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Transmission of kale chromosomes from the monosomic

addition lines (2n=19) to four radish cultivars (2n=18)

Yukio Kaneko, Sang Woo BanG and Yasuo MaTsuzawa

Résume

We have bred seven types of monosomic alien chromosome addition lines of radish (a~g
types of cv. Shogoin with the kale chromosome, 2n=19) with the offspring of Raphanobrassica,
which were backcrossed with cv. Shogoin (2n=18).

In this study, to ensure the transmission of the kale chromosome, hybridization was performed
between the above chromosome addition lines and four leading cultivars of radish.

Pollen germination was successful in the reciprocal crossings when evaluated by the levels of
pollen germination index. In the crossing of monosomic addition lines X four radish cultivars,
the rates of ovule with pollen tube penetration, the developed ovules and well-grown embryos
made a good score at 17 days after pollination. These rates suggest a more favorable
reproduction process from the zygotic to the middle embryonic stages, although embryo
degeneration was recognizable to some extent at the end of embryo growth. In the reciprocal
crossing, however, it was estimated that male gametes having n=10 were handicaped in the
competition with the gametes (pollen) of n=9 or most of the embryos of 2n=19 might
degenerate at an early stage in the fertilization process. As a result, fertile seeds of radish with
kale single chromosome were harvested in this crossing.

The transmission rates of the seven types of monosomic alien chromosome addition lines with
the added kake chromosome were 5.9 % for the F generation of the crossing of (a~g) types
X four radish cultivars and 1.1% for the reciprocal crossing. In the cross of four types of kale
monosomic addition lines (B/Fy, a, e, f and g types) X four radish cultivars, the transmission
rates were scarcely fluctuated by four radish cultivars. The kale monosomic addition lines with
the genetic background of four radish cultivars were successfully developed and provided some

materials for the genetical research in the potential traits in radish breeding.
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54 2 ¥ (Raphanus sativus L., 2n=18, RR)
# v 5 ¥ (Brassica oleracea L., 2n=18, CC) @
KHAEEBATSZICE, Fho0BREREVSLETHS.
L L, EORSR, AV REO#H&LYE, BiclE
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Stebbins (1950) 3, FEERIZMEIC BT 5 MBI AIME
DEELZRAEZR/RICKRBIL, Bit L. 3abb,
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B.oleracea), H3W0Wid 51 avoBEBEIRHITL D
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DEELZTERAEFIEH (Pollen Germination Index
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Kellan et al.(1992) 3ME(1983) DAk E=RZE L, 1t
HCHRBEMICEA LB EORIE & b EE L 73 lEk
% Index of Pollination Compatibility (1) &L
TIRIEL /2.
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(a~g@mmaE, 2n=19, £¥F5 198D &, A v 5 v
HesgftoEWEREE LT, BEAORA T &
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1. ¥4 48 a~sFMBY 130 EDEFTT
M

S4avaGEBLUa~gRmE s 1 a vy OTEHEE
M, —FH OMBKEB L UP.G.I. 2 Table 11iT/R
L7z, e, 74 2 v 4 B0 93.2%,
a~g TREORIA S 2 383.2%E, WFh b
Mot —Rbich ORI, F1av4RETR
TZH T 043 S T AT DT (E¥5.9M) T
Ho, FMBSA a3 vOFEEM6IET, ~ =@ &
THIELORE T AP ihotz. P.GLEB, 54
a4 SEXRINRIS 4 2 TiR3ISTHYD, HfHED
B D3 BITHNRTPPRED - 72,

