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5S¢ Relation of multinle chromosomne associations at diakinesis to

knob_number

Previous studies (S. E. Zvingilas, MGCNL 35 and 36) indicated
that the knob and centromere associations of non-homologous chromosomes

Py

observed at pachytene persist through metaphase.

Additional investigations were carried on with diakinesis cells of
plants which arose from a backcross of the 12 kmob heterozygote to the
lmobless parent. These results support the orevious conclusion; there
is a positive correlation between the number of chromosomes in multiple
association at diakinesis and the number of knobs present (Table 1).

Table 1.

Ave, no. of assoc. bivalents
No. of knobs at diakinesis

1. L6
1.75
.48
1.9k
2. 15
2,38
3,12
3.15
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Sylvia E. Zvingilas

I0WA STATE UNIVERSITY
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Department of Genetics

1. Allele studies involving Cl,, 953 and Cly.

Dr. Bverett in 1949 (Proc. Nate Acad. Sci. 35: 628-63l) described
two dominant suppressors of the cly locus, Cly and 913, which partially
or completely suppressed the albino phenotype of this mutant. Since
the discovery of the two original suppressors, we have found a third
one which has been designated Clj. This suppressor vas found in a
stock in which a gene for albinism was segregating, designated 31?.
This gene was found to be allelic to clj. The action of the supp
Cl,, g}a and glh is summarized in Table I.
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Table T Phenotypgs produced by the suppressors Clys g:_l_3 and g_Z_L_u.

Endosperm ‘Seedling and
Genotypse . . Phenotype Mature plant phenotype
1, 13 ¢l white or pale yellow albino
2. ¢l; ¢, C1 cl white or pale yellow pale green (pastel)
1 2 7R - lethal : i
3. ¢l ¢y ci, c1, white or pale yellow pale green (pastel), on R
the average dariker green Bl
' ‘ than #2. - lethal 1
he ¢l cl Cl cl white or pale yellow green as geedling, mature
113 3 plant pale green, often X
zebra ' ;
5. ¢l °11 61_3 Q1_3 white or pale yellow green as seedling, green (!

as mature plant apparent-
ly as vigorous as normal

siblings. . .
6o cl._L cl G].h cl white or pale yellow green as seedlings =
1 L lethal :
Te ¢ °11 Clh 01'11 white or pale yellow green as geedlings, green ;

as mature plant but not
as vigorous as normal 3
siblings d

while it was known that the suppressors were inherited independently
of the cly locus, it was not known whether they occunied the same or
independent locl. The following crosses were made to determine thise

1. ¢ci, cl, G ci x ¢l cL €1 Cl
gheh 3=y T T2 T2

2 ol Ol Clpsly * gl &, By Oy

3, cl Cl c1 €L x ¢l cl cl Cl
-—]1""'1"‘"2""‘2 -p__p-h__ll
, ¢l ¢l CL C, X ¢l ¢l Cl Cl

Yellow and white or pale yellow geeds from the ¥. ears were planted
in the field. The plants from the white or pale yellow seeds of crosses
#1 and #4 produced plants that survived to maturity and produced earss
Host of the plants from the white or pale yellow seeds of crosses #2

and #3 died at an early age and the few that did survive werse pale green
runts. All surviving plants were self pollinated and where possible,

a sample of 50 white or pale yellow seeds was planted from each ears

the suppressors are alleles, no albino geedlings should be observed

in the Fp's of crosses A, #3 and fhe If the suppressors occupy independent
1oci, then a ratio of 15 non-albino : 1 albino seedling should be observed
among the plants produced by the white or pale yellcw seeds from such Fa
earse A lower frequency of albino seedlings would indicate that the




suppressors are non-allelic but linkeds Half of the Fj plants from cross
#2 will have cl, and the white seeds produced when these plamts are

self pollina’oed, therefore, will be expected to segregate albino
seedlings in a 3 green to 1 albino ratio but no pastel seedlings. This
was observed to be the cases The albino segregating ears were not
jncluded in the totals given in Table TI. The results of these tests
which are summarized in Table II indicate that these three suppressor
genes are allelic. i

Table II. Summary of Data from Allele Tests Involving 012, 013 and Clye

Number of Seedlings Number of Albino

i
Segregating Alleles Tested Seedlings Conclusions |
Cl, and Cljy 4277 0 Allelic |
Cl, and Cl), 3L95 0 Mielic
(313 and Clh 3604 0 Allelic

The absence of albino seedlings in these F_ populations also
indicates that the clp gene for albinism (presegt in the original

a—,

o, stock) can also be suppressed by Cl, and 9_}.3.

