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]N TltO D U CTI ON. 

IN the first paper of this series ~ it was shown that the Lolium 
pe,rcnne plant, No. 43, is hetcrozygous for at least two pairs of factors. 
Its factorial constitution in respect of these has been represented by 
means of the symbols L1Yy. 

The L1 pair of ft~ctors is concerned with the surviwd or non-survival 
of green seedlings. Plants of factorial constitution 11, although not 
appreciably deficient in chlorophyll, only survive at most up to the early 
second-leaf stage, although they are vigorous in germination, and m'/ke 
progress until the second-leaf stage is closely approached. 

The Yy pair is concerned with the appearance of chlorophyll-deficient 
seedlings. 

The presen~ paper deals with certain results obtained from another 
plant, No. 48, while results obtained by inter-crossing the two plants, 
43 and 48, as far as lethal factors are concerned are also discussed. 

P L A N T  '1-8. 

This is a normal, full green, vigorous plant, selected, as in the case of 
plant 43, in the fu'st instance as being promising from an economic point 
of view. Consequently, both when selfed and when inter-crossed with 
plant 43, only data which appeared to bc of economic significance were 
at first collected, since the main idea at that time was merely to obtain 
a sufficient number of plants to proceed with a building up of a pedigree 
line. 

Plant 48 proved to bc relatively highly self-fertile, but the L~ seedlings 
so produced were noticed to be of three different types--green, variegated 
gnd albino. A fldl record of such types has been kept throughout, but 
the study of variegation is' admittedly dill[cult and the data are as yet 
not sufficiently complete for discussion. 

As the work proceeded it was found that only a proportion of the 

,lolern. Gent. x l x .  1 ). 3 9 1 .  
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green seedlings survived. The non-sm'viving green are at tirsg vigorous 
and not appreciably, if a,t a.ll, deficient in chlorophyll. As iu f, he case 
of similar seedlings derived front plant 4:3, however, they  never proceed 
far into the second-leaf slm,ge, a.nd when t~he two l)ypes of non-surviving 
green are grown together they cannot be distinguished from each other 
with any degree or certainty. 

])LANT 4 8  SELI,'-POLLINATI~'I). 

One advantage of working on the perennial grasses is the fact~ that  
one q.n(l the same planl~ can be used over a mtmber of seasons. I~'or lint 
work, however, it is found necessary to rejuvenate l~he plant each year. 
This is done by breaking ib up into plantlc'bs o[ such a size tha t  vigorous 
material may be availahle at; flowering timO. In consequence of this 
breaking up of the original plant, ])lanl~lets have sometimes bcert given 
new iglentification numbers. The idmd;ification numbers 48, 49, 50 and 
131 which ma,y occur in this paper, therefore, refer to the differenl~ 
planl~lets of the same original plant,, No. 48. 

In Table I are shown results ob~a.ined by selfing four different l?lantlef, s 
el plant 48. As will be the case throughout the paper, the actual figures 
for surviving and non-surviving green seedlings only are included. 

In this table also the actual numbers are compared with t, hose 
expected, calculated on a 3 : 1 basis. 

TABLE I. 

Survivi'w a..ml non-survivivg green seedlings obt,.i'~2ed by se!f-polli.mtti'J~g plaT~t 48. 

Act,ual Expected 

germi- 8ur- Non-sur-  Sur- Non-sot-  ~l.)le ])er ie-  
Fami ly  hal, ion r iv ing r iv ing  viving r iv ing  error lion Dev./p.I~. 

48[(1) 70.1 285 92 282.75 94-25 5.91 2.25 0.38 
48(10)[(l) 85.4 357 109 349.50 11(i.50 6.30 7.50 1.19 
49[(1) 8,1.3 583 188 578.25 192.75 8.11 4.75 0.58 
49/(1) 53,0 114 42 117-00 39-00 3.65 3-00 0-82 

1339 431 1327"50 442-50 12"29 11.50 0'94 

In each family taken independently and also in the aggregate for 
the fern' families the agreement between the numbers actually obtained 
and those arrived at by calculation is very clone. In three of the families, 
however, there is a slight deficiency of non-sl'lrviving green. 

1 If "~ plantlc~ is too big ill emnparison with the size of the  peg, tile flowering s tems and  
infloreseenees arc apprcciably weakened. The  same thing would occur if a ]?l,ul~ were no~ 
broken u 1) and re-poll,e([, owing to exlnmstion of the soil in the pot. 
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L 1 I)LANTS SELFED. 

Results for surviving and non-surviving green seedlings have been 
obtained for six L., families. All these fanlilies were obhtined by salting 
Lj plants. The actual results 'u:e given in T'tble I I  where a comparison 
is also made between the actual ntmlbers and expeci;a,tion on a 3 : 1 basis. 

TABIA?, lI. 

~r ,remtlls compwred '.,ilh e,:})eclalioJt o~t 3 : I b . s i s .  

