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TRANSLOCATION S between A (chromosomes of the basic set) and B (super-

numerary chromosomes) chromosomes in maize were first produced by
Roman (1947) by irradiation. Roman (1947) established that the nondisjunc-
tion of the B centromere in the division of the generative nucleus of the micro-
spore results in a pollen grain with two sperm nuclei that differ in their constitu-
tion with respect to the translocated A segment (one will be deficient—hypoploid,
and the other will have an extra segment—hyperploid). Depending upon how
these sperm nuclei unite with the egg and the polar fusion nucleus of the embryo
sac, two classes of seeds will result: 1) seeds with an embryo hypoploid for the
segment translocated to the B centromere and an endosperm hyperploid for this
segment, and 2) seeds that are hyperploid in the embryo and hypoploid in the
endosperm for this segment. Subsequent investigations have demonstrated the
usefulness of these aberrations in genetic studies (Roman and UrLstrup 1951;
BiancHr 1961; Biancur et al. 1961; Berrini, Biancar and Orraviano 1961;
PeTERSON and WERNsMAN 1964 ; RoBERTsoN 1964a.)

Until recently (BeckerT 1967, 1968) no new A-B translocations beyond those
originally produced by Roman and Urrstrup 1951) have been reported. This
paper describes a technique for producing new A-B translocations of a prede-
termined constitution by crossing over between existing A-B translocations and
reciprocal A translocations and considers their usefulness in genetic studies.

MATERIALS AND METHODS

Crosses were made between female parents carrying an A-B translocation (designated A,-B,
Figure 1a) and male parents having a reciprocal A translocation (designated A,—-A,, Figure 1b).
The A chromosome (A,) common to both translocations has a distal break point in the A -A,
translocation and a proximal break point in the same arm in the A,—B translocation. If pairing
of the translocated chromosomes in the F, is followed by a crossover in the segment between the
proximal and distal break points (Figure 1c) and if adjacent I disjunction occurs, a new A-B
translocation will be produced. The A,B and A,5, members of the exchange are unchanged, but
the BA chromosome now consists of a B centromere, a proximal segment of the B chromosome,
a portion of the A, chromosome, and a portion of the A, chromosome (BA:%; Figure 1d).

Pollen from F, plants was used on normal female parents carrying a recessive endosperm
gene in the region corresponding to the translocated segment of the A, chromosome (Figure 1,
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Freure 1.—Diagram of an A -B translocation female parent (1a) and the reciprocal A -A,
translocation parent (1b) which will produce an F, (1c) in which crossing over (in region 1)
followed by adjacent I segregation will result in the production of a new A-B translocation with
the configuration shown in 1d. Nondisjunction of the B centromere in the division of the genera-
tive nucleus of a pollen grain carrying the new translocation will result in one sperm deficient
(hypoploid) for BAA; chromosome and one sperm hyperploid for the chromosome. Figure le
shows the hypoploid condition that results when the deficient sperm functions and Figure 1f the
hyperploid condition that results when the hyperploid sperm functions in fertilizing a normal
plant carrying recessive alleles (a, b, ¢, d and ¢) in all regions.

region 4). When a deficient sperm from pollen grains carrying the new A-B translocation unites
with the polar fusion nucleus, the resulting hypoploid endosperm will show the recessive trait
(Figure le). The same kernel will contain an embryo hyperploid for the new BA chromosome
(Figure 1f). The reciprocal fertilization would result in a hyperploid endosperm and a deficient
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embryo. In this instance, if the female parent carried a recessive seedling or plant trait it would
be uncovered. Thus the new translocation can be used to locate endosperm, seedling and mature
plant traits in new chromosomal segments that were not involved in the original A-B translo-
cations. In the isolation of these new translocations only recessive endosperm markers were used
since seeds that showed the trait would have a hyperploid embryo which would permit the pro-
pagation of the new translocation.

Once a new translocation was produced it was then used to locate genes with respect to the
break points of the translocations involved. Any gene located in the region distal to the break
point of the original B translocation but proximal to the break point of the reciprocal A trans-
location (Figure 1, region 1), will be uncovered by the new translocation. Any gene in the
portion of the A, chromosome transferred to the A, centromere (Figure 1, region 2) will not
be uncovered by the new translocation. The original A-B translocation uncovered genes in this
region but the new translocation will not. Any gene in the A, segment that is transferred to the
B centromere by crossing over (Figure 1, region 4) will be uncovered by the new translocation.
Any gene proximal to the break point of the reciprocal A translocation in the chromosome
not involved in the original A-B translocation (Figure 1, region 3) will not be uncovered by
the new translocation. Since all these break points have been mapped cytologically, it is possible
to use the new A-B translocations to place genes to known physical segments of chromosome.

