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Summary. The li\ hybrids of Nicoiiana tabocum (2n=48) with threc specics of the 
scct,io11 l'aniw fotae (2n = 24) wcrc obtaim\d. The F 1 hybrid N. tabacum cv. BP-210 x N. 
bena,vid<wi·i fornt,·d from O to 6 bivalents with a modal number of O. The F 1 ltybridK N. 
knightin,,.a > N. uihacu.111, cv. fayda a nd N. raimonrlii X N. tabaaum-F 1 cv. Zamojska 4 X cv .. 
LB-8:18 ea.ch fonne<l from O to 3 bivalents with a moda.I number of O. The mea.n number of 
bivalents p<'I' cplJ iu tlm F 1 N. tabacll'ln X N. be11aviclesii wa;; sigT1ificautly higher than in 
tho rnmnining hyl)l"i<IK indicating that, out of the three Rpecies, N. benaviclesii lv1.d the 
closest aflinit.y to N. tabarum. The tlu·ee hybrids ~·ormed mostly ahorted pollen. 

The stu<ly 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 G oo<lspeed (1953). For both authors the cytogenetical investi­
gations of Nicotiana hybrids were primarily a t-001 of establishing systemat.ie rela­
tionships within the large genus . 

.Nicot·iana 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 
,rjrus (TMV) from N. glutinosa fo the variety Samsoun of N. tahacum. Since that 
time the theoretical and practical aspects of interspecific hybridization in Nicotiana 
have becn closely related. 

The throo spccies - N. b•,nnvidesii, N. knightiana , and N. rairnondii - are phyl­
logenetically distant from the cultivated N. tabacum, but th.ey 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 potentia! sources of resistance to 
PVY in the project aimed at obtaining resistant tobacco germplasm. 

The first stage of the investigations was to make the respective F 1 hybrids and 
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to study t.heir me iosis , a.s a prohnhil ii-y of genet.i e e x:cha nge l,d wet·n hvo ,qrPcic8 i8 

believcd to be strongly dependent on the degrcc of chr·ornosom,d aflinit_v lwtwccn 
Uwm.. 

Hcl"ciJt arc reported data on chromosomal pairi ng nnd. polb1 frrtili/y i11 ff\ hyb­
rids J'(•:-mlt i.ng from crossing N. t o()({/'.? /111 ,v.i t.J1 N . l1 r 11urirl l'8si , N. ki;iyhl'irm// a nd N. 

mimmulii . 

MATEltl AL AND Mr•:THorn-; 

The v;:ild species mmd in tlw intcn, p<wific rn·o:-;1c,0 s WC't ·t• N . /J, •11 ·1 n 1!tsii C ood speed, 
V. kniyht'i<rnff G oods p cc d , and X. ·ro inwn d·i-i J\Jad1rid c. 'l'Jwy ,,rn d ,tss ili, ·d in t.J te 
;e ctioil· Pąnicul(l./ oc, imbgeuus R u .. ~tirn of the genus N irnt in,,, , (G oodspccd HJ;3:3 ). 

!1:ach of them h as ,t diploid chromm:ome numl,er of :!.n 2-J.. Tlwv ,u·,, 11 :d ive t,o sout­
\c 1,1 l'eru , wh1're they occ 111· "" n,d,·ra l a :•<1 t:v,Hl sidP w c•\·d s . Tlw ,u :i•i,ss ion s Us(,d in 
·,his st 11<ly hav e be.:·n 1n ··,inhi 1:pd in tlw colk dio11 of thi s d1·p:11tnw11t fi>r a number 

1f y<•:: •·,-; . 

Th r,•f> forms of t he N . ta f, r: r·u m p ,1J"t •u t (~n = 48) W<·re 11 sed: c\· . Bl'-2 JO . c v. Izyda, 
rnd E\ ev . Zamojsk a 4 X <,v. LB-8:rn . The fu lluwing i11 t.:, rspe<:iii 1, li_v hrid s wnt\; ob­
a i.ned : 

1. N. t o ha f:U '/11 cv. Bf' .. 21 O X N . /.; , i1 " 1!tdesi i 
2. N. /,:11 iultt-iaw1 x N. f(lh rwu 111 1·1,· . . b :,vd a. 
3. N. r(/im·mdiix .N . tah11 t1, •m -F 1 cv. Znrnoj,drn. 4 X <:v. LB-8:{8. 

