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CHROMOSOME PAIRING AND POLLEN FERTILITY IN THE INTERSPE-

CIFICS F, HYBRIDS NICOTIANA TABACUM L. x N. BENAVIDESII

GOODSPEED, N. KNIGHTIANA GOODSPEEDXN. TABACUM, AND
N. RAIMONDII MACBRIDEXN. TABACU M*
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Summary. The F, hybrids of Nicoviena tabacum (2n=48) with three species of the
section Paniculatae (2n=24) were obtained. The F, hybrid N. tabacum cv. BP-210x N.
benavidesti formed from 0 to 6 bivalents with a modal nuinber of 0. The 7, hybrids N.
knightiana > N. tabacum ev. Izyda and N. raimondii X N. tabacum-1I', cv. Zamojska 4 X ev..
LB-838 cach formed from 0 to 3 bivalents with a inodal number of 0. The mean number of
bivalents per eell in the Fy N. tabacum x N. bengvidesii was significantly higher than in
the remaining hybrids indieating that, out of the three species, N. benavidesii had the
closest affinity to N. tabacum. The three hybrids formed tnostly aborted pollen.

The study of interspecific hybrids of Nicotiana was initiated by Kolreuter in
the 18th century. The major contributions in this field were the monographs by
Kostoff (1943) and Goodspeed (1953). For both authors the cytogenetical investi-
gations of Nicotinna hybrids were primarily a tool of establishing systematic rela-
ticnships within the large genus.

Nicotiana became practically used as a source of germplasm in breeding V. taba-
cum after the work of Holmes (1938) who transferred resistance to tobacco mosaic
virus (TMV) from N. gluiinosa to the variety Samsoun of V. tabacum. Since that
time the theoretical and practical aspects of interspecific hybridization in Nicotiana
have been closely related.

The three species — N. benavidesit, N. knightiana, and N. raimondiis — are phyl-
logenetically distant from the cultivated N. tabacum, but they are closely related to
one another as being in the same section within the genus (Goodspeed 1953). They
also share the property of being immune to the necrotic strain of the potato virus Y
(Sievert 1972), due to which they were chosen as potential sources of resistance to
PVY in the project aimed at obtaining resistant tobacco germplasm.

The fivst stage of the investigations was to make the respective ¥, hybrids and
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o study their meiosis, as a probability of genetic cxchange between two species is
clieved to be strongly dependent on the degrec of chromosomal affinity between
hem.

Herein ave reported data on chromosomal pairing and. pollen fertility in £, hyb-
ids resulting from crossing N. tabucum with N. benavidessi, N. kwightiaona and N,
aimondii.

MATERIAL AND METHODS

The wild species used in the interspecific crosses were N henaridesii Goodspeed,
V. knightiana Goodspeed, and N. raimondic Machride. They ave classtiied in the
ection Paniculatae, subgenus Rustica of the genus Nicotiane (Goodspeed 1953).
cach of them has a diploid chromosome number of 2p 24 They are native to sout-
eri Peru, where they cecur as rudeval and roadside weeds, The aceessions used in
his stnedy have been meintaived in the collection of this department for a number
f years,

Tiree forms of the N. tabecum parent (2n=48) were used: ¢v. BP-210, cv. lzyda,
nd Fy ev. Zamojska 4x v, LB-838. The following inicrspeciiic hybrids were ob-
ained:

1. N. tabacum cv. BP-2YOX N Lo nnvidesia

2. N. knightiana < N. tobarum ev. layda

3. N.vaimondil X N. tabueian-F, cv. Zamojska 4 x ev. LB-838,
1 4

Interspecific pollinations were made o the greenhouse, Chastrated flowers were
olinuted with frosh pollen from the mals parents I the cross, To prevent premature
ool capsule abscission, 19 NAA in lanodin was apelied to the base of the pedicels
f polliated Howers. Seeds were germninated on Petii dishes on moistened blotting
aper at 27°C and light was provided by fluorescent tubes. Hybrid piants were raised
wigly ‘o pobs i the geeenhouse, The soil was a compost mixtuie,

Cyological examinations included counts of nitoite chromosomes. observa-
ions of pairing ai Metapimse Tin the polien mother colls, and determuadions ot pol-
- viability., Smear prepurations of mitotic ehromosomes were made from young
orollas. They were pretreated with wu oxyquinoline-maltose solution (0.44% oxy-
uinoline solution) to aid shortening and spreading of chmmosomes, fixed with
:3:1 ethanol-chloroform-acetic acid Carnoy’s fluid, hvdrolyscd for 6 min in a mix-
ure of thie parts of the above fixative and 2 parts of 109, HCL at 60°C, and stained
fith acetocarmine (Burns 1964). Anthers for PMC preparations were fixed in
arioy’s fluid and stained with acetocarmine (Colling 1979). Pollen viability was
stinpetod as pereentage of mature pollen graing stainable in acetocarmine. Photo-
verographs were taken using Zeiss's Ergaval mlerosceope with a staadard micro-
hotographic gear.

