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Cytogenetical studies on the sterile wild semna ( Cassia Tora L.)
produced by atomic bomb explosion

Il. Crossing experiments between normal and asynaptic plants,
and inheritance of the asynaptic plants,

Taira Katayama

I. % B

B S ER OB, Bk RBRE LoTERXR LN TV 50, —fic
BWEORGEET X >t b s (Beadle,’30, on Zea; Clausen,’3l, on Nicoti-
ana; Blakeslee & Avery, ’34, on Datura; [[X, ’34, on Rumex, etc.), XS
FEfROREBRIC 2 CZECHED bR L O T, ElWRET 5 Crepis (Hollings-
head,’30) DFHAEER T, RRFOLERC - ORI TS5 L IR TW5 (Bea-
dle & McClintock, 28, Beadle, '30, on Zea; Blekeslee, 28, on Datura; Schwem-
mle, 28, on Oenothera; Clausen,'31, on Nicofiana; Ekstrand, 32, on Hordeum;
Koller,’38, on Pisum). -
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b, MAOHERDD LETMERRL. IR FOTREAY ERYRE, RO
Rk OSEE S HET 5.
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BEOWIHR, RREAMIIREAREMELT, A5 7 v RSV, BH8~11E
T DEEHNT L TRV I-IEDIER L B CR R AT, BUSHIT - L.

m = & & 3

1248 ~49 FidEr NG 2 X £ DR Y, k4 Tables 1,2,5~7R/L, Ho
KX —IZ1L € Table 8 & Ufe. 19049 fEim L { Sooik, BROLBERL
TERNFRA VERBE Li-h :, B0k L oy, iz, #£X: LURLEEDTH
% (Table 8), fE-oTHAEOHIBEIRD M1,

CEX Mk < ERNEE, EUERBGEOERER) THAEKORE BT 5k,
ZHOMESRECOVTEREF O, RERBR Db ElRE L LT,
1M I B RRN GRS L, TORDBERXTRD B\ 2 L85 212 5(Tables, 1,2
& 8). R 16 hEENd 1 T RSO, YLiHG S5 (Tables 1 & 8).

CEREE X FHRMEE) oMk, B @tshioBe i, 19; #%,
51), T bp- vRECLOTHEINLEHOTBS A RL LI#L, Ao
EhifEBiicitEAL D Db 5o, Table 3 2IERMEEK : T L OTEBOF
EOAHERLIELOC, BEORBOK 3L, MHCEEOTh LY L BROBMNK
. ERREE LAY EEE OIERORW IREROENTS btz (Cochran &
Cox o¥ic 1 3). RE—ERCRTH, TECoTHEBORVJILRETHS (Table
4. B ZHORBOBRERINIER L {E - 02 #2 6R 53, UMt

Table 1. Results of artificial croea combination among
normal plants (1948).

LR Normal plants . Potal
-3 1-5 16—1 181 18—4 188 19—7 19—9 220

=5} — 2(26f2) — - — — - | 226/ 2
18—6 — — — —_ —  I(24f1y — - 21D
ﬁ 7 - - = = = = &2 = | 2
s | -8 -~ — - — — ~ 3B — | 3B/
19—2 — — —  a29/2y - — — — | W/ D
- = = —  i6f1)  — — - - 3184 1D
A —6] — o~ AW — IB1) . — — ey
20 — — 332 - - - - — | AW/
32| 23312y — - — — — —  4(E0f4} | 9(114/ B)
Total | 2(33/2) 2(26/2) §(55[4) 4(45/3) 1(18/1) 1(24/1) 4(60/4) 4(50/4) | 23(315/21)

( ) : Denominator = No. of pods. Numerator = No. of seeds.
No. of seeds per pod = 318 = 15,

€ 16—1(a) & 16—1 (b) LM, HF 32—12 (2) & 32—12 (h) ¢ oMic, TLFLER
o R b d (Cochran & Cox oEMEIK X D). e
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Table 2, Self-pollinations in normal plants (1948),

