 499
LSD 1.7 1.3 0.06 54
(b) Experiment 1992 a
A 443 45.8 41.9 25.7 26.6 239 1.74 1.80 1.70 748 819 678
B 39.1 42.1 37.3 20.0 21.2 18.9 1.97 2.01 1.93 502 606 480
C 38.6 39.7 37.9 19.6 20.2 19.2 1.98 1.99 1.98 490 546 499
D 38.6 40.1 37.5 20.3 21.2 19.3 1.92 2.03 1.84 529 579 511
E 40.7 45.8 324 20.9 24.8 16.7 1.98 2.13 1.82 518 761 410
F 377 38.3 37.2 20.0 20.5 18.6 1.95 2.02 1.87 449 539 473
LSD 2.5 1.8 0.10 78
(c) Experiment 1992 b
A 335 34.7 32.2 19.3 19.9 18.9 1.74 1.78 1.68 447 471 428
B 322 33.6 31.2 17.0 17.8 16.0 1.91 1.96 1.88 376 407 348
C 31.7 33.1 30.8 16.0 17.5 15.2 1.99 2.08 1.91 354 402 328
D 31.3 32.2 30.2 16.2 17.3 15.4 1.94 2.02 1.86 352 387 319
E 33.2 349 30.6 16.7 20.0 15.1 1.99 2.17 1.68 387 459 318
F 31.6 322 311 15.9 16.4 15.4 2.00 2.02 1.98 348 361 336
LSD 1.6 1.4 0.08 47
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Table 4 Performance of single-plant progenies derived from N. tabacum cv ‘Zamojska 4’ (group A) and its alloplasmic counterpart with
the cytoplasm of N. knightiana (groups B-F): yield parameters

Group Yield (¢-ha™!) Dry matter (%) Money value 1000000 zi-ha™!) Light grades (%)
Mean Range Mean Range Mean Range Mean  Range

Max Min Max Min Max Min Max Min
(a) Experiment 1991
A 1.90 2.31 1.57 15.5 16.4 14.6 20.0 23.2 15.5 20.8 353 13.9
B 1.86 1.87 1.81 16.2 164 16.0 19.3 19.5 19.2 11.8 11.8 11.7
C 1.61 1.71 1.54 17.0 17.1 16.9 17.6 18.4 16.7 26.0 314 19.7
D 1.40 1.94 0.75 16.4 18.7 12.7 14.3 18.8 8.6 19.0 312 13.3
E 1.16 1.25 0.95 17.3 20.0 14.6 21.1 13.2 8.7 12.2 22.0 6.2
LSD 0.10 S* 2.3 S*
(b) Experiment 1992 a
A 2.76 2.83 2.62 15.8 16.4 15.4 32.1 34.3 30.6 27.6 35.5 21.4
B 2.30 2.50 2.16 14.9 15.5 13.9 26.4 29.1 24.5 24.6 35.0 17.5
C 2.08 2.22 1.84 14.8 15.2 14.6 23.8 25.7 20.3 25.7 28.8 20.6
D 2.13 2.38 1.96 15.2 16.3 14.4 25.5 28.2 22.9 334 55.2 21.8
E 2.06 2.62 1.53 15.3 16.7 12.9 24.2 31.4 17.0 29.3 47.9 17.0
F 2.02 2.11 1.93 14.7 14.7 14.7 22.4 22.8 22.0 241 33.5 14.7
LSD 0.25 S* 3.4 S*
(¢) Experiment 1992 b
A 1.38 1.45 1.28 20.0 204 19.4 24.2 27.7 22.5 23.8 27.5 17.0
B 1.19 1.28 1.11 19.8 20.6 19.3 20.9 21.8 17.5 21.7 28.8 13.3
C 1.23 1.36 1.03 201 20.2 19.9 20.7 22.5 18.1 25.2 25.8 24.4
D 1.03 1.16 0.96 19.4 21.0 18.3 19.6 21.5 17.6 16.6 23.5 13.3
E 1.00 1.18 0.90 18.8 20.9 17.2 18.3 24.4 16.1 26.6 38.8 16.0
F 1.01 1.04 1.00 20.2 20.8 19.6 18.7 20.3 17.2 28.0 28.7 27.3
LSD 0.10 NS* 2.7 S*

* § (significant) vs NS (non-significant) rather than numeric LSD values are given for percentage-expressed traits because the analysis of
variance was performed on Bliss angular degrees