Duncan’s test was used to estimate the significance of differences in the mean bi-
alent numbers per cell between the hybrids (Oktaba 1966).






Fig. 2. Metaphase I in the F, N. tabacum cv. BP-210 X N. benavidesii: A 36 univalents; B and
C 32 univalents, 1 rod-shaped bivalent with a well-formed chiasma and 1 bivalent with a vesti-
giel chiasma; D 28 univalents and 4 bivalents including one heteromorphic (second from top);
E 24 univelents, 1 bivalent showing precoccious disjunction or a pseudo-bivalent (first from top).
and 5 regular rod-shaped bivalents; F 21 univalents 1 random univalent association with a pse-
udochiasma (third from bottom) 5 regular bivalents, and 1 trivalent (first from bottom)



Fig. 3. Metaphase I in the F, N. knightiana X N. tabacum cv. lzyda: A 36 univalents; B 34 univalents and 1 bivalent;
C 32 univalents and 2 bivalents including ane heteromorphic; D 30 univalents, 2 bivalents precocciously disjoined,
and 1 regular bivalent
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RESULTS

The three hybrids — I’y N. tabacum cv. BP-210 X N. benavidesii, N. knightiana X
N. tabacum cv. Izyda, and N. raimondii X N. tabacum I, cv. Zamojska 4 X cv. LB-838
— each had 36 chromosomes in their somatic cells (Fig. 1). These numbers indicated
that the hybrids were amphihaploids i.e. that they combined haploid chromosome
complements of their respective parents.

The amphihaploid nature of the hybrids was confirmed by meiotic configurations
found at Metaphase I. They were from fully asynaptic with 36 univalents distribu-
ted at random in a PMC (Fig. 2A, 3A, 4A) to partly synaptic with 1 to 6 bivalents at
the equatorial plane of the cell (Fig. 2B through 2F, 3B through 3D ynd 4B). There
were no large differences in both the bivalent number and bivalent morphology
shown by the three F'; hybrids. As seen in Table 1, the hybrid N. tabacum cv. BP-210
X N. benavidesii showed a somewhat higher pairing range (from 0 to 6) than the re-
maining two hybrids (from 0 to 3). Likewise, the mean bivalent number per cell
was significantly higher in the F; N. tabacum cv. BP-210 X N. benawidesit (0.96) than
in the F'y N. knightiana X N. tabacum cv. Izyda (0.20) or in the F; N. raimondii X
N.tabacum F, cv. Zamojska 4 X cv. 1.13-838 (0.48). However, the average modalnum-
ber of bivalents was equal to 0 in all three hybrids.

Within the three hybrids there occurred a certain plant-to-plant variation in the
degree of chromosome pairing, especially in the F; N. tabacum cv. BP-210x N. be-
navidesti. It seems, that the major source of that variation was the sampling error
resulting fromn a limited number of the observed PMCs.

The bivalents observed in the three hybrids were rod-shaped with one terminal
chiasma (Fig. 2, 3 and 4). The chiasma varied from very distinet to vestigal (Fig. 2
and 3) and scme of the apparent bivalents could actually be univalents that stuck
together at random. Bivalents observed were mostly roughly homomorphic, though
some heteromorphic bivalents were also found (Fig. 2F, 3C). Trivalents were very
rare and were observed only in the F; N. tabacum cv. BP-210 X N. benavidesii (Fig.
2F).

The plants of the three I} hybrids were self- and cross-sterile. On average, stai-
nable pollen grains accounted for 0.5, 3.0, and 0.6%, of the total number of pollen
grains in the F| of N. tabacum cv. BP-210X N. benavidesis, N. knightiana X N. taba-
cum cv. lzyda, and N. ratmondic X N. tabacum F, c¢v. Zamojska 4 X cv. LB-838, res-
pectively (Table 2). For comparison, those values were over 909 in two cultivated
varietes of N. tabacum — BP-210 and Zamojska 4.

