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Figure 1. Procedure of developing plant materials
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Table 1. Male fertility of test cross progenies for CL1 X W59s.

No. of plants

Ratio of CS plants (%) Ratio of PF plants (%) Ratio of CFplants (%)
(Fertility 1.0~5.0)

(Fertility 5.5~8.5) (Fertility 9.0~ 10.0)

CLTXW59-1 12 61 31 8
CL1 X W59-2 31 51 46 ‘.
CL1XW59-3 32 43 49 8
CL1 X W59-4 33 76 24 0
CL1XW59-5 32 49 48 3
CL1XW59-6 11 42 26 32
CL1XW59-7 32 68 32 0
CL1XW59-8 29 70 30 0
CL1XW59-9 9 48 41 11
CL1XW59-10 33 38 12 0
CL1XW59-11 27 51 40 9
CL1XW59-12 20 58 42 0
CL1XW59-13 31 60 38 2
CL1XW59-14 31 49 39 11
CL1XW59-15 33 47 46 6
CL1XW59-16 20 32 41 28
CL1XW59-17 8 88 13 0
CL1XW59-18 23 54 44 2
CL1XW59-19 24 63 38 0
CL1 X W59-20 29 66 3 0
CL1XW59-21 5 67 33 0
Ave. of CL1 XW59s 59 36 6
(min. - max ) (32-88) (12-48) (0-32)
CS:completely male sterile; PF:partially male sterile; CF:completely male fertile

Table 2. Male fertility in (CL1xW59-10) x B line.
Male fertility (%) 0 ~3 ~10 ~25 ~50 ~80 ~100 Total
No. of plant 93 12 4 4 2 2 3 120
Ratio of plant (%) 77.5 10.0 3.3 33 1.7 17 25
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Figure 2. Male Fertility of 11S2x11F3 and 11S3x11F3.
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Table 3. Male ferility of the progeny from 11S2X 11F3 and 11S3 X 11F

Combinations No. of CS plants No. of fertile plants Total e P(%)
11S2X11F3 62 66 128 0.125 (1:1) 724
11S3X11F3 26 61 87 1.107 (1:3) 29.3

¥ * is the degree for agreeing with the ratio ( in the parenthesis ) for the number of plants

Table 4. A hypothesis explaining control of male fertility by two loci

Genotype Phenotype Genotype Phenotype
Rfl fo R:f: = CF P rf.' rf; CS

Rfi — Rf: Rf CF Crfirfi — — CS
Rfi fi Rf: rf: PF
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Table 5. Genotypes of 11582, 11S3 and 11F3 explaining
the segregation ratio of male fertility in 11S2x11F3 and 11S3x11F3

a. The progeny from 1152x11F3
1) 1152 o Rf]Rfl rf_'rf_'. 11F3 — RflRfl Rf:rf:

11F3
gametes
Rf; Rf: Rfi rf.
1152 gametes
Rfi rf,  RfiRf; Rfurf; (F) Rf,Rf, rforf. (S)
2) 1152 — Rf]l’f} rf_'rf: > 11F3 - RflRfl Rf_trf_'
11F3
Gametes
Rfl RL fo I'f_'
Gametes
11S2  Rfirf:  RERf RErfy (F) RERf, rfrf (S)
rf. I'f_' Rf,rf\ ngl'fg (F) forf; rf_'rf: (S)
3) 1152 = rflrfx rf_'rf_' . 11F3 = Rf{Rfl ngrf_-
11F3
gametes
Rf; Rf: Rf, rf,
1152 gametes
rf, rfy Rfirfy RErfs (F) Rfirfy rforf, (S)

b. The progeny from 1153x11F3
1183 = rf:rfn Rf;rf.- 5 11F3 = Rf[R(l Rf.'l'f:

11F3
gametes
Rf, Rf, Rf, rf,
gametes
11S3 rfi R Rfirfi RERE: (F) Rfirfy RE.rf, (F)
I’fl rf, Rfrf; Rfurf. (F) Rf,rf, rforf, (S)

Table 6. Estimated genotype for 1152, 11S3, 11F3,
CL1 and W59—11, based on the hypothsis.

CHETOEZIZLY, CLIOMBETFRIIRNA, ik, PlaSn_t gfe_n?ty;)er
7, BR&EEMKT 2 5 > OMEKIZ VTR b rfirf, b o of, Rirts
RErf.ThoHEHE SN (KT). SHIZEVEESH élLl? g?gfngf;rff:
1 ] B
HAFKEMROBEFRIOKE, CSHMABEL LU W59—11 Rfirf, RLxf
Table 7. Estimated genotypes for W59s, theroretical ratio of phenotypes for
progenies with CL1 and degree for agreeing with the observation.
Genotype Theoretical Ratio(%) 12 P(%)
€S PF CF
W59-1 Rfirfy RExf, 62.5 25 12.5 0.32 85.3
W59-2 rf, rfi RLRL 50 50 0 0.00 95.2
W59-3 Rfirf, RErf, 62.5 25 12.5 10.24 0.6
W59-4 rfy rf, RExf 75 25 0 0.01 92.0
W59-5 Rifirfy RExf, 62.5 25 12.5 9.91 0.7
W59-6 R RfRE . 50 25 25 0.33 84.6
W59-7 rf; rfi RExf, 75 25 0 0.91 34.1
W59-8 rfy rfy RErf, 7 25 0 0.37 54.3
W59-9 Rfirf) Rforf, 62.5 25 12.5 1.20 54.8
W59-10 rfy rfi Rf.rf, 75 25 0 2.92 8.8
W59-11 Rfirf, Rf.rf, 62.5 25 125 3.31 19.1
W59-12 rf; rfy RERE 50 50 0 0.56 45.6
W59-13 rfy rfy RLrf, 75 25 0 3.05 8.0
W59-14 Rfirfy Rfurf, 62.5 25 12.5 3.40 18.3
W59-15 Rfirf, Rfzrf, 62.5 25 12.5 8.37 1:5
W59-16 Rfiri RLRE 25 50 25 0.74 69.0
W59-17 rf; rfy Rfrf 5 25 0 0.67 414
W59-18 rf; rfi Rfrf, 75 25 0 4.79 2.9
W59-19 rfy rfy Rf.rf, 75 25 0 2.00 15.7
W59-20 rfy rfy Rforfe 75 25 0 1.39 23.8
W59-21 rf rf; Rf.rf : 75 25 0 0.19 66.7
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Table 8. Genotypes and CS ratio for each generation of A lines.

