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ANALYSIS OF RECIPROCAL TRANSLOCATIONS IN RICE

—MUTATIONS IN>RICE INDUCED BY X-RAYS. V.—
SUNG-CHING Hsiea®

With the view to utilizing reciprocal translocation method for genic analysis
proposed by Burnham (1934, 1946), Yamashita (1940) and Kramer (1954), the writer
has made X.ray irradiation of rice seeds (Taichung No. 65, a representative of
ponlai rice in Taiwan) since 1954. The semi-sterile plants produced by X-ray
irradiations, when selfed, segregated into 1 fertile and 1 semi-sterile plants. In
the subsequent generations, the semi-sterile plants continue to segregate in this
manner, while the normal plants bred true. When the semi-sterile plants were
crossed with original strain, the F; also showed 1 fertile and 1 semi-sterile
segregation ratio. Furthermore, ring of four chromosomes were detected
cytologically in the: PMCs of these strains; therefore, the'semi-sterility was found
to be attributable to reciprocal translocdtions- bétween two non-homologous
chromosomes. When the fertile plants produced from a RT heterozygote “were
back crossed to the original strain, the progeny was either semi-sterile or fertile,
and the segregation of fertile and sterile plants in the same cross was never
observed. Since there were only semi-sterile individuals, it was then apparent that
the male parent of the former type would be a translocation homozygote, while
that of the latter would be of the same chromosomal structure as the original
strain as reported in the previous paper (Hsieh ef al. 1959). '

The present report deals with results of analysis of interrelations of trans-
located chromosomes by cytogenetical observation from the F; plants of intercrosses
of RT homozygotes. RT analysis was made regarding the following respects:

In Fis between two RT lines, 1) if all the chromosome paired normal, the 7

parental lines would have translocations in the same chromosomes; 2) if a

. quardrivalent chromosome was formed, the chromosomes concerned in _trans-

locations in both lines would be the same though it is possible that their tratis-
locations are situated in different arms; 3) if a ring of six chromosomes was
formed, the parental lines would have one chromosome in common in their
translocations; 4) if two rings of four were found, the parental lines would have
quite different translocations.

Cytological observations were made with pollen mother cells of F, plants
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of intercrosses. Spikelets were taken at 11-12 AM. Farmer’s fluid was used as
the fixative and the ordinary aceto-carmine smear methods was applied.

: Frequency of types of pziiring in intercrosses of RT homozygotes

- Intercrosses among fourteen RT homozygotes designated as BF lines were .

‘made in order to estimate their interrelations. The frequencies of 1(-)4, 2(:)4,
c.and 1{-)6 varied according to crosses. Sometimes, a giant ring, which might be
an octavalent, was fouﬂd; such was counted as two rings of four. ‘The frequency
of‘occurrence of a ring of four ranged from 10 to 100%, and those of two rings
of four and one ring of six ranged from 20 to 80%. :
In order to test whether rings' occur independently of each other in
intércrosses, the theoretical frequencies of occurrence of rlng chromosomes were
calculated as follows: ‘
" Let @ be the frequeney of one ring of four in the F; of @ RT line with the
original strain, and b be the frequency of the other RT line, the frequencies of
cells with zero, one and two rings in the 1ntercross of the two' are shown by
the following formula:

{a-Hl—a)} {b+-(1— b)}—ab 2(-)4 or (1{+)6)
+{l—-a)b+(1—ba. 1(+)4
- +{1—a)1—>b) : 0 (12m)

For instance, in the cross & (202)xb(13%), the frequency of 2(-)4 is expeced
to be approximately 325. Therefore, for cytological analysis of interrelations of RT
lines, it is desirable to use lines with a high frequency of rings. ‘Table:1 shows
the results of a comparison between calculated and observed numbers of ring
‘chromosomes. ‘The large chi-square values in some crosses indicated that
significant differences occur between the expected and observed numbers.

Table 1. Frequency of rings of four and six in F;s of intercrosses of ~
. RT homozygotes

percentage of (1—a)
ring of four |("?)b+(1-ba ab (1-b)
Crosses in parents - ; Total b.C
(a) (b) 1(')4 2(‘)4 1(')6
BF2-2 x BF11-5 405 893 5 5 0 10 |” 137
* ; (5.74) (36) (0.64)
‘BF2-2 x BF12-8 405 910 27 31 S0 58 9.09%
N (33.5) (214) N AR EA D) ’ .
‘BF2-2 x BF14-1 405 825 36 15 10 61 | 381
' " (34.3) (20.4) : (6.3)
BF5-5xBF 6-4 60.7 - 34.2 46 20 20 86 049
(45.8) (17.9) C1(223) |
BF5-5x BF12-8 60.7 910 36 16 0 | 52 | 17.20%
o a (21.5) (287) | (1.8) | :
BF6-4 x BF 7-7 342 96.0 67 17 5 89 9.84*
Sh (57.5) (29.2) (2.3) :
- BF6-4 xBF11-5 342 893 10 n 1 22 3.92
: ' (13.8) (6.7) T os)

e
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BF6-4 x BF12-8 342 910 76 27 k 5 108 254
(68.0) (38.6) (6.4) :
BF6-4 x BF14-1 342 825 28 1 25 ) 0 53 13.15*
. (32.0) L (15.0) (6.1)
BF11-5 x BF16-1 89.3 © 58.0 16 28 3 - 47 1.90
: (205) | (244) (2.1) A
.BF11-5 x BF20-2 89.3 605 14 25 2 41 0.99
(17.143 (22.14) (1.72) |
BF14-1 x BF16-1 82.5 58.0 56 50 6 112 1.33
(50.2) (53.5): (83) .
Note:1) Number in parenthesis shows expectation.

