
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




~ ~I~ 2 8 IIIIIQ1.0 W ~ 
~W .2 
... ~ ~ 
::I&: 

~ IIIIIJ:~.. M1.1 ...... 

111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU or STANOAROS-J963-A 

~ ~~ 2.8 ~1112.5W ~ ~1.0 
: Iii 12J: ... W = 

: ~ I .0 
.. M1.1 ...... 

111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NAlIOIIAl BUREAU OF STANOAROS-J963-A 

http:111111.25
http:111111.25


--

Theoretical Segregation 
Ratios of Qualitatively 

Inherited Characters for 

Hexaploid Sweetpotato 
(Ipomoea batatas L.) 

t;. 
~ ::J 

'>«''"'- ~ 
~ 

'- [6 :;. 
::- .£> ...!J 

"
:r" C) 4 ....., =:Q.i...... ~ 0;:.-'" .6} 

..t.. :;;f ;-<
,- ""-= 
'- .~n ..,.,.,.. 

T(~chnkal Bulletin No. 1368 

A~ricultura! Research Service 

U.S. DEPARTMENT OF A(;RICULTURE 


in (~ooperalion with 


(;eol'~ia Agriculturoal Experiment Stations 




CONTENTS 
Pflg~ 

Theoretical F2 ratios ......... < ••••••••• 1
................. ••••••• 


Test-cross ratios................................................ 2 

Population size.............................. ............. ....... 2 

Conformity of data to a hypothr:sis........................ 3 

Exaolple........................................................... 4 

Conclusions... ................................................... 5 

Appendix.......................................................... 6 


Wasilin!!tt)ll. D.C. Issued F't'bruary 1967 


For sale by llw Superinl(~lldl·nt of Documents, C.S. Governmenl Printinj! Office 

Washingl<HI. D.C.. 20402 - Price 20 cl'nls 




Theoretical Segregation Ratios 

of Qualitatively Inherited Characters 


for H~xaploid Sweetpotato 

(Ipomoea batatas L.) 


~y ALFHED JO:"lES. r,..~e(Lrch gl,Ilt'lic/st, Craps Rl'seureir Divisioll, Agricultural Reseurch 
S,·rt'irl', C.S. D"/JllrtmlCat of Agriculture; and /lorticullllrl' D"purimelll, Georgia Ag
rirlllluml ExpI'rim"1l1 S/(Jriolls 

Qualitative genetiC' data for 5weetpotatoes is searce, partially be
cause it is a hexaploid with 90 somatic (:hromosomcs and partially be
cause of the difli('ulti('s of st'lfing due to sterility, incompatibility, and 
the failure of many types to bloom in temperate regions. 

The acculllulation ()f gt'netie data about man)' qualitative charac
ters in swertpotatol's ('an eontribute to the understanding of the mode 
of inheritance and to the knowledge of its origin; and this information 
aids in t~1(' development ()f improved breeding procedures. Cytological 
information indicates that the sweetpotato contains three genomes and 
that thO of the:;(' an' probably more similar than the third. 1 2 Chromo
some pairing is generally as bivalents with very few quadrivaknts; this 
greatly simplifi('s the exp('ct('d gl:netie ratios by allowing the assump
tion that then· will be no double n,(ltwtion. Predominantly hexa
somic ratios would indicate that all threc gl.'nomes are alike; whereas, 
predominantly disomic ratios would indicat~: that the three genomes are 
distinct. Tetrasomic or tl;'lradisomic ratios would support the hypo
the~is of two similar and one dissimilar gt'nomc. 

C('rtain assumptions were necessary for ('onstructi(,n of the tables. 
As m€-ntioned previously, the assumption of no doubll' reduction elimi
nat"s many complications. The consideration of only two ('lasses of 
plant types Oike the parcnt or different from it) allows comparison of 
various hypotheses and minimizes errors due to dividing populations 
into too many or too few classes. The parental type WI) is cxprc'ised 
first and then th(' nonparental (segregate) type. Parents are assumed 
to be FI of unknown parentage, because when sweetpotato breeders 
find a self·fertile plant that will produce enough offspring for a genetic 
study they often either do not know its parentage or the parents are 
not available. For this same reason, selfing and backerossing to 
the FI are the test crosses used ill the tables. 

This bulll'tin brings together pertinent information IlI.'eded for quali
tativl;' genetic stutiie:; of hexaploids. in particular the sweetpotato, and 
provides tables of theort'li('al segregation ratios that may make the breed
er's task of interprNin[!; gCIH'tic data much less laborious. 

THEORETICAL F:! RATIOS 
Since the SWt't'tpotato has three g('nOIlH'S all of whidl may be sim

ilar or different: disomi('. tetrasomic, tetradisomic. and ht'x<lsomie 

J(INES, .\. CYTOI.()(;ICAI. OIlSEllVATI')NS '\NIi n;II'I'II.ITY ~H:ASl·IIE;l.IEN"S or SW~;ET-
1'('\T"'rOIIl'om)~:" II,\'!'·\"·\S 11 .. 1 IA~I.l. AI::l-r. So('.lIorl. S,-i. Pro(', H6: 527-.1:\7. 196.1. 

2 TI"i!;, Y. C.. and 1\~;lIn, A, E. i\I~;IOTIC :-;TlIlIES 1:-; TilE SWEETI'OTATO (1I'Oi\IOE,\ 
II,\TATAS (1 ..1 1.,\.\1.). 1f,·n·dil)' ·("k 207··211. 1%:i. 

I 
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models must all be considered as possibilities. ~Jany different genetic 
·chypotheses can be considered, some of which have been used in con
structing appendix table 1. Because there are three genom:es a mini
mum of three factors for the disomi.c models must be considered. 

In appendix table 1 dosage effects have been considered for the 
single-factor model!:., bllt not for other models because of the im.:reas
ing complexity of models of more than one factor. Obviously, dosage 
effects could occur with the other models even though not considered 
in this table. Likewise, th!:' table has not been extended beyond two
factor tetrasomic and hexasornic models. Up to three-factor disomic 
models have been included. As can be seen from the table, the com
plexity of possible genetic hypotheses increases rapidly as the number 
of factors increases. Ev('n with these limitations, the table does 
provide a starting place and does include a considerable number of 
possibilit ies. 

TEST·CROSS RATIOS 
Appendix table 1 shows that often more than One genetic hypotheses 

fits a given F2 ratio. Also, practical limitations of population size 
often make it necessary to consider those ratios a little larger or a 
little smaller than the ratio that corresponds best with the observed data. 
In order to show that a given hypoth .:!sis is better than other possible 
ones it is necessary to make test crosses. Many test crosses are 
possible, and the best crosses to use may vary according to the ma
terial available. For the purpose of this discussion and to develop 
appendix table 2, it was assumed that the parent plants were unknown 
or otherwise not availablf'. Therefore, selfing of F/s and backcrossing: 
of F/s to the F, were used in computing expected test-cross ratios. In 
this way a basis is available to compare the various hypotheses. 

Appendix table 2 has been arranged with ratios in ascending frequency 
of P, types and gives the expected frequencies of the various F2 geno
types and their expected test-cross ratios. No F2 ratios beyond 399: 1 
are included; testing higher ratios probably exceeds the limits of prac
ticality for sweetpotatoes. 

POPULATION SIZE 
A question of imprJrtance is, "What size population is npeded?" 

The general answer is: "As large as possible." With sweetpotatoes, 
400 to 500 plants is a practical answer for a F2 population. Actually, 
the answer depends on what ratios need to be discriminated between. 
The formulas for computing the size population needed to discriminate 
between two alternative ratios at the 0.05 probability level can be de
veloped by simultaneously solving two equations (see pp. 148 to 157 
of Kempthorne) 3 for two unknowns: the populations size (n) and a 

3 "~;;\II'TtI(lIl:'iE. 05(;,\11. AN I'(Tllom CTiON TO (a:NETIC STATISTICS. :345 pp. .Iohn 
W.tJq· & Son~. In(' .. i'\t"\\ York. 1%7. 



SEGREGNfJON HATJ()$ OF CHAHACTEHS FOH SWEETPOTATO 3 

breaking point (rl. TIll' formula for "1/.", which was used to construct 
appendix table 3, is: 

. _ (VI'I - "f +VfJ"!. _ (I~)'2 
II =2.1 

P"!.-{>I 

Values of "r" are not ilwJuded in the table, but they may be computed 
by: 

r = IlJII + 1.6'~5 YlIlfJ1-PT) 

In these formulas: 
11 = population size; 
r= breaking point, above which the higher proportion IS accepted; 

below which the lower proportion is accepted; 
PI = lower proportion; 
P2 = higher proportion. 
To find the population size nceessary to distinguish between 3: 1 and 
15: 1 ratios, the 3: 1 could be used as the lower proportion and 15: 1 
as the higher proportion (3:1=0.750,15:1=0.937) to obtain n=35 
approximately. 

,...-----,. 
V'o. {50 - O.5~~.=r VO~::r7 - 0.878)'1/=2.7 ( O. J.i 1 - 0.1:)0 

'v!Q.i&i +\!'Q.(0))"!. =., .., (OA:1:1 + O.2'~:))"
=~.7 (. 0.187 _.1 O.IH7 

_.) - 0.676)2 _.,.., '3 (1 2 _.) - no')
~_.I (0.187 - _. 1 ( •• ) ) - _. ( ( ••• ) 

= 35.18 

The sanw answer would be obtained by looking at the proportion of 
segregate types and using 3: 1 as the higher proportion and 15: 1 as 
the lower proportion (3: 1=0.250, 15: 1 = 0.063). Appendix table 3 
is meant as a guideline to give an indication of what can be teamed with 
a given population size. It suggests the futility of trying to arrive 
at an answer with only Ft data and can be useful in planning the neces
sary test crosses. 

CONFORMITY OF DATA TO A HYPOTHESIS 

The chi-square (X2) goodness of fit test is the most widely used Lest 
of conformity of data to a hypothetical ratio. The X2 test in terms 
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of "m" to "unity" with "(£)" and "a~" the observed types as given by 
Kempthorne 4 is: 

X2= (al - ma2)2 
mn 

where n = the total numbf'r of plants, 

al =the type 1 (parental, or FI, type) plants, 


and a2 = the type 2 (nonparental, or segregate, type) plants. 

To test a 3: 1: 


X') (al-3a2)2 . I ., d 1'1' d-= 3 Wit 1 egree 0 ree om. 
Il 

The value obtained would then be compared to a table of chi-squares 
(appendix table 4) for one degree of freedom. If the probability of a 
larger chi-square is ~ 0.05, then it can be said that the observed ratio 
has an acceptable fit to the hypothesis. 

The reader is referred to Kempthorne 4 for un adjustment when 
X2 values come very close to the 0.05 probability level (pp. 148 and 
149); for testing linkages (p. 157); for testing more than two classes 
(p. 154). Snedecor 5 (chapter 9) gives additional information on these 
procedures. 

EXAMPLE 

An example from work on sweetpotatoes published by Poole 6 in 
which 452 selfed progeny of a self-fertile plant segregated for red vs. 
green stems (G:g) will illustrate the procedure. The parent plant was 
red stemmed and 346 G: 106g were obtained in the progeny, which he 
interpreted as a 3: 1 ratio. Does his data fit a 3: I? 

X2 _[346-(3 X 106)]2 
.I  3x 452 

(346-318)2 (28)2 784 
X2----- --=--=0.578 ,- 1,356 1,356 1,356 

This falls between probability levels 0.50 and 0.30 in the X2 table; there
fore the observed ratio fits a 3: 1 hypothesis. But the actual ratio 
is 3.26: 1. According to appendix tables 1 and 2, the observed ratio 
probably fits other theoretical ratios equally well. In fact it fits the 
.3.26: 1 three-factor disomic ratio perfectly. Certainly in a p"Iant with 
three genomes, this is as likely as the 3: 1 ratio postulated. Also 
ratios of 2.69: 1, 2.70: 1, 2.79: 1, 2.98: 1, 3.01: 1,3.11: 1, and 3.17: 1 all 
fit acceptably. 

