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Since asynaptic gene in maize was found by Beadle and McClintock (1928),
gene controlled -asynapsis or desynapsis was discovered in many plant_genera,
such as rice (Ramanujam and Parthasarathy 1935, Chao ef al 1960, 1961), Pisum
(Koller, 1938), rve ( Prakken,' 1943), common wheat (Li et al 1945), Lycopersicon
esculetum (Soost 1951), Gossypium (Beasley and Brown 1942), and others.

~Since there is plenty of variation in the manifestation of this gene, many

" studies ‘were made on the effect of temperature on this gene in many plant

genera. Goodspeed and Avery (1939) made an assertion that high temperature
decreased the pairing of chromosomes whereas low temperature favored the
formation of bivalent in an asynaptic mutant of Nicotiana sylvestris. Li et al
(1945} working with common wheat found that there was large number of
univalents observed in the desynaptic plants when the material was fixed early

“in the season, in March ‘in Chengtu, Szechuan, China when the temperature

was rather cold. However, there were only few univalents or none observed of
the same desynaptic plants when the materials were fixed later in the season
when the weather warmed up. So in the second year, correlation studies weére
made betweeh the frequencies of cellé with bivalents for each desynaptic plant
and the air temperature recorded at the time of fixation or of the previous day.
From these studies it was found that low temperatire would enhance the effect
of the desynaptic gene. Soost (1951), working with Lycopersicon collected from

the field at different time during the same day, found that increased temper-
ature caused increased asynapsis. Recently, Chao ef al (1960, 1961) made
critical studies of the effect of temperature on the desynaptic gene in rice under
controlled conditions and found that high temperature favored the formation
of bivalents and low temperature induced more desynapsis. However, it seemed
that the results of the two experiments carried out by them were not consistent
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with each other. Thus it would merit further experimentation so as to ascertain
“whether or not low temperature would. favor desynapsis in rice:

Materiaf and Methods

The desynaptic plants were found in the X; generation from the seeds of
a highly sterile panicle found'in the X, population, after the original seeds
Chianung 242 were treated with X-ray of a dosage 20,000 v. There were 17 plants
in all, All the plants were desynaptic excépt one which ‘was supposed to be a
natural hybrid. All the plants were. subdivided so that every plant would be
represented three or more times which were sufficient for the three different
temperature treatments to be administered in the experimeht. However, this
did not work so well.. Either there were not enough plants of each for all the
treatments of the experiment. Or, even if enough plants of each were repre-
sented inall the treatments of experimen‘tatidn but materials fixed from them
would meet with failure in getting the right stage for cytological analysis.

As a result, the frequencies of univalents of all the plants under the same
treatment were pooled together leaving the variance between plants unsolved.

“The first experiment was done in May 1964, and the second was performed’
in September of the same year. ‘ '

In' experimentation for both experiments, the plants were treated just
prior to the onset of meiosis and were put: -1), under natural conditions as
chécks,‘ 2), 'in'a room where temperature was kept at 25°CL1°C for the first
experiment and 27°C=41° for the second experiment with artificial illumination
for 12 hours a day, but the humidity was not controlled, 3),in a room where
the temperature was kept at 15°C+05°C for the first experiment and 16°C-:
1.5°C for the second experiment ‘with good illumination. In‘both experiments, -
the outdoor temperature recorded were listed in table 1.

Table 1. OQutdoor temperature reéorded m both experiments

Experim\entyl : Experiment 2
Date Maximum?®C | Minimum°C Date Maximum®C | Minimum°C

May: 16 35 27 Sept. 18 | 35 27
17 35 23 19 33 24
18 34 21 21 31 23
19 34 : 23 ‘
20 34 22
21 32 21 |

The material were fixed in the Farmer’s fluid and propiono-carmine was used
“exclusively for squash preparation.