2) * _...The observed number did not fit to the expectation.
Analysis of reeciprocal translocations

From the result of observation of PMCs and Table 1, the interrelations
of fourteen RT lines are summarized in Table 2. In the Table 2, a numbér in
parenthesis shows the pairng tyi)es assumed on the basis of their pollen fertility;
As the‘ data in Table 2 show, some lines such as BF2-2, BF6-4, BFi6-1 and
BF20-2, showed the same pattern of pairings in crosses with other lines, and
no ring was found in their intercrosses. Therefore, these lines méy be considered
to have the same translocation. This is true also for BF5.5 and BF7-7, and {for
BF11.5, BF12.8 and BF14-1. However, when the lines BF3.1, BF4-6, BF8-2, BF13-8
and BF17-2, were intercrossed, the F;s showed 121, and when they were crossed
with other lines such as BF5-5, BF7-7, BF11.5, BF14-1 and BF12-8, the Fis
showed 1(-)4 while no 2(-)4 or 1(-)6 was found. Probably, such lines were not
true RT lines. ‘

‘Table 2. Interrelations of translocation lines, estimated from the

results. of cytological observations of intercrosses.

BF | BF | BF | BF | BF | BF | BF | BF | BF | BF | BF | BF
46| 5-5 | 6-4 | 7-7 | 82 |11-5|12-8 | 13=8~| 14-1 | 16-1 | 17-2 | 20-1
BF 2-2 2(+)4 (1211)12(-)4 (1(=)4)[2(+)412()4|(1{)4) 2(=)4 | 121 | (12y)
BF 3-1 124 1(=)4]1(=)4] (12;;) |1(+)41(-)4| 12y °| | 1(*)4 | (1241}
BF 4-6 1(+)4|1(*)4 | 1(s)4| (121) 1) (120
BF 5-5 2(:)41(12:0) 1036 1(+)6] 1(e)4 | 1(+)6[2(+)4|1(+)4|2(*)4
BF 6-4 2()4] 1(+)4 2()420:)4| 1(+)4 [2(+)4] 12y |1(+)4 | (1211)
BF 7-7 1(=)4 [1(+)6[1(+)6] 1(+)4 |1(*)16]2(*)4|1(+)4 [(2(+)4)
CBF 82 | . 1()4 104} (12, 114 1(+)4
BF11-5 (121 12 | 2(+)4 2(-)4
BF12-8 , : : 1034 1 (12 [(2())] - - |2(+)4
BF13-8 1(+4) |1()4] 12,4 :
BF14-1 1(+)4|1()4](2-1)
BF16-1 : 1 ‘ 1(-)4| 124
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Table 3. Result of RT analysis -

BF 22
BF.64 | BF55 Eggzg :
BF16-1 BF 7-7 Pras
BF20-2 : B
g}«* 2-2 ,
. BF 6-4
BF16-1 A 2(+)4 2(:)4 . RTy
BF20-2
BF 5-5
BF 7-7 . ’ 1(+)6 RT,
BF11-5
BF12-8 RT,
BFl14-1 :
RTy RT, RT,

According to the above analysis, the RT lines were groupéd on the basis of
their behavior in respective crosses, as shown in Table 3, reciprocal translocations
apparently different from one another are only three among 14 analyzed. ‘They
were further designated as RT;, RT;, and RT; respectively. ‘ '

Assuming that from two certain chromosomes which had been in striicture
1-1and 2-2 originally, a reciprocal translocation, 1-2 and 1-2 was induced by
1-2, 1-2°
a ring of four could be formed. In the cross between RT; and RT, showed two
rings of four, and the interchanged chromosomes were different from each other,
1-1, 2-2 3-3, 44,
1-2,1-2 34, 3-4
, ><RT3, one ring of six was formed, then the RT constitution may be assumed to

& 3-3, 44, 5 5

3-4, 3-5, 4—5

X-ray irradiation, and the semi-sterile plants were such a structutre as

In the cross of RTs

then it may have such RT constitution as

In this case, the common chromosome is 4-4. In the cioss of

RT; XRT,, the RT constitution may assumed to be 2( Y 4= 1= ; f_g-{-:_g Z-g
\Accordlng to the above analysis, the interrelation of the S‘RT Ilnes can be sum-

marized as shown in Table 4.

