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antherless ‘
2
@

Van derMeulen-Muisers
et al. 1999

GrassottiandMercuril996
Sanders et
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1-1
@
2002
10
’ 1992 ‘
Pox ,
2005
2002 12 15
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10 15 2004
18 7 1 38
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‘ b
10 7
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2002 '
22 200 1
2005 4 22 3
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2005 38
(Table 2-1)
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undevelopedanther(Fig.2-1B) 9
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5
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immature anthers (Fig.2-1C) 5 6

indehiscent anthers
(Fig.2-2A-B) 11

intact
anthers (Fig.2-2C) 2 Antherless
stamens undeveloped anthers
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anthers
(Fig.2-3A)
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(Fig.2-2A,
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‘ "o ,
2 24
(Table 2-1)
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Dehiscent antherswithoutpollen
(Fig.2-3C)
*)
Arabidopsis
(Chaudhury
1993)
Sanders et al. 1999
(Brassica napus L.)
( ) (1973)

Polowick and Sawhney (1986)
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Table2-2
antherless stamens

undevelopedstamens

immature anthers

indehiscent

anthers intact anthers

Sanders et al.(1999) Arabidopsis thaliana

Van
der Meulen-Muisers et al.1999)
intact anthers
5.2%, 4.1%
. r o ,
. v ,
dehiscent anthers without pollen
1985
Laser and
Lersten (1972) 32
FrankelandGalun
(2977)
(Roath and Hockett
1971) dehiscent anthers without
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(Koltunow et al. 1990, Goldberg et antherless stamens
al. 1993)

Table 2-1. The phenotypes of stamen obtained from two cross combination of Asiatic hybrid cultivars.

Sterile stamen Fertile stamen
Number of Number of
Total Number of Number of plants with  Number of
plants . . X . Number of
number - plants with plants with dehiscent plants with .
with . : X plants with
of plants undeveloped immature anthers indehiscent .
antherless . intact anthers
bloomed anthers anthers without anthers
stamens
9 g pollen
Akita Petit Cream Fire 38 11 9 5 0 11 2
Akita Petit White  Apolo 24 14 5 1 2 1 1

Table 2-2. Phenotypes of male sterile stamens

Phenotype description Description of anthers and pollen
antherless stamen Stamen does not develop into an anther.

undeveloped anthers Stamen does not usually develop into an anther, but has filament-like structure.
immature anthers Anther locules devoid of pollen grains.

dehiscent anther without pollen Anther dehiscence without pollen.
inehiscent anthers Anther contains pollen but do not dehisce
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Fig.2-1A-D: Phenotypes of stamenswithoutformation ofpollen.A:antherlessstamens; Stamenswithout
intact or malformedanthers. B: undeveloped anthers; The tips offilamentshadyellowish malformed
anthers. C: immature anthers; Anthers develop, buthasnotpollengrains. : dehiscent anthers without
pollen; Anthersdehiscencewithnopollengrains. Bar=5mm).

Fig.2-2.A-C:Phenotypes of antherswith pollengrains. indehiscent anthers;Apartofoneanther
loculeofananthercoloredorange. :indehiscent anthers;Upperpartofantherscoloredorange.
intact anthers;Dehiscentshortantherswithpollenrelease.(Bar=5mm).

Fig.2-3.A-C:Crosssectionofmale-sterileanthers. :immatureanthers; Antherlocules devoid ofpollen
grains. :indehiscent anthers; A part ofanantherloculecontained pollen grains. : dehiscent
anthers without pollen;Antherwallsdevelopedfully and contained nopollengrains
dehiscenced.(Bar=0.2mm).
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(Sawhney 2004) (Murai 2004) ’ ‘

(Marutama et al.
1991, Borkakati and Virmani 1996)

2,3 (Marham and
Hunger 1950) Van Marrewijk (1969)
CMS
Rf 1 Bf
Rfs ‘ ’
CMS
(Koyama and Uda 1994, Ichimura and
Hiramatsu 1999)
(Van der

Muelen-Muisers et al.1999) Yamagishi (2003)

Table 3-1-1. Initiation and development of flowers of the Asiatic hybrid lily
'‘Akita Petit White', which were grown in the field.

Date ISeL]S(t):] Deveropmental stage of flowers (see below)
(cm) 1 2 3 4 5 6 7
Mar 3 0 10
Mar 14 0 10
Mar 20 0 10
Mar 25 0 10
Mar 30 0.3 10
Apr 10 2.2 10
Apr 15 3.8 10
Apr 25 6.3 2 6 2
May 1 8.0 4 4 2
May 5 9.9 1 5 4
May 15 144 10

1, Undifferentiated; 2, initial primordium visible; 3, predifferentiation; 4, outer
perianth developed; 5, inner perianth developed; 6, stamen developed; 7, pistils
Ten bulbs each were collected for each time point.
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Table 3-1-2. Restoration of stamens in the Asiatic hybrid lily 'Akita Petit White' after growth under
three different temperature regimes.

Temperature Numbe Number  Average Total Total Total Total Total Total
(°C) rof of plants number of number of number of number of number of number of number of
plants flowered flowers per flowers flowers  flowers with stamens stamens stamens with
grown plant with intact undeveloped with undeveloped
anthers anthers intact anthers
anthers
18/11 8 8 9.3+0.3a 74 0 0 444 0 0
25/18 8 8 8.1+0.4a 65 0 65 390 0 390
32/25 8 5 4.4+1.1b 22 22 0 132 132 0

Different letters within columns indicate a significant difference at P<0.05 by Tukey's test.
Flower buds of three plants among the eight grown at 32/25°C aborted.

