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Theoretical Segregation Ratios
of Qualitatively Inherited Characters
for Hexaploid Sweetpotato
(Ipeomoea batatas 1.)

By AvFren JONES. research geneticist, Crops Research Division, Agricultural Research
Service, ('S, Departnent of Agriculture; and Horticulture Department, Grorgia Ag-
ricultural Exprriment Stations

Qualitative genetic data for sweetpolatoes is scarce, partiadly be-
cause it is a hexaploid with 90 somatic chromosomes and partially be-
cause of the dificulties of selfing due to sterility, incompatibility, and
the failere of many types w bloom in temperate rezions.

The accumulation of genetic data aboul many qualitative charae-
ters in sweetpotatoes can contribute W the understanding of the mode
of inheritance and 10 the knowledge of its origing and this information
aids in the development of improved breeding procedures.  Cytological
infornmation indicates that the sweetpotato contains three genomes and
that two of these are probably more similar than the third.'?  Chromo-
some pairing is generally as bivaleats with very few quadrivalents; this
greatly simplifies the expected genetic ratios by allowing the assump-
tion that there will be no double reduction. Predominantly hexa-
somic ratios would indicate that all three genomes are alike: whereas,
preduminantly disomic ratios would indicate that the three genomes are
distinet.  Tetrasomic or tetradisomic ratios would support the bypo-
thesis of two similar and one dissimilar genome,

Certain assumptions were necessary for construction of the tables.
As mentioned previously, the assumption of no double reduction elimi-
nates many complications.  The consideration of only two classes of
plant types {like the parent or different from it) allows comparison of
varinus hypetheses and minimizes errovs due 1o dividing populations
into too many or too lew classes.  The parental type {F) is expressed
first and then the nonparental {segregate) type.  Parents are assumed
to be Fy of unknown parentage, because when sweetpotato breeders
find a selffertite 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 Fy are the 1est crosses used in the tables.

This bulletin brings together pertinent information needed lor quali-
tative genetic studies of hexaploids, in particular the sweetpatato, and
pravides tables of theoretical segregation ratios that may make the breed-
er's task of interpreting genetic data much less laborious,

THEORETICAL F, RATIOS

Since the sweetpotato has three genomes all of which may be sim-
tlar or different: disomie, tetrasomic, tetradisomic, and hexasomic

PIONES, A CYFOLOUICAL OBSERVATIONS AN FEIRTILITY MEASUREMENTS OF SWEET-
FOUTATOUPGMOEA BATATAS TG LAML)L Amer. Soc, Hor, Sei, Proe, 86: 5327-537. 1063,

TEING, Y. Uoand KEAR, AL [ MEWTHC ST DIES IN THE SWEETFOTATO UPOMDEA
RATATAS (L2 1AM Heredity b 207 2000 19535,
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models must all be considered as possibilities. Many different genetic

«hypotheses can be considered, some of which have been used in con-
structing appendix table 1. Because there are three genomes a mini-
mum. of three factors for the disomic models must be considered.

In appendix table 1 dosage effects have been considered for the
single-factor models, but not for other models because of the inureas.
ing compiexity of models of more than one factor, Obviously, dosage
effects could vecur with the other models even though not considered
in this table. Likewise, the table has not been extended beyond twe-
lactor tetrasomic and hexasomic models. Up to three-factor disomic
models have been included.  As can be seen from the table, the com-
plexity of possible genetic hyputheses increases rapidly as the number
ol factors increases. Even with these fimitations, the table does
provide a starting place and does include a considerable number of
npossibilities.

TEST-CROSS RATIOS

Appendix table T shows that often more than one genetic hypotheses
fils 2 given Fy ratio. Alsu, practical limitations of population size
often make 1 necessary to consider those ratios a little larger or a
littde smaller than the ratio that corresponds best with the observed data.
In order to show that a given hypothsis is better than other possible
ones il 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 purpuse of this discussion and to develop
appendix table 2, it was assumed that the parent plants were unknown
or otherwise not available. Therefore, selfing of F.’s and backerossing
of Fi’s to the Fi were used in computing expected test-cross ratics. In
this way a basis is available to compare the various hypotheses.

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

POPULATION SIZE

A question of importance is, “What size population is needed?”
The general answer is: “As large as possible.” With sweetpotatoes,
400 to 500 plants is a practical answer for a F. population. Actually,
the answer depends on what ratios need to be discriminated belween.
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}?® for two unknowns: the populations size {(n) and a

FREMPTHORNE, USCAR, AN INTROULCTION TO GENETH STATISTICS. 345 pp. Joln
Wiley & Sons. bue., New York, 1937,
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breaking point (r).  The formula for “n”, which was used to construct
appendix table 3, is:

n=27

\/,r;, — 5+ '\/;}_' — pf-_f)

§22— fh

Values of ¢ are not included in the table, but they may be compulted
by:

r= g+ L6 Vi —pi)

In these formulas:

= population sizes

r=hreaking puint, abave which the higher proportion is accepted;

helow which the lower proportion is accepted;

pr=lower proportion;
p»= higher proportion.
Ta find the population size necessary 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=08.750, 15:1=0.93T7) ta obtain #=235
approximately.

- (\/ (.30 = 0562+ V0.937 — 0.8?8)

nE=L 0.937—0.750
Y (\"0. 188 -+ \f().{ssu)" - (0.433 + 0.243)"
= 0.187 T 0.187
6T _
=" EN RN 2= K 5
2.7 (0.13?) 2.7 13.612=2.7 (13.03)
=25.18

The sume 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 meanl as a guideline to give an indication of what can be learned with
a given population size. [t suggests the fulility of lrying to arrive
at an answer with unly Fy data and can be useful in planning the neces-
sary test crosses,

CONFORMITY OF DATA TO A HYPOTHESIS

The chi-square {X%) goodness of it test is the most widely used test
of conformity of data te a hypothetical ratio, The X2 test in terms
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of “m™ o “unity” with “«,” and “as” the observed types as given by
Kempthorne 1 js:
{&1 — mas)®

=2

mrn

where n=the total number of plants,
a;=the type { (parental, or F\, type) plants,
and a:=the type 2 (nonparental, or segregate, type) plants.
To test a 3:1:

(a:— 3'212)?‘

Xe= 3n

with | degree of freedom.