Seeds with the recessive phenotype on the testcross ears, indicated the presence of a new
A-B translocation. These seeds were planted and the resulting plants self-pollinated. The
segregation of the dominant phenotype on the self-pollinated ear indicated that the original
seed showing the recessive phenotype was due to the functioning of the new A-B translocation
and that it was not the result of contamination. A plant from a contaminated seed would be
homozygous for the recessive trait. The new A-B translocation was used to locate known genes;
one of two procedures was followed: 1) at the same time plants produced from the selected
seeds were self-pollinated, they were crossed as male parents to the genes to be tested, or
2) the plants from the selected seeds were self-pollinated and outcrossed to a standard line. The
outcross seeds were then used as a source of the new A-B translocation for crosses with the
tester stocks.

Table 1 lists the reciprocal A translocations used in this study, the B translocations with which
they were crossed and the genes used to test for the presence of the new translocations. The
reciprocal A translocations were selected so that the break points in the arm involved in the
B translocations were well out on the arm, to maximize the distance between the B and A
translocation break points and to ensure the greatest possible distance for crossing over.

TABLE 1

Stocks involved in eight F, combinations showing reciprocal A translocations with their break
points, A-B translocations with their break points, and the genes used to test
for the production of new A-B translocations

A-B Genes used
A translocation A-B translocation to test for new
A translocation break point* translocation break point;  A-B translocation
T1-2, 18.77,2L.33 TB-1b 1S.05 wy
T1-2,,, 15.63,2L.28 TB-1b 18.05 w,
T1-4,50 1L.46, 4115 TB-1a 1L.20 ¢,
T23,,,, 91..26, 31.39 TB-3a 3L.10 w
T23,,,, 25.46, 3L.60 TB-3a 3L.10 al
T4-7 598 4L.08, 7L.74 TB-7b 7L.30 c,
T4-9,,,, 41..03, 9S.68 TB-9b 95.40 c,
T4-9,50, 41..09, 9S.83 TB-9b 95.40 c,

* Break points by LoNcLEY (1961).
+ Break points as given by Roman and UrrLstrup (1951).
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TABLE 2

List of genes tested with the new A-B translocations and their location on the chromosome map

Gene

Chromosome location*

Crosses used to produce
new A-B translocations

al (albescent, white endosperm-variable
white and green seedling)

w, (white endosperm-albino seedling,
viviparous)

sh, (shrunken endosperm)
gl, (glossy seedling)

gl, (glossy seedling)
gl, (glossy seedling)

gl, (glossy seedling)

¢, (aleurone color factor, recessive colorless)

g, (liguleless)
vg, (yellow-green plant)

Short arm 2 (4)
Long arm 2 (111)
Short arm 9 (29)
Long arm 7 (36)

Short arm 2 (30)
Long arm 4 (118)

Long arm 4 (86)

Long arm 4 (123)

Short arm 2 (11)
Short arm 9 (7)

TB-3a X T2-344,,

TB-1b X T1-2,
TB-1b X T1-2,,4,
TB-3a X T2-3,,,;
TB-9b X T4-9 54,
TB-9b X T4-94;,,
TB-7b X T4-7 44
TB-3a X T2-3,4,
TB-1a X T1-4,,,
TB-7b X T4-7 ,,,,
TB-95 X T4-95,,,
TB-9b X T4-9,,,,
TB-1a X T1-4,,,
TB-7b X T4-7 4,
TB-9b X T4-9,,,,
TB-9b X T4-9,,,
TB-1a X T1-4,,4,
TB-7b X T4-7 49,
TB-9b X T4-9,,,,
TB-3a X T2-34,,,

TB-9b X T4-9,,,,
TB-9b X T4-9,,,,
TB-1b X T1-2,

TB-1b X T1-2,,,,
TB-1a X T1-4,,,
TB-1b X T1-2,

TB-1b X T1-2,,,,
TB-3a X T2-3,,,;

vp, (white endosperm-albino seedling,
viviparous)

lw, (white endosperm-albino seedling)

v, (virescent seedling)

Short arm 1 (1)

Long arm 1 (128)
Long arm 2 (83)

* Number in parentheses refers to the map position on the respective chromosomes as given by
NEeUFFER, JoNEs and Zuser (1968).

Table 2 lists the genes followed in tests of the new translocations and their locations on the
linkage map.

