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][NTPoODUCTION 

THE hypdthesis tha t  2¢icotic~%c~ Tabacum (9%=~t8) is of amphidiploid 
origin, involving .5 r, syl, vsst~'is (9~,=2/0 and 2V.' tomento~a (2~.=2-¢) was 
advanced by Goodspeed A Clausen (1928). This hypothesis is based 
mainly on the pa.h'ing relations ('Dzosera seheme') of th% chromosomes 
at meiosis in the F x hybrids N. Taba~eu~,~ x N.  syl, vsstri,s and N. T~bo, eu,~,~ 
x N. tomen~o~c~, on the absence or slight amount of pa,iriag in N. T~,hac~m 

hap]oid (Chipman & (4oodspeed, 1927; £!Iausen & Nam_~, 192~; Lammerts,  
193,t), and on the slight amount  of ]pairing in %he .v z N.  sylvssg~'is x 
iV. [,ome~a~osca (Goodspeed, 193-4), as well as on the morphological features 
of this last hyb]:id (Pl. 3 and PI. 6, ~g. 2) which resemble those of 
N. Taba, c.~m< For the more complete evid.enee in m{pport of this b.ypo- 
thesis reference i smade  to a,n. eaJier paper (GreelJeaf, 1941). 

It was soon recognized tha,t N. ~o'me~o.~ifvrmi~, a species closely 
related to N. ~omc~gosa, could be su.bsdtt~ed for ~he lat[;er species in the 
N. <yh~e.s_/,r.&' A r. ~ome.nl, oso,--N. Taloaoum triangle ((!b.usen, 1932; 
l<os~off, 1938). A fertile a,mphidiploid, N.  s~/gvest, ris-l.o?~ze~osij'orm'i.s, ws,s 
synCh.seized by Kostoff (1938). The method of synthesis and {he probable 
origin of this a.m.phidipkfid will be discussed below. The same amphi- 
diploid ms, de by somatic doublh~g of the Xa hybrid, using the same strains 
of the parental species as were used by Kostoff ((~reenlea±, 1938), is 
eOml?IeiMy female sterile but highly male fer~ite (95 c~ of good pollen). 

Since &~e summer of 1937 the writer has made ,several ,q.,mphidi:ptoids 
wb.ich are co3~.eernei[ with t,he problem of the origin of N. To&scum. All 
involve 5% #'g/...veggr2s a~)d some species or race of the N. tom.entosc~., group 
x.vhieh are known ~o give the 'Drosera, sd?.eme' of pairing or :proba,bly 
,~h.ow this ]?ehaxdou:r wi.d~ N. Tebac,~.m. N. sylvesg~'es4omengo.se, (¢~.,), 
4V. sylves~,ris4o'menl.os~jbr.m,t;s (4:)z) UT," N.  ~ome.ngos{/'o.rmis-sg~ve~'Z'rix (4~z), 

* Par~ o[' t~ dissm:~al)ion slabn'd~ted in partial m~giaihcgion for ~b.e degree of Doctor of 
]?hi_tosophy 9z (4en e bits a,t, the Univer,sity (i [ California., ]3erke]ey~ Ckdifomfia: Deeem bet 194.0. 

The [create st, stile, maLe fertile aml?hidiplokl of" C4reumIeaf as con~ra.sted wi~h the 
imams fertile, ~nale fert}ile mm of lf_osbo~- 



a:~d N,  .@vestris,S'etc/~e~i¢ (-'I:~,) (PI. 3 and Pl. 6, figs. I, 3;-i) have 13een 
obtained fro~iL c~dlas of lihe corresponding 2?~ .hybrida SeverM amphi- 
diploids have also been m~de by crossing cal].us-indueed aabo~eh'a.ploidS 
of the species. They are : N. s~'vest,r.i~ (-i.~) x N.  tomentosa race Acomayo 
(dn), N. sgZvestr,is (~t%) × N. to'me.n~osa race Nach~ Pieehn (~n), N. ~.Jflvestds 
(4.n) x N,  to.me.ui.osa race Pillcos (.f~l.), N. sglvestris (~'n) × N.  m~ne.~.zm,~<~ 
rac.e Tieempaya (-in), and N. s~yZvest.rA' (.l.n)×N. to.>ne~to,s,iCbr.mis (-i~j 
(PI. 4 and P1. 5, fig. 1). 

It  ha, s been found that the callus-induced amphidiploids N.  sSve,~b'is- 
to'me.ntosa, N .  sg~vestrisdome}~tosijbr.mis Gr, and N. to,me~to~if~>",">~is- 
sgh,sstris which employ l.he brig it~bred N. tome.~toa~ (U.0.B.G. 08-193 z) 
;~md N. to~ne'n~os,~%rmix (U. ~.]n.£~.. 25-].9) are completely female sterile 
ba~ highly male fertile. Nos~ pianos of ~he amph~diploid populations 
in.relying the ~raees Acomayo and ~{aehu ]~iechtt were partially fertile, 
and set one or more capsules when left 1;o open pollinate in the field. 
.There was, however, considerable variation in fertility betwee~ plan{s, 
for a few sterile or ~dmos5 sterile plants, .including some obvious chromo- 
soma] aberrants (as judged by ~he morphological features), appeared: 
The amphidiploid line involving race Pintos failed to set any seed whert 
left ~o open pollinate in the field, bu~ two plants polJJ.nated witk pollen. 
from the amphidiploid Acomayo line set some seed, showing that  a.t least 
some of these plants were potentia].iy slightly fertile. Only two amphL" 
diploid plan~s of the Tieempaya line flowered. One was tested and found 
to be sterile, dm other also appeared ~o be stgrile~ An entire population 
of fifty-four plants of N. sylz:est,ris (~n)x N.  tome~ztos{form'is (,t~.z) was. 
completely female sterile and male fertile, just like the corresponding 
callus-induced ampNdiplofd. All of ~he above amphidiploids-eXCel~g: 
N. sy[vest'<is-SetchegZii have been found ~o have ~-ery good pollen (Table 1). 

k callus-induced amphidiploid N. 9h~t¢,nosa-to'me'nto~a (Yl. 6, ~g.  5): 
has also bee}~ made. It, ~oo, is completely female sterile and male fertile. 
I~ h~s only 6¢~/o of good pollem 

k detaited cytological s~ady of'ovaries of the female sterile .aml~hi- 
diptoids 37. sy~vest'r~s-to~nento~a, N.  sy~vest'r~s-to'mentosifor'mis Gr, N. mm~: 
tos¢formis-sg~vestris, N .  ,qhttinosa-to~nentosa, and N. syh)estris~Setchell~i ha ! 
shown that  evade abortion is not due to irreg~dar chromosome beha~-ioar~ 
at meiosis, but go arrested developmen~ of embryo s~cs while still, inl 
the ~wo- or four-nueleahe stage (6'.ree~Jeaf, 19,11). This is followed, b~ 
disintegration. Only N..syZ,vestris~Setch, eZlii (,in) has shown a few eight  

"University of C~difornia Botanical Garden ~.ceession m~mber. The first number )eferS 
~o the year when received. 
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Table 1. 

Name of ptgnt 

N.  tomentosa race Acom~yo (2.n) 
7C tomentes~ race Pineos (2~) 

N.  tomentosa race Ticempaya (2n) 

_h~. tome,ntosiformis (2n) 
2C 8etchellii  (2n) 

~V. aylvestris (2n) 

zV. tome~tosa rack Pihcos (~n) 

N,  ~o.me~z$osc~ race Tieempaya, (47~) 

N. tomer~tosa race Machu :Dicchu (4n) 
N. tome*ttosiformis (Sn) 

2f, sy~ve~tri~ (4n} 

.F~ ~r. ~yZvesi, ri~ >: .~r fom.c?~tosa 

:F~ ~'. ~ylvestrfs x .N. iomentoslfor'm{s 

Y~l 2~r" G gvc'~t'ris x )N r. £'etvhclli{ 

f f  l ~" t°menl�¢if°r'~ni6' >: )V. Sctc.h(:~t:/ 

~'~ ~ ,  to.t,~cnto~iformio ( 4n )xN.  
5' etchdli'~ 

Polle~ fertility cougars 

:No, of ~o%M no, ~ea~ % 
grMns of grains % good good 

oonnfled eotmt, ed posen pOUCh 

434 98-85 - -  
717 90-10 
509 1226 87-62 89.07 

387 96'38 
488 97.95 
508 1383 91"75 95-23 

895 95.98 - -  
430 75,58 
533 69.61 
515 1478 79-03 74-63 

402 98.26 
408 810 97.79 98-05 

766 7g'66 
606 88,74 
416 87-50 
~42 ~226 76-02 82.52 

4.94 93-72 
498 90,36 
391 1383 93-10 92'3~ 

905 90,94 - -  
231 77-06 
414 82.12 
207 92-75 
305 86-89 
573 92,50 
743 97.04 
768 85-81 
748 3989 86-77 88-59 

7]2 9187 
4SO 93.33 
],33 93'23 
374 91-7]. 
187 1886 85"03 91.52 

432 0-23 
350 782 @57 0"38 

209 1-44 
309 5]8 1-62 1.56 

423 0.24 
394 817 0.5I 0.37 

631 42.31 
349 34-10 
329 46-81 
380 39-47 
54A: 2233 31.62 38.60 

183 68-85 
250 61-20 
157 70'70 
104 57-69 

1238 1932 63.09 63.72 

71 
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Na..me of  p[3.U[; 
2P~ iV. 9tutinosa x N. tome.ntosa 

