
GENETlCA YOLONICA 
Vol. 28 1987 No. 3 
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Central LalJOrat.ory of Tob,H·,·o J ndustry, Kra k~'.lw, Department of Tobacco Brecd.ing, Cnltivation and Protecl ion , Puławy 

S1unma.ry. Tho J,\ hybrid Nicotfr.1,na tabacmn (2n=48) cv. Nadwiślański ::Mały x 
X N. alata (211 = 18) wns obtainccl as the first step in a.n 11tternpt to develop tolmeco 
rr-sistam·• ' fo tomato spotted wilt; vi!'lls (TSvVV). The hybrid showed a poor survival 
nit" ,md (:ompldo sk1·ili1 y. S11rviving plants wure ompli1lmploids wi t h 3:3 mitotic cllmmo
sonH'S. Tl)(' plmtts fornwcl from O to I O bivafonts with a 1nodal number of u. 

Tlw .f\ plnnfs of N. tabcicwm cv. Nadwiślański Mały tetraploid X N. alata sliowed 
lik,·wi,-;., , t poor gro\\·th and high mortnlity. Cytologica.lly they ,v0re sesquidiploi,l:-; 
witl1 ,,i soinu.tie elu·ornosouwH. Frmn IO to 23 univalents wcre found in 65.7% of t-hc 
P~1C':s wl,iclt i11dicah ·d ar,;y11u.ptic b<>.haviour of somc of the N. tabac.wn hon10log1ws and 
acco»nt.f'd for a high p C'rccntago of aborted p ollen formed by that hybrid. 

The fo1·tilit.y of the sr>sq11idiploids was rna.rkr-dly reduCfid and restricted soldy t.o 
the N. talwcum X ,;esquidiploid and scsąnidiploid X N . alata matings. The forrner 
g,wc 1·ise to a J:C, progony composed mostly of Nadwiślański Maly-like plants with 
little plant-to-pla11t variatio11 and few signs of gene tra.nsmission from N. alata. The 
lattcr mati11i,\" res11ltc d in n ear-amphihaploids with the chromosome numbers ranging 
from :~4 to 38. Unliko rogular amphihaploids, some of them were highly vigorom,. 

Nicotiana alata (2n = 18), a common ornamental species of tobacco, has been 
consistently rcported as bcing resistant to tomato spotted wilt virus (TS\VV) 
an important ,wd (lamaging disease of the tobacco N. tabacurn (2n=48) in Poland 
and other eountrier-; of ea.stern Europe. Resistance t.o the virus is a.bsent within the 
cultivate<l r-;yweil'H and now seems confined to N. alata and, possible, to its two dosest 
relatives, N . .smulerae and N. forgetiana (Ivancheva-Grabovska 1984). Of the 
attemptr-; to uti I izc .N. a lata as a source of resistance to TSWV the most noteworthy 
is that by Gaj u :; ( J 981). 'I'he author reported on. a transfer of the }ocal Jesion 
response to TSWV, characteristic of N. al(/ta, to a breeding line of N. tnhr.icum. 

Altl1ough demonstrated ,1s feasible, the interspecific gene tra.nsfer between 

1 RecPiv<'d for publicnt,ion: M:arch l!l86. 
2 Dr. Pres,~11t addr<'RS: Osa.da Pałacowa, 24-100 Puławy - Poland. 
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N. alato and N. tabucurn is by no ll te,rns cas_v . The two spe<·ie;,; repres1"11t, t!H, products 
of two divergent evol utioaa ry pathways in the gem1.-.;, N . 0111/a Im viJ1g or igi 11ate<l 

through a.ne nploidy on the hasis of a I :2-diromosome-pair lcvP-1 (;!,u 0= 18) and N. 
{flba.cum being a 48-ehromosome allotetnq,loid (Uoodspc('d IDJ3). Fur!l:Prnwre, 
N. tabacum iR a se lf-pollin at.ing species, ,•,-hile 1\'. ol{(t((, i:;; H!I ohl i•_.!:d< ' l"l"OsH polli11ator. 
The crossability of th e twu sp eeies is ratht·1· puor and Ht'.1·ms tu h<, large l_v affedP<l 
by the genot_yp e of N. tabu1:11m (Kos t off 194:1). In thi:-: a11thor ·;; c.,pi,ril'iH•c the 
h ybridization produc-ts may raJ1ge from no :;;cuh, a t uH. tl1.ro11gh nhun <'nn t s<'eds 
of the mate rnal origin. to poody gennaniting hyhrid ;;eeds a 11d sPcdlings that 
ra.rely surviYP b eyund th e trnn:-;plant :-;!ri gt>. 