Actmd Exl)cctcd 
% ~ ~ -, r . . . . .  " . . . . . .  , ]h'ol,- 

germi- Sin'- Non-sin'- Sur- Non-sur- a b l e ,  ])ovi~t- 
li 'amily nat ion viving viving viving viving error t,ion Dev./r.E. 

,19/(2)30/ 60.2 72 34 79.5 2(1.5 3.01 7.5 2.4.9 
49/(2)38/ 76.0 288 124 309.0 103.0 5.93 2[.0 3.37 
,18/(2)1/ 76.5 l,i5 55 150.0 50.0 4.13 5.0 1.2 [ 
4.8/(2),1/ 70.8 364 124 366.0 122.0 6-45 2.0 0.31 

869 337 904.5 301'5 10.14: 35'5 3"50 

,19/(2)26/ 77'0 14 0 10'5 3'5 1'09 3'5 3'21 
,19/(2)28/ 69"7 9 0 6.75 2.25 0'87 2.25 2.59 

23 0 17'25 5.75 l',10 5.75 4.11 

These results fall natm'ally into two groups. In four of the families 
a proportion of the green seedlings failed to survive, but  tile agreement 
with expectation on a 3 : 1 basis is very good only in the case of one 
family. In each family there is excess of non-surviving green which 
causes the Dev./v.E. result for the four families taken together to be of 
such a magnitude as to suggest a significant deviation. When the 
families are considered individually, however, only in one ease is this 
figure more than 3. 

I t  must be borne in mind also that  in L2 the seedlings are generally 
very weal~ so tha t  it is probable tha t  some proportion of ~he non- 
surviving have perished simply through lack of vigour. In such a case 
a deviation in this direction is to be expected rather than otherwise. 

In two families, however, none of the green seedlings perished. In 
both eases, ~he number of green plants obtained was very small, so tha t  
taken individually, this fact is hardly significant. When the two families 
are taken together, however, the deviation naturally becomes more 
pronounced. 

The significance of the figures for these two families is increased by 
the fact tha t  loss of vigour should here be operative to the same extent  
as in the other families, while actually no seedlings were lost. 

These L, results, therefore, on the whole suppor~ the evidence 
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obtained fronl the L 1 families in indicating thag stu'vival or non-survival 
of green seedlings is dependent upon a single pair of factors. 

L 2 ~)LANTS SELFED. 

Unforlanmtel)r, La results ]lave bee]] obtained only from L 2 plants 
other than those included in Table II. 

All;ogether, twelve L:~ families have been obfiaincd. These arc all 
deriwttivcs of the two L~ phml,s 48/(1)21 "rod ~18/(1)22. Each of these 
was sell'ed, and the I, wo were also inter-crossed, 1)ut al; this time a full 
record of the behaviour of the green seedlings was not being kept. 
There is, therefore, no direct Lz evidence to show the constitution of these 
Lj plants in respect of surviving and non-surviving green seedlings. 

The L.~ results are shown in Table I I I  where some of them are also 
compared with expectation on a 3 :1  basis. The families arc here 
grouped according to parentage. 

TABLE III. 

L a results: surviving and nou-su,rvivi~g g,reen seedli7Tgs. 
Actual Expected 

% r - - " - - ~  ~ " ~ Prob- 
germi- Sur- Non-sur- Nut- Non-sur- able ])evia- 

Fanfily nation riving r iving riving riving error t, ion Dev./r.I:. 
,18/(3)21/28/ 51.8 87 I 
48/(3)21/27/ 75.4 171 0 
48/(3)21/29/ 58.3 48 24 54.00 18.00 2.48 6.00 2.42 
,18/(3)21/31/ 59.8 28 9 27.75 9.25 1.78 0.25 0.14 
48/(3)21 x 22/29/ (18.1 275 0 
48/(3)21 x 22/26/ 59.2 90 42 99.00 33.00 3.35 9'00 2.69 
48/(3)21 x 22/28/ 74.5 221 78 224.25 74.75 5.05 3.25 0.64 
48/(3)21 x 22/36/ 71.0 410 124 400.50 133.50 6.75 9.50 1.41 
48/(3)22/8/ 50.0 4 0 
48/(3)22/15/ 72.0 15 0 
48/(3)22/11/ 70.3 223 5 
48/(3)22/13/ 57-9 107 3 

In the La families derived directly from the L~ plant 48/(1)21, two 
show scgregation into surviving and non-surviving green seedlings, while 
two show no such segregation. 

In two of the L:~ families derived directly from the other L 1 plant, 
48/(1)22, a very small proportion of the green seedlings failed to sm'vive, 
glue undoubtedly to lack of vigour, and at least three families arc clearly 
of the non-segregating type. The number of families is too sin�91 to 
allow for anything but a suggestion that  the L l plant 48/(1)22 was 
homozygous for the absence of the lethal factor. 