SR DL E N BA L - RO A % Table
28L&V Fig . liomlr, ¥4 a v GEXEME Y
132 rTi6.2~17.9% (EH10.7%) THbo, ~BE
HORE LT TEL, T EEKRK L THES
TELBD -7, —h, FHlAEDLE TIH19.2~25.8%
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(F1421.3%) ERiFICH~NTEL, 1, EBBICH
Wiey4 a v REETRELRERAONEL - I,
SZWNTHEEZD —Kd 1o OIEAKREE (Table 3)
BLURHBR (Table 4) 255 &, ERKEEEKE,
FA4a v REBXEMR S A 2 v TRIEY 3.0ETHY,
AR TOERRA SN D - . AL ETREY
3.8 EPPEL, o BEAORAE T ETZH A
TERHIC L2Bad  SFRK - & AR it~z
Mot REBR, 512 VSBXEMBS (a3 TiE
BRikD 50— RIS E K, BEARRBTH » 1o, FFiC
TEEEK L TAHE KBV TBIRICREARTH -
o, WIS A a2y X543y ERRTREBVIERTS
D, AELROFHERVABERTH - 12,
SEEH - OFET ORER % Table 5 IR L .
FA4avREXEME YA 33 2.ThiThy,
WL LGS ORSRE L. —F, BMRLS 1 o
VERBTHE LICEAR BTRERSSEBRIEHL D
LK &8 - o, SEBHRITH DR B 12 0 FERABEE H3.8
f (Table 3) TH-1TEnD, ZHEITHLKIC
£ ORDBHEL, BEESREROETAA LN, L
L, EREBOREREI, a~gRmix  REHOR
-~ TOREL-bOD, FHREE b, SRERT
RBRAEXBERIIDONL - 12,

Table 1. Pollen fertility, number of ovules per pod and pollen germination index (P.G.1.)

in crossings between radish cultivars and monosomic addition lines (a~g

types, 2n=19)

Cultivar Pollen ¥ No. of ovules ? PGI?®
fertility per pod a~g types
(%)

¥ o
Kuroba- 96.9 5.3 3.7 3.6
Minowase
Miura 98.6 4.3 4.0 3.4
Miyashige- 98.3 6.9 3.7 3.3
Sobutori
Houryou 78.8 7.1 3.7 3.5
Total® 93.2 5.9 3.8 3.5
mean +8.3 *1.2 *0.2 *0.1

Y Total mean of pollen fertility in a ~g types was 83.2%£15.8 %.

® Total mean of number of ovules per pod in a ~g types was 6.1 *0.4.
¥ Pollen germination index(P.G.1.);Matsuzawa (1983) 0<P.G.1.=4.

(48 hours after flower pollinated).
?Mean*S.E.
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Table 2. The rate of ovule with pollen tube Table 3. Number of developed ovules per
penetration in crossings between pod in crossings between radish
radish cultivars and monosomic cultivars and monosomic addition
addition lines (a~g types, 2n=19) lines (a~g types, 2n=19) at 17
at 48 hours after pollination days after pollination

Cultivar $a~g typesoz Cultivar ;lNg typesoz

Kuroba- 19.9” 12.4° Kuroba- 41" 3.2Y

Minowase Minowase

Miura 25.8 17.9 Miura 4.1 2.8

Miyashige- 20.5 6.3 Miyashige- 3.3 2.8

Sobutori Sobutor1

Houryou 19.2 6.2 Houryou 3.7 3.0

Total® 21.3 10.7 Total® 3.8 3.0

mean *+3.3 *1.9 mean 0.4 *0.2

" No. of ovules that pollen tube penetrated " No. of developed ovules /" No. of ovules

into micropyle ./ No. of ovules per a per a pod.
pod X100 (%). ? Mean=*S.E..
¥ Mean* S.E..
Table 4. The rate of well-grown embryos in Table 5. Seed setting per pollinated flower in

crossings between radish cultivars

and monosomic addition lines (a~g

crossings between radish cultivars

and monosomic addition lines (a~g

types, 2n=19) at 17 days after types, 2n=19)

pollination

. a~g types . a~g types

Cultivar < g typ 7 Cultivar < 7

Kuroba- 51.4" 21.4° Kuroba- 1.5 3.1
Minowase Minowase
Miura 31.4 28.6 Miura 2.1 2.5
Miyashige- 58.6 10.0 Miyashige- 2.2 2.3
Sobutori Sobutori
Houryou 52.9 2.9 Houryou 1.9 2.9
Total® 48.6 15.7 Total® 1.9 2.7
mean *6.9 *11.0 mean +0.3 *0.4
V' No. of torpedo shaped embryos / " Mean*S.E..