It wn,s the oh ser vation m ad<: h_\- the late Proft•ssor ,J. Hn bt ~c' 1 lia t a fairly 
large-' pcrcen htgt> ofvigorous hybrid plants is cunsiktently o hhi r: <'d wlt<·n n11 ,i ir -t,ured 

Yarie ty of tobaec·o - - n ·. Nad\1·iśkd1ski Ma.ly - - is mat.Pd t,o N . (!lotu. On t hr, othcr 
ha nd, Chaplin an d Han n (Hlfil ) rc purted no spe<'inl diffi ('1 d ti1 ·s i11 hybridiz i1•g 
N. talmcurn wit.h X . olata when t ct r„ploid ,:, ralher · tl1 ,:.11 diploid .V. /11.hru :11111 wa-; 

11sed in th e cross. 
Ba.sed on those fi 11di11gs, N. tafmr:1rn1 ev. Nadw;,~1 1, ński l\Lly \1·,.s conver (Prl 

i,1to a tetraploid, nnd both the diploid ,rnd kt1aploid wrr-c· ,·rosscd will, ,\' ,,/,1/1/. 

Jt w,ts the first s l·e p in an atkmpt t.o trn11 .,fr r n·:-;ist-;.nec t.o '1\-.;\\' V fr-om X. 11/fffr,. 

to the r ultinifod varicty. 
This paper deal:- with the viabilit.y , ey tolog ical :-;tatus, pamng ~wliaviour , an<l 

fort.ility of the resulLing hybrids . The use of Ji.11clings 011 tł: \' p,,t,rn lia l of N. o.lata, 
as a gern· d onor in N. o.luta-to-X . lu!J1tcum gl'!H' tnrns!i}r prng1,t 111s i:-; also brictl_v 
discussecl. 

MATEHIAL AND MgTHODS 

Nicot·inna tabacum L. cv. Nadwiślański M.ały - diploid (2n = 48) - is an a ir
-cured variety of tobacco no Jonger gwwn commercia lly. It has pink-colo u red flowers 
and is conspicuous for its very short intemodcs and a compact habit . 

N. o.lata (2n = l8) t aken for this study h as beon m a intained ill the collection for 
a number of yea.rs. It is of the white- flowering type with no t,rnu:s of violet on the 
corolla. 

The tetra ploid of N. tabacmn cv. Nadwiślafo,ki Mały (2n =-= 96) was obta,ined by 
colchicine - treatment of germinating secd :;;. They wcre immPrst,.d in a 0.2% 
aq~eous colchicine solution for 4 hn, a t 27 '0(;, then rinsed thoro11ghly with distilled 
water and transfened to pots with a eommerf'ial soi! mixt,nrc . Ma t 111·i11g plants 
were observed for the signs of in creased ploidy, such as slow growth, t hi<;k and 
fragile leavcs, irreg uhtr leaf vein pattern , and large a nthers. i-luspected t etraploids 
wer~ v-erified cytologieaJly. True tetrnploids co ntainerl 96 chromo:-;onu•.s i n t,heir 
somatic cells (Fig. 1) . 

* Although phyllogenet,ically an allot,etraploid N. tabacum lias undergonn considcmble 
diploidization and a t least in this contcxt, may be regarded as a functional diploid. 
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The following interspccific crosses wcrc ma,IP: 

N. tabac·u-rn c,r. Nad,viKlańs]ci lVln..J.v (2:r ) >< . .\:. alrtta, 
N. tu.b//r·1m1 cv. Nadwi~lański Mały (4:r) X N. nlata. 
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No re1· iprocals W(,rl' a tten1.pte<l :,;i nc (• t-he failure of using fornale N. ulata in erosses 
with małe N. talHwu111 has bccn a. common experience and, b t•;,;ides, there was no 
adva11tage to be g"ined from usi.1,p; the non-recurrent species as a cytopla.sm pa.rent. 
The result-i11g P 1 plants were l1 sed as both malcs and fomales in crosses with either 
of the parent_.al sp-.,<,ics. Fn,sh pollen from n ewly opened flowers was used for 
poll inatiuns of ('astrated flowers. Aft-er pollina.tion , th e pist.ils were protected aga.inst 
foreign pollen <-ont,11 mina t i on by mounting on them pieces of plastic drinki.ng straws. 

Needs were sown eitłwr when freshly collect.cd from matme capn1les or a.fter 
being store<l for a few months at a room temperature. They were sown in Petri 
<lishes on severa! layers of hlotting paper moistened with distilled wat.er . Germ
iHatin,~ sec(b were kPpt in a growth chamber at 27°0 with lighting providcd by 
fluoni:sec11t tubc:-;. Aft.er 3, 6, 10 and 14 days the seeds of each entry werc observcd 
for germination perl'.elltage . 

GE-wminat-ing sPeds wen , tran l-iferred to pots ·wit.h a commercial soil m.ixture. 
Seedli11gs wu·e trnnsplantcd to individual pots with tho same mixture or they 
wern left un<lixturhcd when their mortality was high and ouly one to four 1,;Urvivors 
were left per pot. Both the scedlings and the older plants were grown in the green
horn-w . 

Cot1J1ts of Roma.tie diromosomes were made in young eorollas using the oxy
quinoli ne-maltose method as described by Burns (1964-) . Observations of meiosis 
were ('./UTied out in ncet,1.warminc-stained preparations of pollen mother cells (Col

lins 1 !-mn, Pollen viability was dd,ermined by staining m ature pollen grains with 
aceto1·armi1H·. Based on the test by Sfi c as nnd Gerstel (1962) the estimated 
number of d1romosomes capa.ble of forming biparental associations (n) and the 
estimaJed prohability for a ehromosome t,o form a bivalent (p) were calculated 
from the ob:;ervcd <li:-tribution of bivalent frequencies in the F 1 N. tabacum cv. 
Na<lwiśhti1,;ki :Mały (2.T) X N. alata. 