·1 Se(' rOil I no!!' 3. p. 2. 

;, S:"EDECOH, G. W. STATISTICAl. METHODS. Ed. 4. Iowa State Col. Press, Ames. 


19'~6. 

6 POOLE. C. F. SWEETI'OTATO GENETIC STUDIES. Hawaii Agr. Expt. Sta. Tech. Bul. 
27. 19 pp. 1955. 
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Increased population size would help to narrow the number of pro
posed ratios that fit the data and could be accomplished by repeating 
the test with a new group of seedlings. However, eventually test 
crosses would be necessary to determine which of the 39 genetic hypo
theses within the above range of possible ratios is the proper one. 

The expected test-cross ratios after selfing F:! plants (::!.ppendix table 
2) show how to find an answer. If allnonparental F~ pl.ants when selfed 
breed true (0: 1) for the nOllpalental (segregate) type, then the number nlf 
possible genetic hypotheses is narrowed to II. Conversely, if some 
nonparental F~ plants continue to segregate fIJI' both types, there are 
28 possibilities. If the parental type F2 plants either breed true for 
the parental type (1: 0) or segregate 3: 1, then the number of. pcssi
biiities is narrowed to ahout 7 (considering those segregations djfficult 
to distin6uish from 3: 1). If the nonparental types breed true and the 
parellltal types are as above, then the possible genetic hypothesel'i nar
row to the one-factor disomic. In like manner other hypotheses could 
be distinguished. In some cases backcross ratios may bf! needed 
in conjunction with selfed ratios; ill others it may even be neces£ary to 
construct other test crosses. 

CONCLUSIONS 
Information relative to the qualitative characters in sweetpotatoes 

would be valuable to the understanding of its origin and contribute 
to the development of improved breeding procedures. Such infor
mation could be accumulated by sweetpotato breeders if they would 
follow systematic approaches in their studies of interesting plant char
acters noted in self-fertile plants and their progeny. Usually the inheri
tance of qualitative characters in sweetpotatoes can be determined 
if the solution is approached in a logical, systematic manner (describ
ing the parent (Fd, giving the selfed (F2) ratios as the basis for some 
hypothesis, and then testing the hypothesis with suitable crosses). 

The tables presented are intended as a starting point only as many 
factors have nol been included, notably: multiple class ratios; con
sideration of lethals; dosage effects beyond one-factor hypotheses; 
and many test-cross possibilities. 
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~APPENDIX :I: 
?E .....TABLE 1. - Theoretical (F2l scgregation ratios obtaincd from selfing various parcntal types assu.ming different >genetic hy!'otheses 
~ 

1I':Xpl'l'SSl'd a~ pun'lIlul IF,) type; uonpllJ'('utal !ht'l-\n'l-\att'j] 

z 
~ 

:\,("",,.sal') rol' "xpJ'I'%ioll .. I' pan'utal IF,) Iyp'.·. with <lo,.al-\(' 01" ....c-- ~ 

t;OASSUIIlt'd parl'lIlal . ."iullllwr TYIlI' of inh"ritalH'" 0'0 
(F,) IYPt' !if'>of f'u('lnrs 

2 ::1 4 5 r: 
.-~-~.------ -.~--- - ___~--I...,...,.... ---_.- '--"'-- -'-' ~ I c:A 11 ........ .. Disllllli(' ................................................ . :~: I t'1 


~A a'..... . T..lrasollli(' ............... . 3 1 

:\"a"....•. 35 1 3: 1 , ................ o 

A"a ........ .. 1 0 1:0 'Tl 


~ A a'...... Hl'x!lsnmi(' ........................................... . 3 I ................. 
 ::c 
!\!!a-l ......•.... ~ •. . ...... do................................................ . 24 1 2.57: 1 ..... 


" N'aa..... . . ...... do................................................ . 399 1 2.39: 1 r:
20.05: 1 I 
k'a"..... . 1 0 ) :0 N:l S3,....:\'a........ .. 1 0 ) :0 1 :0 3: 1 


:::i 
t'1 
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TABLE l.-TIIf:oretical (f~~) segreW!tioll ratios obtained from selfing t'(Jrious parental types assuming digerent 2 


genetic hY/lOtheses- Continued 	 C"l 
:., 

IExpn·",,(·t! us pun'ntul lFtl type: nonpurentul (st'grt'gutt")] 	 til 
t:': 
:::: 

Necessary for expression of nonparental (segregate) typc I ~ 
:2 

ASSUlllcd parentul Number 'Type of inheritance 

(F,) typc 
 of fuetors 	 Hec. of Hec. of Oom. of A, I00111. of B,I00111. of A or jA and B A or B n'c. of B rec. of A 	 B, rec. of 

the othl'r r. 
Ul 

A u'B b·..................... 2 ·Hexusolllic ............................................ 15 ] 1.28: 1 4.33 1 4.33 I 1.67 1 

A u·B'h' ..................... 2 .......do................................................ 99 1 2.57: ] 32.33 ] 3.17 1 2.70 1 t"l 

o 

A a·IPb" ..................... 2 .......do................................................ 1,600 1 2.97 1 532 1 3.01 1 2.98 1 

A u·B'),' ..................... 2 .......do................................................ 1 0 3 1 1 0 3 1 3 1 ~ 

A a·B·b ...................... 2 .......do................................................ 1 0 3 1 1 0 3 1 3 1 o 


"'l 

:.-A'a'B b·..................... 2 .......do................................................ 99:1 2.57 1 3.17: 1 32.33: 1 2.70 1 

A2a'B'b'..................... 2 .......do................................................ 624:1 11.75 I 25.04: 1 25.04: 1 J2.02 1 ~ 

A'a'B3b"..................... 2 .. .....do ................................................ 9,999:] 22.58 1 416:1 24: 1 22.6 1 i=i 

A'u'B'b'..................... 2 ....... do................................................ ] :0 24 1 1:0 24: 1 24 1 c 

A'u'B·b ...................... 2 .. .....do................................................ 1 :0 24 ] 1 :0 24:1 24 ] ~ 


C 
::ll

A"u3B ),5..................... 2 .......do................................................ 1,600: 1 2.97 ] 3.01: ] 532: ] 2.98 1 t"l 

A3U3B'b'..................... 2 .. .....do ................................................ 9,999: ] 22.58 ] 24: ] 416:] 22.6 1 

A"a"B3b3...................... 2 . ......do................................................ 159,999: ] 199 ] 400:] 400:1 199 ] 

A3a"B'b'..................... 2 ....... do. ................................................ ] :0 399 ] 1:0 399: 1 399 ] 

A"a'IB·b ...................... 2 •.••...SD ....••........•......•....•...........•..•...•.. 1:0 399 1 1:0 399:1 399 1 




I 

A·u2 B b~..................... 2 ..•.•••. 110 .................. , ... , ... , ................... ,. () 3 1 :~ 1 0 3 I 
A·u'B·b·..................... 2 ........do................................................ 0 2-l 1 2·1 1 0 2·1 1 
A·u·B:Jh:I ..................... 2 ........110..................... , .......................... 0 391) J 399 J 0 399 ] 
A·u·8·h·..................... 2 ........do................................................ 0 1 0 1 0 0 1 0 ,tf) 

A4 a:!Bsh ...................... 2 ........ do................................................ 0 ] () 1 0 0 1 0 ~ 
::::: 

:\'u B h~..................... 2 ........ do ................................................ I 0 3 J 3 I 0 3:1 ~ A'a 13"1..·...................... 
A'a 133b3 ...................... 

2 
2 

........!Io................................................ 

.. ...... do ............................................... 
1 0 
1 0 

24 I 
399 1 

24 ] 
399 1 

0 
0 

N:I 
399:1 

:.
j 

A'u B<b·...................... 
t\sa B·b ....................... 

2 
2 

........do ................................................ 

........ do................................................ 
] 0 
J 0 

J 0 
1 0 

1 0 
1 0 

0 
0 

1:0 
1 :0 

c z 
:::::
:.

Necl'ssary for expression of nOlll'art'ntaf (sel,;n:!\ateJ t)'p~' I j 
o 
tf) 

o 
Dum. (If "rJ 

Dom. of IDom. of ::r:Rec. of Het'. of HeC'. of Oom. of Dom. of i\ and B, ,'j 

Assumcd parl'nla] WI) typc Numher I Type of alt 3 at leust at least A, r('c. Band C, A or 13, ft., 13, or Band C, :.
:::::of fal't .. r~ init('r;tulH't· f'aetors 2 of th~' f of fh.. of B IJnd C rec. of A /'/'('. of C C; n;c. of or A and :.

3 fal'!ors 3 fuefors the Of her 2 	 C: and :; 
rN·. of ""l 

ttl
the olher ::::: en 

"'1 

AuBbCc ........................ , .......... . 3 I Disomic ... (J:~: 1 5.4: I ] ;1.:17 20.33: I 6.11: 1 3.26: I 6.] I: 1 1.37:] 
o 
::::: 


,__'--__,_.1-..___1-.._" en 
OlJm., dominant; ree., recessive. 	 :E 

ttl 
ttl 
j 

~ :.
o 
~ 

\0 
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TABLE 2. - Theoretical test-cross ratios for variolls possibLe gelt.tic hypotheses of F~ segregations in a hexaploid o 

assuming 110 double rfe/uctioll 

-l 
t'l 

TeSH'rns:; ratios' ::cObs.. rv .. d IHypullwlil'ul F, pIH~no	 F" fft·· 
(i 

--r 2
F! rulio ' F, gt.-notypt· Ct-nt,tip h~ potht'sis ~ :. typ .. " F, gellulyw' , • s Iql~eney c=;

Self I Baek ). 

('ross to 10', r 
til -.~-. ~-~ -~-'- ---. "~-l----I-----+- c: 

C21 ; l.:n I:\ a B b C (" :1 faetnr: dist) llie: ree. of al F, ....... .. A' B' ........................................... . J 1:0 1:0 1= 

1~7::n) leasl 1 of I c 3 Iud fur F, ........ . HOlllo. dOIll. al 2 loci, hel. at I locus......... . 6 3: I 3: 1 t'l 


j
expn'ssioll of seg. type. 	 S..g...... . Homo. dorn. al 2. loei. homo. ree. al 1 10('U5. 3 0: 1 1: 1 2

F,....... .. HOll1o. dOIl1. at 1 I\u'us, Ill't. at 2 I(wi .......... 12 1.28: I 1.28: 1 
Seg...... . Homo. dorn. at 1 lot' liS. homo. ret'. at 2 Itwi, 3 0:1 1:3 ~ 
Seg..... .. Homo. dnrn. al 1 loells. homo. ree. al I 12 0: 1 1: 1.67 2" 

IOl'lIs, and het. al 1 loellS. 
c:F, ....... .. A a B h C e ......................................... . H 1: 1.:H I:UH 

Seg..... .. Ht,l. al 2 Ind, homo. re('. at 1 IOl'lIs .......... . 12 0: I 1:2.55 (Jl 

Seg...... . Hel. at 1 IOI'lIs, hOll1o. reI', at 2 loeL....... .. 6 0:1 1:4.33 o 
Scg,...... . a2- b2 (":t •••••••• I 0: 1 ] :7 t'l 

"0 
:-'

1.28 ; 1 	 IA a 13 h 2. faetor; disomie: rc(', of A F, ......... IA' 132 
......................................" ........ .. 1 1:0 ] :0 


(9;7) or B for expression of' seg. F,......... A' 13 h .... .. 2 3: I 3:1 o 
"'l 


type. 	 Seg....... A' b'.... . 1 0:1 1: I ).
F, ........ . i\ a 2 3: I 3: I n 
F, ........ . A a 13 h .. . 4 1.28: 1 1.28: 1 :: 
Seg..... .. A a b'.... . 2 0:1 I: 1.67 C"l 

c:Seg...... . a~lP................................................. . 0: I 1:1 

Seg...... . a'B h .. . 2 0: ] I: 1.67 ~ 


c:Seg..... .. a:! b-:!..... 1 0:1 1:3 	 ::tI 
t'l 

1.28: 1 IA a"B b3 2. factor: tetrasomic: rec. of F, ......... A'a'B'b'... .. 	 5.26 I
I \17.2 1 
(9:7) A or B for expression of F, ......... A'a2 B h:l .... . 	 2 2.69 1 2.20 1 


seg. type. 	 Seg....... A"a' Ir' ... .. 1 0 ] ] 1.18 

F, ......... A a:lB"h"...... .. 2 t 2.69 1 2.20 1 




1.28: I IA u3B h 

(9:7) 

1.28: I IA aSB h5 


(<);7) 

I.;n: I IA u B h C e 

(37::2.7) 


I-I fuetol': letradisvlIlic; 
ree. of A or B 1'01' ex, 
prt'ssion ,,f H'g. type. 