Results

a. Genetics. Genetics of this mutant was yet to be worked out. The seeds of
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Mean of univalents

the natural “hybrid- failed to produce any progeny, so another attempt is
being  tried, - Presumably, this - was a simple genic controlled mutant as
many other asynaptic genes of many plant genera.
Cytology. Prakken (1943) classified the cases of probably genically caused
asynapsié according to the intensity of the effect into three groups:

(1) Weak

(2) Medium strong, and

(3)

In this mutant, the effect was only weak having about two univalents

Complete

ordinarily. ; )

In pachytene stage, as shown in plate fig. 1, twelve completely paired
chromosomes were found. This was the case in most of the sporocytes
obserx'red.‘ However,  in some cells, there were intercalary loops found in
some chromosomes as shown in plate fig. 2. Whether these loops Would
occur more often on the long arm than on the short arm or vice versa as
was found in maize (Miller 1963), or whether these loops would be found
to be specifically localized on definite chromosomes or they would be ran-
domly localized, no detailed studies were made to ascertain these points.
Plate fig. 3. shows the opening up of the paired chromosomes in diplonema.
It seemed that some chromosomes were dissociating. In early diakinesis
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Fig. 1. Curves showing the frequencies of univalents found for different
‘ temperature treatments for- both-experiments
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univalents were found and most of the chromosomes seemed to pair as rod
“or open: bivalents. Plate fig. 6b shows that some chromosomes in MI would
divide precociously. The significance of this: was unknown.

¢. “Effect of temperature. The results of the first experiment are shown in
tables 2 and 3, ‘and those of the second ‘experiment in table 4 and. finally
all the results are graphically represented in fig. 1.

Table 2. Frequency of univalents found in diakinesis in desynaptic plants
in different treatments of different duration. (First Experiment)

Treatment o o N
No. of 15°C 25°C Lo
SR cells(f) : 1. outdoor
No. of =~ ™77 12 hrs, | 24 hrs, | 48 hrs, | 12 hrs, | 24 hrs, | 48 hrs.
univalents - (x) 2. : o o : :
: ' 0 T20 20 11 9 12 15 |.. 38
2 1 37 9 14 18 38 |- 22
4 .16 |- .33 20 | 6 16 16 11
6 13 17 15 | = 3 3 10
8 , .8 24 1 1} 4
10 1 3 7 gl
12 ' : : 10
14 ‘
16 ' 3
of 92 118 104 30 49 73 86 .
b4 263 3.40 6.61 2.00 2.41 2.26 221

Table 3. Frequency of univalents in metaphase I of the desynaptic plants
in different treatmenis of dz’ﬁ”erent duration. (First Experiment)

Treatment o . o
No. of 15°C 25°C
cells ) ) outdoor
No. of 12 hrs, | 24 hrs. | 48 hrs. | 12 hrs, | 24 hrs, | 48 hrs,
univalentm o
0 14 32 8 .| 104 23 15 64
2 47 71 21 126 68 24 106
4 37 63 35 110 47 21 72
6 26 33 20 45 20 7 37
8 3 13 27 12 10 2 9
10 o 6 13 2 4
12 100 1 1 1
14 4 '
16 3
18 ,
i . 127 . 218 .. 142 403 - 168 A 72 293
X 332 | 346 6.26 277 3.}2 3.08 2.9
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F
Variation
Diakinesis Metaphase I
' Treatment 32.917%* 41.062%*
, , A (Temp.) 50,341%* 76.798**
o V : B (Time) 28.825** 62.351**
AB 28.296** 1.815

** gignificant at 124 level

Tabléx‘4. Frequency of univalents in diakinesis and metaphase I of the
desynaptic plants in different treatments of different duration.
(Second Experiment) '

Treatment

W of , 16°C 27e
\cells S outdoor
No. of . \ 24 hrs. 48 hrs. 96 hrs. 24 hrs. 48 hrs. ’
univalents  (x)
0 92 68 21 182 44 16
2 92 59 41 195 59 47
4 88 44 27 90 32 27
6 40 18 19 19 20 10
8 11 14 7 6 7 3
10 ' 10 10 4
12 1 4 2 2
14 2
16 1
18 —_
20 2
22 3
24 27
Z_f 329 - 202 162 492 168 153
X 2.81 4.48 791 1.85 2.89 187
. C O F=87.79%* ‘
"/i‘f' Significant test for outdoor vs, treatments, -
e
d.f. t
. Diakinesis 545 30.435 **
Experiment I {
- \Metaphase -1 1,416 3.3611%*
Experiment T 1,633 4.3641%%