No. o
%100

f embryos observed per a pod

(%).

 Meant S.E..
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Mg EEDImERETable 6/ L. HMEMHEETF
& AT EAOLRERE, e RMBIM»86 %, i
mAH8.2%TH Y, HHEBFICLIEAE, ¢, a
B LU e RMBITIRMABEDILEL A SN, —7,
434 REREIC XA ERESL B &, HEHECE TR
o =W LT EEEK T ETERRE LTREELL
BAHCEL, EHEETHTE  EERK  2ETHRC
LIS askRE, tho 3 B TRMBEEDIENS S
Nk, oD Ehs, HERBTPHALE B
ZIEEROEEIRS DL HOD, a~8g THEEORNGE
K512/ 4AS8EOVTFNOF, YN binEdT 5
EMBHS T - 12,

OB F, WY (On=19) OFENSM I, BFO B
#bECOARMAE S A 3 (2n=19,Fig.2-E) OFHI<,
RMBEB -2 WEFhD YA 2 v FEOBEEIDA
AREE S, BNMEEEIEOBEOE EHA, &
Dz, WIFhoRmiis 4 a2y Cn= 19) BB
#mplTE (Fig. 2-A~ D).
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HEHLEDL LB ONIHBMBIF, WY Cn=19)ic,
RV ENEND Y M 3 v 4 BBAEERML
1A OREMRE Table TIRL7. f, 8 & b
BX 54 av4 GRETRESNREESE» -1 1,
PO s 4 a2 A REETABE, " HHE - Bhos
Bl TeeguigElTHhy,  BEIHOBRE T T
Bhote, F7, albimBicd, BTE~#EICH
W AEENE L, 2HADRICBLVTEHRREFSES
ARAG IR

3. B\ F, #§

a, e, f&gimEiiEoB, F, ##(@2n=19)
DOIEMECB T IC X 2 IRIIBREAEOIZEE 2 Table 8 IT/R
L7:. B, F, T, /NMRETOL%®EK L THEHE
L7cts, RInBRITA 5L, efmMBMEIE<,  =ZER
K OEEBRCHVICEBEE LS, -7z, a& f i
RMIPEETHY, SHRmMBG, =EHLEK 2EBE
KHWIEAZRE, Bh-7. —F, EBBicHV:
74 3y @ER» S 4 BRORMEBEDOIEERESH B
L, bEVERVPIDONE A -1 1B, /IEFE

Table 6. Female and male transmission rates of additional alien chromosomes

of seven types of monosomic addition lines (a~g types, 2n=19) in the

reciprocal crossings with four radish cultivars (2n=18)

Monosomic Kuroba- Miura Miyashige Houryou Mean
addition Minowase Sobutori
lines
2.0V 2.1 0.0 5.1 2.3
a 0.0 0.0 4.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0
b 8.0 6.0 10.0 2.0 6.5
10.0 0.0 0.0 4.0 3.5
¢ 0.0 16.2 16.5 0.0 8.2
0.0 0.0 0.0 0.0 0.0
d 2.0 4.2 2.0 10.1 46
2.0 6.0 0.0 0.0 2.0
€ 4.0 8.0 10.8 11.6 8.6
0.0 0.0 0.0 0.0 0.0
f 5.9 12.0 6.0 2.0 6.5
0.0 0.0 0.0 0.0 0.0
g 2.0 4.0 9.2 7.4 5.7
2.0 1.2 0.0 1.3
Mean 3.1 7.2 8.4 4.7

P Male transmission rate (%),

» Female transmission rate (%).
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Rk, BERICET2EATIERE L/ F /Y (Table
6) ITHA~T, MBS A 3 v 2EHE BN,

B, F, #¥YoENEE»>A 5L, WO
kY Cn=19) b, TNZNORMPEADOTE % 3
HXxETBY, 71 3 /BERMEE @Cn=18) & A
WKHRITE 35 21, FhZFNDILBBOREIC—ET
VAN