2 fat'lol': Ilt'xasomie: ret'. of 
A or B for expression of 
seg. type. 

:3 	 faetor; :lislllllic; dom. of A 
and 13, /3 and C, or A and 
C and rec. of the other 
locus for expression of 
seg. typt·. 

F, ........ . A a3 /3 b".... . 

5e/;.•.•..• A u:1 If', ... . 
S,·g...... . u·'B"h"....................... · .. ···· .......... ······· 

5e/,;...... . a"ll h" .................... ,. 

Sl·g...... . h4 .... .
a4 

F, ........ . A'a"B'............................ .. 

F, ........ . A'a'B b.... .. 

5eg...... . ,\2a' h"... .. 
1-', .. , .•...• A a"IF........... .. 

F, ........ . A a"B b.... .. 

5('g...... . A u" h"... .. 

S,~/;...... . u4 /3.................................................. . 

5('g...... . u4B h .... .. 

u45 ..g...•... h"... .. 

1<', ......... A"u4B·!J4.............................................. . 

1<', ......... A"u4 /3 hr..... . 


hu5eg....... A"u' .... . 

1<', ......... A a"B·b 4 

... .. 


F, ......... A a"B b5 .... . 


5eg....... A a" h" .. .. 

Scl;....... a"B·lr' .... . 

Scg....... a"B h" .... . 

Seg....... a" 

F, ....... .. N B" 

F, ........ . HOlllo. dom. at 2 loei, het. at I lo('us .......... 
5eg..... .. Homo. dom. al 2 loci, homo, rec. ut I locus. 
F, ....... .. Homo. dom. al I 10t'lIs, hel. at. 2 loci ........ .. 

1-', ....... .. HOlllo. dom. at I 10('U5, hOlllo. rec. at 2 loci. 

5eg...... . HOlllo. dOIll. at I Io('us, hOlllo. rec. at I 


locus, and hcl. al I locus. 
F, ....... .. A a i3 h C e ............... ·................ · .. · .... .. 

5eg...... . Hel. al 2 loci. homo. ree. at I lotus......... .. 

F, ....... .. 
 Hel. at I locus, homo. rec. ut 2 Ioci. ........ .. 


c2F, ........ . u' h' .......... . 


4 

2 


2 

I 


2 

I 

2 

4 

2 

I 

2 

I 


2 

I 

2 

4 

2 

1 

2 

I I 


! 
6 

3 


12 

3 


12 


\3 

12 

6 

1 


1.28 

0 I 

o I 

0 	 I . 

0 	 I 


35: I 

2.69: I 


0: I 

3: I 


1.28: 1 

0: I 

0: I 

0: I 

0: I 


11.7: I 

2.57: I 


0:) 

2.57: I 

1.28: \ 

0: I 

0: I 

0: I 

0: 1 


1:0 
3: I 

0 	 I 


1.67 	 I 

I 0 

I 3 


1.37: I 

1.28: I 


1;0 

J:O 

I.:W 1 
1 1.67 
I 1.18 
1 1.67 
1 ( 

11 : 1 

2.20: I 


1: 1.18 
3:1 

1.28: I 

1: 1.67 
1:\ 
\: 1.67 
1 :3 

4.26:1 
2.07: I 


I: 1.22 
2.07: I 

1.28: \ 

\ : 1.67 
1: 1.22 
1: 1.67 
\ :3 

I G 
;\ I 

1 I 


\.67: I 

1:1 
1:1 

1.37:1 
1.13 I 

1.28 I 

1.67 I 


(JJ 

ttl 

~ " 
ttl 

" ~ 
i5 
2: 

~ 
i5 
(JJ 

o 
"l 

n 
::c 
> 
> 
~ 

n.., 
ttl 
~ 
(JJ 

"l 
o 
~ 
(JJ 

~ 
ttl 
ttl 
~ 
"0 
o 
~ 

~ o 

..... ..... 
5ee footnoles al end of lable, p. 41. 



TABLE 2. -Theoretical test-cross ratios for variolls possible genetic hypotheseS of F~ segregations in a hexaploid ..... 
assuming TlO double redllction- Continued 

1>:1 

..., 
Test·eross ratios' t"l

ObservedI Hypothetieul/ I1"" ph~.r~o·1 (") 

1"" ratio' 1", genotype Genetic hypothesis" " type" F:! genotype 2 .. 5 
IF., fre.' ::tqueney :z 

Self Bal·k c=i 
cross to 1", >r:

ttl 
1.67: \ IA a B b 	 2 factor: disomic·: dom. of A 1", ...•..... c:H"................................................... 	 r:-
A" 	 \ :0 \ :0(10:6) 	 or Band rce. of the otlu!r 1", ......... A2 B b ................................................. 2 .'3:\ :3: \ r:

locus for expression of seg. F, ......... t"l
A a B2................................................... 2 3: \ a: \ ..., 

type. F, ......... A a R b ................................................ 4 1.67: \ 1.67: \ 
 -:zSeg....... A2 b2 ............................................... \ 0: .I \:\ 
 ......Seg....... a"B2.................................................. \ 0: \ I: \ t.<> 


b2Seg....... Aa ............................................... 2 \ :a \:\ 
 ~ Seg....... a2B b ................................................ 2 \ :3 \: \ 

a2 b2F, ......... ............................................... \ \ :0 \:\ ~ 


en 
1.67: \ IAa"Bh" 	 2 factor: tetrasornil': dom. of F, ......... A2a 2B2b"............................................... I 17.5: I 5.54; I 
 t::::I(10:6) 	 A or Band rec. of the 1", ......... A2a 2B h" ............................................... 2 2.79: \ 2.43: \ t"l 

other locus for expression "01", ......... A a"B2b2 ............................................... 2 2.79: \ 2.43; \ ...,
of seg. type. 1", ......... A a"B b" ............................................... 4 1.67: \ 1.67: I 


A 2a2Seg....... b·............................................... \ 1:35 1:1 0 

"lSeg....... a·B2b2 ............................................... \ \ :35 1:\ 


Seg....... A a3 b·............................................... 2 1:3 1:\ C'l

> 

Seg....... a·B b"............................................... 2 \ :.3 1: \ ::Il 

1", ......... a· b·............................................... \ 1:0 \:\ c=i 


c: 
r:1.67: I IA a"B b 	 I-I fal'tor: tetradisornic: 1", ......... A"a2B".................................................. \ 35 I 1I\ ..., 


(\0:6) dom. of A or Band rec. 1", ......... A2a2B h ................................................ 2 2.79 I 2.43 I c: 

of the other locus for ex· 1", ......... A a"B2.................................................. 2 a 1 

::Il

.'3 \ t"l 

pression of seg. type. F, ......... A a3 B b ................................................ 4 \.67 I 1.67 I 
Seg....... A'a2 b2 ••••••••••••••••••••••••••••••••••••••••••••••• 1 \ :35 \ I 
Seg....... 
 2 I 3 I I 
Seg....... A ::H2~~'''.::: ::: :::::::::::: :::::::::: ::::::::::::::::: I 
 \ o I \ I 



Sl·g....... 
F, ......... 

a'B b....... , ..................................... , .. 
u' 1,2............................................... 

~ 
1 

1:3 
1:0 

I: I 
I: 1 

1.67: I 1A u'n 1,' 
tlO:61 

2.:\9: I I,\"a" 
(282: llR) 

2.57: 1 
1 
1Va 

'(18: 7) 

2.57: 1 1 A'a" 
(18:7) 

1A a5B"b'2.57: I 
(72:21l) 

2 ra\·tor: l1('xa~!'lIlit·: t101ll. I)r 
A !.r B allli [(·c. or 1Ill' 
other lo('us rill' expressioll 
(.1' seg. type. 

I raetor: hexasolllil': triplex 
expression for J.', Iypt·. 

1 fUl'tor: hexaSlIlIli(': dupll'x 
expressioll for F, typ£,. 

\ fat'tor: h"x!lsolllic: 
'1uudruplex I'XPH'ssioll 
iiII' F, Iypl'. 

2 fUel fir; hexustllllie: 1'1"'. of 
" or B li..r {'xpressil)lI of 
seg. type. 

10', ......... A"a'l!"l"' ............................................... 
F, ......... A"(I'13 hS........................... , ................... 
F, ......... A a5 B"h' ......................................... , ..... 
F .......... A uSB h· .... " ......................................... 
.'leg....... A'a' b".. " .. , ... , ...... , ..................." ....•... 
Sl·g....... a"B"\J' .............................................. 
Sl·g....... A a" b6 ............................................... 

S ..·g....... u"B b·............................................... 
~\ ......... a6 b"............................................... 

l'~'''''''''' 
,V..............................................· .. · ..... 

I·, ......... A5a .................................. · ............ ··· .. ·· 
10', ......... A'lI" ................................ · .. ···· .. ·.·· .. ······ 
F, ......... 1\;la:J........... ~ ...................... ·· ... ~····· •••• ....•. 
Seg....... A2a~ ....................... ,. ...• ~ .... ~~ .. ~.~.~ .............. 
.'leg....... A as ..................................................... 
Sl·g....... uti ...................... •••• , ........ " ~ •• , ..... " •• , •••• ~ • ~. 

IF, ......... ,,·u"....................................................F,......... '\"n:·................................ · .. ··.·• .. ·· ...... · .. 
F, ......... /\2U-1. ,. 0 ~,.., •••••• 0.' 0 •••• 0 •• \ ,.0' o ••••••••••••• 00 •••• ,. 

Seg....... A a5..................................................... 

St·:.;.. , .... all, ••••.••••• ~ ••• f •••••• ~ ••••••••••••••••••••••• •••••• • 

IF,......... /\,;.•.....•.•. 0.' ...•.. _........... , •.• 0 •••••• •••••• ~ ........ 

F, ......... '\5a ......................................... ·............ 
F,......... ,,·u" ...................................... ·.· .. ······ .. ·• 
Sl·!;....... N'a" ............................................. ·· ...... 
Sl·!;....... A"u<....................................... ··· .. · .. · .. ···

Ir ;\.. 'B'I"• I •. ' .•.••. ~ ~u )- ... 0 •••••••• 0 ••••••• 0" o •••••• 0 •••••••••••••••• 

F;......... A2a<B3b3 ............................................... 