Culture No, No. of self-pollinations © No. of pods No. of seeds
18— 1 1 1 12
—3 1 1 14
- & 1 1 18
-7 1 1 18
— 5 1 1 23
19— 2 1 1 17
—3 1 1 15
— B 3 3 40
2—-0 3 3 39
31— 2 1 1 11
32— 1 1 11
—5 1 1 11
—H 1 i 17
3[—-1 S 4 56
H—2 4 4 43
‘Total 26 25 341
No. of seeds per pod = oL = 13,64,

25

Table 3. Size distribution of pollen grains of normal and asynaptic
' wild senna(19%48,)

1 unit=33x [30 35 40 45 50 55 60 65 70 75 80 85 90 95Total| 7 | &9
2—0 M) | 2 22 9 — — — — — - — — — | & |sggoosn
3—-5(As)| — 723 13 — 1 — — — — — — | 44 [4380.1462
2112 (Ag)| — — 6 6 5 4 2 — 1 —~ — — | 2¢ |5.50.6962
2231 (Ag)j 2 4 18 9 5 — | — 1 — — — | 40 [45305811
2.9 (As)| 1 9 17 4 3 1 — — — — — 1| 35 |44209384
N ; Normal plant. As ;: Asynaptic plant.

Tzble 4. Size distribution of pollen graina from different buds of

same plant (1948). )
lunit=33x [30 35 40 45 50 55 60 65 70 75Totall 2 | &
16— 1(a) (N)| 13 38 14 — — — — — | €0 |37¢| 00935
# (b)) 1 41 12 - — —_ = = 54 | 3.85( 0.02%9
32—12(a) (As) 1 6 9 R — - = 17 | 404 01061
(b)Y # — = 11 16 2t 1T — 2 86 | 505| 05954

N : Normal plant.

Ag : Asynaptic plant,
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Table 5, Results of artificial cross combination between normal
and asynaptic plants (1948).

\ ’ ' Asynaptic plants

: Total

el -3 35 95 17—3 23 334
1— 2 — 15 — — — — 15

3—6 23 — — - - —
—8 18 — — - - _ 18

—9 26 — — — - —_
8 614 — 10 — — — — 10
E 16— 2 — - - 15 — - 16
a 18— 5 — —_ — - — 2 29
i —9 — — — — — 21 21
8 20— 1 —_ 12 — —_ — — 12
& —2 - 10 — — 25 — 35
2.0 — — 2 — _ — 2
311 — — — — - 11 11
2 - _— — — —_ 10 10
32— 7 — — —_ — 10 10
3—1 —_ — —_ —_ — 3B 35
Total &7 47 22 15 25 116 292

Lo TEBE s hICBATIE, TOTFRRCERORGHEES b EERSEEES. BES
HRRE Ci2 & O RS —ATH 5. 148 FfT o BHRIE, HEee22 ¢, ch
P hita{ BRIk (Table 5).

ek < ERMEE) ElRowd, ROETHAO= AL, FLVTFEE
TRTHRE b, (IOROMTRMHE LAHES. ZOREKIYE =& X 2 HLHA
FOLMICBHbNS LHRELN TS Gkt 19), |ERBFCZ 2T 5120k,
3 HFEOMHABT VT, ZOMHSROFERLT O Sl EofigR b iy
1T Table 6 21, Ertd F Rt F; oGty Table 9 R, RN
302 KL, *ORMBLCIEEEEIE. 107 R0t 227 v, §EoT, RSB
27200 W HEHML, 135 b 2128 Eioave AR X b sz TR
hOEBMELRLIHENEDH, BREOSWRERD 1Y HFRESLTLEEVWE
VA2 ERE LTV, ROFAEEOKS RN 1154 Eiedds, ZRIEEM
130 b Fslioe R B

FHaRE0ARER) oidenb, FEEASESEERCIEHNLTC FROAR
BEANEC EHEIND. 0o EEMNSTHREYEFT A L —HHETS
%. Table 7 %zt Table 8 iltOFo I+ HBEXT2IDLEFL LS.

V. ZEa4r8aRtoRE
REBTHMRORERRELEIC TS Bl S 0T, ROETRERmLEL L,
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L ERROIES % ZE L THOAMP LSRRI L, FOBRERT 5 FEamK
DEMEYP~Tz FOC RCHANEE, EMoRMEfe ER T, F RO Fy OO
2R et T A A I — B R B T O Z B A2 TV 5 = L 2R L1 (Table 9).