In Lcr:sp i: ci fic polli nation8 wen:- madP :u tit•., g 1,·.1•11h11u s-:• . ( '.- ,-:t ra1~ ,d flowers werc 

>oUinakd witlt frcsh r,olkn front 11 ,c tnnh p:irc nt,s j ,: t h,e <:rn,, ,,. To prnv,,11t pr:> rnaturc 

6ld cap,-;ul c a bsci;;sio11 , 1 % N A.A in lanoli n was aprli f•d t o t ltie has1• of t he pccii cels 
,f polE.t, afotl Jlowers. Seeds were gt1· :ninati, d on Pet;ri di slws on r11oisf ,t• 1wd hlotting 
,apcr at ~7°0 and light was }H'O I 1,lc1l by fluoreseNtt t uini,;. łi_v l, ,·id p i.,.n L!-< wcre r;.1,jse1l 

i.11.g ly :n po t..." iu th,: g·Li 1. 11hou,.;P. The soil w,ts a co m po.--;t . lll.; :d•1 ;i,. 

C_, 1A:,log1<·:tl 0xa mi,rnLio1ts .i.nd udc<.l c01 111ts of 11 , : ,,.( i,- 1,lu·11 111 ,1,;0111es . obse rva ­

ion8 of p ;t.i ri.ng a~ ,\fobtpfo,se l in tlv- polk n mot,IH-,,. c,dl s. 11• 1d d "i,1•1·m i,,;d .io• 1s of pol­
,n Yi;tliili Ly. Smcar pr1.,p.irat i,:ins of mit·, ti <• <-tll'o nJosmn ~s w,i l\l nud o frnm y oung 
orollas. T h.ey werc p retreatcd wi t.h all oxyq,,;nolin<'-m a lJo;ą, solu1,ion (0 .•14% oxy­
uill Olide soJution) to aid shor wning and sp1\i,11h 1g o f ch:·om11,-;;>mc.~, fi xcd with 
:3:1 e thanol-chloroform-acdic a cid C,trnoy's flu id , l1n lrol_v.--;n l l"or fi m in in a rl'.ix­
ure of tli;r:•(, p a r ts of the above fixc1tivi:i and 2 pa ds o f 10% Het a t, GO"C , and s t ;Li ned 
0ith acdoc,u•mi.ne CBu 1· ns 1964). A ntlttffs for PMC p n •.pa r,, t,;ons \\'\i rc Gxcd ia 
ar noy·s fluid and sb,incd with acetoca i-mine (Colli ns !!J7!ł ) . Poll1•n vi.~bil ity was 
st.i1w ,. t, d a8 pcrc,,:ntag0 of nu1ture poU,\:J gr,.i ins stail' ab! ·· in a ee to<;il:·m;il(' . Photo-

1i1.:rogectphs were t a.ken U8ing Zei8s'::, E rg.wal m icro:41•or1, wiLh a :-.l,:111d :tnl m:cro­
ho t ()g rnphic gear. 

Dt:ncan's tes t was used to estimatc the significan ce of differcnces in the mcan bi­

alentnumbcrs per cell between the hybrids (Oktaba 1966). 



Fig. l. Mitotic metaphase in the F 1 N. tabacum cv. BP-210 X N . benavidesii. 
36 chromosomes 
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Fig. 2. Metaphasc I in the F 1 N. tabacum cv. BP-210 x N. benavide8ii: A 36 univalcnts; Band 
C 32 univalcnts, 1 rod-shaped bivalent with a well-formed chiasma and 1 bivalent with a vesti­
gia! chiasma; D 28 univalents and 4 bivalents including one heteromorphic (second from top); 
E 24 univalent:;,, 1 bivalent showing precoccious disjunction or a pseudo-bivalent (first from top). 
and 5 regular rod-shaped bivalcnts; F 21 univalents 1 random univalcnt association with a pse-

udochiasma (third from bottom) 5 regular bivalents, and 1 trivalent (fo-st from bottom) 
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Fig. 3. Metaphase I in the F 1 N. knightiana X N. tabacum cv. Izyda: A 36 univalents; B 34 w1ivalents and l bivalent; 
C 32 univalents llJ'ld 2 bivalen,tą in,cluding ane heteromorphic; D 30 univaients, 2 bivalents precocciously disjoined, 

itnd l regular bivalent 

~ 



Fig. 4. Metaphase lin the F 1 N. raimondii xN. tabacumF1 cv. Zamojska 4X 
cv. LB-838: A 36 univalents; B 34 univalents and 1 bivalent 
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RESULTS 