From L2 plants resulting from the inter-crossing of the two L~ plants, 
three segregating families and one non-segregating family were obtained. 
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The results are therefore consistent with the assumption that  plant 
,1.8/(1.)21 was heterozygous, while 48/(1)22 was homozygmls. As in the 
case of tile segregating L,., families there is a rather persistent excess of 
non-surviving green seedlings, but this excess is irregular and in no La 
family does the Dev.fi,.n. figure exceed 2.7. I t  is, therefore, at most, 
only of doubtful significance, 

When the five segregating L:~ families, with "L total of 1074 seedlings, 
are taken together, however, the devi'~.tion from expectal~ion ca a 3 : 1 
basis is only 8.5, while the probable error is 9.57. This gives a l)ev./e.I,:. 
ligure of only 0.89. 

The rather persistent excess of non-surviving green seedlings suggests 
the possibility that  two pairs of linked factors may be involved. If from 
the Lo_ and L3 families we select fore' of those showing a considerable 
excess of non-surviving green (families ,19/(2)30/, 49/(2)38/, 48/(3)21/29/ 
and 48/(3)21 x 22/26/) we get a total  of 498 surviving: 224 non-surviving 
green. This agrees very closely with expectation with linkage (coupling 
phase) of two pairs of factors, supposing the cross-over value to be about 
13 per cent. 

The L~ results, however, show no indication of the presence of two 
such pairs of factors, and the results for the other families are very 
irregular. 

When, further, all the results for the L~, Lz and L3 segregating families 
are considered together, we get a total of 3005 surviving to 1045 non- 
sm'~dving green seedlings, while the expectation on a 3 : 1 basis would 
be 3037-5 to 1012.5. There is still an excess of non-surviving green with 
a Dev./P.E. figure of 1.75, which is somewhat high but of very doubtful 
significance. 

I t  must be borne in mind tha t  the "non-surviving" class includes all 
those green seedlings that  perished from whatever cause. In eight non- 
segregating families with a torn.1 of 639 seedlings, nine died back. In a 
total of 4050 seedlings (the total for all segregating families) the equivalent 
would be 57, which more than covers the excess of non-surviving green. 

If only the L2 and L 3 families are considered (since there is no evidence 
of such loss hi L t families) the eqtdvalent figure is 32, while the actual 
excess of non-surviving green is 4~. In spite, therefore, of the fact tha t  
the  excess of non-surviving green in some families may suggest that  two 
pail's of linked factors are involved, the evidence reviewed as a whole is 
very strongly in favom' of the hypothesis that  segregation is throughout 
monohybrid in type, with, in some cases, excess of non-surviving green 
caused by the death of weak, but  genetically surviving seedlings. 
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.PLANTS tJ:3 AND 48 INTI,31t-CROSSED. 

It has now been shown that plant 48 is heterozygous for one, and 
prol)ably only for one .pa.ir of factors concerned with the a,ppearance of 
non-surviving green seedlings. These seedlings are indistinguishable from 
the non-snrviving green derived from plant 43. 

Wheu thc two phm~s were inl;er-ercssed, l [8 I~'~ seedlings were obt'fined 
from 12(1 seeds. These seedlings were all full green a, nd none o[ them 
[:dIed (;o survive. 

I~ is, ~here[ore, evident that the appearance of non-surviving green 
seedlings in the two lines is not dependent upon the same p'fir of fact;ors. 
Since the effect in the two cases is very similar, and the factors concerned 
in the case of plant 43 have already been indicated by means of the 
symbols L1, those of plant 48 may be designated L,1,. The formula 
representing plant 43 will thercfore be L1LxL , and that for plant ,t8, 
LLLI1 , . 

G R~su~'rs. 

The 1tl 1 plants obtainable (with independent segregation and re- 
combination) when two such plants are inter-crossed are of the four 
types LLL1L1, L1L1L1, LLL,1, and L1Lil I in equal nmnbers. Since 11 
and lfl, seedlings are indistinguish~ble, 1~'~ families obtained by selfing F, 
plants cannot show whebher such plants are L1L,L, or LLLfl,. In F,, 
therefore thrce types of families should be obtained in the ratio: 

1 consisting of sm'viving green seedlings only. 
2 consisting of surviving and non-surviving green in the ratio 3 : ]. 
1 consisting of surviving and non-surviving green in the ratio 9 : 7. 

Altogether, nineteen F~ plants have been tested by selfing. Of these, 
five gave families of one, two, three, eight and eleven plants each, 
respectively. The results for one of these plants arc included with other 
F 2 results in Table IV, since for this particular plant, other evidence, to 
be given below, has been obtained. 

The results for fiunilics giving eleven phmts or less cannot be relied 
upon. 

Of the green seedlings obtained in two of the F 2 families none failed 
to sm'vive, while in a third, only one out of twenty-two died. It would, 
therefore, appear that these three families were obtained from plants 
which were homozygous non-lethM. 

Family 179/(2)32 occupies an anomalous position. The actuM ratio 
is 404 surviving to 37 non-surviving green seedlings, whercas expectation 
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TA]~ Mi3 IV. 