Table 3-1-3. Frequencies of germination and stainability of pollen grains from restored intact
anthers of the Asiatic hybrid lily APW after growth at 32/25 and of pollen grains of the parental
cultivar '‘Apollo'.

Cultivar Germination (%) Lactic phenol DAPI stainability (%)
stainability (%)
Akita Petit White 58.6+1.8a 69.3+2.8a 65.5+3.5a
Apollo 81.7+2.4b 82.5+1.5b 90.1+1.1b

Different letters within columns indicate a significant difference at P < 0.05 by Tukey's test.

See text for details.
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Fig.3-1-1. A TheAsiatichybridlilycultivar * Akita PetitWhite’ inbloom.Bar=5cm. B. Stamens of
'Akita Petit White'after growthunder eachtemperatureregime(perianths wereremoved).(a) Stamens
without anthers aftergrowth at 18/11°C. (b) Stamens withundevelopedanther after growthat25/18°C;
thetipsoffilamentwereyellowish,swollenandcurved.(c) Restoredintactantherswithfunctional
pollengrainsaftergrowthat32/25°C.Bar=1cm. C. Magnified viewofthetipofafilamentaftergrowth
at 18/11°C. Bar=0.1cm. D. Magnifiedviewofthetipofafilamentaftergrowthat25/18°C.Bar=0.1cm.
E. Magnified viewofanintactantheraftergrowthat32/25°C.Bar=0.1cm.
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Fig.3-1-2. Pollen grains collected from restoredintactanthersaftergrowthunderhigh-temperature
conditions. A. Germinatedpollenwithpollentube,aftercultureonagar-solidifiedmediumfor24h.
Bar=100 pm. Pt, Pollen tube; Pg, pollengrain. B. DAPI-stainedpollen grain withtwonuclei. Bar=50 ym.
Vn, Vegetativenucleus; Sn, sperm nucleus. C. Reticulatedpattern onthesurfaceofapollengrainwitha
splitgermpore.Thepollenwascollectedfromarestoredantherandexaminedunderascanningelectron
microscope. Bar=20 pm.
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1973 Brassica napus L.

Table 3-2-1. The initiation and development of floral elements of the Asiatic hybrid lily 'Akita Petit White',
which were grown from the bulbs that had been stored under sub zero temperatures.

Number of
Date _Of days after Shoot Developmental stage of flowers *
collection planting length
Year 2003 day (cm) 1 2 3 4 5 6 7 8
Nov. 15 14 34 6
Nov. 16 15 3.0 6
Nov. 17 16 43 2 1 1 2
Nov. 18 17 43 1 1 1 2 1
Nov. 19 18 4.7 1 1 4
Nov. 20 19 58 1 5
Nov. 21 20 54 1 1 4
Nov. 22 21 6.7 1 2 3
Nov. 23 22 6.3 1 2 3
Nov. 24 23 75 3 3
Nov. 25 24 8.1 1 5
Nov. 26 25 8.7 3 3
Nov. 27 26 89 6
Nov. 28 27 10.2 6

* 1, undifferentiated; 2, initial primordium visible; 3, predifferentiation; 4, outer perianth developed; 5, inner
Six bulbs each were collected for each time point.

Table 3-2-2. The effects of temperature on the restoration of anthers and the growth
in an Asiatic hybrid lily 'Akita Petit White' which had been grown from the bulbs that
had been stored at 5

Frequencies

Number
. Shoot Number of of male-  Phenotype
date of planting Temperature of flower .
length leaves fertile of anther
buds
flowers
() (cm) (%)
32/25 46.5 72.1 6.2 100 ;:ttsg:
Feb. 3
antherless
18/11 53.3 73.8 9.2 0

stamen
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Fig.3-2-1A-D. Initiation anddevelopmentofflowersoftheAsiatichybridlily * Akita Petit White’ , which
weregrownundergrowthcabinet(32/25 )andobservedunderstereomicroscopy. A: Initiation of
primordium. : predifferentiation. : developedstamen. D: developedpistil. Ip;Inner perianth.Op;
Outerperianth.Sp;pistil.St;Stamen.(Bar=0.5mm).
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Fig.3-2-2. A-D.Characteristics ofstamensatthestageofpistildevelopment,whichweregrownunderhigh
temperaturecondition (32/25 )aswellaslowtemperature (18/11 ) conditions. A:Dorsalsideof
stamen underlowtemperaturecondition.(Bar=0.2mm).B:Dorsalsideofstamenunder high
temperaturecondition. (Bar=0.2mm)C: Ventralsideofstamenunderlowtemperaturecondition.
(Bar=0.1mm).D: Ventral sideofstamenunderhightemperaturecondition.(Bar=0.1mm).

Fig.3-2-3.Arestoredanthersinaflowerwhichbloomedexceptionallyinthelateof flowering season ona
plant grownin thefield.Oneinsixstamenswasindehiscentantherandotherstamenswereimmature
anthers.
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(Table3-3-3) dehiscent anthers without pollen
32/25 (a8/11 )
(32725 ) (Table
3-3-2, 3-3-3)
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32/25
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Table 3-3-1. Effect of different photoperiod under high tempetrature
condition (32/25 ) in the Asitaic hybrid lily 'Akita Petit White'

Frequencies of
Photoperiod Shoot length Number of  Number of d

restored
(hr) (cm) leaves flower buds anther (%)
8 48.9+0.8 a 73.9+1.1a 3.940.7 a 100
10 43.0+0.8 b 70.5+¢1.2b 4.0+0.6 a 100
12 39.2+1.1¢c 68.4+1.4 b 4.0+0.6 a 100

Different letters within columns indicate a significant difference at
P<0.05 by Tukey's test.