The three hybrids - F 1 N. tabacum cv. BP-210XN. benavidesii, N. knightianax 
N. tabacurn cv. Izyda, and N. rairnondii X N. tabacum Fi cv. Zamojska 4 X cv. LB-838 
- each had 36 chromosomes in their somatic cells (Fig. I). 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 I to 6 bivalents at 
the equatorial piane 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 1\ hybrids. As seen in Table I, the hybrid N. tabacum cv. BP-210 
X N. benavidesii showed a somewhat higher pairing range (from O to 6) than the re­
maining two hybrids (from O to 3). Likewise, the mean bivalent number per cell 
was significantly higher in the Fi N. tabacum cv. BP-210 X N. benavidesii (0.96) than 
in the F 1 N. knightiana X N. tabcwurn cv. Izyda (0.20) or in the Fi N. raimondii X 
N. tabacurn 11\ cv. Zamojska 4 X cv. LB-838 (0.48). However, the averagemodalnum­
ber of bivalents was egual to O i.n 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 1 N. tabacum cv. BP-210 XN. be­
navidesii. It seems, that the major source of that variation was the sampling error 
resulting from a limited number of the observed PMCs. 

The bivalenti; obscrved in the three hybrids were rod-shaped with one terminal 
chiasma (:Fig. 2, 3 and 4). The chiasma varied from very distinct to vestigal (Fig. 2 
and 3) a11d some of the apparent bivalents could actually be univalents that stuck 
together at random. Bivalents observed were mostly roughly homomor-phic, though 
some heteromorphic bivalents were also found (Fig. 2F, 3C). Trivalents were very 
rare and werc observecl only in the Fi N. tabacum cv. BP-210 XN. benavidesii (Fig. 
2F). 

The planti, of the three Fi hybrids were self- and cross-sterile. On average, stai­
nable pollen grnins accounted for 0.5, 3.0, and 0.6% of the total number of pollen 
grains in the 11' 1 of N. tabacurn cv. BP-210 X N. benavidesii, N. knightiana X N. taba­
curn cv . [7.yda, and N. rairnondii xN. ta.bacum F 1 cv. Zamojska 4 xcv. LB-838, res­
pectively (Table 2). For comparison, those values were over 90% in two cultivated 
varietes of N. tabacurn - BP-210 and Zamojska 4. 

DISCUSSION 

The interspecific F 1 hybrids described in this report can be classified, according 
to the criterion by Goodspeed (1953), under the "minimum p11iring" category as 
showing the modal number of bivalents equal to O. Those data, are not in complete 
agreement with the observations made by Goodspeed himself (Goodspeed 1953). 

5 Genetlca Polonica 3/1987 



Ta ble 1. Chromosome pairing at Mctaphase I in the interspccific li\ hybrids N. tabacum cv. BP-210 X N. benavide8ii, N. 
knightiana X N. tabacum cv. Izyda, and N. raimondii X N. tabacwn-F, cv. Zamojska 4 X cv. LB-838 

I I Number of PMCs with bivalents• I ~!can biva- 1 . i , 
. I j--~- -i-

1 

l t I iioda l b1v1t- Total no. of Plant, no. I Ilybrld 

I i I 
I I 

en no. per t . . . , 

. - - I - ·- · --- --------- --·-- -
1 2 3 4 i 5 

I 
6 cell len no. ! PMCs 

-- -----
1 N. tabacwn cv. llP- 210 x N. bcna.vidcsii 65 39 25 7 2 - -

I 
0.86 o 138 

~ 2ł 13 9 ł 1 1 - 1.00 o 52 
3 29 ~i 19 li 4 - l I 1.3! o 92 
4 48 15 3 3 - -- - 0.4.3 o 60 
[, 3 o 1 5 4 •l - 2.56 1 23 
6 34 21 4 1 - l - 0.00 o 61 

lllcan 34.0 :.?0.2 10.2 5.3 1.8 I.U 0.2 0.96u o 72.5 
1 S. kniyhtinna x S. talx1cum cv. Izyda 84 10 - - - o.n o 04 
2 69 !l - 1 - - - 0.15 o 78 
3 66 12 4 1 - - - 0.:!8 o 83 
4 80 21 3 - - 0.26 o 10! 