Table 4. ‘The chromosome interrelations of RT lines

Chromosome number

1 2 .3 4 ' 5

RT, 0 0 t
RT, . 0 0 ’
RTy : 0
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Relation between the ocurrence of ring chromosomes and pollen fertility
At diakinesis and first metaphase of a translocation heterozygote, a quar-
drivalent in the form of “Zigzag” or “Open”. In the former, alternate chromosomes
proceed to the same pole; in the later, adjaéent ones moved together. If these
three types of disjunction were equally frequent and no cross over occurred, a'
66.6%5 pollen sterility would be expected as follows:
“Zigzag” ring (alternate) 1/3=33.3% Fertile |
5 . adjacent—I  1/3=33.3%
Open” ring {adjacent-II . 1/3=333%
When the “Zigzag” and the “Open” types were equally frequent, a 502 pollen -
- abortion will be expected. As shown in Table 5, the percentage of good pollen
actually found ranged from 302 to 60%), the average being 50%. This suggests
that the “Zigzag” and the “Open” ring might be equally frequent. This value
approaches those reported by Oka (1953) and Hwang (1958). Based on this value,
when two rings of four are formed, the pollen fertility is expected to be 2595.
‘The observed value was 22.9%, a little lower than the expectation. .
When a ring of six is formed, fertility (alternate-segregation) may be esti-
- mated as follows:
Let R represent the number -of chromosomes associated with. the ring
(2R=6 for a ring of six), the number of different modes of disjunction may

be xCez. It may be assumed that alternate disjunction occurs with' the

OPRR N 6>€>5<>2< T 10( R=3). That of adjacent segregation
2 6

} 66.6%25 Sterile -

frequency

“ig 1— 110 1% From this, if we extend the principle of semi-sterility in the sim-

plest case (i.e. ring of 4), then the frequency of alternate-disjunction in a ring
of six is estimated to beﬁgx 100:18.1%, and that of adjacen_t disjunction is
81.9%. This value approaches the observed fertility 17.124. The theoretical value
for 1(-)4 calculated by Hwang. (1958), based on the frequency of bivalents and-
zigzag type quardrivalents, was 49.6%. He also used Yamashita’s (1948) formula®
and calculated the values for 2(*)4 and 1(+) 6 to be 22% and 17% respectively.
They showed good fits to the values obtained in the present study.

- Table 5. Relation between pairing types and pollen
fertility in intercrosses

’ Good pollen in per cent ' Total |Average
|10 20 |30 | 40 | 50|60 | 70] s | 90 | 100 | Tines | (2)
0 - 2|5 3 10 | 910
1(+)4 14|16 6 27 | 500
2(+)4 2| 8| 7 17 | 229
1(+)6 303 | 1 . 7 | 171
Total i 5 [ 1| 9| 4| 16| 6 2|5 3 61

(2) Yamashita’s (1958) formala: Y=Kdf: where Y'is pollen fertility, £ is the number of
translocation, K is constant for chromosome separation (usually 1) and d is frequency
of zigzag type ring.
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“As mentioned above, the percentage of good pollen is lowered in proportion
with the number of ring chromosomes. For instance, the fertility of a plant
having a ring of eight is expected to be 5.6%. ‘Therefore, it would be difficult
to establish larger rings such as ring of ten or more.

It will be concluded, according to the above mentioned observations, that
at least three different RT lines out of 14 were found. It was identiﬁed further
that five chromosomes were involved in three reciprocal translocation lines.
Artificially induced segmental interchanges may be useful for establishing linkage
groups as pointed out by Anderson (1945), Kramer (1954) and Burnham (1956).
It is also useful to locate given genes on a chromosome by using linkage rela- -
tionships with a certain marker gene to the relevant chromosomes.. ‘The writer
is now on the way to prepare more strains such as reported in the present
~work for linkage analysis and other genetical studies. .

Summary

Fourteen reciprocal translocation homozygotes ’obtained‘ through test cross
of RT heterozygotes Wthh were induced by X-rays were lntercrossed The
interrelation of 1nterchanged chromosomes of these lines was studied cytologically
by the aceto-carmine smear technic. RT -analysis was made regarding the
following respects: In F;s between two RT lines; 1) if all the chromosome paired
normally, the parental lines would have translocations in the same chromosomes,
-2y if ‘a quardrivalent chromosome was formed, the chromosomes concerned in
translocations in both lines would be the same though it is possible that their
translocations are situated in different arms, 3) if a ring of six chromosomes was
: formed the parental lines would have one chromosome in common in their

translocations and 4) if two rings of four were found, the parental lines Would
"khave quite different translocations.

The result of RT analysis made according to this rule showed that at least
three different RT lines out of 14 were identified, and five chromosomes out of
12 were involved in different reciprocal translocations within the materials. ‘The
percentage of good pollen in plant having 1(+)4, 2(-)4 and 1{.)6 were 50%, 22.99
and 17.127 respectively and showed good fits to the expectation. The more RT
strains are being isolated and the linkage analysis is now under way.
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