RESULTS 

VIAilILlTY AND MORPHOLOGY OF PLA:'<1'::l 

F 1 N. tabacurn cv. Nadwiślański Mały (2x) X X alata 

Seeds were obtained with ease, every single pollination resulting in a well-filled 
seed capsule. Germination rate varied , depending on batch, from 14.7 to 75.2% 
(Table l ). 1t did not seem to be consiistently affeeted by time of storage. Germination 
was extended over a long period, some seeds still genninating a.fter as long a.s 14 

days. 
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Table 1. Germination of F 1 seeds of N. tabacum cv. Nadwiślański Mały (2x) x N. alata and 
N. tabacum cv. N ad wiślański Mały ( 4x) x N. alata hybrids and their parental forms 

]'all 

1984 

Spring 
1985 

::<owing date 

(aeeds storc<l over winter) 

J<'ail 
1985 

• fres h seeds 
• • sceds store<l over l year 

Hybrl<ls and parentai forms 

F, N. tabacum cv. Nadwiślański Mały 
(2x) x N. alala 
F, N. tabacum cv. Nadwiślański Mały 
(4x) X N. a.lala 
N. ta/Jacum cv. Nadwiślański Mały (2x) 
N. alala 

F 1 N. tabacum cv. Nadwiślański Mały 
(2x) x N. alata 
F, N. labacum cv. Nadwiślański Mały 
(4x) x N. alala 
N. tabacum cv. Nadwiślański Mały (2x) 
N. alata 
N. labacu,n cv. Nadwiślański Mały (4x) 

F, N tabacum cv. :S-adwiślański Mały 
(2x) x N. alata• 
N. tabacum cv. l'ladwiślański Mały (2x)•• 
N. alata•• 

Germination pcrcentage after days: 

3 6 10 14 

75.2 

99.1 
98.0 
50.0 

42.2 45.5 48.7 49.0 

100.0 100.0 100.0 100.0 
94.7 97.3 100.0 100.0 
95.3 97.8 JOO.O 100.0 
83.3 90.7 no.o 96.6 

12.l 14.7 
100.0 100.0 
100.0 100.0 

Seedling mortality was high and usually no more than 1 - 4 see<llings out of 
about 30 per pot survived up to the transplant stage. The survivors grew slowly 
but most of them couJd be grown to maturity. They ranged from diminutives to 
fairly sizeable individuals (Fig. 2). However, none of them wns found to reach 
the size of either of the parental species. The flowers of the J;\ showed few differences 
from individual to individual. They were whitish with only traces of violet on the 
corolla. Generally, they resembled the flowers of the alata parent both in the s1ze 
and shape (Fig. 3) and in the anthocyane coloration of the anthers. 

F 1 N. tabacum cv. Nadwiślański Mały (4x) X N. alata 

The seeds were obtained with ease. They showed consistently good and rapid 
germination (Table 1). Within 3 days 100°/o of the seeds were found to germinate 
in the spring 1984 experiment, the figure being only slightly lower for the fall of 1984. 

The seedlings showed good vigour and grew at approximately the same rate as 
the diploid tabacum parent. However, the majority of the juvenile plants started 
to show some leaf yellowing at about the 5t.h-leaf stage. After transplanting, the 
plants' growth became arrested and many of them died. Less than 10°/o of the 
plants resumed normal growth and reached maturity (Fig. 4) but most of them were 
dwa,rfed and showed little vigour. 

The flowers of the F 1 N. tabacnm cv. Nadwiślański Mały (4x) X N. aluta were 
much like those of the 1\ involving N . tabacurn cv. Nadwiślański Mały (2x) (.Fig. 3). 
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They were whitish and some showed patches of anthocyane blue. All had antho
cyane roloured anthem hut the colour was more diluted than that in the F 1 N. taba
cum r,-. Nadwiślański Mały (2a;) X N. alata,. 

CYTOLOG\' A X D Flclt'l'ILIT\' 

F1 N. tabacum cv. Nadwiślański Mały (2x) X N. alata 

The hyhrids possessed 33 chromosomes in their somatic cells (]'ig. 5) as eould 
be expceted from crossing the 48-chromosome N. taba,cnm with the 18-chromosome 
N. alaf(I. Thus the hybrids could be assumed to be amphihaploids with the haploid 
chromo:;omc complements of both parents. 