The value obtained would then be compared to a table of chi-squares
(appendix table 4) for one degree of freedom. [f 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* for an adjustment when
X® 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. 1534). Snedecor? {chapter 9) gives additional information on these
procedures,

EXAMPLE

An example from work on sweetpotatoes published by Poolet 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 2 3:1 ratio. Does his data fit a 3:17

[346 — (3 X 106)]2

3% 452
, [396—318p (28 784 .
1,35 1356 1356

Xt=

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 il fits the
3.26: 1 three-factor disomic¢ ratio perfectly,  Certainly in a plant with
three zenomes, this is us likely as the 3:1 ratio postulated. Also
ratios of 2.69:1, 2.70:), 2.79:1, 2.98:1, 3.01:1, 3.11:1, and 3.17:1 all
fit acceptably.

P Ree lootnate 3. p. 20

*SNERECOR, (. W, STATISTICAL, METHODS., Ed. 4. lowa State Col. Press, Ames.
1946,

"PooLE, (I F. SWEETIFOTATO GENETIC STUDIES. HMawaii Apr. Expt. Sia. Tech. Bul.
27,19 pp. 1955,
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Increased population size would help to narrow the number of oro-
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 {2ppendix table
2} show how te find an answer.  If all nonparental F. plants when selfed
breed true (0: 1) for the nonparental (segregare) type, then the number of
pussible genetic hypotheses is narrowed to 11, Conversely, il some
nonparental Iy plants continue to segregate for both types, there are
28 possibilities. If the parental type F. plants either breed true for
the parental type (1:0) or segregale 3:1, then the number of- possi-
bilities is narrowed to about 7 {considering those segregations difficult
to distinguish from 3:1). If the nonparental types breed true and the
parental types are as above, then the possible genetic hypotheses nar-
row to the one-factor disomic. In like manner other hypotheses could
be distinguished. In seme cases backcross ratios may be needed
in conjunction with selfed ratios; in others it may even be necessary to
construct other test crosses.

CONCLUSIONS

Information relative to the qualitative characters in sweetpotatoes
would be valuable 10 the understunding of its origin and contribute
w 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 (Fy), giving the selfed (F3) ratios as the basis for some
hypothesis, and then testing the hypothesis with suitable crosses).

The tables presented are intended as a starting peint only as many
factors have not been included, notably: multiple class ratios; con-
sideration of lethals; dosage effects bevond one-factor hypotheses:
and many test-cross possibilities.




APPENDIX

TABLE 1. —Theoretical (F.) segregation ratios Ol)l(l.L:n(‘(I Jrom selfing various parental types assuming different
genetic hyrotheses

[Expressed as parental 1F)) type: nonparental (segregate)]

Negeessary Tor expression of parental (1) type., with dosage of—

Assumed parental
{F1) type
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TABLE 1.—Theoretical (Fs) segregntion ratios obtained from selfing various parental types assuming different
genetic hypotheses— Continued

[Expressed. as parental (Fy) type: nonparental (segregate})

Assumed parental

Number

Type of inheritance

Necessary for expression of nonparental (segregate) type!

(Fi) type of factory Ree. of Rec. of Dom. of A, | Dom. of B,| Dom. of A or

A and B AorB rec. of B rec. of A B, rec. of

the other

A a’B b 2 ‘Hexasomic..... 15:1 1.28:1 4.33:1 4.33:1 1.67:1
A asBzhd 2 i do... 99:1 2.57:1 32.33:1 3.17:1 2.70:1
A a3B3h 2l doceiinniinnn, 1,600:1 297:1 532:1 3.01:1 2.98:1
A a®Bih,. 2 eieens do... 1:0 3:1 1:0 3:1 3:1
Aa®Bsho s 2 i 2 L U T S OSSPSR 1:0 3:1 1:0 3:1 3:1
AfaiB bhs 2 99:1 2.57:1 3.17:1 32.33:1 2.70:1
AatB?bt.. 2 624:1 11.75:1 25.04:1 25.04:1 12,02:1
AaiBb3 2 9,999:1 22.58:1 416:1 24:1 22.6:1
Aa'Bib2,, . 2 1:0 24:1 1:0 24:1 24:1
A%faiBsb.. o, 2 1:0 24:1 1:0 24:1 24:1
A%IB bs 2 1,600:1 297:1 3.01:1 532:1 2.98:1
A3a3B2bt 2 9,999:1 22.58:1 24:1 416:1 22.6:1
Ala’B3bd.. 2 159,999:1 199:1 400:1 400:1 199:1
Ad%a?Bh? 2 1:0 399:1 1:0 399:1 399:1
A%a®B3h...oieia 2 1:0 399:1 1:0 399:1 399:1

8

'89¢1 NILATINE TVIINHDAL
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AfatB bh . a 2 1:0 3:1 3:1 1:0 3:1
ABh e, . 2 1:0 24:1 241 1:0 24:1
AfaBIbR L 2 1:0 399+1 399:1 1:0 399:1
AarBib 2 1:0 1:0 1:0 1:0 1:0
At B8 . 2 J:0 1:0 1:0 1:0 1:0
A%a B D 2 1:0 3:1 1 1:0 3:1
Adsa Bbi L. 2 1:0 24:1 2121 1:0 24:)
Asa B 2 1:0 399:1 399:1 1:0 399:1
Ada Bibr.,. 2 1:0 1:0 :0 1:0 1:0
A%a Bsh......... veenieeriaens 2 1:0 1:0 10 1:0 1:0

Necessary for expression of nonparental lsegregate] type !