J~t zV, tomentosifor.nda x zV. tv.men- 
toag 

N, Tabacu~h 

x\ r. sy~ve~tris-tomentosa (4:n) P I 

P2 

N..s2fivestria (4n) x 2V. t~mentesa P6 
race Aeom~,yo (4u) 

PI8 

N.  syA, estris (4~ ) x N. to.mento~c* P10 
race )L~ehu Picehu (~n) 

P l l  

~20 

223 

P39 

N. sylvestria (4~) x N. tomen¢osa P9 
r~ee Pintos (4"~] 

Table ! (cont.) 
No. of To~al no. M:e~n % 
grains of grMnz % goog good 

counted eo~m~ed poEen poOeu 

Whole 0 
sHde 
310 0.65 - -  

626 98.08 
273 899 97.80 08.00 

323 9%57 
473 U3,45 
4U2 I198 98-26 9&82 

506 90-5i 
373 91,69 
915 03-~3 
771 95-33 
D84 95-¢2 
590 94.99 
321 3760 83-49 92.77 

1.i2 9018 
471 95-12 
173 756 93.06 93.92 

285 96,14 
415 700 92"29 93.$6 

457 92,56 
329 786 90.58 91,73 

210 97'14 
I25 335 98"40 97-6/ 

253 96.44 
360 613 93.06 94.~5 

350 94 
258 608 96'90 95-27 

197 97.46 
229 ~26 93-01 95'07 

288 86-1t 
247 535 70-04 78.69 

219 209 93.78 - -  
P22 16.6 68.07 

1~0 306 88.57 77.45 

P29 13.1~ 95.52 
229 363 96-07 95-87 

149 95-97 
153 96.08 
32 I00 
88 97.73 

128 88.28 
192 97-06 

93 93.55 
172 96-5t 
187 1104 9~.12 95-0~ 

306 91.83 
512 90,23 
345 91'30 
516 1679 9~'96 92-20 

N, 6ylves&is-tomentosiform£s 
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lq&me of pla~t  

N.  ~lflvestria-to.men~oaiformis 
( 4 u )  : K o s t o f f  ' 

N, sygvestri~-Se*chelgli (4n) 

AL ggutinosa,-tome.ntoaa (4~) 

t '  x 2V. Ta.bac~,.m x N. .~yh,  e,<.'h'i& 

~'~j. N .  2Tc&a.c.um :-: 3 7. ayh,cag.ds- 
tomentos~l'vrm'i~ ('-.i:'n) (4z" 

F~ ~r. 2rabacu.n?, >:i~7. ayh,e.s#i.s- P I  
£' de.te.elfi i { 'b ;  } 

Table i (conL) 
~o. of Total no. ~'fe~n % 
gvMns, of graius % good good 
counted counted pollen pol~en 

P2 239 75.73 
1076 77-23 

378 90'7-~ 
266 8].82 

~93 229 92,]4 
P 5  261 93.87 

220 83.81 
201 2858 87-06 88.2] 

]?3 613 81-24 
351 81-43 
537 7244  
632 81.17 

PI6 657 68.34 
536 .75,66~ 

1414 89.11- 
829 85-77 
724 56.77 

]053 57-6~ 
794 80,23 
378 74-87 
214: 80.86 
403 9133 76-18 75'86 

1737 47-67 
852 61-50 
209 72.25 
189 88.36 
277 83.39 
139 95,68 
359 88,30 
158 3920 94.94 63.80 

99 89-90 
$:1:1 44.0 9]-79 91-36 

528 81-,id: 
4f56 984 80-70 82,]0 

416 40-87 
35] 69-11 
4'38 63,65 
220 53,64 

P2 359 45.08 
177 5~.5d 
975 83-69 

]292 02.93 
285 :[7,72 
591 51-44 
245 5499 51.84 5683 

]?I 336 87-80 
348 87.93 

P 2  835 86-23 
]008 86.4.[ 

52t; 93-73 
]?3 2.95 87.81~ 

] 73 '~5BI 9:34)6 88.18 

1.80 82.78 
364 54-1: 79-40 80,51 

Y~1 5L T:tba.o~:m x ~. ~y~vc..sIria- 
tomengo,ff.for,m'~ (4~) :K.ostolY 

~.~ N. s~tve~b'i+.-go.menlo:ifurmi.s 
(4:zt) :Ko,stoff :.: N.  q'abao,~t.m, 

7 3  
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Name of piaa~ 

2~ z'C aylvea'bri&tome'ntosifo.rmis 
(4n) Kostoff:< N. ,sy~vestri,>to~ 
mentos'ijb.rm.is (dn) gr 

P1 N.  sybvestrisdo.mc'~tos'ifor.mis 
(4n) K o s t o g  x N.  dy~ve~'b'izdo. 
.mentoaa (4n) 

J~t ~' Tabaoum × z'V. ton~entosL 

F i ~Y. Ta&~cum h~plo X x N. 
sylve.~tri~s--normM plknt~s 

F z N.  aylveatris y ~r. sy~vestris- 
tomentosa (4n} 

.F 1 N.  sy~vestris x N. sylvestris- 
tom.entosifovmis (4n) Gr 

F1 N.  *ylvestrls-to~nentosiJ'ormi8 P 1 
(4n) Xos~off x N.  sytvcst.ris 

F t .ST. sy~,ve.stris (4'n) :< N. sylve& P2 
tria-tome'ntosifor.mis (,~7~) (St 

F~ ZV. T~.bacum x N.  ,~ylvc~iris- 
to.,,,entos.iformi,s (4% (dr (Fe- 
male steri]e plants) 

Ta,ble 1 (co't~t,) 
~Y0. ot" ~Prd;a! nO. ,i%:[et~a % 
g'r~hm . oE grains % good. good 

eouuted oo~_mteO ioo[len pollen 

574 9].-99 
131 755 97'2,4 93-:~4 

II0 96-36 
350 96 
253 713 9-I.$6 95-65 

3]g 2-52, -- 
Whole 0 
slide 

Whole 0 
slide 
264 3 .-Ii 
176 ~540 2-:~7 2.95 

El 387 15.76 
475 I 6.63 

P4 816 ]6'67 
1068 10.95 

537 13-59 
151 3434 18-54 14.39 

72,6 14:-88 
1230 12" ii 

653 20-37 
1078 13-45 

55S 17-7& 
660 4955 21'06 15.72 

}91 498 35.14 
606 46.04 
293 41.95 
270 45.19 

P 2  .36g 51-09 
24~ 61-57 

]?7 291 70.79 
107 54.21 
303 66-67 
436 47-53 
267 3736 58-80 50,64 

186 36-56 
245 4@41 
209 40"]9 

1)7 145 40 
156 32-69 
434 96-04 

I)9 268 31.72 
248 1891 27-82 33.16 

553 34-90 
597 27-97 
346 2@52 
498 1994 33"53 29-99 

PII 335 35"19 
291 676 76"63 81-50 

P95 553 71.25 
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nucleate embryo sacs. Complete or almost complete sterility in t:his last 
amphidiploid is due to failure of pollen tubes to reach the ovary when 
flowers are selfed or crossed with fV..Taba.c:~m 

A cytological study of embryo-sac development has also been made 
of the partially fertile F r hybrids of N. Tabacz~.~ with iV. ,sybestr.is- 
toms~ztos.i, for~is  (~l~:} G~" and N. sy~vest~'is-ge~d~sZ~ii (4~J and of N. sy~,est~'is- 
mme~tosiforT~gs (¢~) Xostoffx di~to Gr. In.all of these the majority of 
~he embryo sacs reach only the two~ or four-nucleate Stage when they 
disintegrate, i.e'. aborti~on is like that in. the amphidiploids. 

Ear]y experiments designed ~o study segregation for sterility in i~s 
N. Tabac~tq~ x 2(. sylvestris-to,me)~tosifo~'.mis (4~) G~' and in the backcross 
[-F a N. Tabact~m x N. sybes~ris-tome,~tosifor.s~is (-i~z) @'] × ditto G.r showed 

.almost no sterile plants. The results i¥o~h the ~2 and the baekcross were 
a]dout the same, viz. three female sterile planes in seven~}--~hree and two 
in fif~y-tliree, respechively. The pollen of the s~erile plants was good 
(Tal)le ]). It  was observed, however, that the plantg from the.~e popula- 
tions varied greatly in fertility, ranging from completely s%rile through 
plants of vex}" low fertility (about 20 30 seeds per pod) to quite fertiIe 
ones. The failure of sterile plants to segregate was understood after 
a cytologicat examination of ovaries. These studies showed tha~ abortion 
is .gametic, and ths.t many of the embryo sacs disintegrated while stJ.ll 
in the two- or four-nncleate sga, ge just a~s in tlie female sterile amphi- 
diploids, i t  beck, me clear that aI1 megaspores' which receive ~ certain 
combination of genes abort. Similar cytological results were observed in 
~'~ N. sylvcs~,ris4om.e~tos~forg)~,i,s (%~z.) Xostoff >, ditto ~r, An ~a and back, 
crosses of this F a to the Xostoff and to the sterile G~" ampliidiploids ga.ve 
only partially fertile but no sterile plants (Table 3). 