V. & &

B RAG AN BT 2 DO # &L, Beadle & McClintock ( 28) ¥ X o€ Zea
mays ThEivie, HbHESEEORMHFE e BRRL S HERATR L > TR H#
MORERMERC 2V TS L, 308 Beadle ¢ °30) 1 = o EEROSEEEYEM»C LT,
2w L “asynapsis” oA AL EE “as” > % &£ % f-. X Blakesles ( *28) |1
Datura stramonium OTERREESHTE BB L FHRTRERT 5 Fda ke
WTEGR L, ZOWFI “bd” BT R T D JHRROERE A RO RERN
DEDEE LR L OO, HPERESTS Crepis (Hollingshead, '30) B\ Til,
= Rtk B T Bk 48T 5 L &hvtvwb (Clausen, '31, Nicotiana ; Ekst-
rand, 32, on Hordeum; Koller, *38, on Pisum).

AFERIC VG BRROERASE S = ¥ R F i, R TR E L e Ul
FOBAR LA OTCHEN Gk, 1949), FOTERMEROLGENLL, ZOTHEM
R XA ERET OIS L2 TET 5D o LA E oot

—iie, REETYEEEKR, BECRCBRERIOTEETITDR AR, FOREI,
R & D BRI L >R 0ZERRSR %, “Dd” BTFoind { TMfutsk
FHE Ly Datura it i Tid, EWTEHIL0~26% -eIF-iéj 10 % (Blakesles & Avery,
'34), HI18~22%, -k{k 3 %Il (Bergner, et al. '34) r Zh, 0~EFo i
EAEBRT 5 Zea ci210 %P4t (Beadle’30), Crepis Git 2.5~97526 (Hollingshead,
30), HFEHTOMARAERALTIRREN S Nicotiana (2 1095 (Clausen, '81), Pisum
Tk 9 ~10%6 (Koller, *38) * Xh Ty 5, :

BREERFGE = R PR CTLIEBTEROMEIILEIEL, 057~1785 Fiy 2.67%
Eahvic Gidg, 1949). tor 3 ERERCIHEMCRENE. Y, EEREEHEELD
RERZILEOEEEHCRTL, TORIBMIEL {82, ZRELT, REERTH
G EEHRE U CHCEEEE, 24T 2850 LixHE ok, FHAEERT -
EREHTELI-EE 27% ORFEL, Y1 280BTHEOAETE L. DED
RN D, BOKTER=C AZFOTRHL, ErRiLBMENOLEZ LN 2
MR 5. w\ETE, BEESMECRACh, BN AR, REETSE4aT 5348
BB BRI

BRI, —BROKOCERAHORD, M5FOML 0+ oo Spor-
ads #2415 (Datura, Rumex). L=HFHEOER L # L b 2RTHK L SBOM
e bhTws (Zea, Nicotiana, Rumex). TRE € 203 CHBH4r A—
1 c&UOEB-FOART T 5B o0, B LTEC—4TF, Z45T%5D
EXEHBE LEN®E T 580, ROERROGLLMET5 - LS. Lirlope %
* Seilla (Shimotomai, "27), Gagea (Sakamura & Stow, '26~27) Xyt Allium