'l'hC' cytological status of the hyhrids was confirmed by the study of meiosis 
(Table 2). Seven F 1 plants analysed for chromosome pairing at Metaphase I showed a 

Tabl e 2. Chromosomu pairing at Metaphase I in the PMCs of F 1 hybrid N. tabacurn cv. Nadwiś
lański Mały (2x) X N. a/,ata 

H ybrid 

j ___ 
N111111Jer of l'M( 's with bivalents• 

I Total of Mo<lal of 
- ·------ - --···"•" ··----- ... 

bivalent No. o l 2 3 4 5 6 7 8 9 10 PMCs 
----~- ----- -----------------

1 o o 3 5 IO 15 9 2 4 50 6 
2 u o o o o 1 1 5 1 1 1 10 7 
3 u o u l o 5 3 3 2 l 1 16 5 

o l o 2 4 2 4 5 3 o 22 7 
r, o o 5 3 l i 19 20 19 8 3 4 93 6 
6 o o o 2 3 7 12 8 3 1 4.3 6 

I () :: 8 11 11 11 8 5 2 o 59 4-6 
··--·----··-··---·-·· ·-· - - ·----- -

Total 8 I!) ,),) 55 66 56 29 14 () 293 6 
··----·- ·--··----

% of tot,Ll 
l'MC numbe r o.:J u.~ 2.7 6.5 11.9 Hl.il 22.5 19.l 9.9 ł.8 3.1 111.0 

•••- ----•-H-•----•---------------- -----
Mea.n n,, of Uival(•11 ls t> .~H 

!l* :., 10.71 

J)•• = 0.42 

• llighcr valencics (t.rirnlcnts) l'iass iflcd as hivnleut.s 
• Estimat,e,l no. of chromosmucs eaµal,hi of formjng biparcntal pai"rs 
** J;sti małt•d pr,,b;thilit.y to form a bivalcnt 

fairly consistcnt pamng behaviour. The plants formed from O to 10 bivalents, 
the mode bcing 5 in one plant, 6 in three plants, 4 - 6 in one plant, and 7 in two 
plants. Less tha,n three bivalents and more than nine bivalents in a PMC were 
found very rarely. The majority of the PMCs contained 5 to 7 bivalents, the PMCs 
containing 6 bivalents heing the most frequent class. One to two ring bivalents were 
observed in diakinesis (Fig. 6A) . The majority of the bivalents were rod-shaped 
with chiasmab rnnging from distinct to vestigia! (Fig . 6C, 6D). 

The estimat:c:d n umbcr of chromosomes capa ble of forming biparental pairs 
was morc than 9 (13.71) which, togcther with 10 bivalents actually observed in some 
of the PMCs, wa:,; indicatiYe of a fair degree of autosyndetic pairing in the hybrid. 
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Tabl o 3. Pollen stainability in 1"1 N. tcibac111n c v. Nad
wiślai1ski Mały (2.v)xN. alata. 1111 N. tc,/Jacam cv. 
Nadwiślański Mały (4:i:) x N. afota (2.,·) and BC, 
N. alata (2,r) X (Ji\ N. tahacurn cv. Nadw i,'.; lni'1ski Mały 

( 4x) ;< N. alata hybritls 

llybrids 

x .•. V. ulotr.t 

l!\ N. tab,u;uui c·,·. Nadwi8Jmh,k i :\J:lly (,1.r) 
x ]V. alatr1, 

R01 N. ul1lla x (S' . t1.hucum, cv. ~,u.lwiśl:u\3ki 

;\lały (4x) x N. a/atu) 

! Per c·Pnt of Atain-

/ able p0Jlm1 

11.8 
1.1 
~.4 

0.5 
0.6 

JR.~ 
:!1.8 
l l.2 
11 .:i 

o.~ 

[6] 
---

The expeetancy for a gin'. n chromo:;ome to pair was relati\'C'ly liigh (0.41 ). Tri 
valents were obr,;ervcd in many of the PMCs but their number did not cxcecd 2 per 
cell (Fig. 6A, 6B, GC, 6D). 

Chronmtin bridge:; and d icentric chrumosornes ,w,e ra.re , but they ,lid occur 
in somc of the PMCs (]'i1;. HE). Laggards and ('hromosonH·s 11ot indudcd in the 
nuclei were freguent (Fig. fil•'). Jn one plant obs<-rved for the pitenomenon, dyads 
and triads ,wcounted for :32 .8 % of the tota.l numlll'r of quad.ot;; . Five Ji\ plants 
were examined for pollen st:iinab tlity (Table :3). ]11 tour of t,hen1 le:ss than 3% of 
stained pollen grnim, were found , the fourt.h showi1ig J l.8% of viable pollen . How
ever, none of the fa\ plnnti,; procluced a ny secds cit.her by sclting or by backcrossing 
to tl1e parental species. 

1\ N. tabacum cT. Nadwiśla.ński Mały (4:r) X X. alatn 

As theoretically expt'cted, the Ji\ plants obt.aine(l from nutting NM tetraploid 
(96 chromosomes - Fig. l) with N. alata cont,1ine<l ;-,7 ehromosomes in their somatic 
cells (Fig. 7A). Thus, they eontained a full diploid cornplement of N. ta.bacum plus 9 
chromosomes from N. a.lata and eould be clas:,;ified as :,;esq1ti(liploi<ls. 

It was borne out by some of the me ioti c corl.figuratioru; in which 24 bivalents 
and 9 univalents were observed (Fig. 7B). 

Howevcr, the 24 IJ+9 I configumtion was by no means prescnt in a ll the PlVICs 
nor did it occur in the majority of the meiocytes. In 10.6% of the cells 7 or 8 uni
valents werc obscrved, the remaining one or two chromosomes nnte ring a trivalent 
association. In 65.7% of the PMCs more thau !) u11ivalents were found , the number 
observed being up to 23 CF ig. 7C, 7D). 