Abor~ioa of the embryo sacs is tlioughC to be due to the action of 
eOml_Jementary genes. Each of ~he pare.~.~.tal s.pec.ies has genes controlling 
embryo-sac development, which probably do so by dif[erent reactioz~s 
or reaction rates. When ])roughg ~ogetlher in the amphidiploid, they would. 
oppose each other, thus arresting embryo-ss, c development. The following 
working hypoth.csis of the cau.se of the sgerihty i~] the amphidi.ploids has 
been evolved: Only those megas]?ores which do nob carry the com.pie- 
mentary sterility genes can give rise to :Nncgional embryo sacs. These 
genes are invariably present in the megasp.ores of the s~,e:dle amphi- 
dip].oids. They do not, however, a.ff:bc~ ~,he v:ia.bility of the polle~ (Greenleaf, 
1941). Completely sterile ])Ian~s like t]]ose r~rely fo[md i n / ~  iV. Tabae~v~ 
×N.  s~l, ves&-qb-l.o~e~os~Jb-~zis (@~I,) @ could be explained by blue in- 

frequent survival of an embryo s~c's carrying sterility genes being 
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fergilized by pollen, c~rrying such genes. A s:h.tdlar explazla~h)n Ban Be 
given for tile variation i~l fergi/ity J~e~ween i;Ian~s. Da~a from seed. counts 
suppoz¢ing this l~ypo~f~esis wit.1 be prese~l[ed later. 

In this paper evidence wilt be prese~~ed :from morphology, miero- 
sporogenesis, pollen ferbiti~y eo~m3s, pollen measuremenLs, a~t  seed 
ferbili~y oou.n~s to show ~5.at some of! ~he above amphidploids cod4 well 
represon~ fS.e ancestral ~ype of N. Tabc~o~o~,, ~ha~ ~5.ese amphidiploids 
exhibi~ genie sterility aft'eetSig the :female gametophy6e only, m~d tka~ 
~he s~erili~y ge~.es are t)orne on. x:og more than three chromosomes in 
eieher ~:f the paret~;al geaomes. 

~t/[lgTN OD S 

As ah'eady menbioned, ~he amplddip]oids herein reporeed were made 
in eigher of gw-o ways: by callus duubli.ag of' ~he _F i species hybrids 
(@teen'ear, 1938) or hy crossing of similarly i.aduced augo%~rgploids of 
~he species. This modified ca[lu.s me~hod is highly s~tceessfuI wi~,h some 
species a~d species Jayi)rids of Nieotia.~z(~ (Text-figs. I, 2) but fails wi~k 
o~ker~. 

20 days a,fter decaqJi~a, giotl ~m.d gre~Sment. 
Text-fig. lb .  Same as Tex~-flg. Is, fi days ~LBr. 



77 

Pollen n~ot]~er cells were st.ained wR]~droa a.cego-earmine (~elling, 

Pollen ferti]Ry counts were made i1~ iron aeeto~carmine, care being 
~aken go use just  enough liq~fid to spread to tl~e edges of tlte cover-slip 
so ghat no pollen grains wonld reach the edge. This was done to overco~ae 

Text-fig. 2. Oogol?]oid oal.hts s]zoo{, from .F, ~c 8ytw,~str.i,,9 >:)~% g~m,e~do~ ]-l,n~ & ]?avon. 

a bm.~deney for tbe smaller ba.d gra.ins go escape 1;o tSe pe:t'iplhery, while 
the la, rger good. ones were held by snrfaoe ~:e~tsio~t between die  cover a.>~d 
slide. To insurd ge~ing a r'eprese.,~l,a,~;i.ve sample, {hree eou~,ts wore ms.de 
of eacll slide, one th~:o=vtt ¢ihe middle, and (m.e on citl~er ,~ide. k]] g~'ai~0s 
which were well-stained, rou.nd, [hin-wa]led~ and above a certain iqt t].llinllll]2. 
dze (um~.al for non-st~Mnh~g aborted g~:ain,s) were eon:nted as good. 
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Pollen measurements were made o:f grains nlounted in dJ.aphane. In 
this medium, they retain their original size and :form, 

Seed :fertility cotmts on ovaries were made of uaiforml.y large areas 
by :me~ns of a ruled square inserted into the eyepiece of a dissecting 
microscope. T]xe counts were bes~ made about 18 clays after pollinatio~ 
whml the still im.ma~ure, whil~e seeds (mature seeds are dark brown) Were 
carefully re~,mved ~o a moisbezled black paper where they were coanbed. 
The vet.y small, a])or~ed ovules remained on tJ~e placenta where ~hey 
could also be counted. 

i~;~TEKIALS 

Several distiz~c~ species are now knowz~ ~]~ieh are related, to N. 
go,me.~oxa. Of %hese the writer has employed N, to,mentos~b~'v~.is and 
N. Sefchdlii. 1 The t~ormer is nmelz more close].y related ~o N. tome,ntosa 
~han is the lafiter, brig a brief examination of ~he pollen mother cells has 
shown that ~V. ,S'etef~eg~i£ also exhibits the "~Drosera scheme' of pairing 
wit11 N. Tabacu'm.. A mr:tuber of races of N. to,~e~tosa itself are known. 
Of these g~e very distinct ones have been used. They differ in numerous 
vegeta%ive f'eat~tres, e.g. amount of tome~atum on. the leaves, a.motmt of 
anthoeyanin in leaves, and stems, and the shape and size of leaves, as 
well as in features of the flowers. All,are biennial to pereilNM. The 
following plants of ~he tome'ntosc~ grot~p have been used: 

N. to'me.ntos~, guiz & Pavon."U.O.B.G. 08-t93. Brazil and Peru. 
Long inbred line. This is the type originally described and pie~lzred 
by Setehell (1912). P1. 3. 

N. to~entose race Acomayo. U.C.B.C4. 36-~0, Aeomayo, Dp~o. 
I-Iuanuco, Peru. P1. 4:, fig. 2. 

N..to,mentdsa. race Nachu Picehu. U.C.B.G. 56-165. Naelnt 
Pieehn, Dpto. Cuzco, Peru. 2°1. ~i, fig. 3. 

N. to,me~z~,osa race Pineos. U.C.B.G. 36-.32. Pineos, Opto. 
Apttrimae, Perff. P1. ~, fig. ,L 

N, to.mentosa race .Ticemp[ya. U.C.B.G. 36-59. Tieempaya, 
Dpto. La Paz, Bolivia. PI. 4, fig. 1. 

N. to~ne~tos,ifo,r~nis ¢~oodsp. U.CJ.B.G. 25-12. Amazon basin; 
Described by Goodsp'eed (1933). Tiffs species has Been used ~nder 
tl~e name N. Rusby.i by some workers. Annual P1, 4:, fig. 5. 

N.  ~5'etcJzelli'i Goodst?. U.C,B.@. 37-30. Annual ~o peretmiaI. 
P1. 3. 
A new s3?ee~es of Niaotia.~a collected by. B. Be;:~ac, h~mp near Chach~t~oY~a, Dp~o. 

Amazonas, [Peru, in 1937, ~aa~aed a.nd ~o be described.by T. I~. Goodspeed in O'.niversitg 
of Californi~z P~biioations i)~ ~o~g. 



Of N. sybestris ~wo races ha, vg been ~sed by tl~e writ,or : 

N, sglvestris Speg. & Co~,aes..U.C_B.G. 07-69. 'Spegazzini s e ~  
the seeds from Argengina go Comes in 1897' (Seg&eI1, 1912). Also 
described by  Se~chell (I912). A~nuat. P1. 5, fig. 2. 

N. sylvest~'is. U.C,B.@. 37-11.. Sierra La Lumbrera,, ])pgo. Ants, 
norther~ A_rgendna. A~nual. 

Excepg where .otherwise stated. Che fozmer has been employed throughou$ 
these experimengs. 

Cattus4~duced aato~ehraploids (Yl. 4, £gs. t-5) ha.ve been made of 
N. ton~entosifor~zis, N.  sylvest.m:s Speg: & Comes, and[ ~he reeendy in,re- 
dated ra.ees of N.  to~t,e~ztosa. 

Allooct,oploids {Tex~-fig, 2~ and Yl. 5, fig. 2) have bee:n obtained from 
~he callus of ~he F~ hybrids N. sybest,ris × N. tom,entosa ~uiz & Pavon 
a.nd N..sflvestris × N.  to.mentosifo~'mis (P1.3 and PI. 5, fig.'2). 

In all crosses i~volving N. Tabacum in t,hls pa.per N. Tabactt~a 
purl)urea (P1.5, fig. 1) has been used. 

Microspo,~'offe,~,esis 

!k[icrosporoge.~es{s ,~, sl.e,rile a~plgd'@[oid,s. Pollen :mother cells trove 
been sStlcLiecl in -bbe feraa]e s~erile armphicliploids ~76. s~vest~'zs-to~~#e~go.~c~, 
zY. sflvesb"[s-td~.m~tos~for'm, is 6h', 5 7, sff[ves~,r[s-~%tc]~.e~:i, and ~T. glut,b~,osa- 
mmentos#. 