Meau 74.5 13.0 1.8 0.5 - - 0.20b o 80.8 
.V. raimondii x S. t<tbltcum-P'i rv Z.4 x cv. Lll-838 31 9 6 1 - - - 0.51 o H 

2 

I 
45 H 7 2 - -

I 

0.50 o 68 
3 40 11 8 1 - - 0.50 o 60 
4 25 8 2 - - 0.34 o I 35 

Mean 3t.5 10.5 5.8 1.0 - - 0.48b o ! 52.5 
-------~ --- ---- -----

• Higher valencles (trivalents) classlfied us hlvalents 

..... s.,. , ,---~- ~ - -"" ~ ""'' "'''"'"""~'·'·· ---~'>""'"""'';;.-,,..-~-....... -~;i"""_,_;.'1;;',f'~iól...~- ----..o•k #7 iili:ilii ttM'tflttti" tt rett·trt·u "7 t' t:rtt wnet ttrW'SUff t7Ss rr 



(5] Chrornosorne Pairing and Pollen F ertility in the Interspeci:fic Ji\ Hybrids 267 

Table 2. Pollen viability in the interspccific l!\ hybrids: N. tabacum cv. BP-210 X N. bena­
videsii, N. knightiana x N. tabacum cv. Izyda, and N . raimondii x N. tabacum F 1 cv. Zamojska 

4 x cv. LB-838 and in two cultivars of N. tabacum 

Total no .. of I No. of stainable % of stainable 
Plant no. Hybri<l 

pollen grams grnins gra.ius 

1 N. tabacum cv. BP-210 xN. be1uwideei-i 567 3 0.5 

2 504 1 0.2 

3 650 2 0.3 
4 732 7 1.0 

Jllean 613.2 3.2 0.5 
1 N. kniohtiana x N. tabacum cv. lzy,la 388 5 1.8 

2 1196 43 3.6 

Mean 792 24.0 3.0 
1 N. raimondiix N. tllbacum-F, 550 4 0.7 
2 CV. Z. 4 X CV. Lll-838 446 1 0.2 
3 654 6 0.3 

4 522 3 0.6 

Mean 543.0 3.5 0.6 
N. tabacum cv. HP-210 345 321 93.0 
N . tabacum cv. Zamojska 4 450 443 98.5 

The latter investigator included the hybrids N. tabacum X N. benavidesii and N. 
raimondii X N. tabacum in the "low variable pairing'' group, based on the range of 
O - 6 bivalents with a mode of 3 in the former hybrid and the range of O - 7 with a mo­
de of 2 in the latter one. Kostoff (1943) reported an even higher pairing range for 
his F 1 N . raimondii X N. tabacum (from 3 to 6). A pairing range wider than that ob­
served in this study was a.Jso reported for the F 1 N. knightiana x N. tabacum (Take­
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 relafr~d to the observation error. In low-pairing interspecific 
hybrids such as those dealt with in this study there frequently occur random uni­
valent associations (G ood speed l 953) and the dist.inction between these associa­
tions and true bivalents is offon 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 t.he 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 absolut.e figures, in­
dicate a sornewhat higher chromosome homology in the F 1 N. tabacumxN. benavi­
desii than in either N. knightiana. X N. tabacurn or N. raimondii X N. tabacum. It is 
consistent with the systematic position of N. benavidesii in the section Paniculatae. 
Unlike the ''core species", :V. 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 Tom.entosae from which comes one of the postulated proge­
nitors of N. tabacum. 