Table 3-3-2. Effect of different photoperiod under low temperature condition (18/11 ) on
the restored anthers in the male-sterile Asiatic hybrid lily 'Akita Petit White' and the
Oriental hybrid lily 'Tiara'.

. . Number of Number of
Cultivar Photoperiod . Number of
antherless dehiscent anther .
. intact anther

(hr) stamens without pollen
Akita Petit White 8 10 0 0
10 10 0 0
12 10 0 0
Tiara 8 0 10 0
10 0 10 0
12 0 10 0

Table 3-3-3. Effect of different photoperiod under high temperature condition
(32/25 ) on the fertility and growth in the Oriental hybrid lily 'Tiara'.

Frequencies of

Photpperiod Shoot length Number of Number of
hr) (cm) leaves flower buds restor'ed pollen
( arains (%)
8 61.6+1.8a 69.4+1.1a 3.1+0.1a 0
10 58.9+2.0a 68.1+2.0a 3.0+0.2a 0
12 62.1+1.4a 59.9+2.3b 3.3+0.2a 0

Different letters within columns indicate a significant difference at P<0.05 by
Tukey's test.
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Fig.3-3-1. Intact anthers were restoredatthreephotoperiodregimesunderhightemperature condition
(32/125 ).Left;8h/16h(day/night).Center;10h/14h(day/night).Right;12h/12h(dark/night).

(Bar=2cm).

Fig.3-3-2A-B. Crosssectionof anthers inthe Oriental hybridlily * Tiara® at 12h/12hphotoperiod
(day/night) under high temperaturecondition (32/25 ). : A cross section oftheantherbefore
dehiscence.Anther loculus had nopollengrains. (Bar=1cm). : A crosssectionofantherafterdehiscent.

(Bar=1cm).

Fig.3-3-3. Effectof photoperiod under high temperature condition onthe developmentof perianth of
Oriental hybrid lily 'Tiara'. A;8h/16h(day/night) photoperiod.Perianth were short ant not bloomed.B;
10 h/12h(day/night).Theperianth werepoorlydeveloped and width ofperianthwerenarrow. C; 12h/
12 h(day/night)phtoperiod.Perianths developednormally. (Bar=10cm
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Table 3-4-1. Effects of temperature on the restoration of anthers in the Asiatic hybrid lily cultivar 'Alkita

Petit White'.
Stamens with different number of restored anthers St_a mens with a set of
temperatur  Antherless six restored anthers
e stamen -
1 5 3 4 5 total Indehiscent Intact
anther anther
day/night (%) (%) (%) (%)
27/20 100 0 0
28/21 0 0 12.5 3H 30 0 77.5 22.5 0
29/22 0 100 0
30/23 0 75 25
31/24 0 0 100
The number of restored stamens in a flower.
Table 3-4-2. The effects of temperature on the restoration of anthers and the growth in the
Asiatic hybrid lily 'Akita Petit White' under four temperature regimes.
temperature  Shoot Number Days from Plants Restored
P Number of ys i estore Phenotype
( length leaves of flower planting to blastin anthers of stamen
day/night  (cm) buds  flowering 9
in
32/25 465 72.1 6.2 63.0 80.0 100.0 tact
anther
in
32 341 75.4 45 69.0 70.0 100.0 tact
anther
25 36.3 68.6 6.8 74.0 0.0 00  Uundevioped
anther
18 36.2 65.6 6.0 75.0 0.0 00  antherless

stamen
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Im Im

[m

In

A Im In

Fig.3-4-1A-B. Incompleterestoration of anthers ontheplantsgrownunder28/21 in thegrowthcabinets.
Indehiscent anthers weredevelopedintwoofsixstamens.B:Indehiscentanthersweredevelopedin
threeofsixstamens. : Indehiscent anthers weredevelopedinfourofsixstamens.D:Indehiscent
anthersweredevelopedinallstamen.Im;immatureanthers.In; indehiscent anthers. (Bar=1cm).
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Fig.3-4-2A-C. Formation of defectiveindehiscentanthers under temperature condition,28/21 , inthe
growth cabinets.A;Oneantherloculeofindehiscentantherswerecoloredorange(dorsalside).Bar=5mm.
B: ObservationofAfromventralside. Bar=5mm. C: Cross sectionofdefectiveindehiscentanthers. One
offourloculuscontainedpollengrains.P;Pollengrains. Bar=2.5mm.
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LA Longiflorum hybrids 2-2
x Asiatic hybrids
30 4 7
3%
2004
28 5 10
1988
21 27 1% Lim et al. 2004)
( Barham and Munger 1950) ( 1996) *

antherlessstamens

31

1%

Fig.4-1-4D

Fig.4-1-1.ChromosomesofAsiatic hybridlily'AkitaPetitWhite'(n=12)inarestoredpollengraincollected

fromplantsunderhightemperaturecondition.
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Fig.4-1-2A-H. Premeiosis ofpollenmothercell inrestored anther under hightemperature condition (30/23
)intheAsiatichybridlily * Akita Petit White’ .A;Leptotene stage. B;Zygotenestage. C;Pachytene
stage.D;Diplotenestage.E;Diakinesis.F;Metaphasel. G;Anaphasel.F;Telophasel.Bar=50um.
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Fig.4-1-3A-F.Secondmeioticdivision ofpollenmothercellinrestoredantherunderhightemperature
condition (30/23 )intheAsiatichybridlily * Akita Petit White’ .A:Interphase.B:Prophasell.C:
Metaphasell.D:Anaphasell.E;Tetrad.F:Gamete.Bar=50um.
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Fig.4-1-4A-D. Unusual meiosis of pollen mother cell inrestoredanther under hightemperaturecondition
(30/23 ) in theAsiatichybridlily* AkitaPetitWhite’ . A; Triadshowsacleardivisionofthreenuclear
formations.B-D;Unbalancedchromosomedistribution.Bar=50um.
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Table 4-2-1.Seed productivity by the reciprocal crosses between 'Akita Petit White' and five Asiatic

hybrid cultivars.