N.  ¢~llvest~',[s-tom.e'~tosa (~-'~) 13roved Zo be better cyBologica,1 material 
than AL sSves~rfs-to.m,e~'~tos~'form.is (¢'~t) Gr or 5 ?~. fo.mentosiform,is-sfl.vest.ris 
(4~), b ~  since these three a,mpkidiploids are all very simils,r in 3heir 
chromosome beEn, vicar, only the firsg one will be described in de~ail. Tits 
chromosome con:fi.guxations fo~tnd, in order of freciuency of occurrence, 
are: 2g II +2  I (24 cells), 24 II  (1.6 cells), 22 I I + 4  1 (3 cells), 22 I I + 1  II I  
+ l  I (2 cdlls), a,nil 21 I I + l  I ] . I+3 1 (1 cell) (Text~figs. 3-]()). Occasional 
formation of a t,rivaleut, iz~dica~es l~h.a,~ some e].u:om.agk~ ma.%e~:ia,1 of 
N. tov~e.~z~o~.e is also present, in. t)].~e genoese of N. s:qbest'r.2s. This is ,~u??- 
porged by ,sgudies of ghe ff]. N.  sfflvestris × N. l,o'm.entosa whic.h has a, mean 
of%3 b.ivale~t.s per cell (Goodspeed, 1934-). Some ]?airing is to be expec%d 
it~ any hybrid between two species which are closely enot~gh rela~ed to 
cross. Side ~4ews of I M pla~es confi.:rm ~].~e observat%ns of ]?ol.a.r views 
(Texl)41gs. 5-7). One or ~wo u.nivalenfi clhromosomes can sometimes be 
seen lying off ~he I I  )'I pla~es (Text-~igs. 8, 9). Text,-fig. 10 clearly shows 
24 1 in each o:[ ghs I I  N pla,[es. The freqnea:[ fa,ilure of ~wo chromosomes 



Text-figs. 3-10. N. ~//Zvest~'is-~omentesa (4t~). Single clu'omosomes stippled. 
Dotted lines Ludicate lower focal level. 

Text-fig. 3. I ~:, 2~ If. 
Text-fig. 4. I ~i, fi3 IZ +2 I;  no~e single terminafized chiasm~ in several dumbbell-~haped 

(loose) pai~. 
Text-fig. 5 . . [  ~f with I off the plate. 
Text-fig. 6. I M: with two I'a off the pla~e (net  all 'biva.len~s ,~re, shown). 
Tex$-flg. 7. 15'I with fore' I's, ~wo 5'ore early eepar(%tion of a pai~:. 
Text-fig.' 8. I I  ht wi~h two divided I 's  between the plates. 
Text-fig. 9. ]:IM ~vqth ~wo I 's begween the  plates, or perhaps a I has cUvidecl a~ I3~, 
Text-fig. 10. I I  ~[ x~i~h 24 1 in each plabe; no~e early separation of dyad e, e. 
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to pair, ~hough diSco.It to explain, is not uncommon in pure species. 
The wrRer found this behavio~r in N. Se~de.ellii in which an occasibnat 
plate wRh as many as four univalents .was seen: Similar beha~donr may 
also explain the inffeql~ent occurrence of monosomics in N. Tebacu~. 
The .value of the amphidiploid as breeding material is only slightly 
impaired by  these irregularities, as eerta.tion will tend to eliminate ~he 
deficient gametes, particuiarly on the male side. 

Fewer pollen mother cslls have been s~uclied of N. sylvest'ris-tomentosi- 
form.is (4n) Gr, for its behaviom" is very. similar go that  of N. 8y;vestris- 
tomentosa (4n). Of fourteen ceils stuc[ied at I N seven showed 2'4 II. and 
sevell23 I I +  2 I. There tzsually appear to be two or three bivalen~s each. 
with one non-terminal chiasma (Text-figs. 12, 13). They can be'recognized 
readily at di~ldnesis (Text-fig. t3). 5~ost of ,~he bivalents are, however, 
rings, having two~ermin.alized chiasmata.. 

Of the amphidlploid N. sylvest.ris-~etd~e~ii, which has much less 
regular meiosis than the ~wo described above, pollen m.o~her cells at 
I~'I showed 2~ I I  (9 cells), 23 I i + 2  1 (10 cells), 22 I I + 4 I  (2 cells), 
2 2 I I + 1  I I I + I  I (4 cells), 21 I I , 1  I i + 3  I (2 ceils) (Text-figs. l t ,  t5). 
Some of the cells studied had. more than four umvalents, and could not 
be analysed, t-Ience the pollen mother cells stztdJ.ed are not, a random 
sample Iike ~hose of N. sy~.vesZrfs-tomen~osa (4n,) already discussed. 

The amphidiploid N. gh~inosa-tomentosa showed very reguIar i M 
plates. Fifteen I N plates each showed 24 I i  (Text-figs. 16, ]7). Fore'teen 
I i  N pla~es ea.eh had 24 I, an.d in o~le cell 2-'1. I could be counted in each 
pla~e. Side-views of I l~i hove eo~ffirmed the highly regular pairing seen 
i1~. point views (Text-fig. ]S). Data. fl'onl pollen fertility counts to be 
presented later show l~h.a.¢ pairing behavionr in this amphidiploid is 
apparently very subject to seasonal fluctuation, 

Mieros2oroge~,esis in 2articdl,y.¢~rGle av~2lddiTfloids, Two plants of the 
amphidil?loid N. sy~vest~.is (,t,n)x N. lom.en~osa race Acomayo (4%) have 
i)ee~t hriefl.y exmnined. Five pollen mother cells from one of them sho~gd 
24 II {Text-fig. 11) au.d two showed 23 . I I+2  I. Pollen mother cells of 
t]~e other plant showed 24 II  (4 cells) and 23 II  + 2 1 (4 cells}. 

P ellen mo~her cells of the F~ N. sylvestrisotomentos@,r,m,i~ (4~) Kos toil' 
x d.it~o Gr have revealed bhe fo~Ilowiug co.t;.figarations at I N: 22 II  + 1 IV 
(16 cells), 24 I I  (5 cells), 23 i I  + 2 I (5 cells), 21 II + 1 I V +  2 1 (4 cells), 
2 2 I f + 1  I I I + l  .'[ (1 cell), 21 II ~1 I I I + 3  I (1 coil), 2 0 I i + l  I V + I  I I I  
~- 1 I (1 ceil), Attention is drawn to the frequen~ occurrence of a qu~£& 
rivalent. 

Micro!yoroqe~t.esis' i,n crosses o/' N. Tab~,,cu.m q.oitt~ some of t/~e amphi- 
,Iou]'n, of (4enel,ins 43 O 
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Text-~gs. I 1-20. 

Text-fig. 11, I¥, ~ylvestris (@~) x ~V. tom~.~to,~a race Aoomgyo (4~); I l~f, 24 If. 
Te-~t-figs. 12, 13. ~V. myIvestr%-tom~to.~'i/ormi.~ (4n) @r; Text-fig. 12, I ~_1, 24 I I ;  Tox~-fi=< 13,' 

diakinesi~ (t~o~ o1[ chromosomes shown) ; note ~he ~wo I I ' s  in Tex~,-figs. t2  and 13, eack 
wi~h one ~erming[ ~nd o~e interstitial chiasma. 

Tex~-figs. 14, 15. N..vygw6tris-Set~h~g (4u); T ex~-~g. 14, I l~[, 24 I I ;  Text-fig. 15, I)f, 
22 ! !  + 4  I. 

Tex~-fig~. 16-I%. Y. ff]utine~a4omentosa (4n) ; Tex~-£gs. 16 and  17, I5'i, 24 II~ Text-fig. I~,: 
~ide view of I ~ witt~ ~wo l's, 

Tex~-fig. 20. ;~ ~¥. Tabacum × N. ~yb~t,H,s~S~tM,~fl~,ii (4n); I h'L 2"~ II + 2 Y. 



W ~ T E ~  }L OXEX~L~AF 83 

~@oi&'. hx ~ N. Tabacum x N. sy~.vestria-tome.nto~a ('4.~) ~nd F~ N. syZ- 
wstris-to,me~tosifo,rmis (4~) I¢ostofI' × N.  Tabacum pabing of the chz'omo~ 
somes is good, ~here nsuMly being 24 H or 23 H + 2  1 at I B{ (Text- 
fig, 19). Pollen mother cells of ~he former showed 2~ II (6 c£1s) and 
23 II+9 1 (2 cells) at I 51 and of the latter, 24 II (i0 cells) and 23 II+2 1 
(1 cell). Kostoff (1933) reported 9~- Ii as being qmte regu]aHy fo~med in 
N. tri,pb~. N .  tr.~ple~ corresponds closely to the 2~ z N,  Tabacum x N. ~y~- 
~est,ris-tomentosffor~is (4~,) G,r. t~ 1 N.  l'abacum x N.  sybestris-Setche21ii 
(4n) is much tess regular in its chromosome bchaviour (Text-fig, 20). 
Two pollen mother cells showed 2'~ II  and 23 I I + 2  I, Pollen fertility 
counts reported below support the less regular chromosome pairing 
observed a~ I N. 

Miorosl~oroge~esia in N. Setche]lii and in the f ~ ~N. tomentosiformis 
x N. Setchellii. Pollen mother cells of the one plant ¢,f N. Setd~d,~ii 

examined have frequently shown two unpaired chromosomes. The fol- 
lowing configurations have been seen at I )i: 12 II (9 cells), 11 I I + 2  I 
(13 cells), and 10 I I + 4  1 (6 cells), ieIowevel-, probably more than half 
of the ceils had t9 i i .  

The ~ N. tomentos{/ormi~ x N.  Setehef~,i{ apparently exhibits mostly 
12 II a¢ I M. Pollen mother cells at I M showed t2 II (6 cells) a~d at 
~[II, 19 1 (¢ cells). A~ tizst anal~hase , however, irregularities are 
occasionally encountered. }~ragnlentati.on of chroma.iin bridges has been 
observed., bn.% it is not likely ~hat their frequency would accoun~ fo]: the 
lfigh percentage of pollen abortion (61%) found. I t  is more Eke].y that 
most of tee recombination products are in.viable. Evidently these two 
species are rath.er closely rein,ted, but are much more distant than 
N. tomentos~j:orm.is aud N. to~nenfosct. 