Dom. of

: Ree. of | Rec.of | Rec.of | Dom.of | Dom. of | Dom. of { Dom.of [Aand B,
Assumed parentul (Fy) typé Number | Type of all 3 at least at leéast A,ree. {Band C,1 AorB, | A, B,or {BandC,
of factors{inheritance | factors | 2of the | 1 of the |of B and C{rec. of A | ree. of C| C; rec. of Jor A and
3 fuctors | 3 factors the other 2} C:and
rec. of
the other
AaBbCe...... everetranieesions feearasenen 3 Disomic... 63:1 5411 1:1.37)  20.33:1 6.11:1 3.26:1 6.11:1 1.37:1

! Dom., dominant; rec,, recessive.

3 40 SOLLYY NOLLVOIUNIS
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TABLE 2.—Theoretical test-cross ratios for various possible gen.tic hypotheses of Fs segregations in a hexaploid
assuming no dou.b/e reduction

Test-cross ratios !

Observed [Hypothetical Fa pheno- Fi fre-
Fs ratin ' | F, genotype Genetic hypothesis 22 type ¥ F.y genotype 2 43 guency
Self Back-
cross to Fy
1:1.37 AaBbCce | 3actor: diso nic; rec. of at Froo. AT B Cll... hvet e benaraenriares e 1 1:0 1:0
(27:37) leust 1 of t e3 loei for Fieeriinns Homo. dom. at 2 loci, hLl at 1 locus..civenes, 6 3:1 3:1
expression of seg. type. Seg....... Homo. dom. at 2 loei, homo. rec. at | locus. 3 0:1 l:1
Froernin Homo. dom. at 1 locus, het. at 2 loei....... ... 121 1.,28:1% 1.28:1
Seg....... Homo. dom. at 1 locus,-homo. ree. at 2 loci, 3 0:1 1:3
Seg....... Homo. dom. at I locus, homo: rec, at 1 12 0:1 1:1.67
locus, and het, at 1 locus.
Firoe... AaBb Qe il 8 1:1.37 1:1.37
Seg.......[Het. at 2 loct, homo. ree, at 1 Incus 12 0:1 1:2.55
Seg....... Het. at 1 locus, homo. rec, at 2 loci. 6 0:1 1:4.33
Seg....... at bt oot . RPN . 1 0:1 1:7
1.28:1 AaBb 2 factor; disomic: ree. of A Frooo, A Bl e evreriereeeenataaae erenesenes 1 1:0 1:0
(9:7) or B for expression of seg. . AT B b 2 3:1 3:1
type. S A2 b2.. 1 0:1 1:1
Aa Bl 2 3:1 3:1
AaBhb... 41 1.28:1 1.28:1
Aa bi.... 2 0:1 1:1.67
aB ... 1 0:1 1:1
a*B b.. 2 0:1 1:1.67
a? b2 1 0:1 1:3
1.28:1 A a*B b 2 factor: tetrasomie: rec..of | Fr........ AZa2B2h? 1] 17.2:1 5.26:1
9:7) A or B for expression of Frocveronns A%a?B bi,.. 21 2.69:1 2.20:1
seg. type. Seg....... A-d- b 1 0:1 1:1.18
Frooioo A a’B*b? 21 2.69:1 2.20:1

0t

‘8981 NILITING TVIINHIAL
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A 2®B b3 i e ertareearans
Aad bh. .

aB*h.

alll b,

— D
v ponh g

Aa'Bb I~1 factor: tetradisomie: Ve AT e eenevrrersenearas
rec. of A or B for ex- g A%a®B b....
pression of seg. type, 5 A%a?  bE..
A adB.. .

b NG NG BN 1 —
B

A a3 bP 2 factor: hexasomic: rec, of
A or B for expression of
seg. type.

afB2hi...
asB3 be...
ab

— e B R BN b —
cocoENo N
AIRAIRAIOAIRAIRATE AR AR

AaBbCe | 3factor:disomic: dom. of A : B

and B, B and C, or A and Homo. dom. at 2 loci, het. at 1 locus

C and rec. of the other » Homo. dem. at-2 loei, homo, rec. at 1 locus.

locus for expression of Homo. dom: at 1 locus, het. at 2 loci

seg. type. Homo. dom. at 1 locus, homo. rec. at 2 loci.

Homo. dom. at 1 locus, homo. rec. at 1
locus, and het, at 1 locus.

—— Sy O s —

wolils
OLVIOdLIAMS H04 SUALIVHUVHD 40 SOLLYYH NOLLVDIUDIS

. |Het. at 2 loci. homo. rec. at 1 locus
_1Het. at 1 locus, homo. rec. at 2 loci

Ses -

See footnotes at end of table, p. 41.
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. TABLE 2.—Theoretical test-cross ratios Jor various possible genetic hypotheses of F» segregations in a hexaploid
assuming no double reduction— Continued

Test-cross ratios !

Observed] Hypothetical Fa. pheno- Fs fre-
Firatio' | F, genotype Genetic hypothesis 2 ¥ Fy genotype 245 quency

Self Back-

cross to Fy

2 factor: disomie; dom. of A
or B and rec. of the other
locus for expression of seg.
type.

o
— D O R U

1
2
2
4
1
1
2
2
1

U WS it s
— e b o e T

A a*B b* 2 fuctor: tetrasomic: dom. of
A or B and ree. of the
other locus for expression
of seg: type.

g N
oy B i
——m e ARER
RSP ONAT AT i

1-1 factor: tetradisomic:
dom. of A or B and rec.
of the other locus for ex-
pression of seg. type.