'F A" 'In'F:::::::::: A~:'B-l;<:::: ::::::::::::::::::::::::::::::::::::::::::I 

2 
2 
4 
\ 
1 
2 
2 

I 
18 
99 

1M 
99 
18 

I 

6 
II 
6 
I 

I 
6 

II 
6 
I 

I 
6 

II 
6 

\2: I 
2.70: 1 
~.70: I 
1.67: 1 

1 :24 
1 :24 
1 :3 
1:::1 
1 :0 

1:0 
1 :0 

2'!: I 
2.39: \ 

1 :2.57 
0: I 
0: I 

1 :0 
20: I 

2.57:1 
1::1 
0:1 

1 :0 
1:0 

2.57: 1 
1:2..39 
1:24 

24: I 
23: 1 

11.7: I 
2.57: 1 

4.55: I 
~.3~1: \ 
~.:t{: 1 
1.67: 1 

1:\ 
\:\ 
1:\ 
I: I 
1:1 

1:0 
:19: \ 

6.69: I 
2.:19: I 

\: I 
1:2.63 
I: 19 

24: I 
6.69: I 
2.57: 1 

I: I 
1:4 

1:0 
9: I 

2.57: \ 
1:1 
1:2.57 

9: I 
8.17: I 
6 ..35: I 
4.26: \ 

(fl 

~ 
;5 
t"l 
C 
;;. 
-l 
i3 
Z 
::Il 
;;. 
-l 
i3 
(fl 

0 
"'l 
(')

::c 
;;. 
::Il 
;;. 
(') 
-l 
t"l 
::Il 
(fl 

"'l 
0 
::Il 
(fl 

~ 
t"l 
t"l 
-l 
"0 
0 
-l;;. 
-l 
0 

..... 
See footnotes ut end of table, p. 41. IJ.,) 



.....TABLE 2.-Theorelical test-cross ratios for /'ariolls possible l{t'lll'tic hYf1oth('SI'S of F~ segtegatiof/s in a hexaploid oj:. 

assllming 110 double reduction-Continued 

ObSl-f\·.·d 
F! rutio ' 

Hypothetic'al 
F, g,.·noty"e C•.·,wtic hypotlll.sis ~ 3 

F. phl·no. 
typ,·3 F",! g,t:'nHtYlw :.! ~ 5 

F·. fr .. , I 
l/\Il'!ll.'y 

1'l'S!-Crf>SS rati,)s ' 
.., 
trl 
C"l 
;I: 
:;: 

Self Ba('k
eross 10 F, 

i=i 
;l
r 

2.57: I 
!72:2Ill 
Cun. 

:\ a"ll"h' 
-Con. 

-.-~-------------'---~-.-l----.----~--~.--.--
2 factur; hexasollli<·; ret'. of 

A or B fltr expressioll Itf 
~t·~. 1y\lt'.-CIlII. 

St·g,...... . 
F, ........ . 
F, ....... .. 
F, ........ . 
V, ....... .. 

A'a' h".... . 
A IIr,B·'b~.............................................. . 
A a'·IJ"b".............................................. . 
A ahIFlr' .............................................. . 
A a'B h'.... . 

I 
2 

12 
22 
12 

0: I 
3: I 

2.97: I 
2 . .57: I 
1.21l: I 

---~ 
2.:>7: I 

3: I 
2.1l1l: I 
2.57: I 
2.07: I 

t:I:) 

c: 
r 
r 
trl 

::l 
z 

S"I-\...... . A a~ b"............................................. .. 2 0: I 1.50: I '-' 
Seg..... .. 
S,·g..... .. 

a"Il·'h"...•.•.. 
lI'iB"h"....... . 

I 
6 

0:1 
0; I 

I: I 
1.02: I ~ 

S,·I-\...... . 
S,:g..... .. 
Sel-\...... . 

a"IFh' ...... .. 
a"ll h"...... .. 
alibi; ..••••.• 

II 
6 
I 

0: I 
0;1 
0:1 

I: 1.08 
I: 1.22 
I: 1.50 

c 
in 
o 

2.W:I 
(105 :39) 

,\ a:IB'h" 2 fll('tor: telJ'UsClllli{'; re,·. Itf 
A Itr B filr "xpressiClII of 
$1'1-\. Iypl'. 

F, ....... .. 
F, ........ . 
F, ....... .. 
S(~~.•..... 
F, ....... .. 
F, ....... .. 
F, ........ . 
S,·~ ..... .. 
S,·I-\..... .. 
S,·g..... .. 
Sl·g...... . 
Sl'g...... . 

.\"a·I!"*...... 
A·u"8·h· .... . 
:Va'B It" ... .. 
A'a2 b' ... .. 
A u"IP*.... .. 
A ll"B"b· ... .. 
A u'B 10"... .. "a3 b· .... . 

a·'~"*'............................................... .. 
a'B·},· ...... . 
a'B It"....... . 
a~ b4 ... .. 

9 
III 
8 
1 

18 
36 
16 
2 
9 

18 
8 
J 

35: I 
17.2: 1 
2.69: I 

0: I 
3: 1 

2.69:1 
1.21l: I 

0: I 
0: 1 
0: I 
0: I 
0; I 

II: I 
8.19: I 
5.26: I 
3.35: 1 

3: I 
2.69: 1 
2.20: I 
1.67: I 

I: I 
I: 1.06 
L: U8 
I: 1.40 

trl 
'0 
:-' 
o 
"l 
;l
C"l
:= 
i=i 
c: 
~ 
c: 
:= 
trl 

2.69: 1 "'u"B h 	 I-I fuclor: tctrudisomie: ree. F, ........ . 9 I 0 I 0 


fJ05::W) 	 of A or B fur expression F, ........ . 18 3 I 3 I 
(If seg. type. Seg...... . 9 o I I I 
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TABLE 2. -Theoretical test-rl'OSS ratios Jor uarious possible ~el1etir hypotheses oj p..! seKre~atiol1s iT! a hexaploid ~ 
assumil1g 110 double reduction-Continued 1

OIHil'n'ed 
F, ratio' 

HYJlolht'lif-al 
F, /!t'notYJl" G,'nelie hypotht'sis ~ 3 

F" plwno· 
type a 

,,------,-
F, gt'notyp'- • 4 , 

F. fn'
_ql~t'n(')' 

Tesl·cross ratios r 

-l 
til 
(') 
:r 
3 
(') 

~--+I---~-
3: I A'a 

~--_~._-_ 

fa{'lor'; tetra,,)(nie: lriplex 
(,xpn-"jon fur F, I) p,-, 

......... _______ ._._-..,, __._~ -r'_.-"".___~____ 

Li:::::::' I~:S::'::'::::::::::::::::::::::::::::::::::::::::::::::::: I 'j 

St-If 

1 0 
3 I 
I ;~ 

Baek
('ross 10 F, 

I 0 
:~ I 
I I 
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r" 

t:r:l 
c:: 
r" 
r" 
til 
j 
Z 

3:1 IVa fa"lor: hexa"ornir': penla· F, ......... , IV........ .. I 0 1 0 ~ 

pit-x exprl,~silln for F, Iypt'. Fl ......... 
S('/!....... 

:\5a ..................................................... . 
A4a..................................................... . 

2 
I 

:{ 1 
1 :!.;)7 

3 1 
1 1 

g; 
F' 

:~: I 
( I:!:-l) 

:\:'a B b I-I fa\,lor: It'lradi"orni(': 
ret'. of A or B Ii'r ('xpn-,,· 

Fl ........ . 
1-'1 ........ . 
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"",TABLE 2. -- Theoretical test-rross rat iDS for l'ar/OIlS possible Kenetic hypotheses of F~ seKreKatiolls ill a hexaploid ,j:o 

ObSt'r\'l,'cI 
F: ratio' 

4.33: I 

(13:3) 

SA: I 

(54: 10) 

6.11: I 

(55:9) 

H ypot het ielll 
1-''-,l4t)IHIIYIH· 

A a'B b' 

AaBbCe 

AaBbCe 

{JSSll1llillK flO double redllclioll-Continued 

....; 
·I\·st·eross ratios' C"l 

F" pheno' 	 C"l
F" fn" 	 :I:

Gell("ti!' hYJlothehis ~ :, 	 type :t F;! ~("nOl) pt.. :! ~ 5 IIUt'ney :2 
:\l'lf I Baek· C"l 

eros, to F, ';... 
2 fa('tor: hel'asomie: dUII1. F, ........ . A"a<B"b<.... . 25: I 10.1: I c: 

til 


of A and ree. of B for ex F, ....... .. A"a<B !J................................................ 2 3.17: I 3A4;1 .. 

pression of se~. typt'. Seg...... . A"a< !J6.............................................. . I I:N 1.22; I C"l 

r 


F, ........ . A a·B2b<.............................................. . 2 32: I 12.3:1 j 

F, ........ . A a·B b·.............................................. . 4 4.33: I 4.33: I :z 


b6Se~..... .. A a" ............................................. .. 2 1:3 1.67: I 
 c:;;F, ....... .. a6B"b<.............................................. . I 1:0 19: I 

1-', ......... a6B b".............................................. . 2 1:0 7: I ~ 


6 b6F, ........ . a ............................................. .. J 1:0 3: 1 

S 


;1 fU"tor; disolllie: ree. of F, ....... .. HOlllo. dOIl1. at 2 loci ............................. .. 10 I 0 1:0 
en 


any 2 IO('i f... r el'pression F, ....... .. HOlllo. !lOIl1. at I lo,·us. het. at 2 lo('i ........ .. 12 15 I 15: I o

"I' St·~. type. F, ....... .. HOll1o. dUIII. at I loeu,. 1.01110. ret'. at 12 a I 7: I C"l 


1 lot·us. and het. at I lo('us. "'0 

:-lF, ........ . A a B b C e......................................... . !I 5.4 5.4: I 


F, ........ . Het. at 2 loei. hOlllo. ree. at I loeus .......... . 12 1.28 3: I o 

St·~..... .. HOll1o. dUII1. at I lut'us. hOlllo. n·(·. at 2 lo('i. 3 0 I 3: I 

"Ij 


St'~...... . Het. at I loell,. hOlllo. ree. at 2 loei .......... . 6 0 J 1.67: I C'l 
> 


Seg...... . a" b" c"......... .. I 0 I 
 1:1 ~ 
(=i


3 fal'tM: disoll1ie: dOIl1. of F, ......... , A" * * .. 16 I 0 1 0 c: 

Band C and re(·. of A for 	 F, ......... A a 82 C'............................ .. 2 3 I 3 1 
 ti
expression of seg. type. 	 F, .......... A a B" C c .......................... .. 4 ·t33 I 4.33 1 c: 


F, ......... A a B b C".......................................... .. 4 4.33 I 4.33 I C"l 

~ 

F, ......... A a B b C c........... . 8 6.11 I 6.11 I 

F, ......... A a B b .......... . 4 1 0 9.67 I
c2 

F, ......... A a b"C c .......... .. 4 I 0 9.67 1 

F, ......... A a 8" c"......... .. 2 1 0 7 I 




F, ........ . 
F, ........ . 

A a 
A a 

Llt.C2 ............................... "............... . 

b" c·.......... . 
212 

() 

0 
7 

15 1 
F, ..•...... a"B" c"•.••. 0 3 I 
F, .......•. 
F, ........ . 
F, ........ . 
F, ........ . 
Seg...... . 
Seg....... . 
S~g...... . 
S~g...... . 

a" b'C'........................ . 
a'B b c'.......... . 
a' b'C c........ . 
a' b' c·.......... . 
a~B~ \ ............................................ . 
a-B- C c ........ . 
a'B b C' .......... . 
a'B b C c.............. . 

212 

2 
2 
4 

() 

0 
() 

1 0 
0: 1 
1:3 
1:3 
I: 1.28 

3 I 
4.33 1 
4.33 I 

7 I 
I: 1 

1.67: 1 
1.67: 1 
2.55: 1 

tfl 

~ 
:::; 
;:? 
;.: 
-l 
0 
2: 

6.11: 1 
(59:9) 

AaBhCc 3 factor: disornie: dorn. of 
I locus and rec. of 2 Ioei 
for expression of seg. type. 

F, ........ . 
F, ........ . 
F, .....•... 

Homo. d"m. at 2 loci .............. . 
Homo. dum. at 1 lo('us. he!. at 2 loci•......... 
Homo. dom. at I locus, he!. at I lo('us, 

. and homo. ree. at 1 locub 

10 
12 
12 

1:0 
15: I 
3: I 

1 :0 
15: 1 
7: I 

:::; 
>
:l 
0 
tfl 

F, ........ . 
F, ........ . 
Seg...... . 

Seg...... . 
F, ........ . 

A a B h C c .....•... 
He!. at 2 loei, hOlllo. ret'. at 1 lo(·us .......... . 
I-h'lllo. dOIll. at I locus. hOIl;;). ree. at 2 

loci. . 
Het. at 1 lo('us. hOlllo. ree. at 2 loci .......... . 

a' h' c· ........ .. . 

