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　Ll｝1｛．・・1　　　．丁…一’一一　’一一　1－”幽”一幽’一一’’’’”一　一一一一’τ一一’一…－h1‘
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　　れ　’勢奪奄こと2♂あヲう。

　　不聡王賑1コ顧励珂究膣彪伽…往碓」二で墜

，莞堤君へのイ郵，イ幡の陵象癒の初究．

残ぱ禰溶勘註型トぬ不濾魂象の珂甥
岬如。ここ2・庄べ・る登精復の駿驚生の塁塘

　1二つ“2の繍齢揃勇や梵漁・参℃1りu
　之の苅房t守ヂタぐη報告かあ姿（Brink　and　C。。P・・

　lg47・Nishiyama　andエn。皿ata　lg66）9しかしな於うミ

　Φを雑ネ初・宕一’筐‘＝閲すう望霧髪歯冴T禽伊牟’ll

取庶1ギ存“ごDa七ur』壕雑不孝。盒・世こ＿い

セ，当の衡癒しビ穆6繊継王崇1＝疑芝

　しZ．・偽’司し切a七ura　g崩の4つのうちのイっ1

ド遼八隔と∴鋤蝉旛イ立一の鞠の稗榊

不韓Fなり，・の物疹戯灘諏物餐’であ3
と孝庭士れ声（Rappapor七　皇工三皇ユ：・　：L950）．’賊6併ゼ

昼飾、7ミノ穆舗囎覆’の・受の皐禰熔

俘とんと混紛ない・樫干極走遊詮？ミノ

臨禰1富鯉塑の鵬い薙蹴Z・、時闇
鍍化鎚）爾知吻り（Duvi・k・952）4雛

一一一3穆ゑ崎嬬噛誰於遍隻の蛸伽潮
　　　　　　　　　・　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　、・　11



　　　　　　　　　　　　　　　　　　2！

ぺ弓軋zい議彦z届3（Fuk・sawa聯）・安難7

か俳間御祈究のうあ勧受羅祷右左
彦θ良窃る御究と／宕わせz．葎熾労凶を阿貌亀

笏｛，・イ才・βどρδう奮筋履の雪イ6A』扉f舞り’二

牽しこ7zい3杁2｝暫可究『る＝妊、守す也7）「ごあ「き

と考覚蒼。

　　　　　　　皿　巽蟻材跨

一都吻・鞠・IF材物吉Bra＄・ica雁の翫壕と

R直Dh。nus　sa七ivu・4矛鱗ごあ乙．Brassica最と

i塑の同鰻4櫓本1ま・g5・与伍ム稗訓レヒ与
…》処邊着衿ムしZ以来．参都ズ糞幕’_都産

順鏑勇憂燦続條蒋に鉾もΦ、葦家叡肴．
次誉」隣御施物鳶糎軸販ゴ作・，’修存し気

唾ト禍，岐享馨孝試験場爵防しZ去仁も
iOご畜う。γれ辱差癒3Fさとあz矛・す（蓋

3）・鞠と伺呼F本臭蛎に供試し綿程％、

擁をイ轍，デノ窮翻．袖σ4繍狸勘め
L．来壱言乙乙存。

　1ゴマ∵∫一…一　一』π一『一『…』』『’一一…一一・一一一一一一一一・一一一・一・・一…一一一一一
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　　　　毒3淋参毛θβウわ・1莞「よ3｛二2f書イ孝7の丑．

－ssp．一と2櫓4牢旦．・a皿Des七ris　ssp．

一，旦一ssp・raDif・ra，互・camDestri・
ssp・。エ・if・ra　l捌司びデ1ノム式aa去博フZ・13こ

と1諏・rinaga（ユ9う4）PぎフZ転卸軋Zuさ．

存奇Brassica魚一1吉毒Zl＝誉乙し乍亭うド塾．

。・・racea（CC）と旦．曲聖皇（bb）乏甚本のデノム型と

　　しZ，豊・趣1塑H・皿・L（2皇・う6－・aabb）’箆・carina璽

B－（2ユ・う先bbcc）と皇・幽L（2旦・58，　aacc）辱の複

一禽本た臓立し声．’ ??h溜り，嘘フ～非
律ヒ孝・、爾作b伍の溶いモの「ポわ・1，ガあさ．

　　　曼・塑遡SSp・・hin・n・i・，　SSp．・kin・n・i。，　sSp．’

迦迦・ssp・幽1ま肉し・ゲ’ノム云’aa凝寺っ
’稗’老れ算の彫負睾・的な差婁’まθβδ喪z・ざ．姦うり幽

：間1＝冷取オれる皐膨建の訟豹1牟落易z・お言。一こ

働至・－ssp．・kin・n。i。の受親1豊雷＿，　Z
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ノ