ING
5 e
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Seg.... a‘B b....... veseien Cerbenrede veaiee N vrenes 2 1:3 }:]
Fioovnes . P ST UT NP PP 1 1:0 1:1
1.67:1 A a3 b 2 factor: hexasomies domo ol - ¥y, JATBEL s erveeaes Celeneans 1 121 4.55:1
110: 6} Aor B and rec. of the Froveconnes A2iB b, ferrerrcasesesiraeres Seeriens 2| 2,70: 1 2.83:1
other locus for expression. | Fia.o... A a’Bbi. ceenvereertrnn ertreneatereberenerirrases 2 1 2.70:) 2.33:1
of seg. type. e A RB DA 41 1.67:1 1.67: 1
Seg..... Azat b tecdvoreienrrespesens 1 1:24 1:1
Seg..... atB32h - I 1:24 1:1
Sego.. ... | Aa¥ b ., eeve et iiv e thereraeerearaanranan . 2 1:3 1:1
Segoi. a®B b... 2 1:3 11
Frlovv] a8 bb I 1:0 1:1
2.39:1 Atad 1 factor: hexasomies triplex 1 1:0 1:0
(282:118) expression for Fy type, 18 1:0 39:1
99 241 6.69:1
164 | 2.39:1 2.39:1
99 1:2.57 1:1

18 0:1 1:2.63

1 0:1 1:19

2.57:1 Ay 1 factor: hexasomic: duplex 1 1:0 241
(18:7) expression for Iy type, 6 20:1 6.69:1
11 ] 2.57:1 2.57:1
[{] 1:3 I:1
i (121 1:4
2.57:1 Ada? 1 factor: hexasomic; 1 1:0 1:0
(18:7) quadruplex-expression 6 1:0 9:1
for Fy type. 11 | 2.57:1 2.57:1
6 1:2.39 21

1 1:24 :2.57
2.57:1 A o8B 2 factor; hexasomic: rec..of At Bih L e eereia. eseneans 1 24:1 9:1
(72:28) A or B for expression of . $AZatBAb3... 6 23:1 8.17:1
seg. type, AzaiB2bt... LT 6.35:1
A'B bd 6 | 2.57:1 4.26:1

See footnotes at end of table, p. 41.
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TaBLE 2. —Theoretical test-cross ratios jo: various possible genetic hypotheses of Fy segregations in a hexaploid
assuming no double reduction— Continued

Observed
. A
Fsratio

"57 l
172:28)—
Con.

2.09:1
{105:39)

2,691
{105:39)

Hypothetical
K, genotype

Test-crnss rativs

:\ ll;l;;"l)‘
—Con.

A a*Bh?

Af*B b

F: pheno- Fa fre-
Genetie hypothesis 23 type ? Fy genotype 243 guency
Self Back-
cross to F
2 factor; hexasomic; ree; of Seg., ... A2at bl e e e e 1 0:1 2.57:1
A or B {or expression of Frovevoend [N @05 i crnvererirerenes vitvean cerreee 2 3:1 3:1
seg, type, —Con, e JA %8804, L 12 1 297:1 2881
Frovoeoen | A a%B2D, 0L 221 2.57:1 2,571
b a*B b creneres . 12 1.28:1 2.07:1
AT bE e 2 G:1 1.50+1
aBHh2 i 1 01 I:1
afBahi... ., 6 Q0:1 1.02:1
aB2bi 11 0:1 1:1.08
a'B lr"......... cvrerare [§) 01 1122
ath¥, e 1 0:1 1:1.50
2 factor; tefrasomics ree. of Frovivoonn. AZgtJ0* heeeesssrasherresirbirsasty 9 35:1 1121
A or B for expression of A%a? 18 | 17.24) 8,19:1
seg. type. AZa® 8 | 2.69:1 5.26:1
2y i 0:1 3.35:1
18 3:1 3:1
36 | 2.69:1 2.69:1
16 § 1.28:1 2.20:1
2 0:1 1.67:1
9 0:1 1:1
18 0:1 1:1.06
8 0:1 1:1.18
| 0:1] 1:1.40
I=1 factor:-tetradisomice: rec. | Fioo..... A3 B2 ... peeetrine e rinanrensi feeveeerareneetege 9 1:0 'l :0
of A or B for expression A : lg g : :13: :

of seg. type.
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TasLe 2. —Theoretical test-cross ratios for various possible genetic hypotheses of Fs segregations in a hexaploid
assuming no double reduction— Continued

S e

Test-cross ratios !

Observed | Hypothetical F4 pheno- Fa fre-
Fa ratio! Fi genotype Genetie hypothesis 2 3 type ? Fy genotype 243 quency
: Self Back-
cross to Fy
311 Ada 1 factor: tetrasomic: triplex i i:0 10
expression for Fy type. 2 3:1 311
1 1:3 1
3:1 Ada I factor: hexasomic: penta- 1 1:0 1:0
plex expression for Fy type. 2 3:1 3:1
I L2257 1:1
3:1 AfaBb 1-1 factor: tetradisomic: 3 1:0 1:0
112:4) ree, of A or B for expres- [ 3l 311
sion of seg. type. 1 3511 10
21 2.69:1 3:10
4 0:1 1:1
3t AfaB b 1=} factor: tetradisomie: 4 1:0 1:0
112:4) dom. of A and ree, of B 6 3:1 3:1
for expression of seg. type. 21 30131 3:1
3 0:1 L:
1 1:35 1:1
3] A%a B.b 1<1 factor: tetradisomic: 3 1:0 1:0
(12::4) dom, of A or B and rec. ! 35:1 1:0
of the other locus for 6 3:1 3:1
expression of sew. type. 2] 2791 3:1
3 0:1 1:1
1 1:35 1:1
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30
12: 4

24

A wtih

A adB3?h

A a*Bh

A a*Bih?

A a5Bib*

2 faetor: tetrdasomic: dom. of
A or B and ree. of the
other logus for vspression
of seg. type.

2 {actor: tetrasimie: ree, of
A yr B far exprression of
sey. ype,

2 {uetor: tetrasomije: dom,
of 1§ and ree, of A for
expression of seg. type,

2 factor: hexasomic; rec. of
A br B for expression of
seu lype.

2 factor; hexasomics dom. of
B and rec. of A for ex-
pression of seg. type.

See footnotes at end of table, p. 41.
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TABLE 2. —Theoretical test-cross ratios for various possible genetic hypotheses of Fa segregations in a hexaploid
. [ M . \. .
assuming no double reduction— Continued

Observed
Fa ratio !

Hypathetical
Fy genotype

Genetie hypothesis 23

Fa pheno-
type ¥

Fi genotype *4 8

E,- fl‘&"

Test-cross ratios !

3.01:1
{1201:399)

A a’Bih?

A a*B%h

A asB3h

A a’B%h

A a5Bb?