.Fig. I. X. tr1/Jac11111 <·,·. ;\/nclwiśl.1,1'tski -:Vlaly (4:r). Mitotic rn<'Lapl•ase: !JG chromosom,,,; 

Fig. 2. F1 N. tabacum CV. NadwiśTansK1Maly (2x) X N. alata. 
Two flowering ph1nts: a larger one (in front) and a dwarf (behind) 





3Fi _'..'.. 4. F, N. 1.0Jutc11111 cv. Nnclwiś!ui',:--·i;i :i\Jnly (4:r) / N. otaw. 
Flowrn· i n'..'.· p in nt-s 

]•iµ:. G. Ji\ N. cabac·11m cv . Nadwiślański Ma
ły (2a·) X A . alaca . Mi totic I nctnphnR<?: 

:rn "I 11·111 nosonws 



~'ig . 6. fi\ N. tabacwm c v. Nadwiślar'tski Mały (2:i:) x 1..V. alat,a. MnioKis. A) l)iakin,,sis: 2 t1·iva
lonts. 2 ring-sh,tpcd bivalents . 4 ono-chiasma bivalcn ts; B) Met ,1 pluts" I: I ,·ing-sliap"d liiva lnnt 
4 rod-,;lmpod bivale ntP. a nd 23 1111iva le n ts; C) Mot,a.phas<> [: 2 tl' ival<' rtf s. li hi v,,knts. r a ndom 
c.du·omo,;ornc assoeiations and 11nivalnnts: E) Telo plta,;n L a <licnntri<: ,·l11·omos,J111< ·; F) Tdo-

pluIBe U : c l1ro1nosomes not incl11ded it1 tlw nuclni 

j 



Fig. 7. F 1 N. tabacum cv. Nadwiślań,;ki l\faly (5x) x N. alata. lVIitosiH and me ios is . A) l\fitotic 
mataphasn: 57 c hrnrnos01nos; B) Diakine,;is: 24 bivalents and !l univalents; C) lVIetaphase I: 22 
hivalcnts (including r; with a wry ,vPak <'hiasma) and 13 uni valonts; D) l\fctnphase [: 17 biva-

lr'nis nud 3 univalcnts 





.,., 

Fig. !l. nc, (F, N . tabacnm C V. N11dwiś la f1ski 

Mały ( 4:r) X N . alata X N. alata. Mitotic rnctaphasc: 
:38 chromosomos 

Fig. 10. ilG1 (.ft't N. tabacum cv. Nadwiślań,iki Mały (4x)% 
N. alata x N. alala. Flowering plants 
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Hesquidiploids NM tetraploid X N. r1,lnta produced from 9. 7 to 21.8% of viable 
pollen (Table 3). The plants were completely self-sterile and also did not set sceds 
when crossed as fomalcs to Nl\1 diploid. 'l'liey showed partiitl fortility when used 
as pollen parents in crosscs with Nl\1 di and when fertilized with pollen of N. alnta. 

BC,F, l'lto(:l•::--11<:s FllO\I HACKCllOS~l:-ifi THl•J SESQt;IDJPLOIDS TOS. TAHACU.11 CV. NADWIŚLAŃSKI 
MAl,Y (~,r) .\~Il .Y. A l,.·l'l'A 

Al1hough a more detailed analysis of the B01 and subsequent generations is 
intended to be the subjcct of the next paper, some generał information is provided 
below aH relevant to the fortiiity of the sesquidiploids N. tabacum cv. Nadwiślański 
Mały (4:r) N. alalo. 

Mat,ing,-.: of fomalc N. ta1m.c11111 (•V. Nadwiślański l\lały (2.l') plantH with małe 
sesquidiploid:-: rc:-:ulted in n poUI· :-,eed :-:et. Apprnximately half of the fertilized 
flowers dropprnl, and the ot,'.ier half formed shrw1ken cap:-,nles, each containing 
from 1 to no more tlmn i"iO t,;eeds. 

There waH a (,orn,iderable yari<ctiu1; in germination perccnta.ge of the B01 sceds 
thuH ohtJLined (Tabl<· 4) dep<'nding on progcny. lt rangcd from 60.0% to 3.5% 
and the effr<'t of tli(' time of f;tol'agc <lid not secm tu be consistent. 

Of :rn plant:-, of that gcirwration whi('.h Wl't'e gn)wn to maturity, 29 closely re
sembled the NNI diploid p,m•nt and werc fully c,clf-fertile. The remaining 7 plants 
departcd morpholugic:ally from the type of the recurrent parent and some of them 
showed r<'d u<,Pd forLili ly. I n n one of t,J.c plants of that generation the presence of 
violet antherH waH dctl·<·.t.l'd. 

Tho mating of female :-;e:-;(pridiploids to mule N. alata yieldcd cap:-;ules at a rate 

Talii,· 4. (;,·rntillnt-ion of iJ(/1 liybl'i,l s,,:•,Ls <)f .V. tabacwn cv. :--[,1<lwii;Jai1ski 
lVbi,v (:!,r) (F, .V. hh,1",11n ev . .N,Hl11i~l;u'iski '.\Ldy (4x) ><N. (1,lata,) and 

(F, A'. ta.imcw11 ,·v. l\:adwiśhu'iski l\Li,ly \4:i:) x 1v. alata) x N. alata 

J'n1g1•11.,· 

110. 