.F'o[,~e~.f~'rti[,ilff cou,nts 

l)ot]en fer~it[ty oounl,s of many species and species hybrids which are 
related to the problem, of the origin, of N. Tabacu'v~ are given in Table ]. 
In examining the table the ]?arallelism between the res~tlts of micro 
sporogenesis attd the percentage of good pollen should be kept i:.,l mind. 

Po~[,e~, mca, su're,m,e'~,ts 

-If 27. T~baw, m )as originated a,s an a,nlph:[diploid fro:m N.  syb)est'ris 
and. N. to'mentos.i]brmis or N. to.me'mos<~,, one might e2pect it to l)e i~ter~ 
mediate in. many respects between the two pareni;M species. This is 
found to be Lhe case. Thus, it is interesting to compare pollen size of the 
ampt~idiploids with. that of l:he parental species and thaf of N. Tabacu,m, 

6-9  
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(Table 2). TwentYTfive grai,~s were measured.in each case. The comparisons 
should 1)e made between ~he callus induced aueotetraploid species and 
their corresponding amphidiploids. N. syh,est.ris4o,mentosijb'rmis-(4,n) (dr 
a~d N. Tabae.u,m, wi~h means of '.4.3 and 421 respectively, are near the 
size 42t~ of t;he N, tomentos,]brmis (4~) parent. I t  would seem that 
N. tomentosi/brmis has the domin~n~ size factors. N. syl,oestris-to'mentosc~ 
(4:n) has slightly larger pollen and N. sylvestris-SetcIleIlii (¢,n) has {he 
5~rgest of a,ny of the amphidiploids measured. The mean difference, 

Table 2. Meaat~.re.me.nzs- oj" lony diameters of 2oZ~e',, grains 

j~r, ,sylvestris-Zo'me.nlosa (4'a.) 
N.  sytvestri,>tomentod.J?rrais [dn) Gr 
N .  syg~'e~tris-to'm.engasiformi,s (4n) Kostoff 
N. sylvestr,is.£'e(O~dbii (4,;;,) 
N. Tabacum (Pn) 
N.  Tabacum (dn) 
N.  xylvestris (2 M 
N,  ay~vestris (dn) 
N.  to.mentosi]brmis (~n) 
~ .  to.mentosiJbrmis (4n) 

standard 
error of 

43"9 ±0.5 
43-3 ~0-7 
39-8±0-5 
45.1 ±0-7 
42.2 ~0-4 
48-0 _t: 0-5 
43-8 ±0 '4  
52-9±0.4 
36.3±0.7 
41.7 ~0-5 

'[ ~ 'D ~'i Cr O'i b 8 

3.5 + 0.9, between N. sylvestris-to~ento;~ifor'mis (4~'t) Kostoff and dit$o Gr 
is statisticalIy highly sigcdficant, as is also the mean difference, 2.4 + 0.6, 
between N. Tabacum and the Kos~off amphidiploid, t-Iowever, the mea~ 
difference, 1"1 +0'8, behweetl N. sybvestris-tomentosiformis (dn) G.r and 
N. Tabacum is not significant. The difference, 1'7 +'0"6, between N. sy~- 
ves#is~tomentosa (dn) and N. Tabacum is also significant. There probabIy 
is a correlation between size of chromosomes and of pollen grains, for. 
~hose of N. sy~vestris are on the whole larger ~han those of N. tomentos# 
rormis. The proportional incre~se ii1 size of polien, following doubling of 
the chromosome number, is about the s~me in all ~he species compared. 

TM sterility ,problem 

Sced fertility counts. Three categories of ovules have, been distinguished 
in the seed counts. They are: very small, aborted ovalles due to game%io 
abortion; well-developed ovules with well-developed embryo and undo÷ 
sperm; ~nd seemingly good ovules, bat aetaally empty shells or only. 
par~iaily filled, This last class is ~hough~ ~o represent zygotic abortion@;, 
otily a,few of these occur. They ust~afly comprise 2 - 3 ~  of the to~al: 
flu.tuber of seeds. In Table 3 they are elassifiecl wi~h the bad ovutesi 
Seeds have been coun~ed at the lower part  of bhe ovary where ~he set is  
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bes iz The reader is reminded that  species of NicoZia,~za have a large 
number of seeds per capsule. N. T~baeum itself has about 4000 seeds per 
Oal0sule (Olmo, 1934-): 

The following seed eo~m~s were made in an effort to discover how 
many chromosomes of the female.sterile ampEidiploids carried the s~eri]i V 
genes. Kos3off (1938) reports that  four N. tr.@Ie~ pIants made by  crossing 
N. Tc~bacum wRh the extremely sterile f f  i N, sy~vsstris x N. to.nwntosi- 
form,is are 'fatly fertile', a.nd tha t  all but  one of 127 F~ progeny from 
these four _~ N. triplex plants ' were fully fei'tite after selfil~g'. The writer 
cannot confirm these results. Mthough superficially quite fertile, seed 

Table 3. Seed fergiEty counts 

N.  Tab~eu, m 
zY. ~!/~vestri~4omel~osfformi~ (4~) 

Kos to f f  
B x N .  T a b a e u ~  >: ~Y. sylv~s~.rf& 

~omentose (4n} 
2 i zY. Taha.~uvl. >:~Y. ~ylv~sfr'l:s- 

~omc,s~osiformis (¢~s) Gr 
YF i ~ .  Y'abacum x N .  sJvesh' is-  

tome'agosijbre~ds (¢u) Kosgoff  
-Pz ZC Tabacum x N .  s~Zve.~.rls~ 

8e~ct~sllli. (4.#) 
f f  i Llg, syb~es~ris.lomentos[.forv~i.~ ~ 
(4:n) ][£os~off x d i~ o  Gr 

[3L syh:estrf~-~omentosiJbr'mis (4~Q 
K(,sl.off >: dJtl)o (;&] :,: di t to ¢4r 

IN, .~yh~est,'is-tome, n.~o.siformi.* (4~0 
Ko,~I-off" ,'-: d~tSo Gr] ;-: (Utt,o Kostott" 

b,L sylvcs~,r£s,-tom:~n~osifornt.is (4'~Q 
]k[ostoff x ['di~,f,u ] . {os to f f  x (italic gr ]  

To ta l  ~lean % Sta.nda.rd 
seeds No. of  good error  of  

counted s~mples seeds mean 
630 9 89-6 -+I.9 

1025 I1 65.3 ±1-8 

1625 I0 I%4 ± 1 . 4  

883 6 17.0 --1-5 

1155 t0 30.2 ±2 .3  

1877 12 14-0 ~:!-2 

1464 S 132  -4:1"I 

i554 7 I-i4 E:l9 

1,162 14 706 ±3'3 

1510 9 2.5,2 / : :33 

ootmts of the F~ N. fE(_d.,.~.~u.~JtxN, eyh:~sP'fs-hm~.,~gbsi/br,~ds (4-n) gr, 
white l,s very sire.liar to N. O'ij)lea:, show thai; 511.is hyl_,rid is only 17 % 
fertile (Table 3). Also, the ffs ].da, uts from tlds hybrid she w great va,i'i.ation 
in ferti]ity. The same J.s true of the first baekcross ~:o ~,]le sbei'i]e a,mphi- 
diploid, yar ia t ion in fertility h~ these popula.tio.us is ex]?e~ted if th e pollen 
trausmits various numbe.:rs of ste.rJ.]ity genes. Ill these po]?nlatJ_ons in- 
vo]vhi.g iV. Tabac'tr,~ two oa, u.ses for ovr~.le a.bortion are probably super- 
im])oaed one upon l:he o~her, th.L~s eomplJ.ca.I;[n.g the a.n;dy,s~s. One of these 
is thought 1;o be due tb a, mixture of ~r. Td, ba, c'l.o~, and of a,mp[hidiplojd 
chromosomes of whie.h certain eombinaf,~on.s aJ:e invis.ble as female 
gamegophytes (of. the sterile ]?, segregates), a.ud kh.e ol,[her i.s ~hab di:ff'erent 
nlut~bers of steri].it:y geJ:.es nf the ampk~diploid are transm[e~ed to the 
-Fa through the pollen, i t  may be tha.b elimination on the %male side 
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is :ate absolute, and that oocasio±mlly some sterility genes are t.rans~ 
mRted. 

The /~  N. Tabaeum x N. syh, est.ris-zome.ntosa (4~) likewise shows only 
17 % of good seeds, a.gai~l eonllrming the ge.ueral genetic equivalence of 
N. tomentos~ and N. to'~)?e?ztos{~brl~.is. The  ff'l NI T[~beC~'~]~ x N" sylvesZris- 
Setd~dl.ii (-J:~~), however, has only 14 % of tote] seeds and the. F 1 N. syl- 
vestr.is-to~ne~zos~fo,r~is (4.n) Kostoffx ditto gr, 13% (Table 3). The per- 
centage of surviving gametes in these hybrids indicate that only gwo or 
three chromosomes carry the sterilRy genes_ 

Because of the possible eumplieating effect of the dissimilar N. 
2~Aacum chromosomes, a,noth.er series of hybrids has been thought to be 
better material for the sterility analysfs. These [~re the baekcross [Ft 
N. sylve.~Zris-to/~nsntos.~fbrs.~is (4.n)Keel.elf× dRto Gr] x ditto Kostoff, ~he. 
reciprocal of ghis cross, and the backcross of t;he F~ to ditto Gr. According 
to the gametic leghal hypothesis, the first of these crosses should give 
more highly fertilg plar~ts than the reciprocal cross, a~.d the last cross ~ 
mentioned should give the least fertile plants. This, as can be seen from 
Table 3, is actually found to be the ease. Unfortunately, Kostoff!s 
amphidiploid itself has a rather low fertility (Table 3). It  has been 
noticed tJ~at its seed pods often have no placental tissue in some porfliofls 
of the upper part of the ovary. 