Table 5 Performance of single-plant progenies derived from N. tabacum cv ‘Zamojska 4’ (group A) and its alloplasmic counterpart with
the cytoplasm of N. knightiana (groups B-F): self-fertility indicators

Group Capsule number/plant Seed weight/plant Seed number/capsule (1000) 1 000-seed weight (g)

Mean Range Mean Range Mean Range Mean Range

Max Min Max Min Max Min Max Min

(a) Experiment 1991
A 127 144 100 15.57 18.14 13.50 2.04 2.41 1.63 0.059 0.061 0.058
B 47 54 39 0.53 0.76 0.46 0.16 0.22 0.12 0.072 0.072 0.07t
c 29 61 16 0.18 0.45 0.10 0.08 0.08 0.08 0.074 0.074 0.071
D 32 100 7 0.19 0.62 0.04 0.10 0.16 0.02 0.075 0.075 0.066
E 40 77 14 0.28 0.41 0.12 0.11 0.16 0.07 0.076 0.076  0.072
LSD 11 0.09 0.03 0.003
(b) Experiment 1992 a
A 164 181 129 19.92 21.70 16.90 1.86 2.05 1.63 0.065 0.067 0.063
B 62 71 47 0.68 0.87 0.61 0.16 0.18 0.13 0.070  0.072 0.066
C 52 58 41 0.56 0.69 0.44 0.16 0.19 0.11 0.070 0.071 0.068
D 64 87 50 0.54 0.88 0.30 0.12 0.17 0.07 0.072 0.076 0.068
E 46 72 20 0.42 0.64 0.15 0.14 0.32 0.08 0.070  0.076  0.057
F 37 46 28 0.36 0.42 0.30 0.14 0.15 0.13 0.069 0.070 0.067
LSD 9 0.14 0.04 0.003
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Table 6 Results of analysis of variance in groups of single-plant progenies derived from N. tabacum cv ‘Zamojska 4° and its alloplasmic counterpart with the cytoplasm of N. knightia-
2. Leaf number

na: significance of the maximum difference of means (range) within a group®

Source of variation
3. Internode length
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brids. Thus, the negative influence of N. knightiana cyto-
plasm on several agronomic traits observed in this study is

7529225522252 in line with what has been repeatedly observed for other
alien cytoplasm sources (Gerstel 1980).

nUNLLRLLLLNY LUn However, possible effects that the alien cytoplasm
AL EELLELLLLE L ZEZ might have on the integrity of a cultivated variety increased
© by selfing has not been the subject of any extensive study.
o The interest of tobacco breeders in cytoplasmic systems
has been limited almost exclusively to obtaining and trans-
w w » ferring male sterility, and cytoplasmic male-sterile stocks,
¢ Zowox ox %o Zw Z by their very nature, are maintained by backcrossing. In
species other than tobacco, there are several reports that
e s 2 indicate the existence of links between the chromosomal

R S R .
* * and the organelle-based systems of heredity. At the molec-
™ ular level, homologous DNA sequences were found, e.g.,

nwrnny v 2] ~ . . . . .
v 8 LZZLZZix Ziw s v Zw |~ in the mitochondria and the nuclei of maize (Kemble et al.
1983) and the chloroplasts and nuclei of spinach (Scott and
Timmis 1984), an interesting clue that there may be events
c « ZZZZZZZZ involving an exchange of genetic information between the
chromosomes and the organelles. Another route through
200 22 2. . .2, which the cytqplgsm may influence the makeup of the nu-
clear genome is in the process of meiosis. The cytoplasm
" i " was found to modify the rate of crossovers (Luginin et al.
foxoxox % Zowoxow Zowow v v |0 1987) and to cause possible chromosomal structural
changes since anaphase chromatin bridges were observed
S m A BAND o in some allopla.sm-ic substitutions (Zg:nkteler 1_962; Berb§é
ZZZZLLZZy ZZZ 1993). Transmission rates of certain recessive genes in
wheat (Davydenko 1989) and peanuts (Ashri 1976) were
L2222 L2VRRNLAY also modified b.y the cytoplasm as too were the dominance
effects of certain chromosome-borne traits (Molchan and
hh PG v | T Lezzhova 1981). Yet anqther effect of cytqplasm was on
ZZZw ZZZLLZZLZ s v ZZ | = the frequency of mutations caused by irradiation. In

