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INTRODUCTION 

Several years ago the writer became interested in some mor
ph ological char acters in Nicotiana tabacum L. whil e making prelinii
nary stu dies with re lative r esistance of a numbe r of tobacco varie
ties to t ropic al diseases . This stu dy is therefore an outgrowth of 
another investigation. Materials have been accumulat ed steadily in 
our collection and although our interest is pr imarily of a phyt o• 
pathological nature it has been and will be our purpose to render a 
genetica l interpretation of such morphological characters as come t o 
our attent ion and which appear not to have been descri bed or ana lyzed 
genetically up to th is t ime. We believe that the phytopatho logist 
will make more rapid progress in studies on immunity which may 
lead to the development of disease-resistant strains of our crop plants 
when he knows more about the general genetica l behavior of his 
plant mat erial s. This knowledg e will eliminate to a considerab le ex
tent many of the retard ing factors which enter into the picture of 
the control of plant diseases by the use of resistant varieties, and 
consequently will simp lify the methods, facilitate the planning of 
th e experiments , shor ten the period of the invest igation s and assure 
more prompt r esults. 

This short paper proposes to constitute the first of what may 
become a seri es of studies on th e genetics of Nicotiana. These stu dies 
wer e begun at the In sular Agricultural Experimen t Station of Puert o 
Rico in 1928 and continu ed in Corne ll Un iversi ty in 1930-32 and in 
the Universi ty of Wisconsin in 1932-33. 

MATERIAL S AND METHODS 

The gla1w01ts chara cter r eport ed herein occurs on a Puer to Rican 
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commercial t obacco which ha s been known locally under the name 
of "Ceniza" , meaning ash. The name refers to the peculiar appear
ance of the leaves which sugges ts a bluish or grayish green color. 
This character can be detected in the seed-bed at an early age but 
may be difficult to separat e when seedling s are very crowded. For 
this reason , young seedling s should be transplanted to a second plant 
bed where more space will insur e favorable conditi ons for develop
ment th ereby minimizing the chances of failure in detecting the glau
cous plants. Plants of this latt er strain grow slower than ordinary 
tobaccos, the leav es are th ick and the veins branch out from the midrib 
at an acute angle. The gla1woiis cliaracter appears not to have been 
described from any other country. 

The yellow character as used her e applies to a plant color which 
might more properly be designated as yellowish-green. This color 
is peculiar to normal plants at all stages of growth and is easily 
r ecognized in very young seedlings. The strain used in our studies 
is a pure line of a wrapper tobacco planted by a local company prior 
to the year 1927 in the tobacco districts at the higher altitudes of 
the island and which was believed to ha ve descended from a single 
yellow plant discovered by a laborer in the back yard of his house. 
It is undoubtedly a mutation from a Puerto Rican variety. It was 
given the nam e of ''Consolation'' because it was discovered at a. time 
when ligh t Wl'appers were much in fashion among smokers and the 
indu stry her e would have suffered tremendous ly had it not been 
for this timely discovery. But the advantage which the new tobacco 
brough t to the grower s was to dwindle away years later when the 
Consolat ion wrapper fell into disreput e. 'I'his yellow tobacco should 
not be confused with the Whit e Biirley tobacco studied by Henika 
(1) from which it differs in morphologi cal expr ession and in being 
du e to a single factor whereas the lat ter represents a two-factor dif
ferenc e. It seems also to be distinct from a tobacco variety which 
showed a golden color of leaves just before maturity and which was 
studied by Kaja.nus (2), who found an approximatitm to a genetical 
ratio of 15 : 1 for color. 

Th e two charact ers r eported herein were studi ed in the same 
crosses, thereby expediting the handling of a larger numb er of in
dividual s for each character. The normal yellow tobacco is non
glmucou s while the "Ceniza" or glaucoiis, being green, serves as a 
contrast to yellow. Other crosses which could not be carried beyond 
the second generation were also mad e with other non-gl(lll,teO'M or non
yellow pure lines. 
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In making counts for the yellow character it was only necessary 
to sow seed rather th inl y in flats, then pricking out the seedlings with 
forceps when ten to fifteen days old. This method made possible the 
study of large numbers of seedling s. Another method employed was 
to transp lant large plants from a seed-bed prepared in the usual way 
and making ob ervat ion. and counts in the field. It was soon found 
this method was unn ecessary. ln order to ascertain whether plants 
classified in the seed-bed as yellow or green were correct ly determined, 
plantings of small seedlings grouped under the two classes were made 
in the greenhouse in one-and-a half-inch pots. Final counts made at 
the age of twenty-e ight days , showed that the clas.sification had been 
made accurately. 

Th e separat ion of the glaiwoiis or ashy seedlings was extraordi
narily difficult in the seed-bed. It was found , however, that they 
could be detected in about a month after transplanting in to small 
pots in the gre enhous.e, or into flats or beds when set at a longitudinal 
and transversa l distance of two and one-half inches. 'fhey were 
transplanted into these when about two weeks old and counts could 
be made ten to fifteen days later. In doubtful cases the seedling s 
were further transplanted and kept for an additional period of two 
weeks when final counts wer e made on such individuals. 

The same procedure was follow ed for all crosses and selfings. 
In the determination of ashy or gla.ucoiis segregates the young 

seedlings were transp lan ted into flats of the usual size, trans
planting thirty-five plants to each flat. The number of observations 
made in each progeny vari ed, depending upon the greenhouse and 
other facilit ies available at the time the different progenies were 
studied. In general, the popu lation was fa irl y larg e. 

In the sea on of 1928- 1929 the following crosses were made: 
glancous or "Ceniza" (Ce) X yellow or "Consolation" (Kon ) ; green 
Turkish Sansum ( T ) X Kon ; Ce X T ; all direct and reciprocal. 
Th e first generations of these crosses wer e all grown at the Insular 
E xperim ent Stat ion of Puerto Rico in the year 1928-29 and all selfings 
and backcrosses wer e then p erformed. 'l'h e second and backcross gen
erat ions were grown either at the Insular Experiment Station or in 
the greenho use at Corn ell University in the fa ll and winter of 1931; 
while fu rth er F 2 and third generation s were grown in the spring and 
summer of 1932 at the latter institution. 'l'hi rd generation progenies 
were also studied at the Department of Horticulture, Univers ity of 
Wisconsin , in the summer of 1933. 
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The two characters, yellow and gla.iicoi1,S, are discussed separately. 
However, the data are from the same crosses. 