F~fam, ilies : actual .mtmber (~' ,s'm'w;vi,~lg aml non-su, rvivi,~g green, 
seedl,b~gs obtai,~md by ,s'e!fi.~tg F 1 pla,nts. 

Seedlings 

Fami ly  Surviving Non-surviving 
112/(2)2s/ 2 o 
179/(2)35/ 80 0 
179/(2)38/ 21 1 
17o/(~)3:)/ ,is o 
179/(2)32/ ,104 37 
I12/(2)29/ 266 76 
112/(2)33/ %0  125 
1791(2)29/ 67 19 
179/(2)33/ 43 14 
179/(2)31/ 7I 36 
112/(2)8/ 255 224 
179/(2)28] 294 259 
179/(2)3d:/ 23 1S 
179/(2)3(i/ 32 33 
112/(2),t/ 828 860 

would be approximately 331 : 110 on a 3 : 1 basis and 413 : 28 calculated 
o n  a 1 5  : 1 basis. There is a distinctly closer agreement with the latter 
than with the former. 

The F 1 parent of this family has not been tested except in this 
instance, so tln~t no further direct evidence as to its eonstitntiou is 
available. A definite 15 : ] ratio has, however, not elsewhere been found 
in connection with these particulm: characters. 

This family is also very large in comparison with other "179"  
families obtained under the same conditionsL This suggests possible 
contamination by foreign pollen. With selfing iu the open, employing 
dense fabric covers, there are two possible ways in which contamination 
may occm'. In the first ]?lace, a cover may become slightly defectiw'~ and 
the defect not be detected. In the second place, covering nlay be tot) 
long delayed. The imports.nee of such sources of contamilmtion has 
long been fully recognised, so th~t every possible precaution is taken to 
guard aga.inst them. That contamination from either of these sources 
may  very rarely happen is, however, not impossible. 

If such contamination had occurred in ~he case of phmt 179/(1)32 
-0rod this is supported by results for types el seedlings o~her than green), 
~he tendency would be to decrease ~he proportion of non-sm'viving green 

1 Families 179/(2)28/and 29/ together with all gho "112"  families were obtained from 
seed produced mtder greenhouse eondillions and h'om rope,~ted selfing. An far as possible, 
selling in emmeel, ion wi~h gelm{,ical work is ahw, ys conducted under  ~hese conditions, but  
the  num ber  of plan~s selfcd each season is far in excess of ~he greenhouse space t~vailable. 
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seedlings. I t  would, therefore, !q?pear that  this family actually represents 
a 3 : 1 ratio, since it is highly ilnprobable that  such an "mmunt of con- 
tamination should h'~ve occurred as to reduce the proportion of non- 
surviving green from the 193 expccl;ed on a 9 : 7  segregation basis ~o 
the 37 :mtua.lly obtained. 

In the next group, there arc four fmnilies, three of which, as shown 
in Table V, agree very closely with expectation calculated on a 3 : ]  
basis. In the fourbh family t~herc is an excess of non-surviving green 
seedlings, which is, however, probably not significant. 

TABLE V. 

Rcsulls./br Jbur F2,/}tmilies compared with e.cpechttio~l c,  lcuhdcd on a 3 : 1 basis. 

Act, tta, l Expected 
_ _  ^ ) ~ _ _  

Sur- Non-sur- Sut'- Non-sur- Probable 
Fami ly  viving r iv ing r iv ing  viving error l)cvial, ion Dev./l'. l~. 

112/(2)29/ 266 76 256.50 85.50 ,1:.54 9'50 2.0!) 
112/(2)33/ 360 125 363.75 121.25 (i.,13 3.75 0.58 
179/(2)29/ 67 19 04.50 21.50 2.71 2.50 0.92 
179/(2)33/ 43 14 42.75 14.25 2.21 0.25 0.11 

736 23,1: 727.50 242.50 9.10 8.50 0'93 

When the aggregate for the fern' falnilies is taken the agreement 
with expectation is very good, so that  these fern' families may be 
regarded as definitely showing monohybrid segregation. 

The next family, 179/(2)31/, again occupies a rather auolnalous position 
with 71 sm'viving and 36 non-surviving seedlings. The expectation in 
this case, caleu]a.ted on a 3 : 1 basis, would be 80.25 : 26.75. This gives 
a Dev./e.n. figm'e of 3.06. Calculated on a 9 : 7 basis, on the other hand, 
the expectation would be 60.2 : 46.8 which gives a Dev./I:'.E. figure of 3.12. 
In the absence of other evidence, therefore, it is impossible to determine 
whether this tinnily shows a monohybrid or a dihybrid type of segregation. 

Fern" other families, as shown in Table VI, give a fair agreement with 
expectation on a 9 : 7 basis. In none of the families taken individually 

TABLE VI. 

ResultsJbr fowr F~ /hmilies compared with expectation calculaled on a, 9 : 7 basis. 