2 factor: hexasomie: dom. of
Aor B and ree. of the
other locus for expression
of seg. type.

2 factor: hexasomic: ree, of
A or B-for expression of
seg. type,

2 factor; hexasomie: dom. of
B and rec. of A for-ex-
pression of seg. type,

2 facter; hexasomic: dom. of
A or B and rec. of the
other locus for expression
of seg. type.

2 factor: hexasomic: dom. of
B and rec. of A for e:-
pression of seg. type.,

N
3 PPN
o

[ e
Seg.......
>
Frovoonin

ol A s

J AT L

A asBe

JA @SB

. A2aiBiht,

A2B L dereernirarr A .

WBY

Aty

Az
A a3Bi*,

atBix,..

AratBer,,

ArdBr* o reehee e

queney
Sell Back-
cross o F

18 2.1 9.1
6 2301 9:1

I 1241 9:1
36 3:1 3.1
121 2.98:1 3:1
29 2.70:1 3:1
18 0:1 1:1
[{] 1:399 1:1

i 1:24 l:1

4 21 9:1
8 3:1 R
i+ 0:1 1:1
4 241 Ysl
8 3.1 3:1
3 0:1 1:1
4 24+ 1 9:1
8 3:1 3:1
4 0:1 1:1
118 24:1 9:1
164 24:1 9.02:1
99 25:1 9.10:1
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3011
(109:35)

3.0
t109:35)

A a'B2h?

AazB b

2 factor; tetrasomic: dom. of
B and rec. of A for ex-
pression of seg. type:

1-1 factor; tetradisomic:
dom. of A and rec. of B
for expression of seg.
type.

See footnotes at end of table, p. 41.

AZB DB it s feernres veenene

JATt bV
A atBit,

A a®Bid.

A adBEbiL,

AaB b
Aa® b Cenes
abB*
asBIbY, ..
a%Bbi, ..
atB b,..

AZa?BY¥* s
Aa?B2h2,
AatB b, ..
AZa? b,
A a'B¥, L.
A a*B2b2.
Aa’Bbi.......
Aa% bt
atBs* [
aB3zh? ..

32:1
1:0
3:1

3.01:1

3.17:1

4.33:1
1:0
0:1
1:399
1224
1:3
1:0

3521
36:1
4711

BT

Swg—o——=—0

9.25:
0.52:
3:
3.01:
3.04:

13.4:

3:
3.1
3.36:
3.80:

1
1.05:
1.18:
140

s —

Eg

LN — O — L
it i i e i
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I
1
1
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|
1
1
1
1
1
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TABLE 2.—Theoretical test-cross ratios for various possible genetic hypotheses of Fu segregations in a hexuploid
assuming no double reduction—Continued

Test-cross ratios !
Observed | Hypothetical Fa pheéno- Fafre- [ _
Fs ratio? Fy penotype Genetie hypothesis 2 4 type # Fy genotype 248 queney

Self Back-
eross 1o Fy

3.17:1 A n’Bb? 2 factor: hexagsomic: dom. of | Froaof A2Bh2 i .
176:2:h B and ree. of A for ex- e reeend ATutBBY

pression of seg. type. F Leneenen| AZdB2hA,

- 1 A2'B be,

Aat bY,

AasBih .

A B
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3.26:1 AaBbCe |3 fuctorsdisomic: dom. of A
49:15) or B and rec. of C for ex-
pression of seg. type.
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TABLE 2

' Observed
F, ratio ?

--Theoretical test-cross ratios for various possible genetic hypotheses of Fi segregations in a hexaploid
assuming no double re(luctlon—-( ontinued

Hypothetical
Iy genvtype

Genetie hypothesis 2 4

F. phenu-

Fi genotype 248

—

l"‘z fl't?~

queney

Sell

Test-cross ratios *

Back-

cross to Fy

AasB b®

AaBbCe

AaBbCe

2 factor: hexasomie: dom.
of A and ree. of B for-ex-
pression of seg. type.

3 factor: disomic: rec. of
any 2 loei for expression
1y i
of seg. type.

3 factor: disomic: dom. of
B and C and rec. of A for
expression of seg. type.

B e e 3 Do

Azat3h,
A?a’B bs
At be,,

1A adBh

A a®B bs..,
Aa bs.
asB2h4
asB b3....
"

Homo. dom. at 2 1oci.vinrieiinons
Homo. dom. at 1 locus, het. at 2 joci........ -
Homo. dom. at 1 locus, homo: ree. at

1 locus, and hei. at 1 locus.
AaBbCeiiiiiinans PUURIR
Het. at 2 loci, homo. rec. at 1 luvus .
Homo. dom. at'l locus, homo. ree. at 2 loci.
Het. at 1 locus, homo, rec. at 2 loci
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Lhulddoccse

IO e D R = T

I
o0

AaBbCe |3factor: disomic: dom. of Homo. dum. at 2 loci

1 locus and rec. of 2 loci o oen i | Homo. dom. at 1 locus, het. at 2 locei

for expression of seg. type. Homo. dom. at 1 locus, het. at 1 locus,
and homo. rec. at 1 locus

AaBbCc

Het. at 2 loct, homo. rec. at | locus..

Homo. dom. at 1 locus, homo. rec. at 2
loci. :

Het. at 1 locus, homo, rec. at 2 loci..... ..o

a® b2

-
U —
—_——
—S

- N
o -
[=R=
[T

11.75:1 Aza'B2b? 2 factor: hexasomic: rec. Ata*Bibh?
(576:49) of A or B for expression Ada?B%h?
of seg. type. ceveeens [-Ata2B2bY
.- .| A%a?B b

Afa® bS.
A%a’Bib2...
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ot ot P gt et o s bt (0
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See footnotes at end of table, p. 41.