Donald S. Robertson

2, Chromosomal segregation in hynerploid TB-9b plants used as femaleSe

As a regular practice, we have been perpetuating geveral of our B
translocation stocks hy using hyperploid plants (eeges 9 9FB9B9) as males
in outcrosses to inbreds. Pollen examination is used to select hyperploid
plants for outerossing but since sterility is low (approximately 15% -
20%), it is not always possible to select these plants by this methode
Therefore, each suspected hype loid is also crossed to appropriate
tester stocks carrying recessive genes that are found in the region

of the chromosome translocated to the B centromeree

For TB-9b we have been using a ¢ Sh, WX line as the tester stocke
The break point in this translocation is about L0% of the distance out
on the short arm of nine and the translocated piece includes the loci
of ¢ and gg}. The wx locus is on the untranslocated portion of ninee
When hyperploid plants are crossed as males to this tester stock, two’
classes of seeds are found on the ears, purple, starchy and colorless,
shrunken. The latter class pesults when a deficient sperm (9B_) unites
with thepolar fusion nucleus producing endospernm cells with the
chromosomal constitution of 9 9 9B, The egg nucleus of such seeds
i1l have been fertilized by the nyperploid sperm (9BB989) resulting
in embryos with the chromosomal constitution of 9 9Bp9B%. Some of the
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purple s starchy seeds will be produced by _the reciprocal fertilization
and thus will have hypoploid embryos (9 gB_) and hyperploid endosperms
(9 9 9Bp9p9). Plants from this latter class of seeds are semisterilee
wigure one diagrams the genetic and cytological constitution of the
embryos from both of these classes of seedse. .. .

Figure 1

Genetic and cytological constitution of embryos hyperploid and
nypoploid for TB=9be . ‘ T

Hyperploids | " Hypoploids
e sh wx- ~ 4. ¢. sh WK o //L...
- o = e o /!
Wx Wx .
¢ Sh..__oB
~m=0B

T oh

Plants from both of these classes of seeds have been testcrossed
with a ¢ shy WX stocke 1In the case of the seeds with hyperploid embryos,
the crosses were made using the hyperploid plants as females while the
hynoploid plants were crossed as both males and females.

Table 1 gives the results for the testcrosses of hyperploid plantse
Classes C Sh Wix and C Sh, wx are the most frequent and occur in equal
frequency.—l'hese results would be expected if most of the time the )
normal chromosone nine paired with 9B and the two B9 chromosomes paired
and if these two pairs then assorted jndependently of each other at '
meiosis I. The next most frequent class is ¢ shy WX. This class
would be ‘expected if a gamete received only a normal chromosome 9
and could.be the result of non-disjunction of the B9 _centromere
either in meiosis or during devélopment of the female gametophytee.

The latter possibility is not very likely since non-disjunction would
have to occur in the two cell lineages giving rise to t he two polar
nuclei.

Tn order to gét the ¢ Sh, ¥k class, 2 B? chromosome must have
paired with a normal nine followed by crossing over between the ¢
and shy 16ei which would produce a crossover chromatid of the B
chromosome with the genotype Shye Tn order to account for the
Wx allele, the 98 chromosome Tcarrying W_§) must have ended up in the
same cell as the BY crossover chromatids It will be noted that none
of the reciprocal crossover classes occurred (€ shy wx) and that with
the exception of one seed for which the shrunken classification was
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doubtful (a classification which was made and recorded prior to any
attempt at interpreting the results), no seeds of the ¢ Sh, WX class
were founde This class is theoretically possible if after the above
crossover event, the B9 chromosome and the normal 9 chromosome went

10 the same pole and if after the second meiotic division, a microspore
received the crossover B9 chromatid (¢ Shy) and at the same time, the
non-crossover 9 chromatid (g shy v_n_c_)*. Since neither the C shy wx

nor ¢ Shy, wz are found, the events which are responsible for them as
outlined above rust be extremely rare and some type of directed
segregation must take place whenever a crossover takes place in the

c - sh region, Figure 2 diagrams the pairing relationships and
segregations necessary to explain the observed results. The results
indicated that a crossover in the ¢ - 8hy region determines that the
normal chromosome 9 and the B9 chromosome involved in the crossover
will go to opposite poles, This segregation then determines the poles
to which the other centromeres will move with homologous centromeres
going to op osite poles. This observation is in agreement with that
of Burnham {Genetics 35: LL6-LB1, 1950) where he found that chromosomes
involved in a crossover in the interstitial region of a heterozygous
translocation passed to opposite polese

Table 1. Testcross data of plants hyperploid for TB=9b (c shy wx/
¢ Shy-/C Shy-/--Wx)e