Actu&l Expected  

Sur- Non-sur- Sur- Non-sur- Probable 
" F a m i l y  r iv ing  r iv ing r iv ing  r iving error Deviat,ion Dcv.#,.l.:. 
112/(2)8 255 224 269.4 209.6 7.32 14.4 1.97 
179/(2)28 20,t 259 311.1 241.9 7.83 17.1 2.18 
179/(2)34 23 18 23.1 17.!) 2.1,1: 0.1 0.05 
179/(2)36 32 33 36.6 28.4 2.71 4.6 1-70 

604 534 640.2 497.8 11.29 36.2 3.20 
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is ~he deviation such a.s to be considered significant, but  owing to the 
fact tha t  ill the three largest families it is in the direction of excess 
of non-surviving green, the Dev./v.E. figure for all families together 
reaches 3.20. 

Ig is quite possible I;ha~ this excess is due to the death of weak, 
gene~ieally-surviving seedlings, but it, also suggests a possible linkage 
(repulsion phase) between the two pairs of factors with a certain amounD 
of crossing over. Whether this is the case or not wouh[ be difficult to 
prove conclusively, owing to some inevitable confusion between the 
non-sm'vivM of true "lethal" and weak "non- le thal"  seedlings, while 
back-crossing with recessives is obviously impossible. 

A single family, 112/(2)~1/ consisted of 828 surviving and 860 non- 
surviving green seedlings. This result is the aggregate for a nmnber of 
results with which the individual results agree fairly closely. I t  is, 
therefore, evident that  the result is not abnormal, but it is also obvious 
tha t  i~ does not agree with expectation calculated on a 9 : 7 basis, there 
being a great excess of non-sm'viving seedlings. Such a linkage as that  
suggested by the results Mready given might par~ially account for this 
excess. There would still remain, however, a considerable excess of 
non-surviving green. 

In ,~ny case there is a clear indication that  the F~ plant concerned 
is heterozygous for two pairs of factors, so that  in this respect it falls int, o 
line with the other [our plants which give a segregation of 9 : 7 in I"0. 

Of f, be fourteen plants which gave apparently relia,blc results, 
therefore, three have been found to be homozygons non-lethal, five ga.ve 
monohybrid segregation, and five were heterozygous for two pairs of 
factors, while one other family was segregating, but whether it was 
heterozygous for one or for two pa.irs of factors could not be decided. 

With fifteen plants, the expectation would be 3.5 LLLtL1, 7 L1LxL 1 
+1 LLL~I 1 and 3.5 L1Ltl~. The nmnbers actually obtained are either 
3 : 5 : 6 or 3 : 6 : 5, so that  agreement is as near as might be expected 
with the number of plants tested. 

1r 1 ]?LANTS BACK-CgOSSED TO PAll, I,~NTS AND SIDE-CII, OSSI,]D 

TO SrSTEg PLANTS. 

Some of the F~ plants tested by selfing have been further tested by 
back-crossing to their parents and by side-crossing to sister plants. The 
results are given in Table VII. In this table also, where the families 
are fa,irly large, and there is evidence of segregation, the actual results 
are compared with expectation on a 3 : ] basis. 
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T A B L E  V I I .  

F~ l)la..ts back-crossed to parents a'ml side-crossed to sister pla'.ls. 

hO, md 
^ ExtJccted 

Non- - - ~ , - - - -  l?rob. 
Stir- stir- Slt['. Non-sur.  able Devi l -  

Fami ly  Paren ts  r iv ing viving vlving viving error fuion Dov./P.E. 
183/(l) 112/(l)23 x43  28 1 
185/(1) ,19 x 112/(1)23 7 2 
186/(1) 112/(1)23 x,18/(1)22 25 0 
303/( 11 112/(1)28 x 43 38 0 
3i 1/(1} ,t9 x 112/(I)28 4- 0 
318/(1) 112/(1128 x 112/(1)8 27 0 
319/(11 112/(1)s • 112/(1)2s :1 0 
320/(1) 112/(1)28 x 112/(1)2!) 33 2 
321/(11 112/(1128 x 112/(1133 7 0 
312/(1) 112/(1)29 x,19 ,97 1 
305/(1) 112/(1)33 xd3 90 0 
301/(1) 112/(1)4 x4"1 51 19 52.50 17.50 2.44 1.50 0.61 
309/{I) 112/(114 • 77 26 77"25 25'75 2.91i 0.25 0.08 
302/(11 ,13 • 112/(I)8 52 22 55"50 [8"50 2-51 3-50 1"39 
310/(1) 112/(118 x49  41 8 3(i'75 12'25 2.0:1: 4.25 2"08 
317/(1) 112/(1129 x 112/(1)4 58 1,l 54'00 18"00 2.48 4.00 1"61 
304/(1) 112/(1)29 x43 31 l I  :11"50 10'50 1'89 0"50 0.26 
313/(1) 112/(1)33 x,t9 57 19 57'00 19"00 2"55 0"00 0"00 
307/(1) 179/(1)28 x 4.3 36 17 39.75 13.25 2.13 3.75 1.76 

Total  for eight  scgrcgt~l,ing( 403 136 404'25 134"75 6"78 1-'~5 0'18 
J/amilics ~ 

1~'~ P~ANT 112/([)23. 