Evidence for the compliea[ing effect of N. Tabacu~n chromosomes in 
analysing the sterility is %rnished by the fertility of F~ N. ~abae~m x 
-N..sylvest'ris-tomentosifo~'mis (~n) Kos~off (Table 3) which is less tha~ 
that of either parent. It would appear, therefore, that the lowered fer: 
tility of this hybrid is due to the complementary action of sterility genes 
of the two genetic systems. This conclusion is strengthened by the regular 
pairing observed and the high percentage of good pollen(Table 1). 

TI~e 1Joss.ibis origins, of Kostoff's as.~2hidfploid 

The fertile amphidiploid N. syl~estris-tomentosiformis was repoi'~e~ 
in 1938 by Xostoff, who over a period, of several years persistently crossed 
the extremely sterile F 1 hybrid 2(. syI.veatr.fs x N. to~ne~ztSs~o,r,m,is with. 
_N. sy~vestr.is c~, fiilalIy obtaining a few seeds. Among the resuRi~g 
seedlings there were ~wo with 36 chromosomes. He then. crossed these 
much more fertile, but still relatively sterile, plants with N. tome~tosi" 
formis and obtained a large number of seeds. Among the plants f ree  
this last cross there were two with ,1,8 chromosomes, These two plan~s: 
are described by him as having been. ' almost flflty fertile and very mueI! 
N. Tabaeum like. Morphologically they were not quite alike., .". I~ 



must  be ~clded that  their p:rogeny also was not uniform, abhough a stable 
tyLJe was es~ablished after a few generations. Natttrally this manner  of 
obtaining 3he ampkidi.ploid leads to chromosome changes, and it is not 
surprising tha t  it differs f rom the g~' amphidiploid in morphology and 
fertility. The callus met;hod of maNng  polylJoids precludes chromosome 
a.ltera[ions. The chromosome complement of the re,~ulNng ampMdiploid 
is an exact duplication of tha t  of l, he decapitated plant.  I t  is thought  
that  l,he Kostoff  amphidiploid has undergone-a quanti tat ive alteration 
of chromosome material  with respect to the strictly duplicate condition 
of the steriIe anafhidiploid. The method by which i,his change m a y  have 
occurred during the synthesis employed by Kostoff and~he various steps 
leading to a fertile amphidiptoid will now be outlined. 

Designate the chromosomes of N. )g[vest.ris 1 - - - 2 ,  3 - - - 4 ,  
¢ 

5 6. ~a 24, and. those of/~r, go)~'~e'ntos.f/brm,is a - - -  b, 
c - - - d, e - - - f ,  . . . . . .  , a'r- -- -- y. Assume some genes of the 3 - - - 
chromosome of the fomner duplicated in ~he c - - - d  ch÷omosome of 
the latter,  and that  this leads to exchange between these two chromo- 
somes at meiosis in ~he ~'1 hybrid. Assume one case of such similarity 
to be gene S in chromosome S - - - 4~ and gene T in ehromosdme o - - - d 
(Text fig. 21), and tha t  these particular genes are concerned with tlJe 
same phase of embryo-sac development.  Both genes are co~sidered ~o 
hare  had a. common ancestor bu.~ ha.re ,since diverged in suc~ a wa.y 
that  they now affect embryo-sac deve]Ol?ment by different reactions or 
reaction rates. When present in the sa,me embryo-sa.e.nmthec cell, their 
complementary action results in arrested developmetd, nf the embryo sac 
in the two- or four-nucleate stage. TransloeatJon resut~s in dyads 
3-T-~ c-T-d 

and Assume tha.t :functiona,I gazneges a.re m~xedueed. 
3-S-J: c-S-~]:" 
Segregations, following formation of a restitution nucleus, wilt give the 
four gametic combinations shown in Text-fig. 2]. Assum.e in accordance 
with the hypotllesis of complen~entar),' sterility gel/e,~ tha t  only 3 -T-d ,  
c-T-d and 3-S-4, c-S-4 gametes functiotl on the female £ d e . . A s s u m e  
3-8-~,  e-S-~t to be ~he functional female gamete in the baekcross to 
N. sglvestri~'. This tamebe is deficient %r the d mud a.ud duEllos.ted, for 
the ~1 end of the chromosomes c - T - d  and 3 S - <  respectively. The 
resulting 36-chromosome plang will then have the constitution: 

I - - - 2 ,  3-S-,t-, . . . . . . .  23 - - -24 .  
a . . . .  b, c-S-,1, e - - - f ,  . . . . . .  , x - - - ~ j  ] . . . .  2, 3-S-4:, . . . . . .  , 23 - - -24 :  

Ba, ckcrossed to N. to'm.e.nto~,~jbrmis, once more ~ssu.ming restitution 
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nuefeu.s forma~ion ,  an  ~mphidi id.oid is o b t a i n e d  w i t h  the  con.sBitzl- 

gion: 

a , -  - [ ,  e - S - 4 ,  e - - - f ,  . . . . . . .  c,: . . . .  .~/ ° t -  - 2 ,  3 S - 4 ,  . . . . . . . ,  2 3 - - ~ 2 4 .  

c t - - - 6 ,  c - T - d ,  e - - - j ;  .. . . . . . .  x - - - f f  I- . . . .  2, 3-S--I-,  . . . . . .  , 2 3 - - - 2 4  

The  fm~ct iona l  eggs of  this aml?Mdip lo id  will be of  ~he c . -S-4 ,  3 -8~4  

consti.t~.eioa. 

GaNetes 
(viable gametes 
starred) 

Dyads 

iV. syh~estrls X 

{2n=24) 

3 - - - - - - - ~ -  s 4 

Ivt 24 chromosome~ 

I I 

c I 4 Ta~ SG 

f--- 
R e s t i t u t i o n  nuc l eus  

S 

(I) e - - ~  . . . . .  

. ~ 3 .  _ 2 _ . .  s ~  
(9 )  c . . . . .  - a - - -  S :  4 

N ,  t om .en tos l j o rmi s  

(2n=24) 

c . . . . . .  o- - - - T d - -  d 
c . . . . .  ~ -  ~T~--d 

d 4  

T S 

! I 

t I 

I i 
c c 

"~3 - -  * _T+__ d 

(3)  ~ . . . . .  ~ - - - ~ - - d  

T 
~ - - - - - ~ - ~ -  - -c- - - ~ - - d  

S Backcross to 3 - ~-~-----, i 4 S 
N .  sy l ves t r l s  c . . . . .  - o r - -  S 4 + 3 - -  ~ 1 4 

36 chromosomes 

Restitution nucleus 

Baekeross to 3 • ~ 4 
N .  tomen, t o s i f e r m l s  3 . 4, + c . . . . .  - o - - -  - - T  _ d  

c . . . . .  - o - - -  S. 4 

TexB-llg, 21. Scheme for ~he origin of a f~rBile ~mpkidiploid from diplokl 
species having complementary sterility genes. 

In the above scheme it is a.ssumed Bhat only the simtdtaneo~is presence. 

of  S and. T resulgs in a b o r t i o n  of  e m b r y o  sacs. T h e  c o m b i n a t i o n s  S t ,  sT ,  

and  s t  a re  al l  c o n s i d e r e d  to be  v i a b l e  as f e m a l e  gameeophy- tes .  
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Such an amphidip]oicl as the above is not expected to b:eed true; 
and will be only partially fertile. This is exactly what I£ostoff (1938) 
has l'eported. Kostoff also %und that on selfing his original amphidiploid 
some more fertile and other less fertile types appeared, .whicl~ is in accord 
with the complementary gent (duplication-deficiency) hypothesis out- 
lined above.. According to it, one pair of complementary genes (one 
du.plicatiomde£dsncy) resldts in 50% of aborted gametes, two inde- 
pendent pairs of complementary genes (two duplications-d.eficiencies), 
in 75 ~ of aborted gametes, etc. The theoretical amphJdiploid with one 
translooation, h3q~othecated above, would on selfing be expee.ted to give 
fedly fertile indixiduMs homozygous for the c-S-4 ohrdmosome, and 
others heterozygous Eke the parent plant. If two or more pairs of inde- 
pendent complementary sterility genes were involved, ,the progeny of 
this theoretical amphidiploid wend  be still more variable in morpl:o- 
logical feah~es and in fertility. The simplest possible case is presented 
in the above scheme. 

The Kosgoff anwhidiploid, .in aeeorda.noe with tb.e hypothesis oat- 
lined, would soon become homozygons for its du]?lications. When crossed 
with the sterile G~ a.mphidiploid, ~he 2~ would som~tim_es be expected 
to show a qua, drivMsnt chain of the tyl?e d-T-c,  c-S-¢. ~t S-3. 3-S-'-l- 
in sortie cells and only bivalents in others. This agrees with the pollen 
mother celt data of this hybrid (of. Nicrosporogenesis). The quadrivalsnt 
cotdd not, however, be identified for certain a.s a ehMn, but some observa- 
t[ons inCL..ca.re tha.t, it ma.y possibly }~e one. The data also show that five 
cells ]:ave 23 II  + 2 I. The two singles contd p~ssibly be the c-8-4 and 
c-T-d chromosome,_< which wo:dd occasionally be expected to remain 
unpaired. 