A test was considered positive for an endosperm gene when numerous mutant seeds were
observed on the testcross ears. Although ears usually either did or did not segregate for the
trait, infrequently an ear would be found on which an occasional mutant seed occurred. Such
ears were not counted as a positive test, since they could be the result of self-contamination. In
scoring for seedling traits a minimum of fifty seeds was planted. The only tests recorded as
positive were those segregating for numerous mutant seedlings. In these tests, an infrequent
family was found in which an occasional mutant seedling occurred. Such families were con-
sidered to be the result of self-contamination. When w,, lw,, vp; and al were used as testers,
self-contaminant seeds have the white-albino phenotype of white endosperm albino seedlings.
Such seeds are readily distinguishable from the two classes expected when a white-albino gene
is uncovered by an A-B translocation, namely: 1) white seeds with green seedlings, if the
hyperploid sperm fertilizes the egg nucleus and the hypoploid sperm the polar fusion nucleus,
and 2) yellow seeds with albino seedlings, if the reciprocal fertilization takes place.
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NOMENCLATURE

In choosing a symbol for the new translocations, information was utilized from both of the
parents. For example, from the cross between TB-9b and T4-9,,,, a new translocated chromo-
some was produced that included part the long arm of chromosome 4 (the new piece transferred
to the BA chromosome) and the proximal portion of the old A-B translocation, which involved
the short arm of chromosome 9. The symbol TB 4L, 9S,,,, is used to designate this new trans-
location. The “4L” mext to the letters TB indicates that the new segment involved in this
translocation came from the long arm of chromosome 4. The “9S” indicates that the original
A-B translocation involved the short arm of chromosome 9. The subscript (6222) identifies the
reciprocal A translocation that gave rise to the new translocation. Thus the symbol specifies the
chromosomal arms involved in the new translocation and the reciprocal A translocation and
A-B translocation that gave rise to it. Similarly, the translocation produced from the cross
between TB-1b and T'1-2, will be TB 2L, 18,..

RESULTS AND DISCUSSION

The first four translocations involved the transfer of the long arm of chro-
mosome 4 to the B4 chromosome. The F,’s between the A-B translocation and
the reciprocal A translocations were testcrossed on ¢ tester plants (genotype
A,AAA,C.Cic.c,RR). Crossing over in the F;, followed by adjacent I segrega-
tion and nondisjunction of the B centromere in the division of the generative
nucleus, would result in seeds with colorless aleurone when the deficient sperm
united with the polar fusion nucleus (see Figure 1e). Such seeds are expected
to have embryos that would be hyperploid for the new “hybrid” translocation
(see Figure 11).

TRANSLOCATION T B 4L, 98,:.

This translocation was produced from the cross between 74-9,,,, and TB-9b.
The F, testcrossed on the ¢, stock yielded ears that had various numbers of yellow
seeds (without anthocyanin color), ranging from 2-9 seeds per ear. Some of the
testcross seeds had purple scutellum. For scutellar color, C, as well as other aleu-
ron and scutellar genes are needed (Spracur 1932a). The presence of yellow
seeds with colored scutellum indicated that the seeds with deficient endosperm
must have embryos with C, presumably carried by the new B* chromosome in
the hyperploid condition.

Plants from the yellow seeds were used in crosses with stocks homozygous for
sh, (chromosome 9), gl;, g/, (chromosome 4) and heterozygous for yg. (chromo-
some 9) to locate these genes with respect to the translocation break points. At
the same time, the plants from the yellow seeds were self-pollinated to confirm
the presence of the new translocation in the hyperploid condition (i.e., the segre-
gation of seeds with colored aleurone). The results of these crosses are given in
Table 3.

Among the outcrosses of plants segregating for purple seeds upon self-
pollination, all of the four tester genes were observed to be segregating; indicating
that these genes are located in the regions translocated to the B centromere. Since
yg. and sh;, are located on the short arm of chromosome 9 the results indicate that
both are proximal to the break point of the reciprocal A translocation (Figure 1,
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TABLE 3

Results obtained from self-pollinating and testcrossing
TB 4L, 9S,,,, with sh,, yg,, gl, and gl *

Self-pollination Testcrosses
Segregated Segregated  Segregated  Segregated  Segregated
Number of plants r C, for sk, or g, for gl, for gi,
3 + + + + 0
1 + + + 0 +
11 T + + 0 0
2 + + 0 0 +
4 -+ 0 + 0 0
1 -+ 0 0 -+ 0
3 + + 0 0 0
1 + — — — 0
3 T — — 0 —
1 -+ — — 0 0
2 + 0 — 0 0
1 -+ — 0 0 0
1 — — — 0 0
1 — — 0 0 0
1 + + — 0 —
1 + + — 0 0
1 + + 0 0 —
* + = segregation, — — no segregation, 0 =— no test.

region 1). McCrinTock (1944) located yg, in or near the first chromomere of
chromosome 9, which would suggest a position well out on the short arm, distal to
the reported break point of the translocation (9S.68). McCrinTock’s placement
of yg, was based on observable deficiencies and is undoubtedly more accurate
than that determined by a translocation break point. Nonhomologous pairing in
a translocation heterozygote frequently hampers the accurate placement of the
break points. The evidence suggests that in this case the break point of the trans-
location is probably considerably distal to the reported position in chromosome 9.