From table 5, the univalent frequencies of the natural hybrid of this popula-
tion of desynaptic plants (C20-14-18) were found to be rather constant, after being
subjected to different temperature treatments together with other desynaptic
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plants. - This of course wotild indicate that the variations in the frequencies of
univalents ob§erved in. desynaptic plants of different treatments—was really
induced by the change of temperature. Whereas in the natural hybrid, it was
not affected whatsoever by the low temperature treatment even at long’ duration;
Pao and Li (1948) subjected different plant material under high temperature and
found out that the effect of high temperature would induce desynapsis as well

.as other abnormalities. Certainly, the natural hybrid in this case was not
affected by the temperature treatment.

Table 5.  Fregunency of univalents found in the natural hybrz'dA in
different treatments at different duration,

Treat- o o
\Stage ment 15°C %°C outdoor
No, of Vel 48 hrs. 96 hrs. 24 hrs, ,
cells \\ Diakinesis ~ .
\\ .
Nowof . X A ™ Diakinesis pheta- Diakinesis|Diakinesis e
univalents(x) \k combined
0 36 15 9 35 15 21
2 4 3 2 2 4
% 0.20 0.33 0.37 0.11 0 0.32

From variance analysis, it was found that F values for treatments, both
for temperature and time were significant at 125 level. So was the F value for
the interaction of temperature and time for diakinesis, but was not significant
for metaphase 1.

The frequencies of univalents for desynaptic plants'left outdoors as checks‘
for both experiments were scored only once each time for each temperature
treatment for comparison. In this case, time duration was not considered.

In general, with 25°C treatment (27°C for 2nd experiment), irrespective of
the time -useéd in the treatment, the average frequency of univalents had no
appreciable difference from each other nor from the checks. With low temper-
ature treatment, 15°C for the first experiment and 16°C for the second, with
short duration of 12 and 24 hours, the average univalent frequency did not differ
significantly from those of 25°C treatments. However, with longer duration,
48 hours at 15°C in the first experiment and 48 and 96 hours at 16°C for the
second experiment, the average number of univalents were significantly higher
than those. treatments of shorter duration with same temperature treatment.
Also the univalents of these treatments with low temperature at a longer dur-
ation; were significantly higher than the treatments with higher temperature
25°C and those of the checks. It seemed that the effect of low temperature
treatment was cumulative, The longer the treatment, the more effecive was the

i




July, 1965 - Wang ef al.—~Temperature Effect on Desynapsis in Rice -~ 203

Table 6. Comparison of T's of different -treatments by using Least
Significant Difference [LSD] method. (from data in Table 2)

LSD,os ==(),082 LSD,ol =1.203"
Treatment ' i
,, : 15°C, 48 hrs. 6.61=%,
T 15°C; 24 hrs. 3.40=%, 3.21%*
: : 15°C, 12 hrs. 2.63=%, 3.98%* 0.77
25°C, 24 hrs. 241=%; - 4.20%* 0.99* 0.22
25°C,- 48 hrs. - 2.26=Xg 4.35%* 1.14* 0.37 0.15
25°C, 12 hrs. 2.00=%, 4.61** 1.40** . - 0.63 0.41 0.26
Qutdoor vs, different treatments
. . SD.05 == 0958 LSD,o; = 1.261 . .
Koutdoor~Xioutdoor =2.21 ¥;=2.63 Ry =3.40 Kg=6.61 Xy=22.00 Rs=2.41 Rg=2.26
: 0.42 1.19* 4.40%* 0.21 0.20 0.05

* gignificant at 59 level
** significant at 12 level

Table 7. Comparison of T’s of different treatments by using
LSD method. (data from Table 3)