One dup]ication.-defieiency would best, fit the pollen mother cell data, 
bu6 J.t ea-nuot ex]ffa,in the percenta.ge of seed (.o<amet.ic) ~boztion fr, und in 
the 7~ I hybrid (Ta.ble 3). A chain of the kind shown would regula.rly 
give only c-T-(t, 3-8-~ and c-.S-~t, 3-8-,t- gametes of which only the 
[:~Ut:er would be funcQonal. A second duplication-deficiency, however, if 
small, would nee conbr~d.i.ct the pairingevidence, for differential aN.rely 
between ohromoso.mes would only rarely per:uit qaa, drivatent fornm.tio:l, 
and ea.tano{:, the:,:e:fore, be detected 9.? a study of the pollen mother cell. 
The mean percenta.ge of good seeds in. the Kost0ff amphidiploid is 65.3. 
The calculated value on the basis of two i]:de]?e:adeJ.d~ duplica,t}ons- 

r m  Z deficit]loins is ~,o.,qo/ (Table 3). ~tne,.'e agree fairly well., oonsiderJn~ the 
experimental error in data such as these. 

There .still :cema.in dit~ierdties. One is that the I~7~osboff plan{) is otJy 
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partially fertile, even th6ugh {t must soon have become homozygous 
%r its duplications-deficiencies. The othe~: is fib.at duplications, unless 
small, cannot lead to a st`able type, To overcome [his las~ diJ~gulty, the 
writer sesames tha~) the duplications ~%:t'e snndl, ,~ld, therefore, in~erfere 
1)at slightly or ~ot at all in meiosis. ]7or the firsfi it wouk[ seem that some 
eom.plementary s[erllity genes are still present in the gen.etie system, of 
~ilis ~mphidiploid, hut` that  they are of minor importance and l>eeom.~ 
lethal only under cert~n etlvironmentai conditions, t~emoval of a few 
additi,  nn, l. sterility genes and their replacemen¢ by corresponding genes 
from t`he u~her paeental species would buff%r the system ~gainst en~r.'a'on- 
mendel i:nff-uenee. I*Ience, the writer is of the opinion ~hat the I[ostg[f 
amphidiploid can be made. more fsrt`i[e, a~d WIll evt..ntually, through 
matat`ion a.nd natural selectiim, become completely fc,:r~ile. The~:e will, 
of coarse, always remain some residual sterility due to the crowding of 
ovules, ensuing eompeNtion for foodst,affs, and occasional irregul~rities 
at meiosis. These are thought go }~e %he causes for ovule abortion m 
N. 2abc~c.~,.-,~ (Table 3). I~ is of interest that  owde abortion, in the latter 
is higher than pollen abortion (Table I). 

]JISOUS,~IOb7 
To the writer's knowledge these are the first e,~ses of genie sterility 

in amphidiploids to be reported in the literature. That complementary 
s~erili~y genes are ac~ually involved is made very probable by  the pargiaI 
female fertility of some am.pMdiploids made with certain wild races of 
N. to.me~.to,~a, ~he complete female s%erillty of others invol~4ng different, 
long inbred races or species of the to.me~#,oscb group (el. N. sgIves~'is (@~) 
x N. to.me~oeifor~,i~ (¢~)), and ~hg regular meiosis and very high per ~ 
cen~age of go od p otlen fo and. The hyp o~hesis of c omplemen~ary gene act, ion 
could explain the partial fert`ili~y of the amphidiploid lines, as well as 
~he oceasionaI appearance of a completely s~eriIe plant, if the wild 
to,me~to~c~ races were he~erozygous for complementary sterility genes, t t  
could similarly explain the partial fertility of ~z hybrids of N. 2rabc~cto~ 
witli the comple~ely female sterile amphidiploids. These considerations 
emphasize the method of synthesis o f t h e  l?ar[ia, lly fer~ile, apparenhly- 
heterozygons, amphidiploids, :for callus-induced ones are of necessi W 
homozygous and are expected, therefore, to be eit`her s¢erile or fertile, 
but not partially fertile: 

I t  is clear from ~hese experiments tha t  genie sterility in F~ hybrids 
may be superimposed on chromosomal sterilit, y, as in the F 1 hybrids 
N. syIves~.r;~ x N. ~o'me~ztos~t, N. sg~ves~'is x N.  to~ze~ntos'ifor~ds, N. ~yl- 



WALmEB H .  64~ES~L~Ar 91 

"oestris × N.  Setcf~elli(, and N. 9h~tino.~c~ x N. tome.ntosa., t t  follows, then, 
~].lat fertility of ~n~phidiploids, contrary to Darlington (1937), cannot be 
predicted f%om ehe amoun¢ of chromosome pa l ing  in P~ hybrids but  must 
be experimentally tested. 

I~ is significant that  either the long inbred N.  tome~to~a U.C.B,@-. 
08-193 or N. tome)~.tosifo~'~~is is involved in all of the sterile anaphidiploids, 
and that only the female gametophyte aborts while the pollen is tmaffeeted. 
The phenomenon of u~ila~era] fertility is not so strange as one. migl~t 
suppose if one recalls that  different genes may be concerned with the 
developmen~ of the male and female gametophy~.es, e.g. the male sterile 
genes and. the lethal ovule gene in maize (Beadle, 1932; Singleton & 
Hangelsdorf, 1%0). I t  is possible tha~ oSher races of N. ~flvest'rix weald 
give fergile a.mEH-dJploids with the. same race of iV. to.r%e~ztoxc~ as tha~ 
which gave ~he sterile one and with N. tomentosifor~nis. I t  has, ho~yever, 
been found that  a. recently introduced race of N. s~jNestris U.C.B, G, 57-11 
gives very abnormal, spindly hybrids with N. tomentoeiformis and 
N. Setcheltii. These hybrids continually lose the lower leaves on the sfgm,. 
re)aining only an apical tuf~. They ltave not flowered. This race does . 
not appear fo be a likely ancestor. Other rases need to be tested. 

A possibl; case of gemc s~erility in an anaphidJploid has been reported 
by Beasley (194.0) for one between a 13-chromosome Asiatic and an 
American species of Goss!/1)i'um. This amphidiploid has qui~e regalar 
chromosome pairing, is fmnale fertile, lint only slightly male fertile. 
O~Eer cases whiclt resemble the female sberile IYieot.it~nc~ amphidip].oJds 
are the numerous ma.le steriles in maize (Beadles 1992), espeeia.lly those 
in which di.sJntegratJon ooe[trs betweml the. end of meiosis and the first 
division Jn OL~e pollen grain. A gene Jn maize which causes aboriJ.on of 
~ll.e ovules receipting it has been deseNbed by Si~gleOon & Nangelsdorf' 
(].9~[0), but  no cy~,ological s tudy has been reported of i~. Female gametic 
lethals are rare a.s compared with the n.umbor of male steriles recorded 
in. t ie  literature. 

The two besb sbudied eases of genie sl, e:rility in animals are th~ male 
sierilc interra.eial hybrids of .D'rosopldlo, l~xcudoob~'cure (Dobzbansky, 
t936) a,.rLd the intersexes :f'rom. i~rt.erracial crosses in Zym~zt.ria di~pa'r 
(@otdsehnidg, 1.93t). )Dobzh.ansky explaJn,s his resnlt:-s by co.mpIemeng~ry 
gelzes, l ie  found steriEby genes in eac}J of the" four largest chromosomes 
tested. 

The origin of N. Ta, ba, e.~t.m f~:o.m ra, oe;s w]lioh possess complementary 
sOerility genes is no~, excln.ded if iI. occurred by the J.(osto:ff method or 
by t i e  union of uureduced gametes in the IP~. ]:~ybfid, :fl,r, as has been 



indicated, probably :act more allan bye or ~hree chromosomes of the 
parental genomes carry l;hese genes, an/[ l;ra, nslpcadons (Text fig. 21) 
could eliminate the ge~zes in one of ~he sets. Origin by somatic doG)ling;. 
however, weald reqn.i.re the absence of these genes. £b is perhaps more 
li].~ely tha~ N. Tc~bae~.~,m originated from races of the parental species 
wh.id~ were not yet differentiated in the genes contro[lhxg embryo-sad 
deveto)men< Some of the amphkkiploid plants of N. xyZ'vestris (dn) x 
N. to.me.~tosa race ,'de:)mayo (-i~z) are quite ferbi.le. Over 500 seeds were 

a. ¢ counue:l in o~e tapshie, i~ general, however, 50-20(~ seeds per c~psule 
is more re preser~ta~ive. :\ fm:ther test of the complementary gene hypo- 
thesis will be ~,he fertii[Cy of future generations of rise partially ferf, i]e 
amphidiploid Iines. Selectloll for greater fertility should be au~otnatic. 