8 
12 
3 

6 
I 

6.11: 1 
1.66: I 

0: 1 

1 :3 
1:0 

6.11: I 
3.57: I 

3: I 

2.20: I 
1.67: 1 

0 
'OJ 
(i 

::c 
>:::; 
> 
(i 
-l 

11.75: I 
(576:49) 

A"a·B"b· 2 factor: hexasornic: rec. 
of A or B for expression 
of seg. type. 

F, ........ . 
F, ........ . 
F, ........ . 
F, ........ . 
Seg...... . 
F, ........ . 
F, ........ . 
F, ........ . 
F, ........ . 
Seg...... . 
F, ........ . 
F, ........ . 
F, ........ . 

A·a·B·h· .... . 
A·a2B3b".... . 
A·a'B2b· .... . 
A.a"B bs .... . 
A.a' b6 ••••• 

A"a"B·b·.... . 
A"a"B3b".... . 
N'a"B·b· .... . 
A"a"B b5 

••••• 

A3a3 b6 ••••• 

A·a·B·b".... . 
A·a·B"b" .... . 
A"a·B"b·.... . 

1 1:0 
6 399:1 

11 24: 1 
6 3: 1 
1 0: 1 
6 399 1 

36 199 I 
66 22 I 
,36 2.97 1 

6 o I 
II 24 I 
66 22 1 

121 I 11.7 I 

1 :0 
99: 1 
24: 1 
9: I 
4:1. 

99: I 
49:1 

19.2: I 
8.17: 1 
3.81: I 

24: I 
19.2: 1 
1l.7: 1 

t"l 
:::; 
tfl 

'OJ 
0 
:::; 
tfl 

:2 
t"l 
t"l 
-l 
~ 
0 
-l 
>
-l 
0 

F, ........ . A"a·B 66 2.57 I 6.35: I 
t.:l 

See footnotes at end of table, p. 41. til 



TABLE 2.-Theor('tical test-cross ratios/or various possible genetic hypotheses 0/ F~ segregations ill a hexaploid NI 
0.. 

assuming no double reduction-Continued 

..., 
Test·cross rutios ' tI'l 

C"l()bSt~rvcd HYJlothetical IF" pher~o-I 	 I F., fre-I :rF2 rutio ' F, genotype Genetic hypothesis 2 " type .• F:! gClhJt ype 2 ... 5 quency 2: 
Self I Back- e=; 

eross to F, ;;. 
t"' 

11.75: I /'Va.B'b. /2 factor; hexasomic; ree. ISeg....... A"u. bu............................................... II 0;1 3.:rl: I C 
~ 


(576: 49) -Con. of A or 13 for expression F, ......... A aSIPh" ............................................... 6 3: I 9: I t"' 

t"'-Con. 	 of St'g. type.-Con. F, ......... A a5 B"h" ............................................. 36 2.97: I 8.17: I tI'l
...,

F, ......... A u"B"b· ............................................... 66 2.57: I 6.35: I .... 

F, ......... A a'B br.......•..........•...........................•. 36 1.28: I 4.26: I 2: 


b6Seg....... A as ............................................... 6 0: I 2.57: I 
 ...... 
Seg....... a6B·b"............................................... I 0: I 4: I '" 
Seg....... a"B"b"............................................... 6 0: I 3.81: I .~ 

Seg....... a"B"b4 ............................................... II 0: I 3.31: 1 

Seg....... a6B b"............................................... 6 0: I 2.57: 1 ~ 

Scg....... ali b"............................................... I 0: 1 1.78: I ~ 


t:! 
12.02: 1 	 tI'lIA"a·B2b· I 2 factor; hexusomic; dom. of F, ......... A·a"B·b" ............................................... I 1:0 1:0 "0
(577:48) 	 I A or 13 and rec. of the F, ......... A"a2B"b"............................................... 6 399: 1 99:1 :-'


other for expression of 1", ......... A·a"B"b· .. · ............................................. II 24: I 24: 1 

seg. type. 1", ......... A·a"B'b".............................................. 6 3: I 9: 1 0.., 


b6Seg....... A4a' ••••••••••••••••••••••••••••••••••••••••••••••• I 0: I 4: I 
 ;;.F, ......... A"a"B·b"............................................... 6 399: I 99:1 C')
F, ......... A"a"B"b"............................................... 36 199:1 49: I = 
F, ......... A"a"B"b·............................................... 66 22: I 19.3: 1 e=; 

1", ......... A"a"B b5 

............................................... 36 2.98: I 8.26: I C 

...,Seg....... A3a" b6 ••••••••••••••••••••••••.••••••••••••••.••••••• 6 1:399 3.85: 1 
t"' 

4B4b2 C1", ......... A2a ............................................... II 24:1 24: 1 

1<', ......... A2a4B"b"............................................... = 
66 22:1 19.:3: I tI'lF, ......... A2a4B2b4 ............................................... 121 12: I 12: 1 F, ......... A'a4B b"............................................... 66 2.70: I 6.57: 1 
Seg....... A2a4 b6 ••••••••.••••••••••••••••••••••••••••••••.••••• 
 11 1 :24 3.46: I 



15: I 

15: I 

AaBb 

A a"B b" 

2 fa('tol': disomic: n'l', of 
A and B I'llI' l'xpl'essiun 
uf !"('g. t Yilt'. 

2 fadur: tl'tl'Uaomie: n·(·. of 
A and /l /,)r expression of 
seg. type. 

F, ......... 
F, ......... 
F, ......... 
1·\ ......... 
S .. g ....... 
Scg....... 
Seg....... 
51.'1,\....... 
5l'l,\....... 
F, ......... 

1-', ......... 
1-', ......... 
1-\ ......... 
1-',......... 
F, ......... 
5eg....... 

F, ......... 
F, ......... 
F, ......... 
1-\ ......... 
F, ......... 
F, ......... 
F, ......... 
1-', ......... 
Sl~g....... 

A a'B·h" .................................." ........... 
A a'B"h" ............................................... 
A a·B""· ............................................... 
A a'B b'............................................... 
A a' b6 ............................................... 

a"B·h2 .............................................. 

a"IPb" .............................................. 
a"Ht b4 .............................................. 

a"B b· .............................................. 
a" b6 ............................................... 

*N ................................................., ... 
,. H·.......................... ···· .. ·.····.··········· 
A a U b ............................................ · .. · 
Au b2 ............................................... 

u·B b ............................................... 
u' b2 .............................................. 

A2a·Bt b2 ............................................... 

A·a·U b:I ............................................... 
A·u2 b' ............................................... 
A a"B2h2 ............................................... 

A u"B h"............................................... 
A a" b· .............................................. 

a'B·h2 .............................................. 

a·B h!l ................................ ·•· ...... · .... 
a· b·.....................................•......... 

6 
36 
66 
36 

6 
I 
6 

II 
6 
I 

4 
3 
4 
2 
'J-

'J-
I 
2 
"~ 
2 
I 
2 
I 

ii 
2.98 
2.70 
1.67 I 

I 3 
o I 
1;399 
J ;2'1 
1:3 
1:0 

1:0 
);0 

15: I 
3; I 
3: I 
0: I 

1295; I 
H:3:1 
35; I 

14.3: I 
15; I 
:~: I 

;{5: I 
:~: I 
0: I 

y; / 
8.29: 1 
6.57: I 
4.55: I 
2.85: 1 

4:1 
3.85: I 
3.4-6 1 
2.85 I 
2.12 I 

I 0 
I 0 

15 I 
7 
7 
3 

143 
47 
2.3 
47 
IS 
7 

2a 
7 
,I 

U> 
til 
C'l 
::cI 
til 
C'l 
~ 
0-3 
(3 
Z 
::cI 
~ 
0-3 
(3 
en 

0 
'Tl 

("l 

:I: 
~ 
::cI 
~ 
("l 
0-3 
til 
::cI 
en 
'Tl 
0 
::cI 
en 

15: I A a"B b I-I faetor: tctradisulI1ie: 
rcl'. of A and B for ex· 
prl's~i(ln of seg. type. 

1-', ......... 
F, ......... 
F, ......... 
F, ......... 
F, ......... 
F, ......... 
Seg....... 

* a2B· .................................................. 
A2a2B b ................................................ 
A.a2 \ b2 .............................................. 

A a!lB b................................................ 
A a" b2 ............................................... 

a·U h ................................................ 
a' b2 ..... 

4 
2 
I 
4 
2 
2 
I' 

I 0 
14:3 I 
35 I 
15 I 
3 1 
3 I 
o I 

1 0 
47 I 
2ii I 
15 I 
7 J 
7 I 
3 I 

~ 
til 
til 
0-3 
"0 
0 
0-3 
~ 
0-3 
0 

Sec foutnotes at end of table, p. 41. I\:j 
-./ 
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wTABLE 2.-Thl'oretical test·cross ratios for l'(/rious possible g('II{'tic hyputhl'sf's oj F2 segregatiolls ill (l hexl/ploid o 
assumillg 110 doub/I' reductioll-Colltillued 

.., 
TI'SI'('rOSS rulitls ' trl 

Ohs,'rvt·d Hyptllllt.'li('al F. pht'II,,' ("') 

1-'.. Crt'· r'" ::c 
F" rUlin I F, !;t,"IIII)'1'(' C"II"Ii(- hYl'tllht';;is .:, IYl't' a F! !;"IIolypt' • , ~ qU"IIe)' 2:

St.":" -r;I~I~~~"" n 
,'ross 10 F, ). 

r 
-'-.-- •.-I~ ----·-1·.·--- . 

t:Il 
c-:: 
r 

22.58: I I A"u 4 IPh" 2 fUt'lor: h,·xlI.omi(·: n·,'. "I' 118 1:0 1;0 r 
trl

(9576:N) A or Il for l'xpn'~si,," "r ::::::::::::: ;~:::~::::~:,::::: ::.:::::::::::::::::::::::.::::: .::::::::: 161 ;W9: I j:WY: 1 
Sf'g.. lypt's I·, ..........A'u!l\!h' ............. . ')<) 2·1; I W:I 2: 

I:, ......... A'u·/l h'....... , .... .. 18 :1 :I 39: I 
.sl"g,~t •.••• ,\--u2 b6...... ~ •.. ~ .•••.• ~ .••••• ~ ... '> •••••••• ", ••••••• « ••• I 0: I IY: I C;; 
F, ......... :\"u"I.I'*...... .. 708 399: I YY: I ~ 
I·, ......... 'Pa"ll'Ih:J. .... .. 98'f IY'): I 79: I 

1-', ......... N'a:'Il"h" ......................... . 59'1 22: I 49: I 
 ::
F, ......... ,va:ln ,,~............................................... 108 2.97: I 28: , Ul 


S,.!;....... A"a" htl... .. 6 0: I 15.8: I 

1::1F, ......... A·u"Il" .... .. 1.298 2'f: I 24: I trl 


F, ......... A·u'B"b".... . 1,804 22:1 22: I "0 


F, ......... A·u'n·I"' ... .. 1,089 11.7: I 19.2: I :-" 

F, ......... A'u4 B fl' ... .. 198 2.57: I l·t6: I 
 0 
St.!;....... A'a' b".... . II 0: I 10.4: I "I] 


F, ......... A a~B ...·.... .. 708 3: I 9:1 ). 

98·f 2.Y7: 1 8.78: I C'l
~::::: :::::: ~ ~~:~~::::::::: ::::::::::::::: :::::::::::::::::::::::::.: 59'f 2.57: 1 8.17: I :l 


F, ......... A a"B h·.............. . 108 1.28 I 7.16 , ("') 


c:: 
SC!;...... A 'a' b" .......... .. 6 o I 5.9 1 r 
Scg...... a"B'* .... .. 118 o I 4 I -3c:: 
Scg...... a"B"h"... .. 1M o 1 :~.9S 1 ::tl 
Scg...... a"B·h' ... .. 99 o I :'1.81 I trl 

Scg....... a"B h· .... . \!I o I 3.54 I 
Seg....... a" htl.... . I o I :1.17 I 
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24: I 
(600:25) 

IA'u'B'!J2 

Scg ....... 
St·g ....... 
S"g ....... 

2 factor; ilt'xasvmic; IF.......... 
dom. of Band rt:c. of A FI......... 
fpc eXIIH'ssioll of scg. type. Ft ......... 