In determining the significance of the genetical results given below, 
the probable error and Chi-squar e methods were employed. The prob
able error 0£ numbers was determined in testing the significance of the 
3: 1 and 15: 1 mendelian ratios. The expression Dev./ P.E. was used 
as the measure 0£ significance , taking Dev / P.E. = 3.2, as the lower 
level of significance, which represents odds ·of 31.36 to 1 against the 
occurrence of a deviation as great as or greater than the designated 
one. Values higher than 3.2 are regarded as giving odds higher than 
31.36 that the deviations are not due to random sampling. In the 
application 0£ th e Chi-square method for goodness of fit, valu es of P 
were calculated by referring to Elderton 's tables. It was considered 
that values of P equal to 0.05 or lower, indicated odds too high £or 
such deviations to be due to random sampling. 

RESULTS 

The Yellow Character 

'fh e first generation of the crosses for the study 0£ green and yel
low was in all cases green , showing that the allelomorph y ellow is a 
recessive character. 

In the second generat ion 0£ the dir ect and reciprocal crosses the 
seedlings were grouped into the two classes : green and yellow. From 
the data obtain ed in the F 2 0£ the cross Ce X Kon an_d Kon X Ce a 
hypothes is 0£ a single £actor relation between green and yellow was 
formulated. The figures are given in Table I, under J{on X Ce - A 
and Ce X Kon - A. In either case deviations can be attributed to 
random sampling . 

Evid ence frorii the S econd generation. - In order to test the hy, 
pothesis , several F 2 progenies of the above cross were studied and in 
addition the cross Kon X T was made. Table I contains the distri
bution of the F 2 phenotypes in six progenies 0£ the cross Kon X Ce; 
two progeni es of the reciprocal cross and the direct and reciprocal 
cross Kon X T. 

An examination 0£ the figures shows a fairly close fit of the results 
to a 3 : 1 rat io of green to ye llow seedling s. In only one progeny 
Kon X Ce - D is the deviat ion high enough to bring the results near 
the border lin e 0£ significance. From the above F 2 results it seems 
evident that the sing le £actor differ ence between green and yellow is 
appropriate in this case. 
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Evidence from the baclccross.-Sever al of the F1 plants which 
were selfed for F 2 studies were also backcrossed to the yellow parent. 
The F 1 's of the cross Kon X T were backcrossed to no. 45, a yellow 
segregate from the cross Ce X Kon-A, which was also recessive for 
th e "Cen iza" charact er . The latter are inc luded although the crosses 
had been mainly intended for the study of the Ce character. These 
backcross progen ies are given in Table IL Prog eny ( (Kon X Ce) 
X Kon) - B shows a deviation in the distribution of green and norma l 
seedlings which appears too high to be attributed to ra ndom samp ling , 
the D/ P.E. bein g 3.62. The remaining eight backcross progenies show 
a fairly close agreem ent to the expected 1 : 1 ratio for single-factor 
differenc es. It is, therefore, safe to conclude that on the basis of 
backcros s results a single-factor difference exists betwe en green and 
yellow. 

Evidence f rom the F'3 generation.-Further evidence in sup port 
of the single-factor pair difference for green and yellow is of
fered by the F 3 generation . In order to secur e that evidence we 
stud ied thirty-four F 3 prog enies of the cross Ce X J(o n and thi rt y
four similar progenie s of the reciproca l J(o1i X Ce. (See Tables III 
and IV ). There should have been ju stification to regard all yellow 
segregants of the F 2 ·as pur e br eeding for that character. However, 
in the case of the cross Ce X Kon, yellow segregant s were carried 
through the third generatio n so that in Table II I we ,vill find ten 
pro genies of such segregants . 'l'his was not clone with the similar 
segregates in the cross K on X Ce. Accor ding to expectati on the F a 
pro genies should show a distri bution of homozygou s green to hete
rozygous green in the ratio of 1 : 2. An examin ation of Table III 
will reveal that such expectat ion was very closely realiz ed, th e green 
F2 plant s when car ried through the third gener ation exhibiti ng a 
distr ibution of 8 pur e-br eeding gr een to 16 heterozygous individuals. 
'fh e data in '!'able IV show a similar agreement with expectation; 
of 34 F3 prog enies, 23 pro ved to be heterozygou s and 11 homozygous 
for gr een; a close approximat ion to t he 2: 1 rat io. 

The hypothe sis of a single-facto r difference is furt her stre ngthened 
by the indiv idual behavior in the F 3 of the heterozygous F 2 plants. 
Of sixteen such pro genies in Tabl e III only in famil y 26 are the 
resu lts of doubtful significance. Ther e th e Dev./ P. E. is almost 3.3 
and therefore the odds agains t such a deviation being caused by ran
dom sampling are r athe r high. Whether a 3 : 1 ratio pr evails in that 
family is not estab lished by those results. All the 23 progenies in 
Tabl e TV show a fairly good agre ement with the expected 3: 1 ratio. 
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From the evid ence offer ed from F 2, B.C. and F 3 generations, a 
singl e-fact or pair difference is establish ed for yello,w plant color as 
contra sted to gr een. It is propo sed that this factor pair be designated 
Yy , green plants to be r epresented by YY and yellow plant s by yy. 

Th e Ceniza or Glaucous Chara cter 

'I'he plants of the first gener ation crosses were all normal green 
or no11-glcmco1is, indi cating clomi.nance of th is character over glaiwoii,s 
(Ce ) . 