200 ¥ ER L HuUR w23

Table 6. Results of artificial crogs combination

' ] Normal plants
g 1—5 3—4 4—10 5—4 6—22 91 16—1 17—1  19—8 21—10 2i—15

2—431J1) — — — - — 832 — —_ —_ —_
-3 B4 & — —~ — — U - — — —
—BH4 11 —~- — — — 94 — — — -—
4— 6l 4( 1/ 1) — 3 — — — 6863 — — —_ —
—13| 2 4f 2) — 4 —~ — - W3 n - — — —
—1f 60t 1) — 2 — .~ sty — — — —_
5—1 — — = 11 - = Te - — —_ —
—3 - - = 4 - - YU = — — —
6—11 — B — — — — —_
—16] — N 9 _ {21 - — — —_
2363 — — - 2 — 3 — — — —
9—5B 201/ 1) ~ — — . . 1(lef5 — — —
—8 — —_ - = - XD - — —_ —
=321 — — — — o o222 vy — —_— —_
g 21—11  — — = = -~ 31D - — — —
o | —21(Y1) — — — _. _ - — _ — —_
":5;.22—35(6,'3)_ - — - — &s82 - _ - =
E‘ — 4382 -~ — — —_ 1 - — — —
<] —9 W62y — - - . . —_ 1 —  331) -—
—12 1 —_ - - —_ e — 1 —
—14 — —_ = = — — — —_ -
—22 — — — = —_ - — - —_ 4 —
-2 262 — @ — - — __ 7 — — 111 —
—28 1 - - - ~ - 1 2 — & —
—N35I) — — - — _ 2 — — — —
23— 2402/ 1) — — — —~ _ 3 - — — —
—19 - - — = —~ = YD1 — — —
—20 — —_ — — - — — —_ —_— —
—325 — —_ - - _ - 1 — — —_ —
32—2 — —_ = = = - 3D - — — —
— b —_— — — —r -— —_— —_ —_ — —_ —_
—13 - R ™ T o TN | e —_ —_ —_
35— 3 — e — — — — —
—8 - — = = -~ 1322y - s - —
<P | R — = — = 1 200558 — 383 — 2A4/2)
Total ¥3(61/32) 16 9 15 11 1 169(96/43) 15(3f2) 4(13/4) 14(4/2) 2(4/2)

No. of seeds per pod = %’;’, ~ 2,12 (only artificial cross pollination).
" = 197 (natural creas pollination are iacluded).

&
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between asynaptic and normal plants (1948).

Natural

220 221 2326 31—2 3—1 M—2 2 Total | pollination| Tl
- - = = = = = uwHy - (4D
— - — — —_ = — gz | 2 (14 8
— — —  — = = =] 3wy & ¢ st |18 8)
— — — - — — (6&/2) 13¢13] &) ¢ & 5 | (2 1)
- - - - - - - - 0 B YD 84
— — - = — = — | 2( & 3} (18/10) |21/ 13}
— — - = = = =8y (85
- — — - - - - Bl 7/ 2) ( 6/ 2) | (13 4)
- - - - = - - — C3f 0 |80
- - - — - - — 1100 2f 1) ¢ 3/2) [( 5 B
— — - - = = — 8( 5/ 3) — ( 5/ &
— — — e = = oyl s | sy | (33 14)
— - — - - - — 3 7 2} (42 ([ B
— — — - - — — | 36 7 o (17/11) | (24 15)
1 2 — o~ - S — 9 5f 2| ¢ 16y |12/ B)
2( 4f1) o 2/2y — — — - — 9 7 4) (18/ 9 | (22 3}
— 51 - = - —  — | w4 16; &)  20/11) | ( 36f I7)
— — - — — - - a0 8f ) C 1fty |C 3 B
- 7 - - = = - 12 9f 33 ¢ /1) | (10f 4
1 6 - - - - - 9 (33 |33
2 17t) 4 — — —_ — — 6 1f U ¢ 1f %)Y [ 2f 2)
- 1 1 — - = = 6 C2/2) |[(2f 2
40 83y 5 1/1) — - - — (19 171 8 (17 8) | ( 34/ 16)
1)y 2 —_ = = - — | iy By 2 (3 2
- 34y — — — — 2Ny sy 8 ( Y1) 1 (12f 8)
- 1 - - — — — B( 2f 1x ( 3/2) |{ 5/ 3)
— 1 2 - —_ - = 60 3 1 2] (( 5 2
— 1 - = = = e 1 C2/ ¢ 2 n
1 141) 1 4 — — = =y (82 (63
— — = WYy = wyn — | 9 5 B — ¢ 5/ 5
—_ — — 1 — —_ —_ i — —
- - =1 - = — | sen — (& D
— _ - - - = - — (15/3) |16/ 3
— - - 1 162/1) —  — | t&( 9/ 4 - {9 4
— — — 231y — 2 — | 30¢ 20t 1) — {20/ 1)
12(15/7) 44(14/6) 7 6(4]2) 1(2f1) 3(1/1) (105} asxzzrf1o7)| (172/98) | (404/205)