DISCUSSION

The interspecific I, hybrids described in this report can be classified, according
to the criterion by Goodspeed (1953), under the “minimum pairing” category as
showing the modal number of bivalents equal to 0. Those data are not in complete
agreement with the observations made by Goodspeed himself (Goodspeed 1953).
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Table 1. Chromosome pairing at Metaphase I in the interspecific F'; hybrids N. tabacum cv. BP-210x N. benavidesii, N.
knightiana x N. tabacum cv. Izyda, and N. raimondii X N. tabacum-F, cv. Zamojska 4 x cv. LB-838

i‘ Number of PMCs with bivalents* | Mean biva- Modal biva-' Total no. of
Plant no. { Hybrid ‘ : ; —_{ lent no. per lent no. ! PML’;
| o v1 |2 3|45 |6 cell R
1 | N. tabacum cv, BP-210 % N, benavidesii 685 39 25 7 2 — — 0.86 0 138
2 " 24 13 9 4 1 1 - 1.00 0 52
R . 29 27 19 12 4 - 1 1.34 0 92
4 .~ 48 15 3 3 — - — 0.43 0 69
b . i 3 6 1 5 4 4 - 2.56 1 23
6 ' 34 21 4 1 — 1 — 0.60 0 61
Mean 310 202 10.2 5.3 1.8 1.0 0.2 0.96a 0 72.5
1 N. knightiwna X N. tabactm cv. lzyda 34 10 - - - - - 0.11 0 94
2 N 69 9 - 1 - - - 0.15 0 78
3 ' 66 12 4 1 - - - 0.28 0 83
4 N 80 21 3 - - — —_— 0.26 0 104
Mean 745 13.0 1.8 0.5 - — - 0.20b 0 89.8
1 N ratmondil > N, tabacum-F, ¢v Z.4 X cv, L13-838 31 9 6 — — — 0.51 0 17
2 a 45 14 7 2 - — - 0.50 0 68
3 as 40 11 8 1 -— — - 0.50 0 60
4 »s 25 8 2 - — — - 0.34 0 35
| Mean 325 105 58 10 - - - 0.48b 0 1 52,5

* Higher valencies (trivalents) classified as hivalents
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Table 2. Pollen viability in the interspecific ¥, hybrids: N. tabacum cv. BP-210xXN. bena-
videsii, N. knightiana X N. tabgcum cv. Izyda, and N. raimondii X N. tabacum F; cv. Zamojska
4 x cv. LB-838 and in two cultivars of N. tabacum

Total no. of | No,of stainable | 9% of stainable

Plant no. Hybrid pollen grains grains graing
1 N. tabacum cv. BP-210 X N. benavidesii 567 ) 3 0.5
2 1 504 1 0.2
3 » 650 2 0.3
4 »s 732 7 1.0

Mean 613.2 3.2 0.5

1 N. knighti X N. tabacum cv. Izyda 388 5 1.8
2 . 1196 43 3.6
Mean 792 24.0 3.0

1 N. raimondii x N, labacum-F, 550 4 0.7
2 cv. Z. 4 X cv, LB-838 446 1 0.2
3 ’s 654 6 0.3
4 s 522 3 0.6
Mean 543.0 3.5 0.6

N. tabacum cv. BP-210 345 321 93.0

N. tabacum cv. Zamojska 4 ! 450 4438 98.5

The latter investigator included the hybrids N. tabacum x N. benavidesic and N.
raimondii X N. tabacum in the “low variable pairing” group, based on the range of
0 - 6 bivalents with a mode of 3 in the former hybrid and the range of 0 - 7 with a mo-
de of 2 in the latter one. Kostoff (1943) reported an even higher pairing range for
his F, N. ratmondii X N. tabacum (from 3 to 6). A pairing range wider than that ob-
served in this study was also reported for the #; N. knightiana X N. tabacum (T ake-
naka 1962).

There may be numerous causes of that discrepancy such as different parental
genotypes or effect of ambient temperature. However, the most plausible explana-
tion seems to be that related to the observation error. In low-pairing interspecific
hybrids such as those dealt with, in this study there frequently occur random uni-
valent associations (Goodspeed 1953) and the distinction between these associa-
tions and true bivalents is often blurred. In this study all doubtful cases were tended
to be treated as univalents joined by chance rather than paired bivalents. Such a po-
licy might affect the actual numbers observed and it may account for the consistently
lower chromosome pairing values as compared to those obtained by other authors.

Both our data and those reported earlier, regardless of the absolute figures, in-
dicate a somewhat higher chromosome homology in the ¥, N. tabacum X N. benavi-
desit than in either N. knightiana X N. tabacum or N. ravmondii X N. tabacum. It is
consistent with the systematic position of N. benavidesii in the section Paniculatae.
Unlike the “core species”, N. knightiana and N. raimondii, N. benavidesii is an off-cen-
ter species. Through N. glutinosa, to which it bears considerable resemblance, it is
related to the section Tomentosae from which comes one of the postulated proge-
nitors of V. tabacum.