Seeds with .
Crosses date of date of seed | brvo” viviparasrous
pollination harvest ~ clavate embryo seed” (%)
Q d (%)
Odagirikisukashi  Akita Petit White = May 31 Oct. 4 29.0 0.0
Akita Petit White Odagirikisukashi May 26 Oct. 22 40.0 82.1
Echigobenisukashi  Akita Petit White May 31 Oct. 4 39.5 0.0
Akita Petit White  Echigobenisukashi  June 12 Oct. 22 44.6 21.3
Mona Akita Petit White  June 12 Oct. 12 30.1 0.0
Akita Petit White Mona June 12 Oct. 22 42.5 33.9
Apolo Akita Petit White  June 13 Oct. 12 2.3 0.0
Akita Petit White Apolo June 13 Oct. 22 35.2 35.5
Connecticut King  Akita Petit White  June 12 Oct. 13 6.2 0.0
Akita Petit White  Connecticut King  June 12 Oct. 22 54.4 23.0
Akita Petit White Self May 12 Oct. 22 22.4 58.2

Number of viviparasrous seeds / number of seeds with clavate embryo)x100

Number of seeds with clavate embryo/ seeds with or without clavte embryo )x100
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Table 4-2-2 The effects of genotypes on the productivities of seeds with clavate embryo and
viviparous seeds.

Seeds with

. - Date of Date of seed clavate

pollination  harvetst

viviparasrous

‘(%
embron %) seed” (%)

Avignon May 31 Nov. 28 0.7 0.0

Apollo June 8 Nov. 28 69.3 37.9

Yellow Giant June 10 Nov. 29 55.6 29.9

Echigobenisukashi  June 10 Nov. 29 58.3 35.8

Odagirikisukashi May 30 Nov. 29 66.3 50.0

Cancun May 30 Nov. 29 64.2 56.0

. . . Grand Paradiso June 9 Nov. 29 1.0 27.2

Akita Petiti White Bannka June 10 Nov. 29 76.0 43.9

Felde June 16 Oct. 18 58.0 50.0

Beatrix June 6 Nov. 29 48.9 43.4

Poliana June 9 Nov. 29 64.6 18.7

Mona June 10 Nov. 28 58.7 32.9

Royal Victory May 30 Nov. 29 5.6 8.3

Rolly Pop May 30 Nov. 29 66.0 28.1

Avignon June 16 Oct. 4 0.0 0.0

Felde . . . June 16 Oct. 18 21.4 0.0

Poliana Akita Petit White June 20 Oct. 18 17.0 0.0

Ever flola May 30 Oct. 4 0.0 0.0
selfing

Avignon June 16 Oct. 4 3.8 0.0

Apollo June 8 Oct. 4 7.1 0.0

Yellow Giant June 20 Oct. 18 1.5 0.0

Echigobenisukashi June 20 Oct. 4 155 0.0

Odagirikisukashi May 31 Oct. 4 9.1 0.0

Cancun June 20 Oct. 4 1.2 0.0

Grand Paradiso June 20 Oct. 18 4.7 0.0

Poliana June 20 Oct. 18 10.8 0.0

Mona June 20 Oct. 4 3.9 0.0

Cote D'azur June 20 Nov. 27 11.2 0.0

Connecticut King June 20 Nov. 25 111 0.0

Salina June 20 Oct. 18 6.6 0.0

Sunsail June 20 Oct. 18 1.3 0.0

Sphinx June 2 Oct. 4 9.9 0.0

Paris June 20 Oct. 18 12.3 0.0

Rolly Pop May 31 Oct. 4 2.7 0.0

Number of viviparasrous seeds / number of seeds with clavate embryo)x100

Y Number of seeds with clavate embryo/ seeds with or without clavte embryo )x100
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Fig.4-2-1.Seedobtainedfromtheself-pollinationoftheAsaitichybridlily * Akita Petit White' . Left; A
seed without clavateembryo.Right;Aseedwithaclavateembryo.CE:clavateembryo.(Bar=1cm)

e O &g
B
B

A

Fig.4-2-2A-B. Viviparous seeds. A: Some seeds obtained from theself-pollination 'Akita Petit White'
germinated in a capsule. B: Viviparous seeds obtained fromcrossesbetween 'AkitaPetitWhite' and
Odagirikisukashi’ .(Bar=5cm)

39
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Fig.4-2-3A-D.Capsules obtained fromcrosses between'AkitaPetitWhite' and someAsiatic hybridlily
cultivars. A;Acapsuleobtainedfromcrossof * AkitaPetitWhite’ with‘ Odagirikisukashi’ .B;A
capsule obtained fromcrosseof * Odagirikisukashi’ with * Akita Petit White’ . C;Acapsuleobtained
from crosseof * RoyalVictory’ with * AkitaPetitWhite.D;Acapsuleobtainedfromcrosseof *
Echigobenisukashi’ with * AkitaPetitWhite' .(Bar=5cm).
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undevelopedanthers 3
72.3% immatureanthers 5-1-2)
19% (Table 5-1-1)
(Table 5-1-2)
20 Table 5-1-4
immature anthers intact anthers
66.7%
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(Table5-1-3) ‘ '
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Ohkawa et
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Table 5-1-1. The effects of timing and duration of high temperature treatment on the
phenotype of atamens in the Asiatic hybrid 'Akita Petit White'.