CShwx  cshwx  Cshwx cShiwx  CShwx cshix  CshiWx cShwx

%%}% 112 5 - - 137 3 - -
?{%{% 221 15 ~ 1 237 3 - -
%;—%_’_—ﬁ 160 8 - - 152 1 - -
hg%:ié 2l3 6 - 1 22 - - -
ts%:i 28l 1 - 1 211 - - -
1115?‘-5-5:—15@ 290 21 = 1 276 - - @
Totals 1310 102 - b 1315 7 - (1)
% 47.88 _ 3.7% 0,1%  LB.0%  0.26% (0s0L%)

#Theoretically, the ¢ Shy wx class also could be produced by a double eross”
over between the normal 9 chromosome and the B? chromosome which would move
Sh. into a normal 9 chromatide If the crossover were then followed by
non-disjunction of the B9 chromosomes, some gametes of the ¢ Shy wx WO

be expecteds Since this would involve the simultaneous occurrence of tWo
rare events (double crossover and non-disjunction), it is not 1ikely that
this genotype would be produced in this manners
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Probable pairing relationships and segregation responsible

i e 2e
FigT - for the ¢ Shy Wx classSe
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Three events could give rise to the ¢ g_l_-x% Wx classe 1) A cross-
over could take place between the WX ocus and the translocation point
putting Hx on the 9 chromosome along with ¢ sy and this evenb accom—
panied by no ~disjunction of the B centromeres, 2) A crossover oould
have taken place between the shy locus and the translocation point
putting ¢ and ghy on the B9 chromosome, which as the data from the

c Sh, Wx class indicate would then-seégregate from chromosome 9, ending
up iff a cell with the 9B chromosome carrying Wx or 3) Non-disjunction
of the 9 centromeres and B centromerss, in which the normal 9 and

9B chromosomes g0 40 one pole and the two p? chromosomes to the others

Taule 2 gives the results of testcrosses of deficient planise
From these data, the amount of crossing over between the waxy locus
and the translocation break point has been determined to be .1i8%

This information permits the elimination of one of the three explana-
tions for the ¢ sb v class given above. T¢ explanation 1 is respon=
sihle for this class, the frequency with which these seeds can be
expected can be predicteds This predicted value should be equal to
the probability of non-disjunction (=2 x ,037, the frequency of the

c sh, ¥x non-disjunctional class) times the probability of a crossover
Detween the wx locus and the translocation break point (.0048)s Since
there are two vays the non-disjunctional chromosomes will segregate
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with respect to the crossover products and only one will allow for the
expression of the ¢ .5..111 Wx genotype, this product will have to be
divided by 2. Further, if the desired non-disjunction takes place in
the first division of meiosis, only three of the meiotic products will
be functional and of these, only one will carry ¢ sh Wx. This requires’
that the above product be divided by an additional factor of 3, However,
if the non-disjunction takes place in the second division, 1/2 of the
products following non-disjunction will be ¢ shy ¥x and, therefore,
instead of dividing by 3, the second division should be by 2. To
surmarize, the formula will be:

(Probability of Ce0s) x 2 X (probability of ¢ shy Wx)
2 x (3 or 2) depending upon when non-disjunction occurs)

.300( $8f§r.s?.¢riivi Sion +00006 oz .EOOI ifheﬁjr:;d. 033331’ sion = 0009
non-disjunction) non-disjunction)

Since both of these predicted values are considerably less than the i
observed frequency of .0026 for the ¢ shy Wx class, it seems likely 1
that explanation 2 or 3 is responsible for most of the seeds of this i
phenotype. Explanation 2 is most probable since explanation 3 requires i
the occurrence of two rare non-disjunctions, one of which has not been i
demonstrated to take place (i.e., the 9 centromeres)e i

The results of these studies should be taken into consideration-:' -
in using B translocations, particularly if one is attempting to
incorporate genes into the translocated piece. The likelihood of
succeeding will be extremely 1ow if this is attempted in a hyperploid.
However, if a hyperploid is outcrossed as a female, approximately half
of the offspring will then be heterozygous for the translocation
(9 98B9), a condition which would be more conducive to picking up
the desired crossoversSes

Table 2. Testcross data of plants hypoploid for TB-9b (c shl wx/==Yx)e

%5_8_-_@ cslll-l’bc cs?v:lc‘ _ cngx cst::;
93-9 93-3

',j-g-g——g'_%é 0 97 th);:g 0 217
u833:§ 0 130 1:83131-_-3 1 216
W 2= B
W23 o 9 Loo>-3 3 32
h893:33 o 183 '%oté?lo. .11;8% 2059

Donald S. Robertson