92

TABLE 2.—-Theoretical test-cross ratios for various possible genetic hypotheses of F» segregations in a hexaploid
assuming no double reduction— Continued

Test-cross ratios !
Gbserved | Hypothetical F. pheno- Fa fre-
1 h ~ " . s - ;

Fa ratio ! F\ genotype Genetic hypothesis 2 3 type ¥ Fu genotype 243 quency

Self Back-

cross to Fy

,_
=
Y

3.31:

9:
8.17:
6.35:
4.26:
2.57:

4.
3.81:
3.31:
2.57:
1,78:

11.75:1 AatB*h? 2 factor; hexasomic; rec. y At bt
(576 : 49) —Con. of A or B for expression A a3Bih
—Con. of seg. type.—Con. A a®Bhi. ..

A a*Bh?

A @B b

A

=
b \O

COCOOOL I~

aﬂB:(b.’\
a‘fB*b‘

P I i
— i i e b ot ot g

[=

1:
99:
24
9:
4:
99:
49
19.3:
8.26:
3.85:]

24
19.3:

12:
6.57:
3.46:

A2giBb? 2 factor; hexasomic: dom. of Ada2Bih?
A or B and rec. of the Aza?Bbhi...
other for expression of AtaB*hi...
seg. type. AlaBbs...
Ata® bS.,
ABgaB 2
_A:laaBilbﬂ
AﬂaﬂB‘.‘bi
A3a®B bs.
Aﬂail bs
A'.’.a-IB-lbi
Aﬁa-lB.‘lb-'l
A2aiB2hd
A2aB b®
Azat b

[o3
o\
O WD

O e v b e s ot o i

2
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Fioveeenns A a’Bibh? 6 3d:1
Frovient A asBibd 361 2.98:1
Frocoianenn A aBi 66 | 2.70;:1
Frivevnn AasB bs 36 | 1.67:1
Segnn A a® b 6 1:3
3 a%Bih? | 0:1

PSS 6 1:399

a®B2b* 1] 1:24

a’B bs..... 6 1:3
aé bt 1 1:0
15:1 AaBb 2 factor: disomie: ree. of 4 1:0
A and B for expression 3 1:0
of sew. type. 4 15:1
2 3:1
2 3.1
| 0:1

15:1 A a'B b 2 factor: tetrssomic: rec. ol [F., AatB2b? 1] 1295:1
A and B for expression of |Fi ... [A%B b 27 143:1

seg. lype. Froe. Afa® bt t 35:1

: Floooon, A a®B2b? 2| 143:1

Frovoiioon, A a%B bo.... 4 15:1

Frocieaen. Aad bt 2 3:1

Froein a’Bh? | 35:1

Fiovinionns ‘B h? 2 3:1

1 0:1

Sego..oons at bt

15:1 Aa*Bb 1-1 factor: tetradisomic:
rec. of A and B for ex-
pression of seg. type.

—S BT = NG

See footnotes at end of table, p. 41.
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SECRECATION RATIOS OF CHARACTERS FOR SWEETPOTATO
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TABLE 2. —Theoretical test-cross ratios jor various possible genetic hypotheses of Fi segregations in a hexaploid
assuming no double reduction—Continued

Test-cross ratios !
Observed | Hypothetieal Fs pheno- Fafree Lo e e
¥y ratig? F, genotype Genetic hyjpiothesis * 9 type ® Fa genotype * 49 quency

Sell Back-
eross 1o Iy

22.58:1 ArgtBiht 2 factor: hexasomicsd ree, of e ] AR 114 : 1:0
(9576:24) A or B for expression of  ean e AlahA 164 : 399:1

3 99 24 991

. . 18 : 39:1
JAaE DL . . | : 19¢1

NILITIAE TVIINHOIL

se lype.

‘89¢1

O T o8| 399 99 |
AP, L. . . 984 : 7931
JAMIBE N H94 22 49: 1
ASB B I eiinene eneeraeresrarerrantrrananren 108 2.97: 281
AT T D8 e e e e 6 : 15.8¢1
j\'—'u"li"‘,......‘... erereneriarrerenenrinessasanennnnes] 1,298 24 241
JATRLE L . . 1,804 22 2.1
AfatBEbiL.... ivvecnens Cirrerrreraeservirats | 1,089 : 19.2:1
JAzB bA. Ceerieen Ceeriiases . 198 : 1.6 1
At b .. 1i : 10441
708 H 9:1
98 : 8.78:1
594 : 8.17:
108 : 7.16
6 : 5.9:
118
164
99
18
1
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24:1
(600:25)

24:1
(96:4)

24:1
(9601 :399)

A*a'Bib?

Aa'Bsb

Azu-lB{lb.’l

2 factor; hexasomic;

dom. of B and rec. of A
for expression of seg. type.

2 factor; hexasomic,
rec. of A or B for

expression of seg. type;
dom. of A or B und rec.
of the other locus for

expression of seg. type;
or dom. of B and ree, of
A for expression of seg,

type.

2 factor; hexasomic; dom.
of B-and rec. of A for

expression of seg type.

See footnotes at eénd of wable, p. 41.
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AadBY i e e
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0:1
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TABLE

Observed
. A
Foratin !

2. —Theoretical test-cross ratios for various possible-genetic hypotheses of Fa segregations in a hexaploid
assuming no double reduction— Continued

Hypothetical
Fy genotype

Genetie hypothesis 29

24:1
19601:399)

—Lon,

Afa B3
—Con.