. -
Duration of Number of Numberof ~ Number of Number of Number of

high  flowers with flowers with flowers with flowers with flower with 1Ot
temperature . . . . numbers of
antherless undeveloped immature indehiscent intact
treatment flowers
stamen anther anther anther anther
(week)

1 131 6 0 0 0 137

2 42 61 33 0 0 136

3 0 10 101 13 13 137

* high temperature treatment had initiated immedeately after planting

Table 5-1-3 The effects of the time of initiation of high temperature treatment on the phenotype of stamens in the Asiatic
hybrid cultivar ‘Akita Petit White'.

Number of phenotype of stamens

Number of

Time of initiation of high . Number of Number of Number of
The position of  flowers flowers with flowers with flowers with Number of Total
temperature treatment flowers in a with . . . flower with Number of
. undeveloped immature indehiscent .
inflorecence  antherless intact anther flowers
stamen anther anther anther
First 0 0 0 0 15 15
one week after planting Second 0 0 0 0 10 10
Third 0 0 0 0 3 3
First 0 0 5 5 5 15
Two weeks after planting Second 0 0 1 3 3 7
Third 0 0 0 0 3 3

Table. 5-1-2. Effect of phenotype of anther on the inflorescence under high
temperature condition at 32/25 for three weeks.
Number of Number of  Number of Number of

Positi f . . . .
os! |or.1 ° flowers with flowers with flowers with flowers with Total number
flowers in a ) . ) .
. undeveloped immature indehiscent intact of flowers
inflorescence
anthers anthers anthers anthers
First 2 11 2 8 23
Second 2 11 5 5 23
Third 2 16 5 23
Fourth 2 21 23
Fifth 2 20 22
Sixth 15 15

Seventh 7 7
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Table 5-1-4. The effects of duration of change of phenotype of stamens by
accumulated day after cultivated 'Akita Petit White'.

Phenotype of stamen

Duration of Number of Number of
treatment of Number of Number of Number of
. . . flowers flowers .
high flowers with flowers with with with flower with
temperature antherless undeveloped immature indehiscent intact
started 4 days  stamen anther anther

after planting anther anther
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(Fig.5-2-2C)
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(Fig.5-2-6B,C)
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Table 5-2-1. The effects of short-term high temperature treatment at 32/25 on the
phenotype of stamens in the Asiatic hybrid lily 'Akita Petit White'.

Number of  Number of Number of N;;nv\?::s()f Number of Total
Duration flowers with flowers with flowers with . flowers
. with L number of
(day) antherless undeveloped immature . o with intact
indehiscien flower
stamens anthers anthers anthers
t anthers
1 9 9
2 4 4 1 9
3 4 3 7
4 5 3 8
5 2 5 2 9
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Fig.5-2-1A-B. Theplantpostureinthetimingwhenpotstransferredtogrowthcabinet. Itshowsthe
timingwhengrowing pointareturnedhard. Theplantpostureontheupperside.Bar=1cm.

Fig.5-2-2.Different phenotype of stamenswereformedunderhigh temperature condition(32/25 ).A;Left;
Antherless stamen wasformedunder hightemperatureconditionforoneday. Center;Undeveloped
anther was formedunderhightemperature condition for two days. Light: Immatureanther was formed
under two,three,four,five days, respectively.An: antherlessstamens.Un: undeveloped anthers.Im:

immatureanthers. Indehiscent anther was formed under high temperature condition for two to five
days. Indehiscent antherwithpollenincontainedinoneloculuswasformedunderhightemperature
condition forfivedays. Intact anther wasformedunderhightemperaturecondition forfivedays.

Bar=5mm.
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Fig. 5-2-3.A flower with intact anthers and one withimmatureantherswere observedinoneplantunder
hightemperatureconditionat32/25 . Int: intactanthers.Im:inmmatureanthers. (Bar=3cm)

Fig.5-2-4.Restorationofintactanthersweredependentoftheduration of hightemperaturecondition
irregularly.A;Oneof thesixstamenswasrestoredintactanther.B;Twoofthe six stamens were
restored intact anther.C;Threeofthesixstamenswererestoredintactantrhers.D;Fourofthesix
stamens wererestoredintactanthers.E;Fiveofthesixstamenswererestoredintactanthetrs.F;All
stamens were restoredintactanthers.restored anther. Innerthreeintactantherswererestoredfollowed
by formationofouterthreeantherswhentreatmentswereprolonged.(Bar=3cm).
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Fig.5-2-5. Restoredpollen grainscollectedfromplanttreated with high temperature of32/25  for three
days,werestainedbylactophenol-cotton blue.

Fig.5-2-6. Crosssectionof restored antherunder high temperature conditionfor few days. A; Cross section
of immatureanthers.Noantherloculecontainedpollengrains. B; Cross section ofindehiscentanthers.
Oneoffourloculuscontainedyellowishpollengrains.C;Crosssectionofindehiscentanthers.Oneof
fourloculushadorangepollengrains.D;Crosssectionofintactanthersbeforedehiscence,which
contained polleninallloculus.Bar=2mm.
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Fig.5-2-7A-B.Immature anthers were formed in a plant treated withhightemperatureconditionfor three
days. A;malformed antherwasyellow just after thebloom. B;Anthersturnedwhite andwitheredthree
daysafter bloom.Bar=3mm.
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Benedito et al. (2005)

tepal-stamen

immature anthers ‘ whorl 3
(Table 6-3) ‘
‘ ’ 8
6 . )
LEUNIG (LUG )
LUG
(ConnerandLiu
2000) LUG
3 3 whorl 3
(Fig. 6-1C and Table 6-2) whorl 3 4

Table 6-1. Main characteristics of three male-sterile cultivars of Asiatic hybrid lily.