No. of seeds per plant = ——

404
35

= 1154 (natural cross pollination are included).
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Table 7. Self-pollinations of agynaptic plants (19048),

Culture | No ,of self- No, of No. of Culture | No, of self- No.of No. of
No, pollinations pods seads No. pollinations pods geeds
24 6 — — —12 3 — -
3—3 10 — — —14 4 . —
—5 a2 — — —22 2 — —
4— 6 5 — - —25 23 — —
—13 5 — - —26 9 — —
—14 9 — — 31 5 — —
5— 1 6 — — 23— 2 3 — —
—3 3 — — —19 3 — —
6—11 3 — — —20 3 . _
16 9 — - —25 6 — -
—2 2 — — 22 5 — —
9— 5 17 — — —6 2 — —

— & 1 —_ —— —12 9 - —_
17— 3 35 — - 333 2 — —

21—11 9 — — — 4 22 — —
—12 10 — — 34— 1 2 e —

22— 3 15 — —

— 4 3 — —
—_9 4 n _ Total 05 — —
No. of pods = O.
Table 8. Results of artificial cross pollination, 1948 and 1949,
NxN NxAs AsxN N-gelf. As-geli.
Total No. of cross pollination | 23 292 392 26 305
1948 | No. of pods obtained 21 0 107 25 0
% of pods to gfli;"aﬂdm- of | g a0 0 2730 9615 0
No. of seeds per pod 15 0 2,12 13.64 0
Total No. of cross pollination | 263 — 187 208 212
1949 No. of pods obtained 54 — 1 12 —
% of poda to the total no, of
flowers pollinated - - - - -
No. of seeds per pod 13.7 — 2 1258 —

N : Normal plant. As : Asynaptic plant.

(Levan, '40) EOEXMEBC D W TiThh LRERBR OB L, i dRBEINid
Sk 3hi.

TRAG= A7, BRGAROFE —AFNHENSTREL, R7ebd—3v
CERESTEMOAE SERHETHICIIEL L EAREN I LAbhi.  FrsuL i
MR STV BETH Y, 2 DBEE—B L DT ISR R O Rk 49" 5 Tk
pikE . P Beadle ( '30) 3 Zea ¢, "as® X normal plant b FEFO= (A
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Tahle 9. Segregation of normal plants and asynaptic ones in Fs and F;,

Fy Fy Fs; Parents
Year Cu}!ﬂt’lre Year C“Ilqt: re Year Cu;}::ra As X N
124- -1 1 (1,3) 2319 X 16—1
1o | =t | yeen 2 1951 | A58 413 X 1-5
126—1 3 (16,17) 32— 2 X 161
122—1 4 (18.20) 231 X 221
F, Segregation in Fj Segregation in F;
i@gﬁg‘ Feility | N : As  Totl| N : As Total
Normal Fertile ¥ 10 48 268 : Be 354
" ” ig . 7 26 281 : 81 362
I " 27 : 9 36 29 : 67 204
" " 12 : 3 15 173 : T4 247
Observed | 96 : 29 125 981 : 303 1259
Expected | (93.75 : 31.25) (944.25 : 314.75)
@: 0 ¥ = 0216 X = 0,193
P = 056~0,70 P = 050~0.,70

iz @SR, BOMAAHEK X5 RO TR SHa g R o M dkmin s
BRELTW5, .

TOEBIHL T, KEAABRKIOGEHLEELEDD, BOoREOSY L Hhicik,
KT RECH L, FBHOBELYETLLDTHS.
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Résumé

The writer obtained the following results from the various cross combina-
tions between normal and asynaptic plants in wild senna (C. Tora L.) :

(1) Percentage of the pods for the total flowers pollinated was 91 and 96
respectively in the cross combination of N x N and N-selfing,

(2) No seed was produced when the pollens of agynaptic plant was polli-
nated.

(3} Average number of seeds for each pod and plant was only 24nd 115
in the cross combinations of As x N,

(4) It has been clearly ascertained that the inheritance of this asynaptic
plant is dominated by a simple reccessive gene.

These facts obtained from the present crossing experiments indicate that
the asynaptic phenomena may also occur in the E. M. Cs as may in the
- P. M. Cs.

Plant-Breeding Laboratory, Kyushu University, Fukuoka.