A fttll record of the behaviour of the green seedlings obtained t'ronl 
selfing this plant was not obtained. 

Back-crossed to its parent, plant ,t:3, twcnty-niim green seedlings were 
obtained, one of which (lied (Table VII, Faro. 183/(1)). From the back- 
cross to the other parent, plant 49, nine green seedlings were obtained, 
two of which died (Table VII, Faro. 185/(11). In this case, death appeared 
go be due to lack of vigour rather than to "lethal" factors. 

ThrEe F., plants (obtainEd by selfing 112/(1)23) were a.gain selfed. 
A single seedling obtained in one family sm'vived. In the second family 
one out of six died, while in the tliird live ou~ of thirty-tin'co failed to 
survive, so tha.t although in none of these cases could death be defilfitely 
stated go be due to the lethal factors, the results must be considered 
indefinite. 

The L~ plant 48/(1)22 has already been shown to be of the factorial 
constitution LLLjL~, so that the fact t]m,t all the seedlings obtained 
when this was crossed with the tr 1 1)Ian~ t12/(1)23 survived throws no 
light upon the question of the fa.ctorial constitution of the latter phmL 

The Li 1)lang 48/(1)21 has been shown Co be of con.stitugion LLL,11. 
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When this was in~er-crossed wigh phmt 112/(1)23, at least thirl;y-fiv(3 
out el til'gy-two green seedlings survived, but l:here is no record of ~he 
remaining seventeen. 

Eight of these plants from cross ,18/(1)21 x 11.2/(1)23 were selfed, 
with results as shown in Table VIII.  

TAI]IAg VIII. 

I,'am, ilies obhti~wd by se{fi.!l plaztls cx ,18/(1)21 x 112/(1)23. A c t , . d  rcs~dts 
compared with cxpechttioJ~, on a 3 : 1 basis. 

Aclaml Expected 
~ _ _ , % ,  

m'- Non-sur- Sur- Non-sur- 1)rob~dflo 
li'~mfily viviug viving riving viving error l)cvi~bimt Dcv./i'.E. 

188/(2)2(it 13-/: (it 1,16-25 48.75 4-08 12-25 3.00 
188/(2)27/ 20 3 17.25 5.75 1.40 2.75 1.90 
188/(2)29/ 154 46 150.00 50.00 4.13 4.00 0.97 
188/(2)30/ 85 25 82.50 27.50 3.06 2.50 0.82 
188/(2)31/ 10 10 15.00 5.00 1.31 5.00 3.82 
188/(2)32/ 18 2 15.09 5.00 1.31 3.00 2.29 
188/(2);13/ 62 2 48.00 10.00 2.34 14.00 5.98 
188/(2)35/ 61 27 66.00 22.00 2.74 5.00 1.82 

The numl)er of plants in three of 
very reliable results, but only in o11(3 
the possibility of a 9 : 7  ratio. 

these families is too small to give 
of them is there any indication of 

In one of tim other families there is a considerable excess of non- 
surviving green, lint not such as to inr a necessarily significant 
deviation front the 3 : 1 n~t;io. Three other l'amili(3s give a fairly good 
agreement with ~his ratio, while the remaining family, with two non- 
surviving green in sixty-four, is all but ccrt~dnly non-segregating. 

These results, ~herefore, whil(3 confirming t;he general hypothesis of 
the existence of lethal fa(3tors, do not give couclusiv(3 exdd(3uc(3 as to the 
factorial constitution of ~he/i' l plant 11.2/(1)23, although in general the 
evidence appears to indicate t~hat it is LLLaL ~ . 

Y 1 PLANT 11.2/(1)28. 

Only two green seedlings were obtained as the resull~ of selfing thi.~ 
plant. Both of these survived (Tabl(3 IV). 

From the back-cross to plant 43, thirty-eight green se(3dlings were 
secured, all of which survived. Similarly, all four green seedlings from 
~he back-cross to the other parent; also survived. 

Skl(3-crosses to the sister phml~s, 112/(1)8, 112/(1)29 and 112/(1)33, 
gave i t .  total of seventy-two seedlings, only two of which failed to survive. 
Since 1;11(3 three sister plant)s with which the side-cross was made are 

dourn, ot C4en. xlx 27 
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he{;erozygous, L1LIlj, L1LjL l and LLLtl  ' respecI~ively, ~hc evidence is 
conch, siva tha~ plan~ 112/(l)28 is of faci~oritd constitution LLLIL ,. 

�9 Fi ]h~AN'V 112/(1),t. 

This phml~ when haole-crossed go the lm.rcnb plant ~13 g a w  lift,y-one 
surviving an(/ ninel;een non-surviving green seedlings, xvhilc front the 
])'~ck-c'ross to the ot)her parent, the corresponding ligures were scvenl;y- 
seven and twenty-six. The a.grecment wi~h exl)ec~agion on ~ 3 : I basis 
is in both cases excellcnE In the family obtained from the side-cross 
to planl~ 112/(1)29, t~he agreement is not~ quite so satishmtory, bttg the 
deviation is no~ significanl~. 