Jn the stud y of th e data on th e Ce character two phenotypes were 
ea ·ily distinguishab le, name ly, the glwiwoiis and non-glaucous and 
therefore individua ls were classified in to those two groups. The 
stud y of the distrib uti on of the population of the second generation 
of the dir ect and reciprocal cross Ce X K on and one backcross sug
gested a ratio of fift een normal gr een plan.ts to one '' Ceniza ' ' or 
glancous. Prog eny Ce X Kon -A (Table V ) gave 438 normal and 
35 Ce plants or a rat io of 12.51 t o 1. The sign ificance of these 
r esult s rests on the fact that on th e basis of a 15: 1 ratio , the Dev./ P.E. 
is only 1.53. Progeny Jfon X Ce - A (Table V) showed a distribu 
ti on of 128 normal to 10 Ge plants. Th ese number s repre sent a 
rat io of 12.8 to 1. On the assumpt ion of a 15: 1 ratio the Dev./ P.E . 
is very low, only 0.72. 'Th e backcros s proge ny (TCon X Ce) X OP 
given in 'Table V is represent ed by 251 normal to 66 Ce individual s, 
a ratio of 3.8 to ] . On the basis of a 3: 1 ratio of normal to 01 ? 

th e Dev./ P .E. value is ·2.55 and therefore such a deviation ma.v be 
attributed to random sampling. Th e assumption of a segr egation 
in the ratio of 15 normal to 1 Ce in the F 2 seems to be support ed 
by a backcro ss ratio of 3 norm.al to 1 Ce. !Therefor e, ther e ar e su 1'
fi.cient grounds to assume a two factor pair difference between normal 
and Ce, the Ce characte r being exhibi te d only as the double recessive; 
and dominan ce of one or the other , or of both factor-s, rrocluc ing 
normal plan ts . 

Evid ence f1·om the second generation.-As proof of the hypot hesis 
of the 15 : 1 re lationship several F 2 progeni es other than those r eported 
above, were stud ied . (See Tabl e V ) . Of 3 progenies of Ce X Kon 
only in B do the results app ear to invalidate the hypothesis, with a 
Dev./ P.E. r eaching 3.37, slightly above the lower level of sign ificance. 
But with larg er numbers in C and D the results were in fairly good 
agreement with exp ectation s, the Dev ./ P.E. being as low as 0.33 and 
0.45, r espectiv ely. Other F 2 prog enies which sup por t the assumed 
15: 1 ratio ar e Kon X Ce - B , 45 X T , and T iX 45, A and B, and 
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T X Ce. All these progenies show a good agreement with the ex
pecte d ratio. 

Evidenc e from the bcic.kcrosses.-A ddi tional. evidence in support 
of the expected backcro ss ra tio of 3 : 1 is furni shed by prog enie s 
(45 X T ) X 45 and (T X 45) X 45 which exhibi t a D/ P.E. of 1.48 
and 1.75, resp ective ly, and by (T X Ce) X Ce with a D/ P .E. = 1.80. 

E vidence from the third generation .- If th e hypothesi s of dupli
cat e gene s as an explanati on of the result s obtain ed in t he F 2 and 
B.C. generations of crosses involving the stud y of the Ce cha ra cter 
holds, it would be expected that in the third gener ation some prog eni es 
should be normal , some shou ld segr egat e in the rati o of 15 : 1 and 
some 3 : 1, normal to Ce; while one out of sixteen should be glaru,eous. 
'l'h at thi s expect ation was realiz ed is evid enced by the dat a on 20 
progenies of the cross Ce X Kon (Tabl e VI ) and 28 prog eni es of t he 
reciprocal ('!'abl e VII ). An examina tion of Table VI r eveals that out 
of 20 progenies, seven segr egated in the ratio of 15 to 1, six in the 
ratio of 3 : 1, five were pu re br eeding normal and two were '' ( 'eniza ' ' 
or glaucous . In the segregating families the statis t ical analysis ot 
the data prove s that th e results sign ificant ly support the as
sumption of eith er 15: 1 or 3 : 1 ratios. A similar behavior is ob
tained in the F 3 of the recipr ocal cross (Tabl e VII ). There , seven 
progenies segr ega ted in a ratio of 15 to 1 and six in the ratio of 
3: 1 norm al to glaucous; thirteen were pur e breeding normal while: 
two were "Ce niza" or glaiicoits . If all the Fa progeni es ar e consid
ered together the distr ibut ion is as follows : 18 progen ies pure breed
ing normal , 14 pr ogeni es segr egat ing in th e ratio of 15 : 1, 12 others 
in the rati o of 3: 1, and four homozygous glait cO'lts. If the composi 
tion of a normal plant be 1·eprese nt ed by Ce1 Ce1 Ce2 Ce2, the glaucous 
by ce1 ce1 ce2 ce2 and the hybrid in the cross by Ce1 ce1 Ce2 ce2, the 
following genotypes and ratio s would be exp ect ed in Fa on the basis 
of the 15 : 1 hypothesis: 1 Ce1 Ce1 Ce2 Ce2, 2 Oe1 Ce1 Ce2 ce2, 1 
Ce1 Ce1 ce2 ce2, 2 Oe1 ce1 Ce2 Ce2, 4 Ce1 ce1 Oe2 ce2, 2 Ce1 ce1 ce2 

ce2, 1 ce1 ce1 Ce2 Ce2, 2 ce1 ce1 Oe2 ce2, and 1 ce1 ce1 ce2 ce2 • Of 
those with eith er one or the other factor, or both factors in the domi 
nant condition, Ce1 ce1 Ce2 ce2 would be expecte d t o segr egate in the 
ratio of 15 : 1, Ce1 ce1 ce2 ce2 an d ce1 ce1 Ce2 ce2 in the ra tio of 3 : 1, 
ce1 ce1 ce2 ce2 would be glaucons and all t he other genotypes would 
be pure br eeding normal. '!'here woul d then be expected four classes 
of genotyp es in the followi ng ratios: 7 pure breeding normal , -! 
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segregating 15 : 1, 4 segregat ing 3 : 1 and 1 pur e recessive. When 
the Chi-square test for goodness of fit is appl ied to the expected 
results given above, a value of P = 0.78 is obtained. 