The positive tests with gl; and gf,, although limited, indicate that these genes
are in the distal .97 of the long arm of chromosome 4 (Figure 1, region 4). Since
gl, is closest to the centromere, the results indicate that this gene is distal to 41..03.

Eight plants listed in Table 3 were observed to segregate purple seeds upon
self-pollination but they did not possess the A-B translocation as indicated by the
outcrosses. These plants could be the result of heterofertilization (Seracur 1929,
1932b) in which a deficient sperm from a pollen grain carrying the new translo-
cation united with the polar fusion nucleus and a sperm from a pollen grain with-
out the new translocation fertilized the egg nucleus. They also could result from
the loss of chromosome 4 from the sperm fertilizing the polar fusion nucleus but
not from the sperm uniting with the egg nucleus. Some environmental or genetic
background factors that interfered with the development of color in the aleurone
of these seeds that had only one dose of C, could also produce a spurious non-
correspondence of embryo and endosperm. Seeds with colorless endosperms and
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Cc embryos which did not carry the new translocation were observed in all the
crosses involving the ¢, locus.

The two seeds that segregated neither for C, upon self-pollinating nor for any of
the test genes upon outcrossing were due to contamination. The last three sets of
crosses recorded in Table 3 give unexpected results. The source of these anomalies
is not known and additional testing of them will be necessary.

TRANSLOCATION 1B 4L, 95,0,

For the production of this translocation, T 4-9,5,, and TB-9b were used. The
number of yellow seeds ranged from 5 to 12 per ear in the testcross of the F; with
the ¢, tester. The results of crosses with the same testers as were used with the
previous translocation are given in Table 4. The data do not differ from those ob-
tained for the former translocation. Since the chromosome 9 break point in trans-
location T4-95,., is 95.83, the results indicate that yg, is proximal to this point.
Again the crosses to gl; and g/, are limited, but both were uncovered and are
therefore located in the distal 919 of the long arm of chromosome 4. Thus gl,
is distal to 41..09.

The last two sets of crosses of Table 4 give anomalous results. Further tests of
these will be required.

TRANSLOCATION TB 4L, 1L,
Translocations 77-4,,0, and TB-7a were used to produce this translocation.

Again a c, tester was used to select for the new translocation. The number of yel-

TABLE 4

Results obtained from self-pollinating and testcrossing
TB 4L, 9S,,,, with sh,, yg,, gl, and gl,*

Self-pollination Testorosses

Segregated Segregated  Segregated  Segregated  Segregated
Number of plants r C, for sh, for yg, for gl, for gl,
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* | — segregation, (-) =— segregation for a few recessive seedlings but not sufficient to rule
out contamination, — == no segregation, 0 = no test.
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TABLE 5

Results obtained from self-pollinating and testcrossing
TB 4L, 1Ly, with lw,, gl;, and gl *

Self-pollination Testcrosses
Segregated Segregated  Segregated  Segregated
Number of plants for C, for lw, for gl, for gl,
8 + — 0 +
1 + — + 0
17 + — 0 0
t + 0 0 +
2 + 0 + 0
1 0 — 0 +
7 + — 0 —
1 + — — 0
3 e — 0 0
1 — 0 0 _—
* 4- = segregation, — — no segregation, 0 — no test.

low seeds ranged from 1-5 per year. Many of these yellow seeds had a purple
scutellum, which indicates the presence of a hyperploid embryo carrying C, and
a hypoploid endosperm deficient for C,. The plants from the yellow seeds were
self-pollinated and used as a pollen source for crossing with plants carrying lw,,
which is known to be in the long arm of chromosome 1, and also with plants car-
rying gl; and g/,. Table 5 shows the results of these crosses.

The gene lw, maps well out in the long arm of chromosome 1 (NEUFFER, JONES
and ZuBer 1968). Since it is not uncovered by TB 4L, 1L, it must be distal to
the break point of T7-4,,, in the long arm of chromosome 1 (L.46) (Figure 1, re-
gion 2). Both gl; and gl, are uncovered by the new translocation, placing g/, distal
to the break point of the reciprocal translocation (4L.15).

TRANSLOCATION TB 4L, 7L 545

The cross between T 4-7 ,45s and T'B-7 b was the source of this new translocation.
Yellow seeds in the cross of the F; to ¢.c. plants, ranging in number from 5-12
per ear, indicated the production of a new translocation. The plants from the
yellow seeds were self-pollinated and used as pollen parents in crosses to plants
homozygous for g, (long arm, chromosome 7) and gl; and gl, (long arm, chro-
mosome 4). The results of these crosses are given in Table 6.