Aa'Bb*

2 fuctor; hexasomic: dom.
of Band rec. of A for
expression of seg, type.—
Con,

2 factor; hexasomic; dom. of
A and rec. of B for
expression of seg. 1ype

Fs: pheno-

e e

Fa fre-

Test-cross ratios !

type ¥ Fx genotype 243 quency

Self Back-
cross to F)
8

Fiovnnias AasBii.... 984 | 3.01:1 9,02:1
Fiicee el A B 594 | 3.17:1 9.10:1
Pyl A B bA ecreaian 108 4.33:1 9.26:1
Flooo. A B DS e earene PRSI 0 1:0 9.53:1
Segiio HOBA* ettt s ren e 118 0:1 4:1
Segarvend @Bt 164 1:399] 4.01:1
Segiviad  aBh 99 1:24 4.05:1
Seg. o as bd.... 18 1:3 4.13:1
Flivoews]  a% b eer it eien cireesearsrnse 1 1:0 4.26:1
Frovwad ™ BALL 25 1:0 1:0
Frovecenns Atatihd, 6| 399:1 99:1
Frivven ] A3PB3 L0 36] 400:1 100:1
Fiveveenn | A%aiB3b3 L.l 66| 416:1 103:1
Fiooas A asBibi.. 361 532:1 110:1
Frovo ) a8B3b3eeniennns, 6 1;0 124:1
Fiocoormen. AdaBb i . 11 24:1 24:1
Fyoennn AMadBh e 66 24:1 24:1
Fiooooinn A%iBbi ..l eeerrarrereniets Vertersetesrarannss 121 25:1 25:1
Frovona A @®B2b 66 32:1 27:1
Fyooeenins a*Bhi 11 1:0 30:1
Frovoensin. AalB bl 6 3:1 9:1
Frooooo. ] A%B b3, 36| 3.01:1 9.10:1
Fioeeeiians 2aiB bs.... 661 3.17:1 9.41:1
Froccoan AasBbhi., 3671 4.33:1 10.1:1
Fro a®B bi..... 6 1:0 11.5:1
Sego..... Ada? b8 tevunpeeteninin cevennessarisetans 1 0:1 0:1

e
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32.33: 1
97:3

3511

35:1
(140:4)

35:1
(140:4)

A a’Bhe

Afa?

AZa-Bh

Ata?Brh

1 factor; tetrasomic;
simplex expression lor
Fyaype.

2 factor; tetrasomicy dom.
of A or B and rec. of the
other locus for expression
of sei. type.

2 factor; tetrasomic; rec.
of A or B for expression
of seg. type.

See footnotes at end of 1able, p. 41,
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Frovoaend A B i

AW 32

AnBI*,

Ata?B*
Aza*Bhe..,
A afB**...
A a'Bh?
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416:1
532:1
1:0
25:1
32:1
1:0
3.17:1
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TABLE 2.—Theoretical test-cross ratios for various possible genetic hypotheses of Fa segregations in a hexaploid
assuming no double reduction—Continued

Observed
Fs ratio !

35:1
(1403445
—Con.

35:1
(140 :4)

36.02:1

(1261:35)

47:1
(141:3)

Hypothetival
)y genotype

:\”a'-'l‘i*".l‘i"

—Con.

292

Ara*3th®

A a’Bb®

Genetie hypothesis 23

2 faetur: tétrasonne rec,
of A or B for expression
ul seg. type,— Con.

2 fuctor; tetrasomic; dom,
of B.and rec. of A for

expression of seg, type.

2 factor; tetrasomic; dom.
of B und ree. of A for

expression of seg. type.

2 factor; tetrasomic; dom. of
A and ree, of B for ¢x-
pression of seg. type.

Ks pheno-
type 3

Segieeins

Seg

JARER B Y PN

JA @B .

Iy genotype 243

$B,
B2 e e ea

AZEEBB* e coreervn e neerienn
AZa?B2h% s

A a*B2i. . reveresee bavreshievesasnrersin

Fafre. }

quency

Test-cross ratios !

Back-

o e

vren |
e
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63:1

99:1

143:1

AaBbhCoe

A asBh

A*a®B b?

3 factor; disomics ree, of all
3 lovi for expression of
S0, Lype,

2 factor; hexasomic; ree. of
A and B for expression of
Seg, Lype.

2 factor; tetrasomies rec. of
A and B for expression of
Segn type.

See foothotes at end of table, p. 41.

J Het. at 2 loei and homo. rec. ar the other ..

JA @B

JA B i
G| ARB LA L

4 A @B, e e ects

J A% b,

Het. at 1 locus and homo. rec. at 2.0
P I S SRR

ABPBIDT. i e

ABRY,
AfadBA L

a"B?hY..
Afat b,

B be,
A af bt
al b

A E
AtarBPbi....
A%B b,

WiBHL e
Aa®B b

Aa® Dbi, .
- a'B bt

1295:1
143:1
143¢1
35:1
3511
15:1
3:1
3:1
0:1

1:0
999+ 1
399:1
199:1
249:1

99:1
99:1
49:1
49:1
39:1
19:1
191

9:1

1:0
4311
143:1
14311

71:1
71:1
4751
23:1
231
11:1

OLVLGGLIAMS YOJ SHILOVHVHI 40 SOLLVH NOLLVOIHDIS

L¢




TABLE 2. —Theoretical test-cross ratios for varions possible genetic hypotheses of Fs segregations in a hexaploid
assuming no double reduction—Continued

Observed
F ratio !

Hypothetical
Fy genotype

199:1
(159,202
798)

AZa*B b

AllutlB:lb:l

Genetie hypothesis * 4

1=1 factor; tetradisomic; ree.

of A and B for expression
of seg. type.

2 fuctor; hexasomic: dom; of

A or B and ree. of the
other for expression of
seg. type.

Fy plieno-
type 8

“

Fa genotype 245

A% bt

A a*B b...
Aat b
a'Bb...

AV B* L
[ At* B
o] AMaOB*
..o] A%%B3b3.,
..o At Bebe
AR
| A%a*B2bt

AtaiBsh?

.1 A%atB®b?

A2aiB 15,
A a’Bthd..,
A a’B bs.,

At*

Fu fre-
(uency

13,924
19,352
19,352
26,896
11,682
11,682
16,236
16,236
9,801
2,124

2,124
2,952
2,952
1,782
1,782
324
118

Test-cross ratios !