---··--··----~----- -----

li ybri<ls 

I B01 .i.\'. taJntca1n cv. Na(lwi:;;I,1llski ~,t,tły (ix) 

! X (.B\ N. hh-u:urn CV. Nadwiś[a1)ski 1\fały 
I (Lt) X N.'1/Jll1t) 

! /JL1

1 (F1 ;.V. tahw:t:,•rn cv. Xadwiśhuiski ~lały 
(h) x N. a/au,) x N. ulata 

i J!cr cent ger-
Sowing date 

1 

n1i1_1a ted sec ds 
(afler I,! days) 

~------ --··-·----

I 
.l!'all 1984 
(fresh seeds) 

16.4 
26.9 

3.5 
,, 38.4 

3 U 

: BU, .\'. t,,bawm cv. c\adwiślański Mały (2,c) x Spring 1985 
(/1'1 N. f.-t-fm<·twi ev. Nadwiśl:u'tski l\'Iały (4x) x (seeds storcd over 
N. 11lat,I) winter 

1101 N. tabacum cv. Nadwiślat'1ski ,fały (2x) x }",tli 1985 
(F, N. tabl!ca,n cv. Nadwiślmiski Mały (Le) x (frcsh secds) 

48.3 

16.9 

1 .V. 1tlnta) 60.0 
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of approximately 1 capsule/1O pollinated flowers. The capsulcs wer0 poorly filled. 
The seed germination rate was from 38.4 to 2.4% (Table 4) . That generation was 
composed of plants very similar in flower morphology to the /i\ N. tnbacum cv. 
Nadwiślański Mały (2x) X N. alata, (Fig. 8). The segrcgant,s had from 34 to 38 
chromosomes (Fig. 9), formed blue anthers and were completcly sterile. Both the 
chromosome number and the morphology indicated that the plants must have 
originated through the fusion of gametes of N. alata with those of the scsquidiploids, 
the latter containing, in addition to the haploid complement of N. t11,bu.C'!Wt . some 
univalents from N. alata. Some of the plants thus obtained werc remarkable for 
vegetative vigour (Fig. 10), far exceeding that of regular amphibploids. 

DISCUSSION 

The range of chromosome pairing in the F 1 N. tabacum cv. Nadwiślański Mały 
(2x) x N. alata was wider than that given by Kostoff (1943) the latter investigator 
reporting from 4 to 9 bivalents. Malecka (1977) investigated a very close hybrid 
combination i. e. N . sanderae X N. tabacum and found 6 bivalents as mo,;t frequimtly 
occurring which agrees well with our data. Since autosyndetic as,mciations must have 
accounted for some of the bivalents formed by the hybrid, the actual number of 
biparental pairs might have bcen a little lower than the bivalent numbers ohserved. 
As it is , the chances of genotic recombination in the tabacum-alat:1 amphidiploid 
seem to be good as both the regnlar number of bivalents and the presence of chrom
atin bridges ard dicentric chromosomes may be regarded as cytological consequcnces 
of crossover events taking place in the hybrid's meiosis. However, the N. ta,bacum cv. 
Nadwiślański Mały (2x) x N. alata amphihaploids were completely self- and cross
-sterile and, dne to reduced vegetative vigour , not readily amenablc to chromosome-
-doubling treat,ments. 

The sesquidiploids N. taba,curn cv. Nadwiślański Mały (4x ) X N. a.lnta obtained 
directly from the tetra-di mating were found to have some residual fortility unlike 
the completely sterile rn 3quidiploids obtained in the same manner by Chaplin 
and Mann (1961). However, Chaplin's sesquidiploids involved a differeut tetra
ploid tabacum parent. The fortility of our sesquidiploids though much improved 
when compared with Chapl in's was, as it is, very p ::>or for that class of hybrids 
and restricted to the <j? sesquidiploid X 3 N . alata and <? N . tabacitrn X ó sesqui
diploid matings. 

It is a common knowledge that in crosses between parent, of which one is self
-compatible and the other is self-incomp1tihle, the mating 3 self-compatihle X J self-
-incompatible is oftcn successfnl while the reciprocal fails to yie ld seeds . It :,;hould 
be noted, however, that Ivancheva-Gabrovska and Manolov (l!l82) re
ported some self-fertility in the 1\ tab,wum-alata hy hrids involvi ng both diploid 
and t etraploid N. tabacum. In the case of /i\ N. tabacurn cv. Na<lwi8la,ński Mały 
(4x) X N. alata the incompatibility seems to ext.end to the sesquidiploi<l generation 
as well. Since extra chromosomes arc usually better trnnsrnittcd through the egg 
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than through the pollen (Chaplin, Mann 1961), the chancs of a gene transfer 
via univalent transmission may be negatively affected. 