Class 

Frequencies 
0-C • Expected 

Ratio p 
Observed Calculated 0 

Normal.. ... . .. . ................... . .... . 7 18 21 
15:1 ratio ... . .... ...... . ... . . ... ... .. ... . 4 14 12 
3:1 ratio .. ...... .... ... . ..... ........... . 4 12 12 
Pure Recossivc .............. . . . .... . ... . 1 4 3 

Total.. ..................... .• ... 16 48 48 1.09523 0.780!6 

'l'be deviations from the expected ratio of the distribution of the Fs 
families are such as might be expected by chance alone eleven times 
in twenty trials and it may be concluded, therefore, that the results 
obtained support the suggested hypothesis of duplicate genes. 

On the basis of F 2, B.C. and F 3 results it is concluded that the 
assumption of a 2-factor difference for the Ce charact er is justifi ed. 
These factors are designated as Ce1 and Ce2 with the ir corresponding 
allelomorphs ce1 and ce2 . 'l'he presence of either factor in the domi
nant condition produces normal plants while both factors must be 
recessive to produce the "Cen iza" character . The constitution of a 
'' Ceniza'' plant will be represented by ce1 ce1 c~ ce2. 

Indep endent Inheritance 

It was of interest to · determine from the data whethe r there 
existed any linkag e relations between the factor pair Yy and Ce1 ce1 
or Ce2 ce2 . The fact that N. tabacum has twenty-four pairs of 
chromosomes would make the detection of linka ge between those 
factors of unique interest especially since the occurrence of the mu
tants has been reported from Puerto Rico simultaneous ly. From the 
analysis of the distribution of the phenotypes in three F 2 progenies, 
twelve Fa's and one backcross progeny it app ears that no linkage 
exists between the factor pairs Ce1 ce1 and Ce2 c~ and yellow (Yy). 
The reader is referred to Table VIII. The F2 progenies Ce X Kon 
- C and - D and Kon X Ce -A, on the basis of ind ependent in
heritan ce of the characters should yield four classes in the following 
ratios: 45 normal green, 15 normal yellow, 3 Ce green and 1 Ce yel
low. The Chi-square method of testing the goodness of fit showed 
that for Ce X Kon - 0, P = 0.53; for Ce X Kon - D, P = 0.80 and 
Kon X Ce -A, P = 0.52. These values of P all show that the de
viations from the expected are not significant . 
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In the F 3 of th e dir ect and reciprocal crosses of Ge X K on, proge
nies 6, 7, 52, 67, 68 and 76, segregating in the ratio of 3 normal to 
1 Ge and 3 green to 1 yellow, should show a distribution of pheno
types as follows: nine normal green, 3 normal yellow, 3 Ge green 
and 1 Ge yellow. These expectat ions ar e realized in all these proge 
nies ( see Table VIII ) . In all these progenies the values of P are 
high, the lowest being 0.13 for fam ily no. 68. Th is value, however, 
indicates that the deviations might be expected to be du e to chance 
alone, once in eight times. 

Progeni es 30, 55, 62, 66, 71 and 85 which segregated in the ratio 
of 15 normal to 1 Ge and 3 green to 1 yellow, would be expected to 
show the phenotypes in the same ratios as the F 2 progenies , namely 
45 : 15: 3 : 1. Such expectation is fully accomplished in all the proge
nies except no. 55. An examination of the distribution of the pheno
types in that progeny, however , shows that the deficiencies may not 
be attributed to linkage. 

The distri but ion of the genotyp~s in the F 3 genera tion is given 
in Table IX. Th e normal expectat ion of genotypes on th e basis of 
a 15: 1 ratio for the Ce character and 3: 1 segregat ion for green ancl 
yellow is as follows. Green genotypes to give only, 7 normal; 4 
segregating in the ratio of 15 normal to 1 Ce; 4 in the ratio of 3 
normal to 1 Ce; and 1 pure br eeding "Cen iza". 'rhose green indi
viduals of the composition Yy should show the following distribution: 
14 normal, 8 segregating 15 normal to 1 Ce, 8 segregating into 3 
normal and 1 Ce, and 2 pure breeding Ce. The yellow genotypes are 
not analyz ed in the above table, but th e expectat ion would be the 
same as for pure breeding greens. 

A consideration of the results given in Table IX shows that the 
deviations from the expected ratio are such as can well be attributed 
to conditions of the experiment. 

The results of F 2 and F 3 progenies given in support of the hy
pothesis of the indep endent inheritance of the Yy and Ce1 ce1 Ce2 ce2 

are further complemented by the backcross results. 
So, from the above results it may safely be concluded that no 

linkage exists between the factor for yellow plant color and ' those 
factors responsible for the "Cen iza" or glaucous character. 
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APPENDIX 

'!'ABLE I 

SEGREGATION OF 'l' HE GREEN (Y) A ND YELLOW (y) CHARAC'l'ERS I N THE F, OF 

CROSSES BETWEEN VARIO US PURE LINES OF TOBA CCO 

Progeny Color 11 

Frequencies 

Observe d Calculated 
(3:1) 

Dav. P. E. DJP. E 

Kon x Ce- A.... ...... Green . . . . 461 359 345. 75 13.25 ~1~ 
Yellow ... . 102 115.25 

- -- -1----- 1-----1 ----+---- :----
Kon x Ce- B . .. .. .... . Green .. . .. 1995 1489 1496.25 7.25 13.081 0 .5<> 

Yellow... . 506 498.75 

Kon x Cc- C . . .. . . . . .. Green ..... 400 297 300.00 3.00 5.84 1 
Yell ow . . . . 103 100. 00 

0 .51 

Kon x Ce-D . . ... . ... Green ..... 912 656 684 .00 28.00 8.82 1 3.17 
Yellow . . . . 256 228. 00 

Kon x Ce- E . ....... . . Green .... . 824 638 618 .00 20.00 8. ~81 2.39-
y cllow . . . 186 206. 00 

Kon x Ce- F .......... Gre en .. . .. 713 l---- 53_6_
1 ___ 5_3_4-.7-5-l--- 1-.-25 ~1~ 

Yellow .... 177 178. 25 

=c=e=x= K=o=n=-=A= .. =.= .. =.= . . =.=.1=o=re=e=n=.= .. =.=.1 == 1=1=50 856 862.EO 6 .50°r 9. 90 I 0.66 
Yellow .. . . 294 287.50 \ 

Ce x K on- B .......... tl reen .. . . . 3<>8 279 268.50 l0 .50 I 5. 53 1 1.89· 
Yellow .. . . 79 89.50 

Kon x T - A . ......... Green. .... 4642 3522 348l.50 40.50 I 19.90 I 
Yellow . .. . 1120 1160.50 ----·----

2.04. 