Ft......... 

U"BH ............................ " ................. 
u"IPb~ , .. , ............................. '.' .......... 
u"IFI)" ........... ,................................. 

A·u'B.................................................. 
A"a3B·· .............................................. 
A3a3B~/,3.... ' ......................................... 
A3a3B·b·.............................................. 

IIi I 

6 
I 

25 
108 
36 
6 

0:1 
1::199 
I ::!4 

1:0 
399: I 
400;] 
416:1 

4; 1 
4:1 
.~: 1 

1!0 
99: I 
99: I 
99: ] 

en 
trl 
C'l 
::: 
trl 
C'l 
;I...., 

Fl ......... A'a·S3 ................................................. 

F .......... A'II·S'h·.................., ........................... 
264 
]I 

24: 1 
25: 1 

24:] 
24; ] 0 

~ 
Fl ......... 
FI......... 
Fl ......... 
Seg....... 
Seg....... 

A II·S·· ............................................... 
A 11.133/,3............................................. 
A a·B·b................................................ 

a6B·· .............................................. 
a·JPh3.............................................. 

108 
36 
6 

IB 
6 

3:1 
3.01: ] 
3.17: 1 

c: ] 
1:399 

9: I 
9:1 
9:1 
4:1 
4:1 

:Il 
;I
j 
0 
en 

24: 1 
(96:4) 

IA'a·B'b 2 factor; hcxllsomic, 
rec. of A or B for 
expressioil of seg. type; 
dum. of A or B und H·C. 

of the other loclIs for 
expression of Sf'g. type; 
or dom. of S und ree. of 

Scg....... 

FI......... 
FI......... 
1-'.......... 
Fl ......... 
Scg....... 

a"S·b· .............................................. 

A..u'B·................................................. 
A3U3B'................................................. 
A'a·B·· ............................................... 
A a·B·· ............................................... 

a·B··............................................... 

I 

4 
24 
,~ 

24 
4 

1 :24 

1:0 
399: 1 

24: I 
3:1 
0: ) 

'kl 

J :0 
99: I 
24: I 
9:.1 
4: I 

0 
"'l 

Ii 
::t: 
>::: 
>
Ii ...., 
trl 
::: 
en 

A for expression of seg. "'l 

24: I I A'u·S"b3 
(9601 :399) 

type. 

2 fuctor; hexllsornic; dum. 
of Band rec. of A fur 
(·x(Jn~$sion of seg. Iypt:\. 

FI......... 
1-'1 ......... 
FI......... 
Ft......... 
F, ......... 
F, ......... 
FI......... 

A4a2 *.......................... ~ ................... , ...... 
A3U3S·· ................................................ 
A"a3S3!J3............................................... 
A"u:IS:ih· ............................................... 
A"u"B h·.............................................. 
A"a" h· ............................................... 
A'u·B"· ................................................ 

400 
708 
984 
594 
JOB 

6 
3,102 

1:0 
399: I 
400: 1 
416: 1 
532: I 

1:0 
24:1 

1:0 
99: I 
99:1 

100: 1 
101: I 
104:1 
24: 1 

0 
::: 
en 
=E 
trl 
trl...., 
"0 
0 
;2 ...., 

1-'1 ......... 
F, ......... 

A'a·S·h·............................................... 
A'u·B h· ............................................... 

],089 
19B 

25: 1 
32: I 

24:1 
25:] 

0 

FI......... A'a· b"............................................... 11 1:0 25: 1 

Sec footnotes ut end of tuhlt" p. 41. 
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wT,\BLE 2.-Theort'tical t('st-cross flItiosjiJr /·(/rious possible Kt'IlC'th' hy/Jothest's of F~ S('Kft'K(JliollS t" (I he;\flploid .;:. 
(lssIJlIIinK I/O dOllble r('dll('(;oll- Continued 

'>- ~"'-< ~ _____ ~ ____""'_~c,
-l

TI'sl.eross ralios I 	 t'l 
C"l

ObSI'rved H)'(Iotl ... th·ul F. ,,\WII<I' F" rn" 

F" rUlin ' F'l genulypt'· {:"Ilt'Ii(- h>'llOlh..~is 2" tYllt' a F" 1\<"101)"1>" 2 • ~ quel1l'r 

:t 
-~.-- 3S"1f Back· 
('ross to V, 

C"l 
>r 

_._,."......,,""'-- --~--

tc 
2.t: 1 :\~a·B"b" 	 2 fUPlor: llt'xu';(lIni<-: dOIlI. F1........ . 98'~ :1.0 J :1 9.02: 1 c:: 


r 
19601 :399) -COil. of Band r('e. Ill' :\ for F, ........ . 	 59'! 3.17: 1 9.10: I r 


t'l-C"n. 	 expn"~!'oioJl of St~1!. l),l1t,'". F, ....... .. 108 4.33: I 9.26: I 

CIlI1. F, ....... .. () 1:0 9.53: I :l 


:z 
Sel!,...... . 	 118 0:.1 4:1 

...-Seg..... .. 1M 1:399 4.01: I c.> 
S(·g...... . 99 1:24 4.05: 1 ~ 
5..1,;..... .. 18 1 :3 'U3:1 
F, ....... .. 1 1:0 4.26: 1 S 

fI) 

25.0kl :\'a·B2h· 2 faclor; heJ(asornie; dorn. of F, ......... • B·b"... .. 	 25 1:0 1:0 

(601 :2.t) A and rl·C. of B for F, ......... :\·u·'Ph:' .............................................. . 6 399: I 99: I 0 


expressioll of seg. type F, ......... A~a~IPb3 ............................................. .. 36 400: I 100:1 t'l 

"C 

F, ......... A"a·B"h".............................................. . 66 416: I 103: I :-' 

F, ......... A a·Boh" .............................................. . 36 532: I 110: I 

1-',......... a"I33I1".............................................. . 6 1:0 124: 1 0 

'"'l 

1-', ......... A'a·B·h·.... . \] 24: I 24:1 
 >1-'1 ......... A"u"B·h' .•.•. 66 24: I 24: I 

F, ......... :\·u·I:\·II·.......... . 121 25:1 25: I "::: 

F, ......... A u·B·h' .............................................. . 66 32: 1 27: I C"l 


c::F,......... u"B·b' .............................................. . 11 1:0 30: I 
 r 
F, ......... A·a"B b·.............................................. . 6 3: I 9: I -l
c::F, ......... A"a"B h·............................................... 36 3.01: 1 9.10: 1 
 = F, ......... A·a·1:\ b·............................................. .. 66 .3.17: 1 9.41: I t'l 

F, ......... A u'B b· ............................................. .. 36 ,t33:} 10.1: 1 

F,......... a6B b·.............................................. . 6 1:0 11.5: I 

Seg....... A·a' h".............................................. . 1 0:1 0: 1 




Sl·/; ••••••. A"u" htl ............................................... 6 I 399 4.05 1, 
Sl·/;....... ,Va4 btl ............................................... II 24 4.21 1 
$ •. 1:\....... A a' b"............................................... 6 3 'loSS 1 

32.33: I 
(97:31 

IA a~B2b' 

F,......... 

1.......... <10............................1 1-:, ......... 
F, ......... 

a" htl..•••.•......••.......•.•.•........•••..•..•... 

* \I·,b~ ............................................... 
A"!\"I.l"h" ............................................... 

I 

.~ 

(, 

0 

1:0 
416:1 

5.25 1 

j;O 
110: 1 

en 
l'l 
C) 
::I:l 
t"l 
C) 

F, ......... 
F, ......... 
·F, ......... 
F, ......... 
F, ......... 
F, ......... 
F, ......... 

A u·fPh" ............................................... 
u"B"il3............................................... 

A"a·/32b· ............................................... 
A u'B"h· ............................................... 

a"B"b· ............................................... 
A2a'B h' ............................................... 
A u"B h·............................................... 

12 
6 

11 
22 
II 
6 

12 

532: 1 
1 :0 

25:1 
:-l2:1 

1:0 
3.17; J 
4.33: I 

132: 1 
199: I 
27: I 
32: I 
49: I 

lll.l: I 
12.3: 1 

;l
:j 
0 
2 
;:z:!
;.
:j 
0 

F, ......... a"B b·............................................... 6 1 :0 19: 1 en 
8e/;....... A"a' htl............................................... I ( :24 4.55: 1 0 
S.·g....... 
1-', ......... 

A a' 
all 

htl ............................................... 
b"............................................... 

2 
I 

I ;.~ 
1;0 

S.67: I 
1):1 

"'l 

(") 

:r: 
35: I 

as: I 
(l,W:4) 

I A"u" 

IA"u·B.!!, 

I factor: tetrasomic; 
simplex expression fl.lr 
1·\ lyP(·. 

12 factor; tetrasomic; d"m. 
Ill' A or B and Tel'. "I' the 
(,ther locus ror cxl'rt~ssi,,11 

IF,......... IV*.....................................................
F,......... A·a·.................................................... 
F, ......... A a" .................................................... 
8eg....... u" j.' "~"" 0', ~ •. ••• 0', ................ ~ ... ~~ ........... 

F, ......... N" IP*................................................ 
F, ......... A'" (Ph"............................................... 
F, ......... /Va~IP· ................................................ 

I) 

III 
H 
I 

27 
I) 

54 

1 :0 
35: I 
3:1 
0:] 

( :0 
.~S: I 
35:1 

1:0 
35: I 
!l : ( 
;): 1 

1:0 
1:0 

35: J 

;I
;:z:! 
;I
(")..., 
t"l 
;:z:! 
en 
"'l 
0 
!:Xl 

()f Sl'I;. type. 

35: ( 1 Nu'B"h 12 factor; tetrasomic; ree. 
(140 :4) of A Of B for expression 

of scg. type. 

S.·t' fontllol('S ilt .'nd of tahl.·, p.41. 
I 

F, ......... A·a2 B·b·............................................... 
1-', ......... A aaB".................................................. 
F, ......... A u"B"h· ............................................... 
5eg....... a·IP.................................................. 
8eg....... a·!3"b·............................................... 

F, ......... A3* 11".................................................. 
F, ......... A"* B"h"...............................................
F, ......... A"u"B"* ................................................ 
F, ......... A"a"13"h"............................................... 
F, ......... A u"I3"*................................................ 
F, ......... A aaB"h· ............................................... 

III 
24 
H 
.~ 
J 

27 
I) 

S4 
III 
24 
H 

17: I 
:1:1 

2.79: I 
0: I 
1:.% 

( 0 
35 1 
3S 1 
.171 
3 I 

2.m 1 

35: I 
11:1 
II: 1 
S: I 
5: ] 

I 0 
( 0 

35 ( 
35 ) 
11 1 
111 

en.. 
<: 
t"l 
t"l..., 
"tl 
0..., 
;I..., 
0 

w 
CI1 



WTABl.E 2.-Theoretic(I/ test-cross rotios /ur l'([riO(lS possible Melletic hYJlolhl's('s of F~ Se{{reKtlriolls ill (/ hexaploid 0'
(Jss/U/lill!! I/O double reductiofl-Cllnlinlll'd 

~ 
T ...sl.efOS5 flilins I 	 ttl 

(j
ObSI'rn'd I!iypul!lt'li('al IV~ ph('I~o'l 	 IF. Cn" !I: 
F~ nlli\) I \.\ I\l'nol yPt' (:1'lwth' hYjJ"th"~is 2 3 tYlll' .1 F'~ At"nol) pt> : .., .'i qUt'IlI') , ?ESt'lf Bad.· (") 

('ro~s In FI >

1:1:12 f,H·tur: tl·tru~\lml(': n·(·. Sell....... If·B"·................................................ 3 0: 1 5 ~ J 

35, I ----1:--;"11'1'- r.