The irregular and random chromosome distribut.ion to the gametes, anobvious con­
eeq uence of the uneven num bers of parental chromosomes and of the la.ck of homolo­
gy 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 poUen grains for­
med by the hybrids were derived from restitution nuc]ei. 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 genetical1y deficient and unviab]e restitution gametes. Thus the lowest poUen 
viability encountered in the F 1 N. tabacum cv. BP-210 X N. benavidesii 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 potentia} for gene trans­
fer to N . tabacum. Such an assumption is based on a well-established notion that 
chromosome homology or partia} homology may be critical for a segmental substi­
tution to occur (Cła u sen, Came ron 1957) and it can also facilitate the substitu­
tion of anentire chromosome (Ger s tel 1946). 
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KONIUGACJA CHROMOSOMÓW I ŻYWOTNOŚĆ ZIARN PYŁKU TRZECH 
MIĘDZYGATUNKOWYCH MIESZAŃCÓW F,: N. TABAOUMxN. BENA.VIDESII, 

N. KNIGHTIANA x N. TABAOUM I N. RAIMONDII x N. TABAOUM 

Streszczenie 

W wyniku krzyżowania tytoniu uprawnego N. tabacum (2n=48) z trzema gatunkami sekcji 
Paniculat,ae (2n=24) otrzymano mieszańce F 1 • Mieszaniec F 1 N. tabacum cv. BP-210 x N. be­
navidesii tworzył od O do 6 biwalentów, przy średniej modalnej równej O. Mieszańce F 1 N. 
'/onigktianaxN. tabacum cv. Izyda i N. raimondiixN. tabacum-F1 cv. Zamojska 4xcv. 
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LB-838 tworzyły od O do 3 biwalentów, przy czvm średnia modalna wynosiła również O. Średnia 
arytmetyczna liczby biwalentów przypadających na 1 komórkę macierzystą pyłku była u mie­
szańca Ji\ N. tabamim cv. BP-210 X N. benavide8ii istotnie wyższa niż w przypadku pozostałych 
dwóch mieszańców, co wskazuje na bliższy stopiei1 pokre,,ieństwa N. benavidesii z N. tabacum. 
Badane trzy mieszai1ce wytwarzały prawie całkowicie nieżywotny pyłek. 

KOHbłOI'AUlUI XPOMOCOM H ITJIO,LJ,OBHTOCTb ITbIJibUbl Y ME)l{BM,Ll,OBblX 
D1EPI1,D,OB 11', OT CKPElllHBAHlUI NICOTIANA TABACUM L. X N. BENAVIDESII 
GOODSPEED, N. J{NIGHTIANA GOODSPEED :-< N. TABACUMMN.RAIMONDII 

MACBRIDE x N. TABACU.iłl 

Ilonyqef!hl rn6pH)].bl F, OT CKpelIIHBaHHH Nicotiana tabacum (2n=48) c TpeMl! BH,ll,aMH ceKl(HH 
Paniculatae (2n= 24). f'tt6pH,ll, F 1 OT cKpell(1rnaHHll N. tabacum cv. BP-210 x N. benavidesii nMeJI OT 
O ,uo 6 6irnaneHTOB c MO)].aJlhHhtM q11cnoM O. rn6pH.LJ;bI F 1 OT CKpell(ttBaHHll N. knightiana x N. tabacum 
cv. Izyda, N. raimondii x N. tabacum n cv. Zamojska 4 x cv. LB-838 HMCJIH OT O ,ll,O 3 6HBaJICHTOB 
KaJK)].blli C MO,[\a.TJhHb!M 'ilfCJIOM o. Cpe.a;Hee 'iliCJIO 6HBaJICHTOB Ha KJieTKY y rn6pH,ll,a F 1 OT CKpern;nBaHH.11 
N. tabacum x N. benavidesii 6hIJIO 3Ha'ittTeJihHO Bhmre, qeM y ocTaJihHhIX rH6pnp;oB, 'ITO yKa3hIBaJio 
Ha TO, qrn 111 Tpex BH)].OB N. benavidesii nMerro Ha116rrttc1IIee pa;:i;crno c N. tabacum. 3TH TPH r116pn,l:\a 
Ilp01ł3BO,[\HJIH B OCHOBHOM CTepHJibHYIO IlhIJihl(y. 