When all three families arc considered t~oge~her the deviation from 
expectation on a 3 : 1 basis is only 2.25 in 245 plants, st) thai; agreement 
is very close. 

These resnll,s are 1)ol~h interesting and important in view of the fa.c~ 
thai) plant~ 112/(1)4 when selfed gave surviving and non-surviving green 
seedlings in the rat~io 828 : 860. The present result~s would lead to the 
expectation of a clear 9 : 7  ratio, so tltag aclmally the excess of non- 
surviving green is distinctly large. Some of this excess would be covered 
supposing the two pairs of factors were linked (repulsion phase), bul; 
such linkage could not account for the whole of it. 

The sclfing results might suggest the interaction of a third pair of 
f~mtors, but this suggest~ion is contradicted by the bt~ck- and side-crossing 
results, unless we assume ~hat a new mul;ation has taken place. 

UnI~il fm't)her results have been obtained, therefore, the exact factorial 
constitution of I~he F~ plant 112/(1)4 must remain doubthtl, but at the 
shine time it is quite evident both from selfing and from back- attd side- 
crossing that  it is hctcrozygous for the two pairs of factors concerned 
wil~h the appearance of non-surviving green seedlings, and that  its 
factorial constitut~ion may be, writl~en L1L~I~. 

ffl PI, AN'I' 112/(1)8. 

The F 2 family obl)ained when this plan~ w~s selfed showed a [air 
agreclnent with expectation calculated on a 9 : 7 basis with some excess 
of non-surviving green seedlings. 

Back-crossed to the parent, plant ,13, there was again an excess of 
this type of seedling as compared with expectation on a 3 : 1  basis, 
while the back-cross ~o t)he other parent gave a deficiency of nott- 
surviving green. 

In no case, however, is the devi'l.tion from expectation of such a 
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magnitude as to be probably significant, and the factorial eonstilattion ot! 
the i~'~ phmt ma,y therel!ore be rel?rcsented as L1Ltl~. 

li' 1 PLANT 112/(1)29. 

hi  the F 2 family obtained by selling, this 1)lant, the a.greemcnt witch 
exl)ecl;nl,ion on a 3 : ]. bq.sis was excellcnt. 

Baclz-(.rossed I,o pl'mt ,13 and side-(-rossed to })lant 112/(1)<1 i1, q.ga.in 
gave surviving n.nd non-surviviltg green seedlings in ratios "q)l)roximal;ely 
in "~,grcemenl)wil~h expectation on l;he same bqsis. Since 112/(1)4 is 
heterozygous for both pairs of fact,ors, this indicates t, hat  plnnl) ] 1.2/(1)29 
is het~erozygous only for one pair. This is confirmed by the resull;s 
obtained by back-crossing to the parent, l?lant 49. In this case, only 
mm out of ~tinety-cighb gremt seedlings failed to survive. 

The I~'~ plant 1.12/(1l)29 is therefore evidently of constitui~iml L 1 L , L  1. 

F I PLANT ]] 2(1)33. 

This plant when selfed gavc a,n F 2 fa, mily of ,185 green seedlings in 
proportions of surviving and non-surviving very closely agreeing wit;h 
expectat~ion calculated on a 3 : 1 basis. 

Back-crossed to l;he parent, plant 43, it gave no non-surviving green 
in a total of ninety seedlings, while when back-crossed to the other 
lm.rent, the mtmbers were in exact agreement with expectation ealculated 
on n, 3 : it basis. 

This F 1 plant is therefore only ]mterozygous for one pair of factors 
concerned with tim appearance of non-surviving green seedlings and its 
factorial constitution is in this respect simila.r to that  of its l?arent, 
pla.nt 48, viz. LLLI1 t. 

/,', PLANT 179/(1)28. 

.This plant, has only been ba.ck-crossed to one o[ its pare,its, plant ,13. 
From this cross, n. slight excess of non-sin:riving green wits obtained. 

There was also an excess o[ {;his chtss ot7 seedling when the phmt was 
selfed, but in neither case wa.s the excess of such a magnitude as to show 
a siguifiea.nt devia.tion. 

Sin'ee the ratio from selling was a.pproxima.t;ely 9 :7 ,  the fa, ctorial 
COl~stitution of this phult is probably L1L,I,, lmI; this h'ts not, l)cen fully 
confirmed, a.s results from only one b'mk-cross ha.re been obf, ained. 
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v fia RESULTS. 

Nine F,o l)lants derive(l from the F~ plant 1.12/(1.)38 were se]fed. 
A full record of the behaviour o1! the fi'a seedlings is not availabh;, but; as 
far as i~ goes, it shows that  there was a distinetl loss of green seedlings 
be|,ween germina|;ion and the time when the seedlings were l)lanted out. 