(140:4; -Con. of A 01' B for I'xpn'tision 51'1\....... IrIB·b2 ............................................... 1 0:1 5:1 r 

r-elm. 	 IlfSe!\.I)JlI·.-C(lII. r--	
r 

ttl 
35: I A~a~B"b 2 faNor; wtrasomic; dnm. ~=I"""'" A"'" B·.................................................. 36 1;0 1:0 j 


(J.!D:4) of 13 and n·l;'. \)f A for F , ......... A·u·[P*................................................ 54 35:1 35: I :z 

expression 	of sl'g. IYllt·. Fl ......... A·u2B·h·............................................... Hl 36:1 :!5: 1 


FI......... A u"IP"' ................................................ 24 3: 1 11 :] 

F I......... A u"IFb·............................................... 8 3.11 :1 11: 1 ~ 

Seg....... a·B"* ................................................ 3 0: 1 5:] 

S,·g....... a·B·h·............................................... 1 1:as 5: 1 
 r. 

:n 
36.02: 1 I,Va2 \Pb' 12 fllclor; Idrasolllit'; dom. F I......... JP* .................................................... 324 1:0 1: () t:I
(1261 :35) Hf B 1\ lid H·(·. of A for FI......... A'u'I3"* ................................................ 162 3S:J 35:1 ttl 


t·x)lJ'(·tision or SI'g. I ),pe. F, ......... A·u·lPh· ............................................... :12,. 36: I 36: 1 '1:l 

:'lF I......... A'a'B b"............................................... 144 47: 1 38: 1 


Fl ......... A'a' h· ............................................... HI 1:0 42: 1 o 

Fl ......... A u:lll"* ................................................ 72 3: 1 1I: I 
 "l 

FI......... A u"B"b· ............................................... 144 3.11: 1 11.3: I ~ 


F I......... A a:lS h"............................................... 64 4.33:1 12.1: 1 

Fl ......... A u:1 h·............................................... 8 1 :0 J:H:J "::: 

Seg....... u"'B3* 0-"1" •••••••••••••••••••• ~ ••••••• ~~ ............. 9 0: 1 5: 1 

(") 


c: 
Sl'/!,....... a·S'h' ............................................... 18 1:35 5.17: I S;

Seg....... u.S h" ............................................... 8 1:3 5.5'kl c: 

Fl ......... a· h· ............................................... 1 1:0 6.20: I 
 !:l:) 

ttl 

47: 1 IA a"13'b" 12 factnr; telrasomic; dom. of IF I......... * B"· ................................................ 36 1:0 1 0 

(141 :3) A lind reI.'. of 13 for ex· F 1......... A'a·S·h' ............................................... HI 36: 1 38 I 


pression of seg. type. F I......... A a"B'h' ............................................... 36 47:1 47 1 




F,........ . 
F,....... .. 

u·B·1.; ................................. . 
A'u'U h"................... .. 

181
8 

1:0
3.11: I 

71: I 
12.1: I 

Fl ....... .. A !I"B 1." .............................. . 16 ·1.33: I IS: I 
1-', ........ . a·13 b"................... .. 
Sl'g..... .. A'a' II·.................. .. ............... , ... .. 
Sl·g...... . A a" h4 ......... " ................................ . 

~\ ..... " . u· h· ............................................. 

Il / 
I 
2 

1:0
1:35 
1:3 
1:0 

2:J: I 
5.54: I 

7: J 
11:1 

en 
trl 

" :tI 
trl 

" 
63: I AaBbe(, :1 rae,tol'; dbolllk; n·(·. or nil 

3 Im·i for ('xJln'~"ion of 
sr·g.. lypt'. 

F, ....... .. 
F, ....... .. 
F........ .. 
F,........ . 
St·g...... . 

1101110. dOIll. at OIH' 1)1' IIlOJ'(' I!lt'i ..... " ...... , 
Au B h C c.............. · ................. · ........ . 
H,·1. at 2 loci lint! hOl1lo. ('(.t'. lit th,· other .. . 
lid. at I loclis and hOl11o. 1'('('. at 2......... .. 

a2 h!! (''.! .... ., .~""""" . , ... '" .....• 

:n 
Il 

12 
6 
I 

1:0 
63:1 
15: I 

3:1 
0:1 

1:0 
6:1: I 
31: I 
IS: I 
7: I 

>
j 
0 
~ 

::0 
>...., 

9t):I A a5B"lr' 2 fuelul'; hl·xaSOJllie~ n·e. of 
A and B for "x(ll'('~sion of 
s • .'~. type. 

F, ......... 
F, ......... 
F, ......... 
F,......... 
F, ......... 
F, ......... 
1-', ......... 
F,......... 
F, ......... 
1-', ......... 
F,......... 
F,......... 
St·g·....... 

• B·I,'............................................... 
A"u4IPh" ............................................ .. 
A 1I~IPh"..... ................. .. ............ .. 

u·,B"h'........................... . 
A2a·B2 b·..... ......................... .. ........... .. 
A a'B·1.· .............................................. . 
A2a4B I)· ............................ . 

u"B2h4 .... . 

IVU' lin.... . 
A a5B 1.,......................... .. 

aliB 11'............................................... 
A II' htl ...................... . 

all bu..................... .. 

<I 
6 

12 
6 

II 
22 
6 

II 
I 

12 
6 
2 
I 

1;0 
1:0 
1:0 
1:0 

6N:1 
99: I 
t)9: I 
24: I 
24:1 
IS: I 
3: I 
3: I 
0: I 

1:0 
9t)9: I 
399: I 
199: I 
249: I 
99:1 
99: 1 
'~9: 1 
49:1 
:~9: I 
1t):1 
1t);1 
9: I 

0 
en 

0 
"'l 

('") 

:x:: 
> 
::0 
> 
('")...., 
trl 
:tI 
en 
"'l 
0 
:tI 

143: I A"a21l b" 2 faewr; tc,trusolllie: rce. "r 
A and B for t'xpn'ssion "f 
51'1-[. typc·. 

F, ....... .. 
F,........ . 
F,........ . 
F, ....... .. 
F,....... .. 

A3* *........................ 
A·a·IF!.' ........................... . 
J\2U'1l b"..... 
A a:l11'1.2................................................. 
A'a' b·.............................................. . 

:~6 
III 
36 
Il 

18 

1:0 
12%: I 
143: I 
143: I 
35: J 

1:0 
431 :1 
143: I 
I'I::! : J 
71: I 

en 
:; 
trl 
t<l 
.~ 
'0 
0...., 

F,....... .. 
F,........ . 
F,........ . 

a·132b2 ... .. 

A a"B h"..... 
A a3 h·............................................... 

1 
16 
8 

35: I 
15: I 
3: I 

71: I 
47: I 
23: I 

>...., 
0 

F, ........ . 
Scg...... . 

11'13 b"... .. 
II· b· ... .. 

2 
1 

3: I 
0: I 

23'1 
II : 1 ~ 

SI'(' fo"tnotc's at end '.If tablt', p. ,~l. -I 



(.I.)TAB I.E 2. - Theoret ira I tl'st·rross rat ius fiJI' l'IIrio/ls possibl(' KI'1Iet ir hy"olheses 0/ F~ S('Kf'{'Kllt i01ls i1l (/ Ire:l.'flploid 
ass/lllIillK flO double redlu·tio1l-Col1lilllled 	 CO 

.., 
Tl"'st-(,I'OSS ralios I COlOb,;el'l'l.'d HYJlolli;·li.·ul F! phello, 	 II
F. frt,·F.! ratio I 1-', g('nol),pl' (:.'IIt'li.· II) "olh.-sb ~ " I)'"t- 3 F';! g(OIlOI)'pt- :! ~ S 	 :r

qUI'lIt'y :z 
Self llllek· II 


ross In F'I ~ 
t"" 

til 
c:143:1 /Vu"B b 1-1 fuel or; 1l'lrudisufIlil'; rl't'. 10', ........ . 	 t""
:16 1 0 1 0 t""of A ulld B for expression 	 10', .........1 • 27 1 () 1 0 COl
.., 

1-', ........ . 18 :i5 I 71 1 :z 

10', ........ . 


vf Sl'g. IYI)('. 	 F, ....... .. 36 143 1 143 1 


16 15 1 47 I

F''t •••• ~ •••• 	 w8 3 I 23 I

1-', ........ . 
 2 :i I 23 I ~ 

Seg..... .. 1 o I III 


~ 
199: 1 A"u"IPb" 2 fuel or; Ill'xusofllie; ;10m. of F, ......... A·· II'* ..... . 	 en
13,924 1:0 1:0
(159,2()2: A or B und fl·e. of tilt' 10', ......... A·" B"h".............................................. . 19,352 399: I 399: I
798) ollll:r for l'xpn-ssinn of 	 o10', ......... A"u"B·* ...... 	 19,:i52 ;i99: 1 399: I COl 


Sl'g. Iype. 	 F, ......... A"u"B"b"... .. 26,896 199: I 199: 1 "0 


10', ......... A·* B"b· ... .. 11,682 24: I :-'
99: 1 

F, ......... /Vu.Il'*..... . 	 11,682 24: 1 99: I o
...,F, ......... A"u"B.b4 .... . 	 16,236 23: 1 79: I 

F, ......... A"u4 B"h"... .. 	 16,236 23: 1 ~
79: 1

1-', ......... A"u4 B.b4 ... .. 	 9,8()) 12: 1 49: 1 

('l 

!:I:l1-', ......... A·· 13 b·.... . 	 2,124 3:1 39: I 
 i=iF, ......... A u'B·* .... .. 	 2,124 3:] 39:1 c: 


F, ......... A"u"B b'.... . 	 2,952 2.98: 1 35 I 
 SiF, ......... A u'B"b"........... 	 2,952 2.98: I 35 1 c: 

1-', ......... A'I,4B b'. .. .. 	 !:I:l
1,782 2.70: I 28 1 trl
1-', ......... A u·B'b· ... .. 	 1,782 2.70: I 28 I

F, ......... A u'B 11'.... . 
 324 1.67: I 19.5 I 

Seg....... A4* b"... .. 
 1I8 0: I 19 I 


http:A"u4B.b4
http:A"u"B.b4


118 o I 19 1
Seg....•.. 
164- 1 399 IS.1 I
Sl·g...... . 
164 I 399 IS.! I
Seg..... .. 
99 1 24 15.9 I Ul
Seg..... .. 
99 1 24 15.9 I t'l 


Seg...... . 	 0 
18 I 3 12.S I ::Il
Sl·g..... .. 	 t'l18 1:3 12.S: I
Sl~g; ...•..• 	 0 

1 1:0 9.52: I ~F, ........ . 	 .., 

(3

13,924 1:0 1:0 
199: 1 IA3a3B3h3 2 factur; hexasulllic; ret'. uf F, .•....... A'" B'* .... .. 	 'Z 


19,352 399: I 399: I
A or B for expressioll of 	 F, ........ . A'* B3 b3 ... .. ::Il
(l59,201 : 7(9) 
seg. type. 	 F, ....... .. A3a3U'* .... .. 19,352 39\1: I 399: I ~ 


F, ........ . A"a3B'b3 ... .. 
 26,896 199: 1 199: I :j 

F, ....... .. A'* B2b' .... . Ul


11,682 24:1 99:1 0 

F, ........ . A2a'B'* ..... . ] J,682 24: I 99: I 

16,236 22: I 79: I 0
F, ....... .. A"a"B'h' ............................ . 


F, ........ . A"a'll"b"...................... . 16,236 22: I 79: I 
(j 

"l 


F, ........ . A2a'B2b· ........................... .. 9,SOI 11.7: J 49: I 

39: I
F, ........ . A'* B b5 ..................... .. 2,IU 3: I :t 

)-


F, ........ . A a'B'* .......................... . ) 
2,124 3:1 39:1 ::Il 


F, ....... .. A'la"B b5 ...................... . 2,952 2.97: 1 35: I (j 


1-', ....... .. A a'B3h"..................... .. 
 2,952 2.97: 1 35:1 .., 
2S:1 t'l

F, ....... .. A"a'B Ii' ........................... .. 	 1,7S2 2.57: 1 ::Il 

1,7S2 2.57: 1 28: I Ul
F, ........ . A a'B"h' .. .. 