The irregular pairing behaviour of some of the tabacum homologues seems to 
account, at least in part, for the poor fertility of the sesquidiploids N. tabacum 
cv. Nadwiślański Mały (4x) X N. alata. However, other factors such as lethals may 
be involved. The involvement of lethal genes might explain the low germination 
rate of BC1 N. tabacum ev. Nadwiślański Mały (2x) X (F1 N. tabacum ev. Nadwiślań
ski Mały (4.1:) X N. alata). N. alata, as an outcrossing species, is likely to maintain a 
substantial load of lethal recessives for which N. tabacum may lack appropriate 
dominants. The notion seems to be supported by a surprisingly high vigour of some 
of the BG\ (1\ N. tabacum cv. Nadwiślański Mały (4x) X N. alata) X N. alata 
segregants which, in all probability, had one or more N. alata chromosomes in 
disomic condition. 

The BC1 N. tabacum cv. Nadwiślański Mały (2x) X (N. tabacum cv. Nadwiślań
ski Mały (4x) X N. alata) was the so-called "breakdown generation", in which 
the haploid genome of N. alata was broken down into individual, independently 
segregating chromosomes. The preliminary observations of that generation seem to 
indicate that it was largely composed of N. tabacum cv. Nadwiślański Mały (2x) 
-like plants with little plant-to-plant variation and little, if any, segregation for 
dominants from N. alata. The relative uniformity of the BC1 generation was sug-
gcstive of a very low rate of interspecific transfer from the alien species. .:, 

In the tetra-di combination a certain reduction of genetic exchange rate seems 
to be inherent. Pa tel and Gerstel (1961) demonstrated that sesquidiploids showed 
high degree of preferential pairing and, consequently, little trivalent formation. 
In conformity with those data, fow trivalents were formed by the sesquidiploid 
N. tabacum cv. Nadwiślański Mały (4x) X N. alata. In the latter hybrid the situation 
seems to be further aggravated by the fact that the sesquidiploids could only be 
used as pollen parents in backcrosses with N. tabacum, thereby reducing the chance 
of a gene transfer based on transmission of extra univalents. Thus, to make up for 
restrictecl gene exchange between N. alata and N. tabacum in gene transfer pro
grammes utilizing the tetr,Hli combination, very large BC1 populations should be 
obtained and sereened for a desired trait. 

The vigorous amphihaploid-like plants with supernumerar_y chromosomes 
obtained from baekcrossing the sesquidip!oi.ds to N. alata ma_y offer some hope 
in circumventing the disadvantages of the tetra-di combination. They show enough 
vigour to be a good materiał for further breeding work including colchicine-treat
ment. Thus they may hold promise as a source of improved genetic recombination 
at the amphihaploid level. 
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BADANIA CYTOGENET YCZNI•~ MlESZAŃCÓW MU<JDZYUA'l'UNKOWYC'H OTl-tZY
MANYCH ZE SKRZYŻOWANIA DI- I TET.ltAl:'LOlDALNE.J 1~0 1-tMY NI<JO'l'lANA. 
'l 'AR. W/TM L. CV. NADWIŚLA>;;SKJ MAf~Y Z N1001'1ANA A /,.I '!'A L TNK ET OTTO 

Strc sz c-zenio 

Uzyskani„ rnH~szaiica N . t,1ba.:1nn var. N aclwi,'.;l,,fr,ki M,tly pn -= 48 ) /N. ąfa,t,11 (2n c=• 18) 
było pic.rwszyin dnpc1n bad.a ft zm i, ·r·zaj i.~cyel t do w,v ltod owa.nia tyto1ti11 odpo r1t<'g<> na fAJCOpcr -
8-icon virns :l (TS.\VV). !{ośliny rni <·sz,n'wown wylrnzy,1·,tly shl,ą ,;..y11·nt 11 0;;,, i by ły ,,alkowi 0io 
lwzplodn<'. O,.;olmiki, kt óre osiągn\}l y est,idimn kwitnienia h,vly mnfLli.aploidaini n li,:zl,i r c.lu~nno
somów - :l:J . B.o~liny F't tworzyły w m e jozie od O do 10 biwnknt,ów (śn·d.ni ,1 rnodu.lna - fi). 

1/, formy diploi da ln Aj .N. tabacurn var. Nadw iślmiski Mały w·yprowrnl:/.OIJO fo1 ·mę totraploi
dalną (2n =• !.l(i) i skrzyżowano ją t,1,kże z N. alata. Rośliny .r\ pochodząc,· z t.f-go krv.yżowania 
wyk,tzywaly również słabą ży ... ,votność i ni :,;ki stopie1i przeżywalnośc i. Cy tologic~,ni o były sos
kwidiploidn.mi o liczbie chromosomów - 57. \V 65,7% komórek JIUJ('i('J·zyistych pyłku .,;twior
dzono ,1 ystępowani e od IO do 23 uniwa lentów, co wskazywało nn br,lk koni11µ:acji nicktl,ryc h 
homologicznych chromoimmów N . tabacum i powodowało niską pł od.r10,;,, ziarn pyłku tej fol'!ny. 