One of the F., plants ga.ve no seed from selling, while I,hree. ol,hers 
gave rise to families of one, ten and eleven l)lal~ts each resl)eetively. 
In each ol' t,h(; three families some seedlings [ailed t;o survive, but the 
total number of seedlings in each family was Zoo small to show the type 
of segregation. 

The results for the remaining live Fa families ~re given in Table IX. 

Resulls,/br five Yafaudlies oblai',ed by se!/b~g Fo pla,I,L with a com'l)ariso,, 
q/' achtal 'nu.ml)ers wilh e.-cl)cclatiou, calculated oa a, 9 : 7 basis. 

Actual  EXl)Ccted 
t "  - - Z  (" "~ 

Sur- Non-sin'- Sin'- Non-sur- Probable 
Fami ly  r iv ing r iv ing  r iv ing r iv ing error Doviation Dcv./t'.l,:. 

112/(3)38/1/ 60 40 56.25 ,1:1.75 3.35 3.75 1.12 
112/(2)38/8/ 13 9 12.38 9.(i2 1.57 O.fi2 0.39 
112/(3)38/10/ 41) 36 42.75 33.25 2.92 2.75 0.94 
112/(:|)38/12/ 71 67 77.(13 60.37 3.93 6.63 1.69 
112/(3)38/14/ 73 64 77.06 59.94 3.92 4.0(; 1.04 

257 216 2{J6.07 206.93 7'28 9'07 1"24 

These results a.re remarkable in the f~et tha t  whether the families 
be considered individually or in the, aggregate there is throughout a 
satisfactory agreement with expectation en.lculaged on a 9 : 7 b't.sis. 

The number of F,  plants for which results were obtained is, however, 
too small to show ~hat amongst F~ plants generally there is neeessa.rily 
a preponderance of double-heterozygotes. I t  may be purely accidental 
tha t  these live plants shouhl be of this type, hut there is also a possibility 
tha t  such plants arc nmre highly self-[ertile. 

In any case, these results again show tha~ from the two plan~s, 
43 and 49, e'mh heterozygous for one pn.ir of factors, progeny plants are 
produced which are heterozygous for (~wo pa.irs of factors concerned wi|,h 
~he appea.ranee of non-surviving green seedlings. 

)~U~'IMARY. 

Various plantlets of the origin'd plant, number 48, gave when selfed 
a total nmnber of 1.770 green seedlings. O[ {hese, 1339 survived while 
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431 perished a.t a.bout, 4he onset o[ the second-leaf stage. These numbers 
show but a slight~ devia.gimt from expo, ctal)io~t eMeulM;e,d on a 3 : 1 basis, 

]~,esults supl)ort~ing the hypothesis thai; plant <18 is heterozygous I'or 
one, and only one pair o1' fael;ors concerned witch the surviwd or non- 
survival of green seedlings, were obtained from Lu ;rod L a families derived 
from 1.)la, nt: ,18, a.li~hough in some eases i:here was an excess of non-surviving 
phmts. 

The non-surviving green seedlings derived from plant 48 are indis- 
t, inguislm.bh~ from those derived I'rom plant; ,13, but; when i;he I;wo plant, s 
were. inter-crossed, only surviving gree, n seedlings were, otfl,a.ined in F l. 

In F.,, at least three types of hmlilies were obtained by selling F 1 
plants. Some fa.milies showed no segregation of surviving a.nd non- 
surviving green seedlings; some gave segregal;ion of l;he monohybrid 1,ype, 
while still n. third group gave result;s agreeing wil;h expeet'~.tion calculated 
on a 9 : 7  ha.sis. ]n one family, for some re'~son noi) yet  detlnil;ely 
explained, non-surviving green seedlings oe(;urred in eonsideralfle excess 
of expeeta.tion even on a 9 : 7 basis. Linkage of l;he ~wo pairs of fa.el,ors 
ix suggested as a possible pa.rtial explanation. 

When F 1 1)lants were back-crossed t;o their parents, resuli, s strougly 
supporting those obtMned by selfiug were obl:ained. Results ob~aiued 
by inter-crossing I~' 1 plants were of the s,~me kind. 

A few l?a families obtained all showed segreg;ztion in agreement with 
expectation calculated on a 9 : 7  basis. This, while supporting t;he 
general results in showing thal~ two distinct pairs of fael;ors are concealed, 
does not of necessity sugges~ any irregularity, owing to ~he small ram,bet 
of F,, ])lmlgS involved. 

The factor pair derived from ]?lanl~ ,13, and concealed with the 
appearance of non-surviving green seedlings, had previously been 
designa.ted L1. The pair now found in pl'tnt 48 has been represented by 
means of the symbol L~l~. Pl,mJss heterozygous for bobh l?airs of factors 
and giviug segregM;ing families of the type 9 : 7 ;u'e therefore of [;tutorial 
eonstibut~ion L1L~I~. Non-surviving green seedlings m: W be l lLiLi,  
LLIIll,  11L111, Llllll ,  or lllll 1 . 


