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was recorded in 600 and 400 complete first metaphase plates respectively 
in the years 1937 and 1938. Kinetochores, which maintain their prophase 
pairing until the first anaphase, were excluded from the statistics of the 
chiasma frequencies. The terminal chiasmata were treated separately from 
the interstitial ones. - Number of interstitial chiasmata per nucleus ran'ges 
from 0 to 9, and that of terminal ones per nucleus from 0 to 3 (Table 5). 
The average number of interstitial chiasmata per nucleus was 2.94 in 1937 
and 3.94 in 1938, that of terminal chiasmata being 0.34 and 0.21 respec­
tively (Table 5). ·Frequencies of various configurations taken by individual 
arm pairs are given in Table 7. 

Table 5. Freqnency of nuclei with different numbers of 
intel'stitial and terminal chiasmata. 

(1937) 

Xta per nucleus 0 1 2 3 4 

0 15 51 108 93 92 
TXta 1 4 27 3:1 27 31 

per nucleus 2 1 5 9 6 7 
3 - - - 3 1 

Total 20 83 . 150 129 131 

In total: 600 nuclei, 1765 Xta, ,204 TXta, 
Per nucleus: 2.94 Xta,' 0.34 TXta. 

(1938) 

,Xta per nucleus 0 1 2 3 4 

0 4 15 35 73 94 
TXta 1 - 2 6 14 12 

per nucleus 2 - 1 2 3 3 
3 - - - -

Total 4 18 43 90 109 

In total: 400 nuclei, 1574 Xta, 82 TXta. 
Per nucleus: 3.94 Xta, 0.21 TXta. 

5 6 7 8 

52 . 15 5 1 
8 4 - -
1 - - -

- - - -
61 19 5 1 

5 6 7 8 

59 33 14 3 
14 8 - 2 

3 - - -- - - -
76 41 14 5 

9 Total 

1 433 
- 134 
- 29 
- 4 

1 600 

9 Total 

- 330 
- 58 
- 12 
- 0 

0 400 

Through the present statistics it has been revealed rather astonishingly 
that the ?hiasma frequency is not proportional to the entire length of 
chromosome (Table 6). On the cQntrary it showed significant association 
with the length of separate arms, the frequency being increased with the 
increase in arm length (Table 7). As repeatedly mentioned, in the present 
material, kinetochores of the homologous chromosomes maintain their pro­
phase pairing until first anaphase is commenced.. So that the paired kineto­
chores act as a fixed point in opening out at diplotene, dividing the chromo-



































150 T. RAGA 

.. 
the homologous chromosomes are separated probably at early prophase as 
far as judged from the illustrations. The maximum number of interstitial 
chiasmata formed in indi-tidual chromosomes generally exceeas -two, except 
the bivalent IX in Allium zebdanense andC in Crepis capillaris in which 
the observed maximum was one. Accordingly, in these cases entire length 
of a' chromosome must have behaved as a unit in chiasma formation, the 
length classes being distributed, roughly saying, within the lower portion 
of the range X 3- n • Astonishingly we find in these cases that the ratio 
between the chiasma frequencies of the different lengths approaches the 
simple ratio between lengths rather than the ratio between squares of 
lengths (Tables 16 and 17). Of course, terminal chiasmata in the original 
data were excluded in the calculation of the present ratios. Discrepancy 
of the present ratios from the foregoing theoretical consideration is proba­
bly due to the fact that in these plants time factor in chiasma formation 
is nearly negligible, or in other words, that openings out happen nearly 
simultaneously throughout the length. In this manner of formation chiasma· 
frequency will be proportional rather directly to the chrombsom,e length. 
In such cases, naturally, chiasma frequencies will be close to the maximum 
mean frequency which is characteristic to the given organisms. Chiasma 
frequencies of Allium zebdanense and Crepis capillaris are markedly higher 
in compare with those of Paris verticillata and Trillittm kamtschaticurn, 
seemingly supporting the above view. 