The occurrence of purple seeds on the self-pollinated ears of plants from the
yellow seeds confirms the production of a new translocation. The segregation of
gl, seedlings when this new translocation was crossed to plants carrying this
gene indicates that g/, is located between .30 and .74 of the long arm of chromo-
some 7 (Figure 1, region 1).

The absence of gl; or gl, seedlings when this translocation was crossed to plants
of these genotypes was unexpected since the break point for the reciprocal A
translocation was reported as 41..08 and these two genes had been uncovered by
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TABLE 6

Results obtained from self-pollinating and testcrossing
TB 4L, 7L, with gl,, gl, and gl *

Self-pollination Testcrosses
Segregated Segregated  Segregated  Segregated
Number of plants for C, for gl, for g, for gl,

1 + + — 0

8 + + 0 —
38 + + 0 0
7 -+ 0 — 0

12 =+ 0 0 —
1 0 + 0 0

1 + — _ _

6 + — 0 —
12 -+ — 0 0
1 — + 0 0

* 4+ — segregation, — = no segregation, 0 — no test.

the previous three translocations, which have break points at 4L.03, 4L..09 and
4L.15. The negative results cast some doubt on the reported cytological position
of the break point in chromosome 4 of T4-7,,,,. The genetic results would place
the break point in the long arm of chromosome 4 between gl; and c,.

The last plant tested in Table 6 gave unexpected results. Further testing of this
plant is indicated.

TRANSLOCATION 7B 2L, 18,

This translocation and the three following translocations have been briefly de-
scribed by RoBertsonN (1964b).

The TB 2L, 1S. translocation was synthesized by crossing 7'1-2c¢ and TB-1b.
The w; gene on the long arm of chromosome 2 was used to test for the formation
of the new B2 chromosome. In crosses to w;, white-dormant seeds were found
with the number per ear ranging 1 to 14. On the same ears there were also found
yellow viviparous seeds ranging from 1 to 6 per ear. The number of yellow
viviparous kernels probably does not represent the total number of deficient
(hypoploid) embryos since w; is not always viviparous.

The plants from the white seeds were self-pollinated and used as male parents
in crosses to standard lines. All the self-pollinated ears segregated for yellow seeds,
as expected if a new translocation had been produced.

Plants from seeds of the outcrosses to standard lines were self-pollinated and
used as pollen parents in crosses to stocks carrying w;, v, (located in the long arm
of chromosome 2) and vp;. The vp, gene is located in the short arm of chromo-
some 1 and is uncovered by TB-1b.. Table 7 shows the results of self-pollinating
TB2L, 18S.

Wws;

the plants from the cross of standard X as well as the crosses with the

test genes.
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TABLE 7

Results obtained from self-pollinating and testcrossing plants from the cross of
standard x TB 2L, 1S_/w, with w, v, and vp*

Self-pollination Cross to w, Cross to v, Cross to vp;
Number Segregation Segregation  Hypoploidt Segregation Segregation
of plants for w, for w, test for w, for v, for vp;
1 — . + — +
1 — » + 0 +
2 — - + 0 0
1 — — ~ +
4 — — 0 +
5 — — 0 —
2 — — — 0
3 — — 0 0
2 — - - — —
5 + + — —
2 + + — —
1 + + — +
1 + + 0 —
2 + ~ — +
1 + — — 0
1 + — 0 +
1 -+ — 0 —
i + + 0 +
3 + + 0 0
0 * 4+ — segregation or positive hypoploid test, — — no segregation or negative hypoploid test,
= no test.

+ A positive hypoploid test is indicated by the segregation of white seeds that produce green
seedlings and/or the segregation of yellow seeds with albino or viviparous seedlings.

Since the original hyperploid plant used in the outcross to standard was hetero-
zygous for w;, most, if not all, the plants with the new translocation also should
not carry w; because it is in the nontranslocated chromosome. Most, if not all, the
plants heterozygous for w; should not have the new translocation. The data in
Table 7 support these expectations. Since w; and vp; are lethal traits, segregating
families were used in the testcross. Thus a negative hypoploid test in crosses to
these families does not necessarily indicate a negative test for the presence of the
translocation but rather may be the result of having crossed to a plant that did
not carry the tester gene. Crosses to homozygous v, plants, though limited, indi-
cate that this gene is not uncovered by the translocation and thus is proximal to
the break point of 77—2c¢ in chromosome 2 (21..33). RoBERTsoN (1961) placed vp;
on chromosome 1, 1.8 crossover units proximal to the break point of 77-2¢
(1S.77). The data from Table 7 agree with this position.