Phenotype of Average number
Cultivar Female parent Male parent stamens in the Color of perianth  of spots per
field perianth
Akita Petit . .
Cream (APC) Connecticut King Menton Immature anther Pale cream-yellow 0.0
Akita Petit . .
Lemon (APL) Menton Connecticut King Antherless Lemon yellow 0.0
Akita Petit Gold Connecticut King Menton Antherless Golden yellow 0.3

(APG)
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Table 6-2. Restoration of anthers and viable pollen in three male-sterile cultivars of Asiatic hybrid
lily after growth under three different temperature regimes.

Number of Number of Number of
Number of flowers .
Number of Number Total flowers L flowers with
Cultivar Temperature lants  of plants number of flowers with with intact intact
¢Cc) (14/10n) P p without . anthers but
grown  bloomed flowers immature . anthers and
anthers non-viable .
anthers viable pollen
pollen
Akita Petit Lemon 18/11 8 8 34 34 0 0 0
(APL) 25/18 8 8 30 0 30 0 0
32/25 8 4 9 0 0 0 9
Akita Petit Gold 18/11 8 8 81 81 0 0 0
(APG) 25/18 8 8 90 0 90 0 0
32/25 8 8 82 0 0 82 0
Akita Petit Cream 18/11 8 8 36 0 36 0 0
(APC) 25/18 8 8 28 0 0 0 28
32/25 8 4 13 0 0 0 13

Table 6-3. Formation of aberrant filaments and pistils in three male-sterile cultivars of Asiatic
hybrid lily after growth under three different temperature regimes.

Temperature  Number of Number plants INumbe_rh Plants with  Plants with
Cultivar (°C) plants with intact plants wit intact split stigmas
) petaloid .

(14/10h) bloomed filaments (%) filaments (%) stigmas (%) (%)
Akita Petit Lemon 18/11 8 3 (375 5 (62.5) 3 (375 5 (62.5)
(APL) 25/18 8 5 (62.5) 3 (375 7 (875) 1 (125)
32/25 4 2 (50.0 2 (50.0) 3 (75.0 1 (25.0)
Akita Petit Gold 18/11 8 8 (100.0) 0 (0.0) 8 (100.0) 0 (00
(APG) 25/18 8 8 (100.0) 0 (0.0) 8 (100.0) 0 (0.0
32/25 8 8 (100.0) 0 (0.0) 8 (100.0) 0 (00
Akita Petit Cream 18/11 8 7 (87.5) 1 (12.5) 8 (100.0) 0 (00
(APC) 25/18 8 2 (25.0) 6 (75.0) 8 (100.0) 0 (0.0
32/25 4 2 (50.0) 2 (50.0) 8_(100.0) 0__ (0.0
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Fig.6-1.Stamensofmale-sterile cultivars grown under controlled conditions. A. Antherlessstamensof
'Akita PetitGold' grown under LT(18/11 ).Bar=1cm. B. Immatureanthersof'AkitaPetitCream’

growndown LT.Bar=1cm. C.Intactanthers, containingnon-viablepollen, of'AkitaPetitGold'underHT
(32/25 ).Bar=lcm. D.Intactanthersof'AkitaPetitLemon'underHT.Bar=1cm.

/a

-

Fig.6-2. Restorationofstamens in 'AkitbaPetit Cream'aftergrowthunder HT(perianthwereremoved). (a)

Immature anthers aftergrowthunderLT.(b)Restoredantherswith functional pollen aftergrowthunder
HT.Bar=1cm.
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Fig.6-3. Non-viablepollen of 'Akita Petit Gold'aftergrowthunder HT,asobservedbyscanningelectron
microscopy.Bar=20um.

Fig.6-4. ThreepetaloidstamensandasplitstigmaonAPLflowerinaplantgrowningreenhouse.
Bar=1cm.
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Abstract
Studies on morphological changes ofstamens in male sterile lily cultivars induced by temperatures

TakaoSATO
Agricultural ExperimentStation,AkitaPrefectural Agriculture, ForestryandFishersResearchCenter,

The Asiatic hybrid lily cultivar 'Akita Petit White' (APW) is male-sterile with antherless stamens.
However,we unexpectedly observed oneortwostamenswithintactanthersinafewflowersonfewerthan
1% of a total of 400 plants in a fieldtrialofthiscultivar in a horticulturalsetting, which was performed
with bulbs that hadbeenstoredat-2°Cforninemonths.Thepurposeofthepresentstudywastoidentify
the factors that regulate the expression and reversal of the antherless phenotype in APW lilies. | grew
APW plants from bulbs that had been frozen for storage under three temperature regimes in growth
cabinets:underhigh-temperatureconditions,at32/25°C(14/10h); undermoderate-temperatureconditions,
at 25/18 °C (14/10h); and under low-temperature conditions, at 18/11°C (14/10h). All stamens had intact
anthers after plants had been grown under high-temperature conditions. Under moderate-temperature
conditions, the edges of all filaments of all plants examined were yellowish and swollen, resembling
undeveloped anthers. Under low-temperature conditions, the antherless phenotype was stable and no
stamens had intact or undeveloped anthers. The pollen from intact anthers, after growth under
high-temperatureconditions,producedvegetativeandgenerativenucleiin thenormalmanner.Theyieldof
viableseedsproducedafterpollination with these pollen grains was almost equaltothoseofotherAsiatic
hybridlilies:96tol13seedspercapsulewereobtainedwithvarioushybridcombinations.