~r.. 8ylvestris-!oj) w'ntos.ijb.'.~ .is"(dn) G*' prob ably ~'es em bles most va.deties 
of N. Ta.be~c.v,m more closely than do the othe~: amphidiploids. Like 
N. Ta.ba.~um it does not have a gerie for anthoeyanhl in ~he stem. The. 
purple factor is present in. N. t,o.me.ntosc~. This amphidiploid ]ik~ N.. 
Ta.Sao~m ma.tnres earlier: tha~l those involving the biemial N. tome~ztosa 
whichflower about three weeks later. Also its pollen size is r~ear tha~ of 
N. Tabacum.. It is not Possible on such ~vidence to state definitely glint 
this amphidiploid rather thar~ one of the others is_ the predecessor of 
N. Tab~cuv~ of to-day, for the latter itself has changed by mutation and 
selection under eultivaion since its origin. All of these ampkidiploids, 
as expected, differ physiologica.lty as well as marpt~ologioally from 
N. Tabac~m, but the relationship is sis) obvious. The physiological 
cher~ieal differences are well illustrated in a com]?aiso~ between the 
allooctopioids N. sylvest~rgsdome'~~.~osiformis (PI. 5~ fig. 9) and N. syg,vesz.Hs2 

.~omengose (Text-fig. 9) and auto~etrapIoid N. Tc~bc~cum. All hav-e-96 
chromosomes, bu~ ~.he first, two are monstrosities with enormously en- 
larged ceils wNle the last has the featua-es tyl~ieal of an au~otetraploidJ 
E~/dendy N. Tabacu.m has undergone physlcal-ch<mieal changes since 
its origin. These changes are probably associated[ with a readj~stmen~ in 
the ratio of cell volame to nuclear volume. The exddence from pollen 
measurements incIieates that N. Tabac.z~ pollen has been reduced i~ 
size since N. Tabaeu.moriginated. The writer.has fouz~.d %h~% aatooctoploid 
N. wm.eato~c~, is also a mons~,rosity: Octoploid sectors ola plants which. 
are ~he r e s i t  ofcolchicine treal,men~ show the same phenomeno6. "k 
readiustment in the cellular physiology mum,. therefqre,l~ake place before 
another do~J£ing can occur without deleterious results, and this probably 
requires a very long :time. These considerations are important when 
contemplating the time factor in evolution, and d~ey also furnish addi~ 
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tional e~ddence of the more important  tel 9 of ~]lopolyploidy in evolution, 
for it is probable that  if the ampEidiploid were crossed with a third 
species, followed by doubling, and this process were repeated, that ~he 
higher polyploid m~mbers could be obtained wRh less harmful effects. 
Some evidence supporting this view has been obtained by Wetgstein 
(1927) in mosses where 16q~ was found to be the up.per limit of-viability 
of intergeneric polyploids of Physoemitre~a x Fu~a,ria, and Cn that of 
autopolyploids of the species themselves. 

From the resuRs to date the wrRer concludes that  N. Tabacwm has 
originated as an ampEicliploid from N. sylvestris and N. tome~tosiformis 
or from N. sylvestris and a race of 2V. to.me~ztosa similar to those which 
to~day give par~ialIy fertile amphidiploids, and tha~ this even~ occurred 
somewhere in the general region of South America (Peru, Bolivia, a.nd 
northern Argentina) where tl{ese species and races occur '~o-day. 

SUM~{AR.Y 

A stud'y of m{crosl)Orogenesis of the 9we cal].us-iadaeed amphidiploids 
N. s~[vestrisztome~Zosa, and. N. sy~vest'ris4ome.u~osiform4s Gr has shown that 
md6sis is regular. Pollen fertility oounhs have shown that  ~heir pollen 
is 93% or more good. They are, ~evertheless, completely female sterile. 

Four otlier amphidiploids have been made using wild races of N. 
tomc~tose, t{aees Naehu Piecb.u aaxd Acomayo have givms partially 
fertile ones. The pollen is good. in aI1 four. 

The complete or partial female sterility in the several a,mphidiploids 
>ads  is, lflmrefore, geaic and ~O~r chromosomal. It is i~lteqJreted to be 
due to the interaction of" complementary genes of the ~wo parental species. 
These genes are thought to control e.mbryo-sa, e development, by d.ifferen~ 
:reaetion,s or :reae%ion rates. (['heir interaction in the amphidiploids resaRs 
in arrested deveIopment of embryo sacs wliile still in ~he Swo- or four- 
nuclea{e stage. 

k fertile ampMdil)Ioid N.-s!t[.vesl:ris-t,o'me~,los~ifor.mia in.volviag die sa.me 
serains of the parental species as were used. by the wrii;er i:n oheahfil:~g 
his corresponding female ste:ri.le amphidiploid was synthes.[zed by Kostoff 
(1.938). The manusr in which the Kostoff amphidiploid may  have a, rJ.sen 
is depicted[ by meaJ.ls of a scheme which i~lcorporat~es the complementary 
sterility geae tl'yt)oth.es[,s. 

Seed fertility eomlts o:[' 2?:~ N. syl, vestris-l,o.me'n, to~'!:/br'~his (4.n) Kostoff 
x ditto Gr, F~ N, Taba.c~mxN. sy[ves~ris-l, ome'u~osa. (d:'~z), and &:t 

N. Tabacu,m× N. syl4~estris4o~uen.tos;Jbrm,~;s ('Iv,) 6%' indicate ~hat the 
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sterility genes ~re probably c~.~rried on two, or ag the most three, cl,.romo~ 
seines of each of the parental genomes. 

Pollen f~z'tilRy eom~ts have been made of many different planes 
eoucerned with or related to the problem of the origin of N. 2abao'~m~ 
These con_nee support the thesis of the amphidipIo:id orion of N. f/'ebao.~o% 
as weli as the liypotliesis of eompleme.~l~ary sterility genes. 

A comparison of pollen size of the synthetic anaphidiploids wRli that 
of N. Yc~bc~cum has shown chat the difference in. size ,)f ]pollen l~etween 
the ampkidiploid N. silve,s~rfs-tome~tos.ifo,rm.is g.r and N. f ~bc~c'~m is not 
sigmficant, while that of~some of the other amphidiploids is significant. 

The ph.ysiulogical-chemic~l differences between shy of the synl;he~ie 
T~,b~mv~qike smphidij)loids and N. i'ebect~.~ are illustrated by means 
of a comparison of morphological features of she allo-ocgoploids N. s!/L 
ves~ris Xo'me.n/.o;e and N. syZz~estris-~ome.,~os';fo~',mis with autotetraploid 
N. Zabc~c.~.m. The first two ~tre monstrosRies, while the last has the 
features ,typical of any experimental antotetraploid. 

It is concluded flint N. Tc~bc~e,~m has originated, as an smphidipIoid 
from N. s~S,ves~,ris and N. ~ome~xosiform.is or a race" of N. ~ome~tosa similar 
to one of those which t.o day give p~rtially fertile amphidiploids, and 
flint this event occurred in tlie general region of South America (Peru, 
[Bolivia, and nortliern Argenlina) wliere these species and races occur 
~o-day. 
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hypothesis elaborated by the writer in this paper, tie also wishes tO 
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PLATE 3 
Topmost: ~V. s~/lvsstrls. 
Top row, le~% ~o right: N. to~ttentos.~o.r~nis, N.  Setchegll, ig. tomz.ntosa. 
NidcUe row, tet% to r ighh ~he corresponding F z hybrids with z'V, ,~ylwsb'is, 
Bottom row, left to right: ~he correspoadh~g amphidiploids. 

PLATE -i 
3fidd]~ row: 

]fig. I. IV. tome'ntosa race Ticempaya, 
Fig. 2, zY. to'~~s't~loa'a .race _&eomayo. 
Fig. 3. z¥. to~nentosa r~ez Niaehu Picclm. 
.~ig. 4:. xV. lo~sMosa race ]?Lncos. 
]*~ig. 5. N. to.me.ntos.lfor.o~is. 

To the right, diploids; ~o bhe [el% tefiraploids o[ ~he icle~ltie~t diploid plants~ 

~ot tom ~ow:'corresponding seed pods. 

Top row: the corresponding amphidiploids made by cressing N. sy;vestris (~b0 with the 
races of N. ~a.me~ztosa (4n) ~nd ~vi~h N. to'mentosiformis (4n). 

Fig. 3 shows ~wo tetraploid flowers of N. tomentosa race M'achu Picchu, one whi~e ~md the 
other mauve. 

The background is ruled in square era. 

PLATE 5 

Fig. l.  Top row, left to right : zV. Tabards.m, 5h sy~vestris-tomento~ (-'in), l~t zV. ~jvsst.ris (4a) 
× N. tomentosc~ race Aeomayo (4) 0. Bottom row, lef~ to right : ffl iV. sggvestris (4n) x 

N. to'ments.sa r~ee Pincer (4n) P4, P1, P30, aud P28, E~ zY. ~ytvestris (an) × zV. tomeutosa 
¥~ee 5[achu Pieehu (4,~) P l t ,  P23, P10, ~ d  PB1. 

Fig. 2. Topmost:  left, N. sg~vestei~; right, N. lemcntosifo.r~r~is. Below : centre, the Erhybr id  i 
left, %he eallus-induced gmphidiploid; right, the e~llus-induced allboetoptoid. Pho%o- 
graphed on ram. paper. 

]PLATE 6 
Fig. t .  ~V, sylvestris-tome't#esc~ (4~j. 
Fig. 2. ~ zN. sg~wstri,x x 2¢, tomsntosa. 
Fig. 3. N. sy~v~lr{s-t.omento,siformi~ (iD 0 (~r. 
Fig. 4. zV. syh, estris-SetehelZil (4n). 
Fig. 5. N. ~[.~#~nesa-toms£tosa (4n). 
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