In Table 7 some of the tested plants segregated for w; in both the self- and
outcross and at the same time gave a hypoploid test for vp, indicating the presence
of an A-B translocation involving the short arm of chromosome 1. Such results
TB2b,18,

3

are expected if, when the standard X cross was made, a crossover in
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region 1 (Figure 1) of the new “hybrid”’ A-B translocation had occurred followed
by adjacent I segregation. These events will produce a gamete with the reconsti-
tuted original A-B translocation (7'B-71b) and carrying w, (Figure 2). The oc-
currence of at least five such crossovers in the data recorded in Table 6 suggests
a rather high reversion rate in this translocation, although the sample is too lim-
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Fieure 2.—Steps involved in the reversion of TB 2L, 18, to the original TB-7b and results
expected in crosses to tester genes. (2a) The new “hybrid” A-B translocation showing the
crossover responsible for reversion. (2b and 2c) Gametes resulting from crossing over followed
by adjacent I segregation. (2d) The constitution of the plant to be self-pollinated and crossed
with the tester genes. (2¢) Results expected upon self-pollination and crossing to plants hetero-
zygous for w, and vp;.
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ited to get an accurate estimate of the true rate. Some of these five palnts could
be the result of crossing over in region 4 (Figure 1) between w,, and the break
point. If this occurred, w; would be transfered into the new A-B translocation.

TRANsSLOCATION TB 2L, 18,,,,

The cross of T'1-2,,,, and TB-1b was used to produce this new A-B transloca-
tion. The same testing procedure was used with this translocation as with the
preceding one. Table 8 gives the results of self-pollinating and testcrossing plants
TB2L, 18,

Wws
Table 9 gives additional data from crosses involving this translocation. The male
parents used in the testcrosses reported in this table were derived from seed pro-
TB 2L,

w

from the cross standard X with plants carrying w;, v, and vp,.

TB 2L, 18uss 1y seli-

2
pollinated ears not segregating for w; were selected since they are more likely to
carry the translocation.

duced on self-pollinated ears out of the cross standard x

TABLE 8

Results obtained from self-pollinating and testcrossing plants from the cross of
standard X TB 2L, 1S,,.,/w, with w,, v, and vpg*

Self-pollination Cross to w, Cross to v, Cross to vp;
Number Segregation Segregation  Hypoploidt Segregation Segregation
of plants or W, for w, test for w, or v, for vp;

2 — + - +

t — — + +

2 — — 0 +

1 — + 0 +

3 — + + —

2 — + 0 —

) — + 0 0

1 . — _ _

1 — — + 0

3 — — 0 —

1 — — 0 0

1 — , 0 0 —

1 + + — +

2 + + + —

2 + + —

1 + + 0 —

1 + — 0 —

2 + 0 — —

2 + + 0 0

2 4 — 0 0

1 + 0 0 —

* + = segregation or positive hypoploid test, — — no segregation or negative hypoploid test,

0 == no test.

+ A positive hypoploid test is indicated by the segregation of white seeds that produce green
seedlings and/or the segregation of yellow seeds with albino or viviparous seedlings.
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TABLE 9

Resulis obtained from self-pollinating and testcrossing plants carrying
TB 2L, 1S,,,, with w,, v, and vp; (see text for orgin of TB)*

Self-pollination Cross to w, Cross to v, Cross to vp;
Hypoploid{ Hypoploidt
Segregation segregation segregation Hypoploidt
Number of plants for w, test for w, for v, test for vp,
1 = + + +
3 — + + —
2 — -+ 0 —
2 — + 0 0
1 — — + —
4 — 0 + —
1 — — 0 —
1 —_ — 0 0
* - — segregation or positive hypoploid test, — — no segregation or negative hypoploid test,

0 = no test.
+ A positive hypoploid test is indicated by the segregation of white seeds that produce green
seedlings and/or the segregation of yellow seeds with albino or viviparous seedlings.

The data from Tables 8 and 9 indicate that this translocation uncovers v, while
the previous one did not. This means that v, is located in the region between the
break points for these two translocations, 21..28 and 21..33, respectively. This
translocation also uncovers vp;, which would place this gene proximal to 15.53.

Three classes of exceptional plants are observed in Table 8: 1) One plant is
observed that segregated for w; upon selfing and outcrossing but does not segre-
gate for v, when crossed to this stock. This plant gave a positive hypoploid test
with vp;. These results are expected if the plant carried the original A-B translo-
cation produced by crossing over as suggested for translocation 7B 2L, 1S.. 2)
One plant is found that does not segregate for w; upon selfing or outcrossing nor
for v, or vp; when tested against those stocks. However, it is semisterile indicating
a translocation is present. The reciprocal crossover product to that used to explain
the class 1 exception (Figure 2b) would give the observed results. 3) T'wo excep-
tional plants are present that segregate for w; upon selfing and v, when crossed to
stocks carrying this gene. Such plants would be expected if a crossover had oc-
curred that transferred w; into the new A-B translocation. Since these plants
have the new A-B translocation, they would be expected to be semisterile. One was
semisterile as expected but the other was normal. A bookkeeping error is the
most likely explanation for the results obtained with the normal plants.