The irregular and random chromosome distribution to the gametes, an obvious con-
sequence of the uneven numbers of parental chromosomes and of the lack of homolo-
8y between them, was the major cause of sterility in the three hybrids.
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It can be assumed with a fair degree of certainty that the few pollen grains for-
med by the hybrids were derived from restitution nuclei. Kostoff (1943) hypothe-
sized that crossing-over in inverted chromosome fragments during a hybrid meiosis
may generate acentric chromosome fragments and their loss may lead to the forma-
tion of genetically deficient and unviable restitution gametes. Thus the lowest pollen
viability encountered in the F; N. tabacum cv. BP-210 X N. benawidesii may be
explained in terms of Kostoff’s hypothesis as related to a relatively higher chro-
mosome homology in that hybrid.

The data on chromosome pairing in the three hybrids suggest that, of the three
wild species under consideration, N. benavidesii has the best potential for gene trans-
fer to N. tabacum. Such an assumption is based on a well-established notion that
chromosome homology or partial homology may be critical for a segmental substi-
tution to occur (Clausen, Cameron 1957) and it can also facilitate the substitu-
tion of an entire chromosome (Gerstel 1946).
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KONIUGACJA CHROMOSOMOW I ZYWOTNOSC ZIARN PYLKU TRZECH
MIEDZYGATUNKOWYCH MIESZANCOW F,: N. TABACUMxN. BENAVIDESII,
N. KNIGHTIANAXN. TABACUM 1 N. RAIMONDIIXN. TABACUM

Streszczenie

W wyniku krzyzowania tytoniu uprawnego N. tabacum (2n=48) z trzema gatunkami sekeji
Paniculatae (2n=24) otrzymano mieszance F,. Mieszaniec F; N. tabacum cv. BP-210 X N. be-
navidesii tworzyl od 0 do 6 biwalentéw, przy éredniej modalnej réwnej 0. Mieszatice F; N.
knightiana x N. tabacum cv. Izyda i N. raimondit X N. tabacum-F, cv. Zamojska 4Xcv.



[7] Chromosome Pairing and Pollen Fertility in the Interspecific F, Hybrids 269

LB-838 tworzyly od 0 do 3 biwalentéw, pray czvm érednia modalna wynosilta réwniez 0. Srednia
arytmetyczna liezby biwalentéw przypadajacych na 1 komoérke macierzystq pylku byta u mie-
szanica F; N. tabgcum cv. BP-210 X N. benavidesii istotnic wyzsza niz w przypadku pozostatych
dwéch mieszancéw, co wskazuje na blizszy stopienn pokrewienistwa N. benavidesii z N. tabacum.
Badanc trzy mieszance wytwarzaly prawie calkowicie niezywotny pylek.

KOHBIOI'ALIMA XPOMOCOM U ITJIOJOBUTOCTD IThIJIblLibL ¥ MEXBHJOBBIX
TUBPUAOB 7, OT CKPEUWWUBAHUA NICOTIANA TABACUM L. x N. BENAVIDESII
GOODSPEED, N. KNIGHTIANA GOODSPEED X N. TABACUMWUN.RAIMONDII

MACBRIDE x N. TABACUM

Pesrome

IMonyuenst rubpugst Fy or ckpeunBanusa Nicotiana tabacum (2n=48) ¢ TpeMsA BMJAMH CEKUHH
Paniculatae 2n=24). Tubpun F, ot ckpeuusanus N. tabacum cv. BP-210 x N. benavidesii aMen oT
0 10 6 6uBasICHTOB ¢ MomasbHbIM YHcaoM 0. Tubpuaer Fy ot ckpemubanns N. knightiana x N. tabacum
ev. Izyda, N. ratmondit x N.tabacum v cv. Zamojska 4 x cv. LB-838 umenn ot 0 10 3 6MBaneHTOB
KaX/blil ¢ MoZanbHLIM quciaoM 0. Cpeaaee vrcmo OMBaICHTOB HA KIETKY y THOpuAa F, oT cxkpemuBaHHs
N.tabacum x N.benavidesit ObLIO 3HAYHTENHLHO BbIIIZ, Y6M Y OCTANBHBIX THOPAHOB, YTO YKa3bIBAlIO
Ha TO, YTO M3 Tpéx BuaoB N. benavidesis ameno Havbmuciiee poacreo ¢ N. tabacum. DTu TpH rubpua
NPOU3BOJIUIA B OCHOBHOM CTEPHIILHYIO TLIIBILY.