5 E

YA a vy XA vs VEHEORMORKS IO WT,
Fukushima(1945), f3% (1983) & X CFIMIE(1990) 3,
ZOMEDLYE, HFICETFHICHVWS /1 a2 v Rk -
TREBIEEZHESMITLTWS., ME (1983) 13, &
JBRIZHE I B 1 B MR B A BEE A LRI
BEGLEAVTHMHL 2. £0fFER, 513X
hvs VHEOP.GILOBEEI1.2TH 505, F. Y
O/RPT VALY (THH#ER T, EEEK T, HHE)
T, 2.4~3.1, Bt WilldbLYE (HFOREBB XU
HEED TIR0.9~1.0TH b, BEOBAIHH LICE

uj

d3h 5 Y HOMMREFOLARDBERTH S L%
Sz Ui, EIROBHZKIE, Bang et al. (1996) 455
43 Y XS.arvensisTHRD T VD, TD XD ERHE
oW 4 o VBRI, v YHOEEEZEA
T3l ERTHLERARH I, REERHIOE
Wi v Y-S 4 3 2n=19)EH
ABEBTHEEEbLNE, ThEho sy (4 258
D frbackground % F - fcipmfl st 2 v v ) - 2%
B LTS, BEEREARKET S BEKEH
JHEEtons b EELZ OGNS, £ I T, AERTIE,
A (1983) BSEHO I Lich v 5 v & ORI
DIEVWAOEERLEEHO> L,  BELDRAE
L= &, 1, BRtosVREEE LT EER
K& AR o4REEEALT, TEEORME Y
13y (a~gHRME, 2n=19) & DEHZHEIC X 55
MBI BRSNS B3 E LB, FoB8LUBF,
R~ DERIMGL AR D {mEIRTL & TR = JH L,

Lo 54 a3 v 4 BiEO#E K background 2§ - 72
WB s 4 3y @n=190FKERS .. TOHE,

Table 7. Seed setting of seven types of monosomic addition lines (2n=19) in F. by

backcrossing with four radish cultivars

Y Kuroba- Miura Miyashige- Houryou Mean

¥ Minowase Sobutori
a 1.55Y 1.81 death 2.25 1.87
b death 2.91 1.99 3.15 2.68
c 1.61 2.33 1.65 1.03 1.66
d 1.00 0.74 1.73 2.41 1.47
e 1.71 2.10 2.25 1.96 2.01
f 3.88 2.39 2.51 4.18 3.24
g 2.16 3.34 3.56 2.88 2.99

Mean 1.99 2.23 2.28 2.55

" No. of seeds per flower pollinated.

Table 8. Female transmission rate of additional alien chromosome in four types of

monosomic addition lines (2n=19) in B, F . plants obtained from selected

small seeds by backcrossing with four radish cultivars

g Kuroba- Miura Miyashige- Houryou Mean
N Minowase Sobutori
a 947" 32.0 - 8.5 16.6
21.5 19.0 67.7 29.4 34.4
32.6 7.1 16.1 20.0 19.0
g 6.1 4.6 18.2 2.0 7.7
Mean 174 15.7 34.0 15.0

D %.
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T

Fi.l. An ovule with polleﬁ tube pV;newtration

at 48 hrs after pollination.

Fig. 2. Comparison of morphological chracteristics of g-type monosomic addition lines (2n=19)
derived from the crossings of an original g-type and four radish cultivars.
A : g-type with the generic background of 'Kuroba-Minowase’, B : g-type with "Miura’,
C : g-type with 'Miyashige Sobutori’, D : g-type with 'Houryou’, E : Original g-type with
'Shogoin’ and F: radish cv. 'Shogoin’ (2n=18).
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WTHORIMM S 4 2 v X ¥4 a v SREOERIMICH
WTHP.G.LIEE,M -7 (Table 1). 7, 2k
54 27ERENLEALREKOES (Table 2), B&
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B (RY /L) @hvs V8 (CHrra) SHEIMEMSE
WbOD, A vS VOl RKOREEERMLIZS A 2
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NBEEENHDOD, cPeFMBUSEVVERIIEILTH -
fo. 2L, afMmBIEEFBICHVWIEEOEERD
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