TRANSLOCATION 7B 2L, 3L 545

This translocation was derived from a cross between 7°2-3,,s; and TB-3a. Test-
crossing F, plants on those carrying w; resulted in some white endosperm seeds
that gave rise to green plants. These plants were self-pollinated and crossed to a
TB 2L, 3L 545

were self-pollinated
Wg

standard line. Plants from the cross standard X
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TABLE 10

Results obtained from self-pollinating and testcrossing plants from the cross of
standard X TB 2L, 3L,./w, with w, and v *

Cross to w,

Self-pollination Cross to v,
_— Segregation  Hypoploidi e
Number of plants Segregation for w, for w, test for w, Segregation for v,
3 — - + +
16 — - + 0
1 — .. — -+
23 -— . — 0
1 + + —
2 + — —
8 + + 0
1 + — 0
* -} == segregation or positive hypoploid test, — — no segregation or negative hypoploid test,

0 = no test.
+ A positive hypoploid test is indicated by the segregation of white seeds that produce green
seedlings and/or the segregation of yellow seeds with albino or viviparous seedlings.

and crossed to w; and v,. The data are given in Table 10. Additional crosses in-
volving this translocation were made with plants derived from seeds of self-

pollinated ears from the cross standard X Zl%é—[ﬂ Self-pollinated ears not
3

segregating for w; were selected. The data from these crosses are given in Table
11.

This translocation uncovers v,. This is in agreement with the results from the
previous translocation 7B 2L, 18 ,,,, which also uncovered v,. The break point in

TABLE 11

Results obtained from self-pollinating and testcrossing plants carrying
TB 2L, 3L, with w, and v, (see text for origin of TB)*

Self-pollination Cross to w, Cross to v,
Number of plants Segregation for w, Hypoploidi test for w, Segregation for v,
2 — + +
3 — + 0
1 — — +
3 — 0 -+
t 0 + +
8 —_ — 0
7 _ _ —
1 J— 0 —
1 0 —_ —_
* | — segregation or positive hypoploid test, — — no segregation or negative hypoploid test,

0 = no test.
+ A positive hypoploid test is indicated by the segregation of white seeds that produce green
seedlings and/or the segregation of yellow seeds with albino or viviparous seedlings.
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chromosome 2 is 21..28 in TB 2L, 18,,s, and 21.26 in TB 2L, 3L,,,;. The plants
in Table 11 that did not segregate for w, and /or v, when tested against these
genes were homozygous for the normal chromosomes derived from the standard
line to which the translocation stock had originally been crossed.

TRANSLOGATION 7B 2L, 3Lg44,

The cross between plants carrying T2-3,,,, and TB-3a was the source of this
translocation. The F, progeny of this cross were used as pollen parents in crosses
with plants carrying al. The occurrence of white endosperm seed in this cross
indicated that a new hybrid translocation had been produced. This was confirmed
by planting the white seeds, which gave green plants that segregated for yellow
seeds when self-pollinated. At the same time these plants were self-pollinated
they were crossed to a standard line. The results of self-pollinating and outcross-

TB 28, 3Lsss0
al

in Table 12. Crosses with the new translocation to /g, and gl, uncover these genes

indicating that they must be in the distal 549, of the short arm of chromosome 2.

Two classes of exceptional plants are found in Table 12. Four plants occur that
segregated for a/ when self-pollinated and Ig, and gl, when crossed with stocks
carrying these genes. A crossover transferring al into the new A-B translocation
would explain these results. As expected, since these plants carry the transloca-
tion, they were all observed to be semisterile. The other exceptional class con-
sists of five plants that did not segregate for al when self-pollinated and upon out-
crossing to stocks carrying al, lg, and gl, failed to segregate for one or more of
these traits. These plants could be the result of transferring the normal allele of al

ing plants from this cross (standard X ) to al, Ig, and gl, are given

TABLE 12

Results obtained from self-pollinating and testcrossing plants from the cross of
standard X TB 28, 3L, ./al with al, 1g, and gl,*

Cross to al Cross to lg, gl,
Self-pollination S = o S
— egregation ypoploi egregation

Number of plants Segregation for al of al test for al for Ig, and gl,
2 — y + +
9 — 0 +
1 — + 0
1 — - -
2 — — 0
2 —_ -0 —
8 -+ + —
7 + + 0
4 + 0 +
14 -+ 0 —

* - = segregation or positive hypoploid test, — = no segregation or negative hypoploid test,

0 = no test.
+ A positive hypoploid test is indicated by the segregation of white seeds that produce green
seedlings and/or the segregation of yellow seeds with albescent seedlings.
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from the translocated chromosome into the normal chromosome 2 resulting in
normal plants without al. All these plants had normal pollen and seed set, as ex-
pected.