Inthepresentstudy, toevaluatetheeffectsofphotoperiodontherestorationofanthersinamalesterile
cultivar, I monitored morphological changes in stamens of plants that had been grown under two
temperature regimes (32/25 18/11 ) and three photoperiod regimes(8hr, 10hr, 12hr) in growth
cabinets.Underhigh-temperatureconditions (32/25 )inthegrowthcabinet,intactantherswerefoundon
all the stamens under the three photoperiod regimes. However, under low-temperature conditions (18/11

), antherless stamens were found on all the stamens under the three photoperiod regimes. Therefore,
photoperiodhadnostimulatoryeffectontherestorationofanthersof * Akita Petit white’

In the present study, to evaluate the detailed temperature ranges on the restoration of anthers in *
Akita petit white’ , the plants were grown under five temperature regimes at 31/24 (14/10h), 30/23
(14/10h), 29/22 , 28/21 , 27/20 , respectively. Intact anthers were found on all the stamens under
temperatureconditions at31/24 . Undertemperatureconditionsat30/23 ,intactantherswere foundin
ten of forty flowers of 10 plant and indehiscent anthers were found in thirty of the rest flowers. Under
temperatureconditions at29/22 ,indehiscent anthers werefoundonallthestamens.Undertemperature
conditions at 28/21 , indehiscent anthers and immature anthers were found on the stamens.Moreover,
the numbers ofindehiscentantherson 6 stamens were different from only one flower. Indehiscent anthers
were found on all the stamens in nine of forty flowers, however, indehiscent anthers on few stamens and
immatureanthers on few stamens were foundinthirtyoneoffortyflowers.Undertemperature conditions
at 27/20 ,immatureantherswerefoundonallthestamens.

| examined aboutthecriticalgrowthstage attherestoration ofanthersin * Akita Petit White’ . The
bulbs were put in 33 pots (planted three bulbs per 1 pot). These plants were grown under
high-temperatureconditions at 32/25 in growthcabinet.Fromfour days laterafterplanted,everythree
plants were transferred to green house every day. In the case of these plants were transferred to green
house until 19 days after planted, immature anthers were formed. However, after grown under
high-temperature conditions over 20 days after planted, intact anther were formed. It wassuggested that
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this stage was between stamen development and pistils developed in the development stage of flowers.
Moreover, the bulbs were put in 15 pots (planted three bulbs per 1 pot). These plants were grownunder
low-temperature condition at 18/11 (14/10h) at first. When itwasfirmedatgraspedatthetopofthese
plants, every 3 pots transferred to another growth cabinet. These plants were grown under high
temperature condition at 32/25 (14/10h) for 1, 2, 3, 4 and 5 days, respectively. After grown under
high-temperature conditions for these terms, these plantsweretransferred to first growth cabinet under
low-temperature conditions. In the case ofthese plants weregrownunderhigh-temperature conditions for
one day, antherless stamens were formed in all stamens in all flowers. In the case of these plants were
grown under high-temperature conditions for two days, threephenotypes of anthers wereformed, namely,
undeveloped anthers, immature anthers and indehiscent anthers with pollen. After grown under
high-temperature conditions for three and four days, immature anthers and indehiscent anthers were
formed. In thecase oftheseplantsweregrownunderhigh-temperatureconditionsfoefivedays,immature
anthers, indehiscent anthersandintactantherswereformed.

I examined the thermosensitivity of the restoration of stamens and genotypic differences in the
formation of aberrant filaments and pistils in three male-sterile cultivars of Asiatic hybrid lily (Lilium
spp.),namely, * Akita Petit Lemon’ (APL),‘ Akita Petit Gold’ (APG),and‘ Akita Petit Cream’ (APC).
When cultivated in thetraditionalmanner in early summer, APC hadimmature indehiscent anthers that
contained n o pollen grains, while the other two cultivarshadantherlessstamens.Ina field trial of these
cultivars, designed for harvesting of cut flowers in autumn, APC with intact anthers and APL and APG
with immature antherswereunexpectedly observed in fewer than 1% of 400 plants in each case. Plants
were then grown, from bulbs, under three temperature regimes in a set of growth cabinets, as follows:
under high-temperature conditions (HT), at 32/25 °C; under moderate-temperature conditions (MT), at
25/18 °C; and underlow-temperatureconditions (LT),at18/11°C.Therestorationof stamens inAPL,APG
andAPCwasachieved under high-temperature conditions andtheextentofrestorationwasdependenton
temperature. The thermosensitivity of APL and APG with respect to the restoration of stamens was
similar. Both cultivars had antherless stamens under LT and restored stamens with immature anthers
under MT. Under HT, there was an obvious difference between these two cultivars. Both APL and APG
developed intact anthers;however,thoseofAPLcontainedviablepollen grains whilethoseofAPGdidnot.
The thermosensitivity for restoration of stamens in APC was somewhat different from that in APL and
APG. APC hadimmatureantherseven under LTbutithadintactantherswithviablepollengrainsunder
both MT and HT. Homeoticchanges in floral components, such as transformation of filaments into tepals
in APL and APC and split stigmas in APL were observed. The possible role of temperature in the
restoration ofstamensandgenotypic differences intermsoftheformationofaberrantfilamentsandpistils
arediscussed.