Plo,lność roślin scskwid.iploirl.nlnyclt h yla niska i owaniezona <lo kombim1.c ji N . tabacun1, x 
seskwidi p loid i scskwidip1oid. X N. alata. \V pokoleniu B01 pi,·r,, sznj kombin Hcji krzyżowania 
obserwowano rośliny o moYfologii zbli :i.orw j d o o,.Lniauy N,Hlw;ślar'tsl,i Mały, \\ykazująco małą 

unieimość osobniczą i niewiele eL"clt wskazujących wt trnns1Hi :-<j<J g<·nów z g1tt nnk11 N. a!ata. 
\V wynil,11 rlrugiej kom bina<·ji krzyżowania otrzym'HlO rnśliny zbli~.nno <'yi,olog iczni " d o mn.fi
h a.ploidów, o liczbie ch rom o;;omów od 34 do 38. Ninktórn z Lych roiŚlin w_v lrnzy,,·ały wysnki 
stopieit żywotnośc i . 

ll,lłTOrEHETJ.14ECKl1E MCCJlE,QOBAHlUI MDKBl1)],OBblX rJ.16Pl1)],OB, TIOJ1Y1.JEHHblX 
OT C KPEll(J.1BAHMJI ,LJ,MnJ10l1)],HOH l1 TETPATTJJ0l1)],HOM <!>OPM N l001' TANA 

TABACW\11 L. VAR. NADWIŚLA ŃSKI :\1.AŁY C Bl1)],OM N . ALA'I'A L 1 .:--;K ET OTTO 

PeJioMe 

ru6pH,1 F, N. tabacum var. Nadwiślai1 ski Mały (2n =48)xN. alata irnmreTCH nepsbtM JTaIT0M 
Hccne,1osa ttłlii nonbtTKH Bb1BC,l\ettm1 Ta6aKa ycToii'IHB0ro K Lycoper8icom v ir11R 3 (TS\.YV). r~16pH,!l nposrn
nnn cna6yJO BbllKblBaeMOCTb H 6btn nonH0CTblO CTepHnbHblM. PacTeHV.ll , KOTOpb1e ,[\OCTl\fflJ,I CT8)nllO 
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l.{BeTCIIIHJ, 61 ,l, IH a1vup1-trallJIOH,ł\aMH C 'IHCJlOM xpoMOCOM 33. PacTeJHtll J,\ TlpOJł'JBO,[\HJIH B MCH03C OT o /:(O 

JO 61rnaJICH1 0 11 npH CpC) l,HCH. MO,l\aJILHOH. , COCTaBJllllOW.CM 6. 
PacTCHHll /!' 1, 11po 1-1 c xoµllWHC OT cKpcu11rna11Hll N . tabacwm. var. Nadwiślai1ski Mały 1e1parrnottil 

(2n= 96) C N. alata H\K)l(C poCJllł cna6o H H Mem1 Ił WlKYIO C rel!Cf!b Bbl)l(bfilaCMOCTH. IJ,HTOJlOfH'ICCKH GblJIH 

OHH CCCK[lfl/ (1111JI011/WM11 C '111 C;10M xpnMO..:OM 57. y 65,7 % Ma rcp11HCKOX KJl:CTOK llblJlbUbl o6ttapy)l(CHO 

IlOllBJlCHl1C OT IO / I.O 23 Yfll1BaJICHTOB, 'I ro yKa1 blBaJ10 11a OTCyTCTBMe KOHbt0rauH11 HCKOTOPblX fOMOJlO

rll'ICCKHX xpoMOCOM N. tabacmn 11 OJ]JIOttpCMCll!IO o 6bllCHllJTO HH'JKytO ffJlO/l,01)0/l)IOCT b llbU!bl(hl )TO.ii: 

qlOpMbl. 

flno; i o p(l)~IIOC rb CCCK!Hlj\Hll JI OH JVJB 6b1 Jla :rna 'I 11Tt' JlbHO CHH)l(eHa fi orpaHH'ICHa / (0 KOMÓ1Hlal.(11H 

CKpClJ..\11ll3Hl1lł '. /I;". talmc ,.nn. CC<.:Kllff).\lffl510W/ \ 11 CCCKBl1).\1111JIOHJ~ X N. alnta. Tie poall 113 3T11X KOM611ttall,1Uł 

,!\ana noKOJ1Ctt11c J;O,, cocroHLl\CC o 6onbL1J11Hcrne 111 paCTetttti-i 11ot106H&1x copTy NadwiślaiJSki Mały, 

o6ttapy)l(HB(ll01Jll1X Hi.:60JlbUJYIO H1Mewurnocrb MC)l().(y 11H/~11B11,l\ya.'1 ;.,11b:Mtt pacreHl1llM11 11 .l!eMHoro rrp1n

Ha1con, yKa3LlilatOl!lfl X 11a Tp;rnCMl1CC11IO rCHOB 1-13 N . alata. 8 APYfOM KOM6ttua u1rn CKpCll.(HB3llHH nony'ICHO 

paCTemrn l~l1TOJ10r11qCCKH 6mnK11C aMctrnrannott/l,aM C '111CJ10M xpOMOCOM OT 34 /I.O 38 . B OTJ111q11c OT 

peryJillpHblX aM1p11r::trlJIOH l JOfl, HCKOTOPLIC 1-1'3 3fl1X pacre1rnil. HMCJHi Bb!COKHH YPOBCHb llbl)l(blHaCMOCTH. 