‘LSD.os —-"‘-0.587 LSD,M = 0.772
. Treatment X;
15°C, 48 hrs. 6.26:=X;
15°C, 24 hrs. 3.46=X; 2.80%*
15°C, 12 hrs. 3.32=%, 2.94%* 0.14
25°C, 24 hrs. 3.12=% 3.14%* 0.34 0.20
. 25°C, 48 hrs. 3.08=%; 3.18%* 0.38 O.Zfl 0.04
s e 25°C, 12 hrs. 2.77=%, 3.49%% 0.69* 0.55 0.35 0.31
L ' Outdoor vs. different treatments
LSD,os = 0.555 LSD_M = 0.730
Koutdoor~X;ontdoor =29  X;=3.32 Xy=3.46 Rg=26.26 - Xy=2.77 R5=3.12 X3=3.08
. 0.42 0.56 3.36%* 0.13 0.22 0.18
* gignificant at - 524 level : .
** gignificant at - 1% level
Table 8. Comparison of T’s of different treatments by using
LSD method. {(data from Table 4)
LSD_os =(0,685 LSD,M =0.901
Treatment i
16°C,. 96 hrs. 7.914=%,
16°C, 48-hrs. 4.485=X, 3.420%* .
27°C, 48 hrs.. . 2.893=X; 5.021** 1.592%*
16°C, 24 hrs. 2.815=%; 5.090%* . 1L.670%* 0.078
27°C, 24 hrs. 1.854 =X, 6.060%* 2.631%* 1.039%* 0.961* .
Qutdoor vs. different treatments
LSD,os = 0.661 LSD,M :‘“0.869
L Riontdoor=1.87  X1=2.815 X;=4.485 X3=7.914 X4=1.854  X5=2.893 -
Zoutdoor~% 0.945 * 2.615%* . 6.044 0.016 1,032%*
* - significant at 5% level ) :
** gignjficant at 1% level
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effect of treatment and the results of these ‘two experiments were very:-consist-
ent with each other. (See detailed analysis in tables 6, 7 and 8).

Discussion

i Asyhapsz‘s vs. Desynapsis.

Prakken (1943) classified the cases of probably  genically caused asynapsis
according to the intensity of the effect into 3 groups: 1), weak, 2), medium
strong and 3), complete. In the completely asynaptic plant of maize, Miller (1963)
found no pairing in diakinesis and metaphase I. Early prophase observations
also revealed essentially an absence of pairing from leptotene to diplotene.

With medium asynaptic plants of maize each showed 1524 metaphase 1
sporocytes :with 10 bivalents, of which several were rod pairs. Cells with up to
20 univalents were also observed. Stages from: leptotene to pachytene in these

plants showed that the amount of pairing ranged from cells with no paired
threads sirhilar to. those found in the highly asynaptic plants to cells in which

all the threads appeared to be paired,

In our asynaptic mutant it would be classified as a weak type and we did
find perfect pairing in pachytene stage. The desynaptic condition found in
diakinesis and metaphase I would be the result of dissociation of some of the
chromosomes after pachytene. '

It seems evident, therefore, that the complete asynaptic type can be called
true asynapsis having no synapsis as early as leptotene. The weak type, on
the other hand, can be called the desynaptic type and the medijum type can be
called either asynaptic or desynaptic depending on the amount of synapsis found
in pachytene.

Crossing Over and Desynapsis.

Working with low desynapsis, Miller (1963) incorporated three different
heterochromatic knobs in heterozygous condition. Although genetic data from
normal stocks indicate that chiasmata frequently occur proximal to the knob

~locations, but no equational disjunction of the knobs was observed in 287 chro-

mosome pairs present at. diakinesis as univalents or as rod bivalents with
chiasmata in the knobless arm. It was concluded that chromosomes showing
desynapsis at diakinesis or metaphase I have not undergone cytological crossing
over. This would imply that even though the chromosomes would pair almost
perfectly at pachytene, cytological crossing over is prevented, thus resulting in
the reduction of chiasmata paving the way for the dissociation of some of 'the
paired: chromosomes.