KeyWords: thermosensitivemale sterility, lily, restored anther, morphorogical changes

(Bull.AKITA Agric.Exp. Stn.,2,164,2008)
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1997 6/13 7/29 9/13 37 11.1 2.4
1998 6/9 7/23 9/10 48 12.1 1.7
1999 6/4 7/27 9/13 61 15.3 4.0
2000 5/25 7/20 9/11 61 14.5 3.1
2001 5/25 7/19 9/7 52 13.9 4.7
6/3 7/24 9/11 52 13.4 3.2
1997 6/13 7/30 9/11 39 12.1 3.0
1998 6/9 7/28 9/10 43 13.8 1.9
1999 6/4 7/25 9/9 67 14.9 4.2
2000 5/25 7/18 9/8 62 15.6 2.3
2001 5/25 7/18 9/7 54 15.7 4.9
6/3 7/24 9/9 53 14.4 3.3
610-14
1997 1998 1999 2000 2001
/ g kg/a
1997 28.9 53.4 17.7 49.0 138 2.7 37 103
1998 23.4 60.1 16.4 29.6 177 2.5 44 109
1999 28.9 59.5 11.6 39.7 204 2.4 48 90
2000 12.9 75.2 11.9 45.6 324 2.6 84 116
2001 4.3 74.4 21.2 50.6 175 2.9 50 60
19.7 64.5 15.8 42.9 204 2.6 53 96
1997 20.7 62.4 16.8 53.7 114 3.2 36 100
1998 16.0 69.8 14.2 25.7 142 2.9 41 100
1999 35.9 55.8 8.3 38.2 205 2.6 54 100
2000 .6 79.9 10.5 48.8 210 3.5 73 100
2001 .8 78.5 13.6 25.9 210 4.0 83 100
18.0 69.3 12.7 38.5 176 3.2 57 100
/ x 100 610-14
N PO KO
(cm) (cm) (kg/a) (kg/a) (kg/a)
1997 6/13 75 20 0.25 0.75 0.75 2
1998 6/9 75 20 0.25 0.75 0.75 3
1999 6/4 75 20 0.25 0.75 0.75 3
2000 5/25 75 20 0.25 0.75 0.75 2
2001 5/25 70 25 0.25 0.75 0.75 3
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3-3-2
26.7%
9 10 37.2%
11
204 |/
31g
9 1 55cm 63kg/a
14.2 4.8 7%
6.6% 66.6%
cm
2002 6/4 9/9 55 15.3 4.7
2003 6/5 9/12 54 13.1 4.8
6/5 9/11 55 14.2 4.8
2002 6/4 9/9 57 16.9 5.2
2003 6/5 9/12 66 15.6 5.2
6/5 9/11 62 16.3 5.2
10
/ g kg/a
2002 6.8 66.1 26.9 43.3 211 3.0 62 70
2003 6.3 67.1 26.5 31.0 197 3.2 63 83
6.6 66.6 26.7 37.2 204 3.1 63 77
2002 6.7 72.8 20.3 24.9 265 3.3 88 100
2003 4.6 79.8 154 17.0 231 3.3 77 100
5.7 76.3 17.9 21.0 248 3.3 83 100
/ x 100
11
N PO K20
(cm) (cm) (kg/a) (kg/a) (kg/a)
2002 6/4 80 30 0.25 0.75 0.75 2
2003 6/5 80 30 0.25 0.75 0.75 3
3-4
3-4-1

12



12

(2001 2002 2003

(3312) @G711) -
(3312) (3513)
(3312) (3711)
1995
JHS
3-4-2
13 2001 2002
2003 3
@ @ O -2 5
13 (2001 ,2002,2003
2001 0.6 0.9 0.9 13
2002 0.7 0.7 0.8 17
2003 0.4 0.4 0.2 12
0.55 0.65 0.62 42
() @ ) 1) (2
42
3-4-3
(@)
2003 DX-500HPLC
0.ImMNaOH
5
-20
49 80% 2
1 80 ()
20 100ml
10
0.45um

HPAE-PAD
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Abstract

A New Green Soybean Variety “Akita-Kaori-Goyou”

Yasunori HIMORI ,Nobuichi TSUBAKI ,Takao SATOH ,Yuko SATO , Kazunori SASAKI
Hiroyuki KAGAYA Fumio [1ZUKA Asami  KIKAWA and Koji OKADA

YPresent address Akita Agriculture Public Corporation Agricultural  Experiment Station Akita
Prefectural Agriculture, Forestry and Fisheries Research Center , Retired Akita Agricultural Experiment
Sation

“Akita-Kaori-Goyou” is a new variety developed by Akita Agricultural Experiment Station, for
the purpose of breeding of a good-taste and origina green soybean in Akita It is a selection
from a cross between “Noushi-Chamame” and “Turumusume” made in 1994, followed by line selection.
“Noushi-Chamame” is selected from loca variety in Akita.  “Turumusume’ is a well yield, good appearance and
medium-maturingsoybeanvariety developed by Hokkaido Central Agricultura Experiment Station.

The Agricultural Characteristics of “Akita-Kaori-Goyou” areasfollows:

1. Maturing is the same timeas“ Kinshu” and belongstothemedium-latematuritygroup. If it is sowed theearly in
June,itisabletoharvestbetweentheearlyandmiddleinSeptemberatthesouthinlandflatregioninAkita.

Leaflets are 5-foliolateasthesameasthatof “ Noushi-Chamame” .

Plant heightisshorterthanthatof “ Kinsyu” .

Rateof podsthatpossesmorethan2grainsishigh.

Appearance quality isgood, because young podsarerelatively largeandthecol orofblanchedyoungpodsisdeep

o~ D

green.
6. Tasteofblanchedyoungbeanisverygoodforitssweetnessandtasty,whichisbetterthanthatof “ Kinsyu” .

Key words
Green soybean, Akita-kaori-goyou, Breeding, Good-taste, Sweetness Rate of pods that posses more
than 2 grains, Number of ledflets, Medium-late maturing
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