3844 3867 .00 23.00 I 20. 97 I 
1312 1289.00 

TX Kon - B . .. . Green .... . 
Yellow .. . . 

5156 1.10, 

4i\S 
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TABLE II 

SEGREGATION OF THE GREEN (Y) AND YELLOW (y) CHARACTERS IN THE BACK

OR OSS GENERATION OF CROSSES BETWEEN VARIOUS PURE LINES OF TOBACCO 

Frequencies 

Progen y Color n 
Calculated 

Dev. P. E. DJP. E. 

Observed (!:!) 
--- ---

(Kon x Co) x Kon-A. Green ..... 1797 869 898.50 29.50 14.29 2. 06 
Y:ellow .... 928 898.50 

--- ---
(Kon X Ce) X Kon-B. Green ..... 730 398 365.00 33.00 9.11 3.62 

Yellow .... 332 365.00 --- ---
(Kon x Ce) x Kon-C. Green ..... 974 490 487 .00 3.00 10.53 0 .28 

Yellow .... 484 487.00 --- ---
(Kon X Ce) X Kon-D. Green. .... 141 64 70.50 6.50 4.00 1.62 

Yellow .... 77 70.50 --- --- -
(Kon X Ce) X Kon-E. Green ..... 367 184 183.50 0 .50 6.46 0 .08 

Yellow .... 183 183.50 
--- = 

(Ce X Kon) X Kon-A. Green ..... 154 80 77.00 3.00 4.19 0.72 
Yellow .... 74 77 .00 

---
(Ce X Kon) X Kon - B. Green .. . .. 362 191 181 00 10.00 6.42 1.5 6 

Yellow .... 171 181.00 
= (Kon x T) x 43 . ....... Green ..... 911 460 455.50 4.50 10.18 0.4 

Yellow .... 451 455.50 
---

T :x Kon) :x 43 ........ Green . . . . . 1187 589 593.r,o 4.50 11.62 o. 
Yellow .... 598 593.59 

36 
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SUMMARY 

1. 1'wo previously undescrib ed characters of N. tabacwrn are de
scribed and studied genetically. The yellow plant color appears to 
be distinct from similar deficiencies her etofor e r eported. It is not 
to be confused with the Burley character in White Burley tobacco. 

2. Green color is dominant to yellow color. 
3. Norma l green is dominan t to glmiwoii,s or "Cen iza ". 
4. Green and yellow are differentiated by a single factor pair 

which is designated Yy. 
5. Normal gre en and Ce or glaiico.us plants are differentiated by 

two factor pairs; the r efore segregation occurs in the proportion of 
15 normal green to 1 glaiwous (Ce). These are designated by Ce1 

cei c~ ce2. 
6. 'rh e factors for gla~wons and for yellow ar e inherit ed inde

pendently of each other. 

DEP ,IRTMEN'.l' OF AGRICULTURF. AND CoM.i'1ERCE , SAN JuAN , P u ER:ro 
Rrco. 
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TABLE I ll 

RESULTS OF T H E F, GENERATION OF TH E CROSS Ce X Kon IN T H E STUDY OF 

THE l'ELLOW CHARACTER 

' =·, I o,::oc --n- 99_6_1 __ o_b_s_er_:_,~-:-qu1-:- n_~-~-~1-:-t:-:-1--D-29_e_v_oo_l P. E.,_ D_/_P_·,-'-:, 

Yellow... . 220 249.00 ~ 
4...................... Green... .. 920 708 690.00 

Yellow.... 212 230.00 
18.00 8.86 2.03 

----1-----1----
6...................... Green.. .. . 1135 876 851.25 

Yellow.... 259 283.75 
24.75 9.84 2.52 

----1----- 1-----1----l-----l----
7...................... Green..... 470 359 352.50 

Yellow... . 111 117 .50 
6.50 6 .33 1.03 

8................... . .. Green.... . 483 373 362 25 
Yellow.... 110 120.75 

10. 75 0.42 1.67 

----1-----1-----1----l-------l----
10 .. .................... Green..... 144 115 108.00 

Yell ow.. .. 29 36.00 
7 .00 3.50 2 00 

13 ........... .. ......... Green..... 517 393 387.75 5.251 6.64 0.70 
Yellow.... 124 129.25 

----: ---- -1-----1 
21.. .... .. .............. Green ..... 1353 1033 1014.75 18.251 10.71 1.70 

Y ellow.... 320 338.25 
----1-----1-----1----

25 .. .. .. ................ Green ..... 158 120 118. 50 1.50 I 3.67 0 .41 
Yellow.... 38 39.50 

26 .. ....... ... .... . ..... Green ..... ----68-0-l----54-2-l--- 5-1-6.-7-5-l-- 2-5-.2-5 ,- 7.67 ~ 
Yellow.... 147 172.25 

31 .. . ....... .... .. . .... . Green ... . . ---45_9_ 1 ____ 3_6_3-l-- -3-4-4.-2-5 ~,~,~ 
Yellow.. .. 96 114. 75 

32.............. .. .... Green..... 333 241 249.75 ~,~,~ 
Yellow.... 92 83.25 

33 . . ...... .. ........... . Green..... 1250 966 937. 50 28.50 ,~~ 
Yellow. ... 284 312.50 I 

34... ........... ........ Green ..... --- 20-2-l----15_0_ 1 ___ 1_5_1_.5_0_1 ___ 1_.5_0_1~~ 
Yellow.... 52 50.50 · I 

44.... . ............ .... . Green ... . . ---406-l--- -31_5_1 ___ 3_0_4-.50-~,~,~ 
Yellow. . . . 91 101. 50 

46.......... .. .......... Green ..... ---75- 1-l----56_ 0_1 ___ 5_6_3-.2-5 ~,~1~ 
Yellow.... 191 187.75 

Families breed ing tru e to green: 1, 5, 9, 14, 20, 23, 45 and 47. 