CONCLUSIONS

The foregoing experiments have established that it is possible to produce new
A-B translocations by crossing over between a reciprocal A (A;—A,) and an A-B
translocation (A,-B). These new translocations have attached to the B centromere
a proximal portion of the B chromosome, a segment of the A; chromosome and all
of the A, chromosome that was translocated in the original A,-A, translocation.
The other components of the translocation consist of the A,;® chromosome from
the original A-B translocation and A,** member of the reciprocal A translocation.

These new “hybrid” translocations can be used to locate genes on segments
of the genome that were not involved in the original A-B translocations produced
by Roman (Roman and Urrstrup 1951). Also when several “hybrid” transloca-
tions involving the same chromosomes are tested against genes carried on the B***2
chromosomes of the different aberrations, it is sometimes possible to locate the
genes with respect to the break points and thereby place them on the cytological
map. Thus, v,, which maps near the centromere in the long arm of chromosome
2, was uncovered by TB 2L, 18,5, and TB 2L, 3L,,;; and hence must be distal to
the breakpoints of these translocations in chromosome 2 (2L.28 and 2L.26, re-
spectively). It was not uncovered by 7B 2L, 1S, with a break point at 21..33 and
consequently v, must be proximal to this break point. Assuming the correct break
point determination, this places v, between 21..28 and 21..33. Also, genes in region
1 (Figure 1) can be placed with a fair degree of accuracy if this region is not too
long. For example in translocation TB 4L, 7L, gl, is located cytologically be-
tween 7L.30 and 7L.74.

The precision of this cytological mapping depends upon the accuracy of the
break point determination. In these experiments no attempt was made to confirm
the break points reported by LoncLEy (1961). On occasion genetic results were
not in agreement with reported break point positions (e.g., the uncovering of yg,
by TB 4L, 98;.,, and the failure of TB 4L, 7L, to uncover gl; or gl,). The genetic
results can serve as a check on the cytological information. When discrepancies
are found, such as those indicated above, reexamination of the cytological mate-
rial is indicated. :

The crossing of four translocations to standard lines before further testing pro-
vided the opportunity for crossing over to occur. Evidence for two classes of cross-
overs was obtained: 1) Those that reconstituted the original parental transloca-
tions (see Figure 2) were observed with TB 2L, 1S. and TB 2L, 18,,,, and 2)
crossovers that involved the A, segment transferred to the B** chromosome (Fig-
ure 1, region 4) were observed with TB 2L, 1S,,,, and TB 2S, 3L;;,. If the ex-
ceptional classes Tables 7, 8 and 12 are the result of crossing over, their frequency
would indicate that this is not a rare event. If so, the B***? chromosome must be
pairing with the homologous segments of the A; and A, chromosomes with an
appreciable frequency in these hyperploid plants. This is in contrast to what
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RosErTsoN (1967) found in hyperploid 7B-95 plants. About 969, of the time the
two B4 chromosomes of these plants paired and as a consequence very few cross-
over progeny were observed. The more complex rearrangement of the “hybrid”
A-B translocation might in some way be responsible for the more frequent pair-
ing of the B*'*2 chromosome with the homologous regions of the A, and A, chro-
mosomes. Further tests will be necessary to determine how crossing over in these
“hybrid” A-B translocations compares with that of the original A-B transloca-
tions.

Because of the danger of losing these new translocations through crossing over
it will be essential that they be continually checked against the appropriate tester
genes whenever they are propagated. To eliminate such loss, homozygous lines
should be established as quickly as possible.

The authors wish to express their appreciation to Dr. Jack B. BeckerT for permission to refer
to work reported in Maize Genetics Cooperation News Letter.

SUMMARY

A technique utilizing crossing over between an A-B translocation (A,-B) and
a reciprocal A translocation (A;—A,) to produce new “hybrid” A-B transloca-
tions is described. The B* element of these translocations consists of a portion of
the original B** chromosome plus the A, segment of the reciprocal A translocation
(B*1*2), The remaining elements of the translocation consist of the A;® and A,"
chromosomes. Eight new “hybrid” translocations are described. Three incorporate
the long arm of chromosome 2, one the short arm of chromosome 2 and four the
long arm of chromosome 4 as the A, segment of the B**2 chromosome. These new
translocations were used successively to locate genes in chromosome regions cor-
responding to the translocated A, segments. Their usefulness in the cytological
mapping of genes was also demonstrated.
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