Table 16. Ratio between the frequencies of interstitial chiasmata of the 
bivalents of Allium zebdanense (20 nuclei, LEVAN 1935).* 

Ohromos. Xta Ratio Relative Ratio Dev. Dev. 
obs. ,obe. (%) length (%) cal. (%) (1) (2) 

I 42 17.8 16.7 22.7 +1.1 -4.9 

II 36 15.3 14.9 18.0 +0.4 -2.7 

III 39 16.5 14.7 17.6 +1.8 -1.1 

IV 30 12.7 12.9 13.6 -0.2 -0.9 

V 30 12.7 10.8 9.5 +1.9 +3.2 

VIII 21 8.9 8.5 5.9 +0.4 +3.0 

VI 14 5.9 7.7 4.8 -1.8 +1.1 

VII 11 4.9 7.4 4.4 -2.7 +0.3 

IX 13 . 5.5 6.5 3.5 -1.0 +2.0 

Total 236 100.0 100.1 100.0 -0;1 0.0 

* Terminal chiasmata were excluded intentionally from the original data. 
Dev. (1) indicates the deviation from the ratio between lengths and Dev. (2) 
that from the ratio calculated with the formula (VI). 





































168 T. RAGA 

Table 24. Number of interstitial chiasmata in bivalent A in relation to the 
total number of them in the remaining four bivalents of the 

same nuclei in Paris verticillata. 
(1937) 

Number of Sum of Xta in B to E Total nuclei Xtain A 0 1 2 3 4 5 6 7 

0 20 53 56 35 12 3 - - 179 

1 30 79 69 68 25 6 2 - 279 

2 14 25 49 29 10 3 - 1 131 

3 1 2 5 l - 1 - - 10 

4 - - 1 - - - - - 1 

Total nuclei 65 159 180 133 47 13 2 1 600 
, 

r= +0.061. P.E.r= ±0.027. 

(1938) 

Number of Sum of Xta in B to E Total nuclei Xta in A 0 1 2 3 4 5 6 7 

0 3 10 20 24 19 7 1 1 85 

1 10 18 47 61 40 14 2 - 192 , 
2 4 18 27 26 23 6 - - 104 

3 1 2 3 3 4 1 - - 14 

4 - - - 1 4 - - - 5 

Total nuclei 18 48 97 115 90 28 3 1 400 

r = - 0.028. P.E.r = ±0.034. 

Table 25. Number of interstitial chiasmata in bivalent A in relation to the 
total number of them in the remaining four bivalents of the 

same nuclei in Trillium kamtschaticum. 
( to) 

Number of Sum of Xta in B to E Total nuclei Xta in A 0 1 2 3 

0 192 56 4 1 253 

1 29 14 2 - 45 

2 2 - - - 2 
, 

Total nuclei 223 70 6 1 300 

r= +0.069. P.E.r=±0.039. 
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Table 25. (continued) 

Number of Sum of Xta in B to E Total nuclei Xta inA 0 1 2 3 4 

0 27 7 8 3 2 47 

1 4 7 7 - 2 20 

2 1 - 2 - - 3 

3 - - - - 1 1 

Total nuclei 32 14 17 3 5 71 

r = + 0.317. P.E.r = ±0.072. 

/ 

Number of Sum of Xta in B to E Total nuclei Xta in A 0 1 2 3 4 5 

0 21 22 25 12 2 - 82 

1 6 13 17 13 2 1 52 

2 3 :3 8 3 1 - 17 

Total nuclei 30 37 50 28 5 1 151 

r = + 0.199. P.E.r = ±0.053. 

( t3) 

Number of Sum of Xta in B to E Total nuclei Xta in A 0 1 2 3 4 5 6 

0 - 1 5 8 4 2 2 22 

1 1 2 13 8 7 7 3 41 

2 1 2 3 8 4 2 - 20 

3 1 1 1 2 1 :3 - 8 

Total nuclei 3 6 22 26 16 13 5 .91 

r = - 0.114. P.E.r = ±0.070. 

Number of Sum of Xta in B to E Total nuclei Xta in A 1 2 3 4 5 6 7 

1 1 1· - - - - - 2 

2 1 2 7 10 1 1 2 24 

3 - - 1 2 5· 1 - 9 

4 - - I 3 1 2 1 1 8 

Total nuclei 2 3 11 13 8 3. 3 43 
oM; 

r = + 0.366. P.E.r = ±0.089. 
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