Families breeding true to yellow: 15, 16. 17 IS, 19, 39, 40, 41, 42 a n<t 43 
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'!'ABLE IV 

BEHAV IO R OF 'l'H E F, OENERA'l' l ON OF 'l'HE CR OSS Kon X Ce IN 'l'H I~ STU DY OF 

THE YELLOW CHA R ACTER 

Freq nencies 

Proge ny Color II Dev. P . E. D,P.E. 
Calcu lnted 

Observed (3:1) 
-- -- ----

52 ........... .. Green ..... 585 445 438. 75 (i.25 7 .OG 0.89 
Yellow .... 140 146.25 --- ---- ----

54 ..... . ................ Green . .... 376 291 282.00 9.00 5.66 l.59 
Yellow .... 85 94.00 

---- ----
55 ...................... Green ..... 1016 772 762.00 10.00 9 .3 1 1.07 

Yellow .... 244 254 .00 ---- ----
56 ........ ·········· ···· Green .. 492 373 369 .00 4 .00 6.48 0.62 

Yellow .. .. ll9 123.00 --- --- --
61. ...... ··············· Green .... 761 566 570. 75 4 75 8. 06 0.59 

Yellow .... 195 190.25 
---- ---- --- -

62 ..... . . . . . . . . . . . . . . . . . Green .. ... 759 570 560 .25 0. 75 8.05 0 09 
Yellow ... 189 189.75 

- ---- ---
63 ... .... .... ... .... .... Green 

Yellow·.::: 
439 335 

104 
329 25 5.75 6.12 0.94 
109 . 75 

---- ----
66 . . . .. ........ .. .... Green .. . .. 452 339 339.00 0 6 21 0 

Yellow .... 113 113 .00 --- -
0 30 67 ............... Green 405 302 303 . 75 l. 75 5.88 

Yellow .... 103 IOI. 25 
-- - - ----

68 .... ·· ················ Green .... 416 :Jl8 312 .00 6 .00 /i.96 I.OJ 
Yellow .. 98 104.00 ---- ---- ----

60 . . . . . . . . . . . . . . . . . . . Gr0 2n 497 375 372 . 75 2. 75 6.51 0.42 
Yellow .. 122 124.25 

-- -- ----
70 ..... .. ..... .. .. Green. 435 332 326. 25 5 .75 6.09 0.9 4 

Yellow . 103 108. 75 
---- ----

7 1 ..... ················ Green ... 325 253 243. 75 9.25 5.27 l. 76 
Yellow ... 72 81.25 

---- ----
n. ·········· · · ··· · ·· ··· Green 

Yellow: ::: 
213 153 159 . 75 6 . 75 4.26 1.58 

eo 53 .25 ---- ---- ---
7r, Green 208 154 150.00 2.00 4 .21 0.48 

Yellow .. 54 52 .00 
---- ----

77 Green ... 208 155 156.00 1.00 4 .2 1 0.24 
Yellow .. 53 52 00 

---- ---- ----
79 . .. . . . . . . . . . . . Green ... 260 202 195 00 7.00 4 .71 1.49 

Yellow .. 58 05 00 
- ---- ------ -- -- ---- -- --

8!'i . . . . . . . . . . . . . . . . Green ..... 360 2i0 2i0 OQ 0 5 .54 0 
Yellow .... 90 90 00 

87 ··· ····· ····· ····· Green 359 284 269 .25 14 .75 5 .53 2.67 
Yellow .... 75 89 . 75 

ss ······ ··········· Green .... . 218 191 186 00 5.00 4.60 1.09 
Yellow .... 57 62.00 

·---------- -- --
89 .. .. ..... .... ..... .. Green 266 210 109.50 10.50 4.70 2.20 

Yellow : .:. 56 66 .50 

90 .... ....... . .... ... Gr•en .. 540 423 411.75 16.25 6. 84 2 .38 
Yellow ... 121 137.25 ----

0 1 .................... Green .... 196 110 147 00 2.00 4 .03 0.49 
Yellow .... 47 49 .00 

Familip:;. bree·' irnr true to green: 53, 57, 58, 59. 60, 64, Ci5, i-1, 78, SL and 83. 
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TABl,E V 

SEOREO A'flON OF THE CE N IZA (ce) OR GLA UCOUS C IJ ARACTl-:H ANO '!' HE 

NORMAL C HARACTER (Ce) I N THE SECOND AND BACKCJ{OSS 

GENERATIONS OF CROSSES 

Freq uencie s 

Progeny Colo r n Calculated De, ·. P. E. D/ P. 10:. 

Obsen·ert 
II rat io 

---- ---,-----,--- ---- ---- ---- ---- - - -- ----
Ce x Kon - A ... .. No rma l. .. 473 438 443.44 15:1 5.44 3 .55 1.53 

Cen iza . ... 35 29.56 --- -- - - --- -- - - -- -- - - --
Ce x Kon - U .. Normal. .. 451 411 422. 71 15:1 11. 71 3 .47 3 .37 

Ceniza .. 40 28.29 ---- ---- ---- ---- ---- -- --
Ce x Kon - C' .. . ... No rm al. .. 997 933 934.60 15:1 I.GO 5. IG 0.33 

Ceniza .... 64 62 .31 ________ , _____ -- ---· ---- -- - - ---- -- - - - - - -
Ce x Kon - D ... No rmal. .. 981 922 919.69 15:1 2 .31 5 . 11 0.45 