F, ........ . A a'B h' .............................................. · 324 1.28: I 19: 1 "l 

118 0: J 19: 1 0Seg...... . A'* h"..................... .. 
 ::x:ll8 0: 1 19:1Seg..... .. a"B'* ..... . 


Seg...... . A"a" ..................... ..
b6 	 164 0:1 18: I Ul 
:;;

Seg..... .. a"B'h' ............................... . 164 0: 1 IS:1 

t'l 

b6 	 99 0:1 15.S: 1 t"lSeg..... .. A"a' ..................... .. 
 ..,
99 O:J 15.8:1Seg...... . a"B"b' ...................... . 

IS 0: I 12.5: 1 "0 

Seg...... . A a' h·' ...................... . 	 0
..,
Seg...... . aGB b5 ..................... .. 	 18 0:1 12.5: 1 

)
1 0: 1 9.25: 1 ..,Seg...... . a" b"........................... .. 


0 

\0See footnotes at end of table. p. 41. 	 "'" 



TABLE 2. - Theoretical test-cross ratios Jar various possible genetic hypotheses oj F~ segregations in a hexllploid ~ 

assuming 110 double reduction-Continued o 

--3 
trJ , 	 (")Test·eross ratios'Observed 	 :tIH,ypothetical I ,F" phel.IO" 	 II'~' frl'·F" ratio' f, genotype Genctic hypothl'sis ":I typt' ., F':! genut ype- :! oJ 5 	 Z

'!Ul"H'Y nSelf Baek· ;> 

eruss tu F, t"" 


0; 

c:399: 1 IA"a:l 1 factur; hexasumic; F, ......... A·* ..................................................... 118 1 :0 1:0 t"" 


simplex expression. 	 F, ......... A:la".................................................... 164 399: I 399: I f;;

F, ......... A"a· .................................................... 99 24: 1 99:1 --3 

F, ......... A a5 .................................................... ]8 3:1 39:1 :;; 

Seg....... a".................................................... 1 0: ] 19:] 
 ...... 

399: 1 I~:la:lB5b 2 factur; hexasolllic; rec. uf F, ........ 	 "" 
A'* B·* ................................................ 472 1 :0 1:0 ~ 

(1596 :4) A or B for expression of F, ........ A:la"B·";. ............................................... 656 399: 1 399:1


seg. type; dom. of Band F, ........ A2a'B'* ................................................ 396 24: ] 99:1 ~ 

rec. of A for expression 	 til10', ........ A a5B·* ................................................ 72 3:1 39:1
of seg. type: or dOIll. of A Seg...... a"B'*................................................ 4 0: 1 19: 1 
 oor Band ree: of the other til 
lucus fur expressiun uf 'tI 
seg. tYPi!. :-' 

o 
"':I399: 1 IA3a3B'b2 2 factur; hexasumic; rec. uf 10', ......... 
A'* B'*................................................ 2,124 1 :0 1:0
(9975:25) 	 ;.A or B fur expressiun uf F, ......... A'* B3b"............................................... 708 399: I 1 :0 C"l
seg. type. 10', ......... A"a:lB'* ................................................ 2,952 399: 1 399: ] l:I:l
....10', ......... A"a3/l'Jb"............................................... 984 199:1 399:1 (") 


10', ......... A'* B2b·............................................... lI8 24: 1 1:0 c:: 

10', ......... A2a4B'* ................................................ 1,782 24: 1 99:1 t3 

10', ......... A2a'B3b"............................................... 594 23 1 99:1 c: 


l:I:l10', ......... A"a"B2b4............................................... 164 23 I 399:1 til 

F, ......... A2a4B2b· ............................................... 99 11.7 1 99:1 

10', ......... A a5B4*............................................... 
 324' 3 1 39: 1 




10', •••••.••• A a·l"flh"...................... . 108 2.97: 1 39:1 

10', •..•••••• A a5S'b4 ...................... . , III 2.57: 1 39:1 

Seg....... a"IF* .......................... . 25 0: ] 19: ] 
 en

399: 1 I A"a:lB41.J" 2 factor; hexasomic; dom. 10', ••.•••••. A<* 134* .......................... . 2,124 1:0 1:0 t:'l 

(9975:25) of A or Band r('c. of the 10', •...••..• A4* B:lh".... . 701l 399:1 1:0 C'l

::cother locus for expres 10', .••..•.•. A"a:lB<* ..... . 2,952 399:1 399: 1 t:'l 
sion of seg. type. 10', ••.•.•.•• A"a"B"h".... . 984 199: I 399: ] C'l 

10', •••••.••• A4* B"b4.... . nil 24: I 1:0 ~ 
F, ......... A"a4B4* .... .. 1,782 24:1 99:1 (3

10', ......... A"a4B"h".... . 594 23: I 99: I 2: 

F, ......... A:la"B"b4.... . 164 23: I 399: I 

10', ......... A"a4B"h4 .... . 99 12: I 99:1 ::c 

10', ......... A a·8-'* .... .. 324 3:1 39: 1 ~ 

F, ......... A a5B:lb".... . lOll 2.98: I 39: I o 


en10', ......... A a"B2h4.... . III 2.70: ] 39: 1 

Seg....... a"B4* .... .. 11l 0:1 19: I o 

Seg....... a"B"h".... . 6 1:399 19: I "'l 


Seg....... a"B"h4 .... . I 1:24 19: I C"l 

::t:.. 

399: 1 A"a:lB·lJ" 2 factur; hexasomic; dom. F, ........ . A4* B"~............................................... .. 2,950 1 :0 I 0 ::c
:..(9975: 25) of Band rcc. uf A for 10', ....... .. A"a"B4* ..... . 2,952 399:1 399 I C"l
..,expressiun of seg. type. 10', ........ . A"a"B:lb".... . 984 400: 1 399 I 

t:'l10', ........ . A:la"S'b4.... . 164 416: 1 399 I 
 ::c

10', ........ . A"a4B"* ...... 2,376 24: 1 99 1 en 

10', ........ . A"a·B"h4 .... . 99 25: 1 99 1 
 "'l 
F, ........ . A a·B'* .... .. 324 3: 1 39 1 o 

::cF, ........ . A a5B"h" .............................................. . lOll 3.01: 1 39 1 

F, ........ . A a5B"h· .... . 18 3.17: I 39 1 
 en 

Seg...... . a"B4*.. . 18 0:] 19 1 ~ 
t:'l

Seg...... . a"B"h".... . 6 1 :399 19 1 t:'l..,
Seg...... . a"B"h· .... . I 1:24 19 1 

"t) 

8 
o 

, All ratios expressed as parental (F,) type vs. nonparental (segregate) type. 
" Rec., recessive; dom., dominant. o 
a Flo parental type; scg., segregate, or nonparental, type. 

• *, indicates the allele may he dominant or recessive hecause the test cross would not distinguish hetween types. Jn these cascs, 


the 10'" frequcncy column rdlcets a sum of two or more genotypes. 
 ,j:>. 
5 Homo., homozygous; het .. heterozygous. I-' 



... 
t-.:ITAtltE S.-Approximate IWlllllalioll si=<! lll) /I,.,.dt'" 10 dislillg/li.~h 1"'111."'('11 :! gelldie fIIlios I 

- ~--,-.~ -+"

l.ar~t'r 	 :-;lIIullc-f ImnU.Hlioll Ipd 
lmllltlf· ~> --3 

litH! COl 
1/,:1 :11,28.1 1.:17:1 1.1>7:12.:1'):1257:12.1>9:12.79:1 :1:1 3.26: I ·1.:13: I 5.4; I 6.1: I 12! I 15: I 17.5: I 20: I 22.6: I 24: I 25.1 ;12.3:1 :15'1 ·17: I (i3: I 99,1 143:1 199:1 C"l

::c 
Z 

1:1 t=5
1.28: I 675 ;I 
1~\7: I ·138 11 ..1lllI t'"' 
1,67: 1 167 67·1 1.168 

!XI 
2.39: I 59 121 162 373 	 c: 

t'"' 
t'"'2.57: 1 50 97 119 2ttl '1.817 

:,!,(,I);I 46 87 JO.j 21f) ;1,80 I 2(.,(~17 t"l
:.t'i'i).1 ,\3 79 9·1 188 2.259 8.3.'>0 ·13.186 :l 

3:1 ;18 (17 78 (.15 1,05:1 2~I:H 4.712 10.514 Z 
.U(" I :13 55 (.5 112 5<,( 971 1.. IIlS 2,239 7.728 ....
·1.3:1: I 22 :H 3'1 Sf) 169 225 :aa :123 478 8·15 	 w 
5.4: I 17 2.1 2M ·11 1)·1 116 13:1 150 19·1 :n:i 1,499 ~ 
6.1:1 15 12 2·& 31 7·' 8i) 100 III 1:19 1<>0 572 5.lb·) 
12: I <) 12 1:1 17 :10 ,'\.1 36 39 ·~I 5" 9.1 Ii:! :N9 ~ 
15: I 8 10 12 15 25 18 30 3" :15 41 70 lI5 1&5 3,576 	 rn 

17.5: I 7 10 10 1:\ :.!:! 25 26 1.7 :11 35 57 'XI 117 1,2:19 7,239 

020: I 7 <) 10 1:1 :1(1 22 2·1 :!.> 2H ~t! 51 77 ~~I 740 2,·'95 l·t,S07 t"l
2:!.6; I i 9 'I 12 IH ~~l 22 2:\ 25 29 ·IS 66 11;\ ·1lI1 1.~'O2 3..111 12,H74 

2·1: I 7 8 <) II 18 20 21 22 28 .\3 (.3 7H 422 2,4,';:1 7.(IIH IOti.I:!9 
"C 

2'> 98:' 	 --3 
25: I 	 6 8 9 II 17 19 20 21 2·1 27 41 (.0 74 370 815 1,1\:1(, .),.1;11 25,905 10 I,:!,'j I 

0
32.3: I 6 8 10 15 17 18 19 21 23 3·1 .\9 59 2:H 424 7:17 1,2:11 2,5H2 ;1.629 5.52·1 	 "Il 

35:1 6 8 10 15 16 17 18 :!O :!2 3:1 .)(, 56 2m :17(. 610 %8 I,S·IO 2.. ~12 :1,·126 75.978 
,)7, I 5 7 7 'I 1:1 1·1 15 Hi 17 19 2" ;m 45 I·~S 22') :\:19 .17:\ 725 861 1.(J.17 3.289 5,2:\9 ;I 
63:1 5 (, ~ 8 12 1" (.I 1·\ 16 J7 25 33 39 112 16(, 231 3(J.1 ·12,) .J8.I 5:;9 10206 1,579 7,H(H C"l 

1)<),1 ,1 == 5 II 12 I:! 13 14 16 21 27 32 81 113 1·1lI III-I :Z:H 262 2'll ·192 58:\ 1.1/0 3,789 t=5 
1·\3, I .) ;; 7 10 II II I:.! 12 14 19 :!s 28 68 92 117 1·12 177 19·1 212 :\2') ,177 707 I,.~I i IIl,OOO c: 
199:1 ·1 ;; 5 (0 'I 10 10 II 12 13 18 2:1 26 ffl 79 99 119 145 lSi 170 :!os:! 28:1 4lH 858 3,12') 15,967 t'"' 
3'1'):1 ·1 5 (, I) I) 10 10 II 12 16 :w 2:1 51 (,7 82 96 116 12,'; 13·1 189 209 a211 518 1,312 3,208 10,632 --3 

_ ........._____ ,____ 	 c:
~._~ ~_,.__ '"""'"_.~4 

.--~ ---~.-~ -".~.~ -~--------" - -~.--.--~--
t"l== 

I CumJluu~tI accurding lu formulas uf Kernlllhnrm: in "An Inlroduclinn lu Genetic Slalitnica;' with a prubabililY levcluf 0.05. The hreaking Iloini (r), al~wc which Ihe lurgl:r J."'Jlurtion Cpa) would 

he accclJlcd allli lwiuw which Illt; smallcr prupurtion (PI) wuuld be act.·eplc«!, can he cuml'utetl b)" U8e~)r: r= npi + I.64.SVn(p! -I'~). 
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