Davydenko’s (1989) opinion, the cytoplasm may signifi-
A cantly modify .the frquency and ex_pression of nuclear a@—
« ZZZ 22 ZZZZ leles through influencing mutagenic processes, recombi-
nation, and gamete selection. In tobacco, one of the few

NS

>

L22222209909 292 Ti) documented cases of the li_nk between the cytoplasmic and
o nuclear genetic systems is the induction of cytoplasmic
B G A A o A w |- |7 male sterility in two interspecific hybrids of tobacco in-
CLZZZZZLLLZZZZx x Z | o | 5 volving the wild species N. glutinosa and N. plumbagini-
% folia as male parents (Burk 1960). In these two hybrids the
DD D w 1induction of cms must have occurred in early backcross
ZZZZZZZZZZLZLZ 2 generations, possibly in a fashion similar to the induction
£ of cytoplasmically-inherited male sterility by a nuclear
2828229902099 = gene in maize (Rhoades 1950). A nptable piece of direct
g evidence that alien cytoplasm may increase genetic vari-
A I - ability in a cultivated species was provided by Tsunewaki
¥ ZZZLZZZx ZZZZ | < | g etal (1985) who studied F, and F, generations of an inter-
i varietal wheat hybrid with the cytoplasm of Aegilops kots-

S chyi.

= 8|2 Cytoplasmic inheritance per se is considered to be .

. _sgz5 = 5 | < highly conservative (Rode et al. 1985) and cytoplasmic
S SE25% ?f;'g B2 | 8 § traits are assumed to be subject to little variation. Hence,
§ = g g 3;"@ g% g S |2 theincreased variation in the offspring of a semi-male-ster-
2 = E &5 g—; =2 FEDLE’ 3 § 2 ile alloplasmic strain of tobacco with the cytoplasm of N.
s5%52 i z2% 2222 ué % knightiana may be more plausibly explained by the effect
SH5 2522228838 | @ |5 of thealien cytoplasm on the nuclear makeup of the culti-
AS533023&083= | £ | § var and especially on the frequency of mutations. Those
T asS eSS | |7 small mutations may have gradually accumulated result-
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ing in the fairly substantial variability observed in ad-
vanced selfed generations.

A certain analogy can be drawn between the phenom-
ena reported in this study and the variability observed
among the offspring of dihaploids obtained from anther
culture in tobacco (Schnell and Wernsman 1986). The var-
iability of dihaploids is most probably caused by the mu-
tagenicity of androgenesis in vitro (Reed et al. 1991). Both
in the present study and in the investigations of the diha-
ploids, the end result was the apparent “disintegration” of
the initial genotype into lines that differed from one an-
other for a number of traits. Another common feature of
the variation among the offspring of dihaploids and the off-
spring of the alloplasmic strain was the generally depres-
sive character of the observed variation. For some traits in-
vestigated in this study (plant height, leaf yield, crop value,
yield of selfed seeds) that depressive effect tended to in-
crease with selfing, a phenomenon in a way similar to those
associated with the inbreeding of allogamous forms.

Of other possible explanations of the observed variabil-
ity, the effect of residual nuclear germplasm from N. knigh-
tiana can be safely discarded. N. knightiana shows mini-
mal chromosomal homology with N. tabacum (Berbet
1987); hence, any alien germplasm introgressed through
rare recombination events is sure to have been eliminated
over nine repeated backcrosses to the male cultivated par-
ent.

However, the strain used in this study was atypical in
that its ability to produce functional germinating pollen
was strongly impaired (Berbe¢ 1994). Consequently, an-
other viable explanation of the existing variation among
its offspring can be based on the practically equal oppor-
tunity of all sperm cells to reach the ovary and fertilize the
egg cells because of the drastically-reduced competition of
male gametophytes. Thus, spontaneous minor mutations
thathad anegative selective value at the gametophyte level,
and hence normally eliminated, might have had a chance
to be transferred to offspring. On the other hand, by token
of the very same process, any nuclear mutations caused by
the presence of alien cytoplasm could have had a substan-
tially-better chance of being transmitted to and expressed
in the offspring.

Whether the phenomenon observed in this study can be
actually related to changes in the nuclear genotype brought
on by the cytoplasm, and especially whether such an ex-
planation is valid beyond this particular plasmon/genome
combination, are moot questions at this stage. However,
although by no means direct or conclusive, it seems to be
the first piece of evidence in support of the rationality of
the long-standing tradition of choosing domestic varieties
as maternal parents in tobacco breeding projects.
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