Ceniza . .. . 59 61.31 
-- - - ---- - -- - = = = Kon X Ce- A ... . ... Normal. .. 138 128 129.38 15:1 J.38 1.92 0 . 72 

Cen iza .... JO 8 .62 -- -- -- - - ---- ---- - - -- ----
Kou X Ce-B .. .. ... Normal. . 181 167 169.69 15:l 2 .69 2.20 1 22 

Cen iza .... 14 11.3 1 
== = ==== !,= = == = ====== 
45 X rr ... . Nor mal. .. 85 81 79 .69 15: I 1.31 1.51 0.87 

Cen iza . 4 5.31 
= -- - - = -- - - ---- = TX 45-A No rm al. 246 229 230.62 15:1 1.62 2 .56 0 .63 

Cen iza .. . : 17 15.38 ---- ---- --- - ---- ---- - - --
TX 45-B No rmal .. 210 199 196.87 15:1 2. 12 2 .37 0 90 

Ceniza .. 11 13. 12 
= ---- = - -- - -- - - - -- -•r x Ce ... .. .. ...... Nor mal. . . 292 266 273. 75 15:1 7 . 75 2.00 2 .88 

Ce niza .. .. 26 18 .25 
-- -- -- - - -- - - = - --- - ---

(TX Ce) X Ce . . ... Normal. .. 379 274 284.25 3:1 10.25 5.69 1.80 
Ceniza .. .. 105 94.75 

-- -- ---- - -- - -- - - - - - - - - --
(Kon X Ce) X Ce .. Norma l. . . 317 251 237 .75 3:1 13.25 5.20 2.55 

Ceni za ... . G6 79.25 
- - - - -- - - - - -- - --- - -- - = 

(45 X T) X 45 ..... . Normal. .. 66 53 40.50 3:1 3 .50 2 .37 1.48 
Ce niza . . . . 13 16.50 

3: l I 6.75 
= = = 

(TX 45) X 4.5 . .... . Norma l. .. 175 138 131.25 3 .86 I. 75 
Cen iza .... 37 43.75 
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TABLE VI 

BEHAVIOR OF 'fHE F, PROGENIES OF THE CROSS Ce X Eon IN THE STUDY OF 

THE CENlZA OR GLAUCOUS CHARACTER 

Freq uencics 

Progeny Color n Calculated Dev. P. E. D/P . E, 

Observed 
n ratio ________ , _____ , ___ -- ------ - ------- --------

17 ................... Normal. .. 137 133 128.440 15:1 4.560 1.91 2. 39 
Ceniza .... 4 8.560 

--- - ---- ---- ---- ---- ----
18 ................... Norma l. . . 34 31 31.880 15:1 0.880 0.95 0.93 

Ceniza .... 3 2.120 
---- ---- --- - ---- ---- ----

19 ........ . .......... No rma l. .. 55 51 51. 560 15:1 0.560 1.21 0.46 
Coniza .... 4 3.440 

---- ---- ---- ---- ----
23 .... . ... . .......... No rmal .. . 130 122 121.875 15:1 0.125 1.86 0.07 

Ceniza ... 8 8.125 
---- ---- ---- ---- ---- ----

30 ................... Normal. .. 120 114 112.500 15:1 1.500 !. 79 0.84 
Ceniza .... 6 7.500 

---- ---- ---- ---- ---- ----
40 ................... Normal. .. 128 122 120.000 15:1 2.000 1.85 1.08 

Ceniza .. .. 6 8.000 
---- ---- ---- ---- ----

42 ................... Normal. .. 128 123 120.000 15:1 3.000 1.85 1.62 
Ce niz.a. 5 8.000 

---- ---- = = ---- = 5 ................... Normal. .. 246 181 184.500 3:1 3.500 4.58 0.76 
Ceniza ... . 65 61.500 ---- ---- -- -- ---- ---- ----

6 . . .......... . .... .. No rmal. .. 175 138 131. 250 3:1 6.750 3 .86 1. 75 
Ceniza .. .. 37 43. 750 

---- ---- ---- --- - ---- ----
7 ... ... ... .......... Normal. .. 153 111 114. 750 3:1 3.750 3.61 1.04 

Ceaiza. 42 38.250 
---- ---- ---- ---- --- ----

16 ....... ....... .. . .. Normal.. 153 141 143.440 3:1 2.440 3.61 0.68 
Ceniza .. .. 12 9.560 

---- -- -- ---- ---- ---- ----
25 ...... . ..... .. ..... No rmal. .. 120 94 90.000 3:1 4.000 3.20 1.25 

Ceniza .... 26 30.000 
---- ---- ---- ---- ---- --- -

32 ................... Normal. .. 120 96 90 .000 3:1 6 .000 3.20 1.87 
Ceniza .... 24 30.000 

Families breeding true to norma l : 4, 9, 15, 26 and 33. 

Families breeding true to "Ceniza" or glaucous: 39 and 43. 
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TABLE VII 

BEHAVIOR OF THE F, PROGENIES OF THE CROSS EON x CE IN THE STUDY OF THE 

CENIZA OR .GLAUCOUS CHARACTER 

Frequencies 

Progeny Color n Calculated Dev. P. E. D/P.E. 

Observed 
n ratio 

---- ----
55 ................. . . Normal. . . 305 334 342.19 15:1 8.19 3. 12 2.62 

Ceniza .... 31 22.81 
--- ---

62 . ...........•...... Normal. .. 282 264 264.32 15:1 0.37 2.74 0.14 
Ceniza .... 18 17.62 

--- ---
65 .••..•.•....•.. .... Norma l. .. 311 299 291.56 15:1 7.44 2.88 2.58 

Ceniza .... 12 19.44 
--- --- ---

66 ..•.......... . ... .. Normal. . . 448 421 420.00 15:1 1.00 3.46 0.29 
Ceniza .... 27 28.00 

--- --- ----
71. . . .•.•.... • ..... . . Normal. .. 308 281 288. 75 15:1 7.75 2.87 2.70 

Ceniza .... 27 19.25 --- ---
85 . . J ............... Normal. .. 286 268 268. 13 15:1 0.13 2.76 0.05 