Self

NS
A
—

o
W
s L

— NS
N e
—

N e

Smine o
CUSOX®w e
NPRIRA AN LI A

Back-
leross to Iy
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http:A"u4B.b4
http:A"u"B.b4

118 0:1 19:
164 1:399 18.1:
164 1:399 18.1
99 1:24 15.9
99 1:24 15.9
18 1:3 12.8
18 1:3 12.8
1 1:0 9.52
199:1 AdasBih 9 factor; hexasomic; rec. of AT B e eaee 13,924 1:0 1:
(159,201 : 799) A or B for expression of At* B rrreveerenieenne 119,352 1 399: 1 399:
seg. type. | Froo ] AtadBYLL ..1 19,352 | 39v:1 399:
26,896 199:1 199
11,682 24:1 99:
.............. 11,682 24:1 99
16,236 22:1 79
16,236 22:1 79
9,801 | 11.7:1 49
2,124 3:1 39
................. 2,124 3:1 39
2,952 | 2.97:1 35
2952 | 2.97:1 35
1,782 |- 2.57:1 28
1,782 1 2.57:1 28
324 | 1.28:1 19:
118 0:1 19
118 0:1 19:
164 0:1 18:
164 0:1 18:
99 0:1 15.8:
99 0:1 15.8:
18 0:1 12.5:
18 0:1 12.5:°
1 0:1 9.25:

See {ootnotes at end of table, p. 41.
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TABLE 2. —~Theoretical test-cross ratios for various possible genetic hypotheses of Fu segregations in a hexaploid
assuming no double reduction— Continued

o¥

Test-cross ratios
Observed | Hypothetical . Fu pheno- Fa fre-
F. ratio ! Fi genotype Genetic hypothesis 23 type Fa genotype 248 quency
Self Back-
cross to Fy
399:1 Adg? 1 factor; hexasomic; Fro A e i 118 1:0 1:0
simplex expression. Fiooninld Adab 164 | 399:1 399:1
| T A 99 24:1 99:1
Filio. Ad e, 18 3:1 [ 39:1
Seg....... A5, eerenns 1 0:1 19:1
399:1 A%a*B%h 2 factor; hexasomic; rec. of | Fii...... A* B* 472 1:0 1:0
(1596 :4) . A or B for expression of Fy...oo.. Ata3Be 656 [ 399:1 399:1
seg. type; dom. of B and Fio AZgBa* 396 24:1 99:1
rec. of A for expression Frocooinne A a’Bé* 72 3:1 39:1
of seg. type: or dom. of A | Seg...... asBi* 4 0:1 19:1
or B and rec: of the other
locus for expression of
seg. type.
399:1 A33%Bib? 2 factor; hexasomic; rec. of A¥BY e 2,124 1:0 1:0
(9975:25) A or B for expression of A* B33, 708 | 399:1 1:0
seg. type. Aa3B¥* L 2,952 1 399:1 399:1
A%a3Bhe... L 984 | 199:1 399:1
A#* B2ht 118 24:1 1:0
AZiB¥*.. L. 1,782 24:1 99:1
A2a’B3p? 594 23:1 99:1
Ala’B2b? 164 23:1 399:1
A?a‘Bbi.... 99 | 11.7:1 99:1
Aa®B¥™ s 324 3:1 39:1
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399:1 Ata®Bibe 2 factor; hexasomic; dom.

(9975:25) of A or B and rec. of the
other locus for expres-
sion of seg. type.

| AsaBly
A‘.‘a-l B'.'b-l

A a5B3bs...

A a’B2bt
abB* ...
a’B3b®...
aﬂB‘.’b’l

L L X SRS T JOPan

399:1 AdadBib? 2 factor; hexasomic; dom.
(9975:25) of B and rec. of A for
expression of seg. type.

ot bk b pond b o b bt Mot b bk O

U All ratios expressed as parental (Fi) type vs. nonparental (segregate) type.

* Rece., recessive; dom., dominant.

3F,, parental type; seg., segregate, or nonparental, type.

4 * indicates the allele may be dominant or recessive because the test cross would not distinguish between types.  In these cases,
the F: frequency column reflects a sum of two or more genotypes.

5 Homo., homozygous; het.. heterozygous.
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TABLE 3.—Approximate population size (n) peeded to distinguish between 2 genetic ratios!
D poj &

Larger Smaller propottion ipgd

BIPUPUNS oo o ot o bt vt o i o i i 3 s S U, . - - .
tion

ipb 121 1,28:1 14671 23900 25700 269:1T 279:1 301 32601 43300 5401 6,150 12:0 151 1501 2000 22601 24:1 2500 32 3501 47:1 63:1 99:1 143:1 199:)

59 -

.50 9817  —

40 2 3801 26,607~

i3 2,259 8,350 43,186 - ~

s ] E 1,053 2,334 471210514 -

33 & 2 561 971 185 2239 7,78 -

22 3 K 169 225 273 323 478 B4 <=
17 25 2 E 94 116 133 130 194 296 1499

‘89¢1 NILATING TVIINHDAL

o
[

4 9 100 1 139 { 572 -
‘ 95 1

36 39 M 29 -
30 32 35 0 185 3,576 -
26 270 - 57 1T L23 7289 -~

pd) B[ R 51 9. T4 2495 14507 -~

2 225 ps 45 S8 L2020 3410 128

21 225 43 422 98X 2453 7084 106,129 -

20 bl B2 ] 41 4 370 815 ) 836 4481 - 25905 101251 —

xEce SShh

[D ] 2 34 234 44 0T8T U310 2582 3629 5524 -

14 E 33 200 376 610 968 LBH- - 242 3426 75978 -~

1 2 45 M5 229 339 473 725 861 1047 3289 5039 -

14 17 8 J 12 166 - 231 304 424 484 559 1206 1,579 T804 —

DN Saimimg  wIES

[ R ]

81 113 148 184 237 262 291 492 583 LI 3,789 —

68 92 117 142 177 194 212 329 377 707 1,47 10,0000 —

60 7 99 119 145 157 170 252 283 484 858 3,129 15967 —
10 2 pd 5 St [ 82 96 t16 125 1 189 200 - 328 518 1,312 3,208 10,632

P
WM nn

JUALTIADINEOY 40 "1LdAA S’

' Computed according to formulas of Kempthorne in *Asi Introduction to Genetic Statistics,” with a probability level of 0.05. _The breaking point (), above which the larger proportion (py) would
be aceepted and below.which the smaller proportion (1) would be accepted, can be computed by use off r=np, + 1.645Vn(p, =
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