Generation No. of plants

Ratio of genotype

Ratio of CS plant Ratio of CS plant

Rf,—rforf. rhrfi—— Rfi—Rf:- (Theoretical) (Observed)
CL1 1 100 0 0 100 100
CL1xW59-10 33 25 50 25 75 87.8
I 120 94 5 15.6 84.4 Tt
BC, - 3.9 87.5 8.6 914 -
BC. 162 1.8 93.8 4.5 95.5 86.4 %
BC, 187 0.8 96.9 23 97.7 87.7%

# Ratio of CS plant (observation) of BC, and BC. are the ratio of plants whose anthers were not dehiscent.

Table 9. Single cross combination betweens WY7, WY9 and 4-4-24 and male fertility of progenies.

Combinations No. of CS plants  No. of fertile plants ~ Total indivuals 12 P(%)
WY7XWY9 5 15 20 0 (1::3} 100
4-4-24 XWY7 8 11 19 0474 (1:1) 49.1
" 0500 (3:1) 48.0
A AW 7 i i 089 (5:3) 344

x “1s the degree for agreeing with the ratio (in the parenthesis ) for the number of plants (CS: Fertile) .
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Table 10. Estimation of genoptypes for WY7, WY9 and 4-4-24

Segrigation ratio of fertiity ~ Genotype

(sterile : fertile)

WY7 WY9
158 Rf| Rfl Rf; l'f: Rfl Rt Rf:rf_‘
Rfl Rfl Rf.’l'f' Rfl l’fl szl'f‘.'
Rfirfy Rf.rf: Rfirfi RERE:
Rfirf; RERE, Rfi l'_fl Rivrf
Rfirf; RERE, Rfirfi I'fz l'f'.'
Rf,Rf,Rf.rf, rf rf, Rfzrf:
Rfyrfy Rfurf. RfRf, Rfurf,
Rfirfy Rfurf Rfirfi RERE:
4-4-24 WY7
137 l’fl rf; sz rf.' R[} Rf|ngrfz
rfy rfy rfy rfs Rfirfl RERI;
Rf[ I’fx rfz rfz Rfl Rfl szl'fg
rf. l'f] szrf.: Rfl l'f] Rf.'Rf;
RfiRfirf. rfe Rf Rfi Rf.rf;
rfy rfi RE:Rf, Rf rfi RLRL
Rf, fo l'f_' l'fz Rfirfy Rf.rf,
l'fx l'fl Rf.zRf.: forf| szrf_.
4-4-24 WY9
331 rfy rfy rf; rfs Rfirfi RE.rf:
5:3 Rfyrf, of; rf. Rfirf, Rfurf,
rfy rfy RErf. Rfi rf; RErf.

4)
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Genetic Analysis of the Restoration of Male Fertility

in Italian Ryegrass (Lolium multiflorum Lam.)

Akira ARAKAWA, Masahiro FujiMori, Toshinori KoMATSU,

Kazuhiro UcHivaMA and Shin-ichi Sucita

Department of Forage Crop Breeding

Summary

To facilitate a program focused on the development of a cytoplasmic male-sterile (cms) Italian ryegrass, attempts
are underway to develop a male-sterility maintainer ‘B’ line. Testcrosses between a cms individual (CL1) and W59
individuals (normal cytoplasm) were performed to generate a ‘B’ line which could be used to maintain male-
sterility. A male sterile line (‘A" line) was obtained following recurrent backcrossing between non-recurrent cms
parents and a ‘B’ line (recurrent parent) . Hybrids obtained from this backcrossing resulted in the generation of
male-sterile individuals at a frequency of 86.4% and 87.7%, in the BC. and BC; generation, respectively. Progeny tests
utilizing male-sterile x male-fertile sibs, originally derived from the CL1 x W59 hybridization, generated segregation
ratios of 1:1and 1.3 (sterile:fertile) . These observations, suggest that two complementary loci may be involved in the
expression of male sterility. However, the frequency of male-sterile individuals obtained following the backcrossing of
the ‘A’ line with the ‘B’ line, suggest that another gene (s) are affecting the outcome of the anticipated, simple
two locus model. Additional research is underway to further elucidate the complex inheritance and expression of cms

restoration in Italian ryegrass.

Key words: Italian ryegrass, Cytoplasmic male sterile, Restorer gene, Inheritance model
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