Ceniza. .. . . 18 17 .87 
--- --- ----

9i .... '. .....•........ Normal. .. 149 142 139.69 15:1 2.31 l.99 1.16 
Ceniza .... ...... 7 9.3 1 

--- --- ---
52 .... . ...•.......•.. Normal. .. 401 319 300. 75 3:1 18.25 5.85 3.12 

Ceniza .... 82 100.25 --- --- ---- --- --- ---
58 ...... • ... . .•...... Norma.I. . . 327 258 245.25 3:1 12.75 5.28 2.41 

Ceniza .... 69 81. 75 ---- ---
67 .. . ..•......• • ..... Normal. .. 380 287 285.00 3:1 2.00 5.69 0.35 

Ceniza .... 93 95.00 
- -- ---

68 ... . ...... •·•· · .. .. Normal ... 406 313 304.50 3:1 8.50 5 .88 1.45 
Ceniza . .. . 93 101.50 --- ---

76 .... .. ... ·· ••· •···. Normal ... 198 155 148.50 3:1 6.50 4.11 1.58 
Ceniza .. .. 43 49.50 

--- ---
83 ... • .•.•.• • . ... ...• Normal. . . 252 201 189 00 3:1 12.00 4.64 2.59 

Ceniza ... . 51 63.00 

Families breeding true to normal: 53, 57, 60, 63, 64, 69, 70, 72, 77, 78, 79, 89 and 90. 

Families breeding true to "Ceniza": 59 and 61. 
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'f ABLE VIII 

SHOWING PHENOTYPIO DISTRIBU'l'IO N I NF,, F , AND B. C. PRO GENIES OF CROSSES 

I N THE STU DY OF THE YE LLOW AND CEN I ZA CH ARA CTERS 

Pr ogeny Class• 

·Ce x Kon-C.... .. . ....... NY ...... . 
Ny ...... .. 
nY ....... . 
ny ....... . 
'fotal. ... . 

Ce x Kon - D .. ... ........ NY . ..... . 
Ny . .. .... . 
nY .... .. .. 
ny . . .... .. 
Total. ... . 

Kon x Ce--A.... .... .. .... NY .... .. . 
Ny ...... .. 
nY ...... .. 
ny . ..... . . 
Total. . .. . 

Ce x Kon--6.. ............ NY ...... . 
Ny .. .... .. 
nY ...... .. 
ny ....... . 
T otal. ... . 

CexKon-7 .............. NY .... .. . 
Ny .... .. .. 
nY .. ... . . . 
ny. · ······ 
T otal. .. . . 

Ce x Kon-30. . .. .. .. .. .. . NY ....... 
Ny. 
nY ...... .. 
ny . . ... .. . 
Total. ... . 

Kon x Ce--55 .. ........... NY ...... . 
Ny ...... .. 
nY ...... .. 
ny . ..... .. 
Total. ... . 

Obser ved 

703 
230 
43 
21 

997 

693 
229 
41 
18 

981 

100 
28 
9 
1 

138 

94 
44 
29 
8 

175 

81 
30 
35 
7 

153 

49 
8 
2 
1 

60 

226 
119 
12 
8 

365 

Fre quenc ies 

Calculated Chi 
Square 

ratio 

45 
15 
3 
1 

45 
15 
3 
1 

45 
15 
3 
1 

9 
3 
3 
l 

45 
15 
3 
1 

45 
15 
3 
1 

D 

701.0 160 
233.6720 
46. 7340 
15.5780 

997. 0000 = 2. 24376 

689. 7660 
229.9220 
45 .9840 
15.3280 

981.0000 = l.02484 

97 .o:l lO 
32.3440 
6.4688 
2. 1562 

138.0000 = 2.28431 

98 .4375 
32.8125 
32 .8125 
10 .9375 

175.0000 = 5 .24636 

86.0625 
28 .6875 
28.6875 
9 .5625 

153.0000 = 2.43355 

42 .1875 
14.0625 
2 .8,25 
0.9375 

60.0000 =3. 05250 

256.6410 
85.547 0 
1:7. 1090 
5. 7030 

365.0000 =1 0 .19081 

p 

0.53 

0.80 

0 .52 

0. 16 

0.49 

0.27 

0.0003 ---------·--- - - ---- ---- _________ , ______ . ____ _ 
Kon X Ce--62. . .. .. . . .. .. . NY ...... . 

Ny ....... . 
nY ...... .. 
ny ...... .. 
Total. ... . 

Kon x Ce--66 ...... . ...... 

1 

~r:: :::: 
nY .... .. .. 
ny ...... .. 
'fo tal. . . . . 

196 
68 
12 
6 

282 

322 
99 
22 

5 
448 

45 
15 
3 
1 

45 
15 
3 
l 

198.2810 
66.0940 
13.2190 
4.4060 

282.0000 = l.26496 

315.0000 
105.0000 
21.0000 
7.0000 

448.0000 = l. 11746 

0 . 74 

0 .77 

•The class NY stands for normal green, Nv is normal yellow, nY is ce, or glaucou., green, and nv 
rep resents .ce yellow . 





462 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. R. 

TABLE IX 

BEHAVIOR OF GENOTYPE S IN RELATION TO THE CE CHARACTER OR ITS 

ALLELOMORPH INF, FAMILIES WHICH ARE PURE BREEDING FOR 

GREEN OR SEGREGATING FOR GRE'.EN AND YELLOW 

n 
Calculated Chi 

Class rat io Square p 
Observed Calculated 

Green ··············· ······ Normal. . . 7 6 5.250 

15:1. ...... 4 2 3.000 

3:1. ....... 4 3 3.000 

ce ...... ... 0.750 

Total. .... 16 12 12.000 = 0.52380 Over 0.80 

Segregatin g Green & Yellow Normal. . . 14 11 11.375 

15:1. ..... . 8 6 6.500 

3:1. ....... 8 8 6.500 

co ..... .. " 2 l.625 

Total. .... 32 26 2-0.000 =0.63 734 Over 0.80 