Effect of Desynaptic Gene on Desynapsis.
With weak desynapsis in rice there is almost perfect pairing of all the chro-

- mosomes at pachytene. The dissociation of some of the chromosomes takes
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place, it‘seems, from diplotene and terminates at metaphase I. From our stud-
ies, there are more univalents encountered at metaphase I than at diakinesis
when the conditions are equal. Chao er al (1961) suggested that since there is
consistent higher content of RNA present in the desynaptic florets than in the
normal ones, this desynaptic gene might have partially blocked the synthesis of
certain substance(s) necessary for normal pairing of chromosomes. It seems to
us, however, that the effect of this gene is to create some -disturbance in the
biochemical and biophysical condition of the chromosomes so that crossing over
is partially prevented, even though all the chromosomes are fully paired in
pachytene, This is substantiated by Beadle’s (1932) observation of his asynaptic .
maize, ‘ ‘

Diplotene ’ Diakinesis
; Normal Asynaptic Normal Asynaptic:
Average no, of chiasmata per
bivalent 3.7 1.8 ; 1.8 L1

Chiasmata are overwhelmingly reduced in asynaptic plants as compared
with those of the normal ones. With reduction in chiasmata formation, naturally
coupled with terminalization, some of the paired bivalents would fall apart from

each other and exist as univalents. This effect is greatly enhanced with low
temperature treated at a longer duration, two days or more.

The Same Desynaptic: Gene?
The desynaptic mutants-of Chao’s. (Chao ‘et al 1960, 1961) and ours are all "’

obtained from irradiation. Genetical studies are attempted to find out the-
identity of these mutants.

Summary

A desynaptic mutant strain was obtained in X; after the original seeds"
were treated with X-ray irradiation,

There was complete pairing of all the chromosomes at pachytene. Disso-
ciation started from late pachytene and terminated at diakinesis and metaphase
L

Presumably this was gene controlled even though the genetical studies were
not made,

Desynapsis was enhanced when the desynaptic plants were placed in low -
temperature 15°C at a longer duration, two days or more and the “difference
was found to be statistically significant as compared with the check and treat-
ments with higher temperature 25°C. Treatment with low temperature at a -
shorter duration had small or no effect. ,

The natural hybrid of this mutant strain was not affected by the temper- -
ature treatments whatsoever, ' : ‘
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- This desynaptic gene. seemed to control the biochemical and biophysical
state of ‘the chromosomes after pachytene, causing great reduction in the form-
ation of chiasmata and facilitating the falling apart of the paired chromosomes
from mid to late prqphase. '

1% #7845 Desynapsis B -+ %2
IR ERR ERE PAM

FEUMFE T XY B TR (X,) 83—F desynapsis ZRBESRIE 0 ¢
BT8R » B — R R o
BB FEERY » BBIFTA LAY (pachytene) P ERHSREY » B
HIMHHIRT (late pachytene) FEESRyZBERIAS S » BITIEY (diakinesis) Ffg—
W3 (metaphase I)» 52253 BARREL(ERE » MLTO0R — IR THT R MBI o
. #§ desynapsis MEBRIIDURFIEERRHEEE (55—XREB 1 15°C» 25°C» Fi 4 12,
24, 48 /NFR N TEPREE 5 25 ok 3hER 16°C 5 27°C EE4 24, 48,96 /Nspdb REEET ) » 3
IR RS — b E NI L B o SV RIS AT o B W DRt
desynapsis 2% » RHEAKE P 20 R A » HREENRR o REERDIFAERE
1B > TR R U LLA F R IRE LR N AR R (B BB S B R R AR ) o I

SRR RANGERE (C20—14—18) MUREEE AR L s o

#Z » I desynapsis RITEFIHERBHIIIAR T IS 64 08 R A R » D)
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Explanation of the plate figures

Fig. 1. Pachytene stage of desynaptic pJant showing twelve closely paired chromosomes.
Fig. 2." Pachynema, arrow showing loops in the intercalary region of one of the chromosomes.
Fig. 3.

Diplonema, showing further opening up of the chromosome.
Fig. 4. Early diakinesis, showing eleven bivalents and two univalents.
ig. b

Diakinesis, showing many univalents, result from treatment with cold temperature
at long duration.

Fig. 6a. Metaphase I, showing two univalents and eleven bivalents.

Metaphase I, arrow pointing to chromosomes precociously divided.
Fig. 7. Mz=taphase I, showing three bivalents and eighteen univalents.

Anaphase I, showing lagging univalents on the equator after [the bivalents have
migrated to the poles.

Fig. 9. Pollen grains of desynaptic plant under outdoor culture showing about 502 sterility.