1解い胚穿Lq発生紫的准ろサ免膨〒フ拝が．菱札

一＝先立って！司ビデノム樗哉さ持一フ呈．＿

・盲s`、讐杢勢．攣・5P∵ekin・n・i・との間



　　且4

Z物2峯x2織幡4罫4勤安穀榛と調」隻し←。

当の季1｝，果左憲4Fオ三す（1毒一∠ト）。

　　　　　　　　　　　　　　　　　リ　　　　　　　　　　　　　　　　　　　　へ　毒4F柔し存蓮り．2倍犀何士鋤ま牛確膝

同士q雛餌窃粗ボ．伺醇ソ4武’a逆囁）
毛oの間ブは魅・，孝奮｝…韓サ圭と養卜芽車力、・孫も硫

　き＝とうv！分セ5、フβ。　与五x堅一9孝鯵2“呼茗…毒｝夢教

牲陶傘リ湛くなムフ虐バ．＝描糎｝6イ摂勤

確確の全旬樽く膨粉の一澄差告！宗依∠奉

　1，事赫z・あ3と」i藝戯れ・1ら遭ン褥Lβ字⊇与Lの零i参芽

刻富2五・2三の場倉と同様橘弘・ンβ1。　一

　婁賄二あβフz⑥．物材秩2・お誕・
’…racea群と駒絢’ピ木多謹1＝穏袴し．‘・師

あ、二r磐）一｛㊥食の移殖～些．翌年’自ド2向θ円、

勅拒芝行ない．彦外に醤寺ノ『きβ霧り淋弓砂・

ラ趣肉F入峨軸兼㊥し翫寄鐸り陀
のBコassica難と一類と1守10昌和・引1筋
あドフト籍仁ゴ缶垢…し，　7ゲラ又皇tかガ零忌茅ま一亡．

翌年’肋中ドケー飴の務彪芝粧痴鉢ノ4ア

落“，2θ中《うま1＝6・げZ2爾βの拐葱
．多ア存ご・．犀升一ら銑P警一L量翌」睾ミ，3β沫挑

　　　　　　　　　　　　　　　　　　　ご一　一



r

2よ
一　一一一’幽一凹　，

Hl

d
§

卜｛1

創

勲
o
o⊃

羽
口

Φ
日

H
執・
Φ卜⊇

貼
Φ曾r1

　臼
切十⊃

幻oα

Tイo
¢ρ
ロ】Fi

Oq6
臼OIo

も→o
o・1→

　oo口）u⊃

Po5
H臼二」ρ舞

鋼
●

①

H
ρ

臼

　1目
　rHO（て1日・r→Σミ、

①臼十⊃）
ΦΦ応
のヒoq

d　（Φ＋プ呉

ΦΦ）
こQの

　　Φ
臼　口
o【o・r→

　bo・Φ十⊃

oΦρ
該u】o

　Φ
　rL¢
　づ斗⊃（
　α】目〕臼
。Ω1口臼
卜ΦΦ）
くOH

　u〕℃1
　ΦΦ
しir－｛q

oづTイ
．開
oo｝罵
渚oΦ

ら
唱
・「｛

o
H

u唐

9唖

o
臼

o

’

ゆ ひ q⊃

●
●

●

ひト トひ ゆひ ooH

酔 “
◎り ぬ

●
●

● ■

Φo⊃ いq⊃ いH ひd

9⑩ひH

創菖 ⑩瓜 卜orl

瓜 ひ 寸 砥
■ ● ● ●

Φい ひい αD

I
o瓜

o 卜 庶 o
rl 周 ㎝

k1　団へl　　cu ｝く1ぐu 団N 剛　　レ引≒ト　オ

牛団　　図1ぐ　　ぐ

・r→ ・rl 肩 “
婚　　05 o o O　　q5 嚇　　苗
目　　㎝・H　　うo　　，冥ぐu ㎝さ

　q　引
＝iM　　q5

§塁 畳還
十⊃　　OJ o φ 十⊃　　o α」　　十）

1　踏　・　，q　　　　l● 1　刈 綴　　　1

ΦH　IO
冝@　・H渚

巳o×Φ・「1呂　　日

運鞘 ぴ長
器鶯 出o 臼05 o　　，団

o｛　o
湿　　　o
ﾕ」　　ρ｛

起　　臼 N 禺 ρ1　N N　　P｛
・H　　　O o 剰 Φ　　　o o　　　Φ
出　　口 渚 呂 の　　屑 窓　　の

垣」1』ト　ーコ



　26
3ガうス塗鋤・務しZ．身瑛1＝償し芹。

　更雑の冒分蛮博，開苑ユP酋と駄つ・1へ説返

踪協し，疏酸卿堪2・・嬢、、，ユ㊨後1＝蘭苑し

一F乾の乳おと牛愉の9呼ハう’1呼の月幻斥援均

F嬢し’垂ara・・i・鞭2“1吉知劇老序当り1・苑

彦確雌し．喜帥美1・声苑左ナ乾6・参8拒勘．

他1キ諏り踪・乱塑里類訓・劃bド咲く苑
の敬研’トなくタ彪6・≧6彪乏傑耀し．婁か咲

‘1声乎偽説差爾“’β．安雑麦牛白瓜う6々

寺酒超輔の彪芹左読艘勃の袋Z・・乞ひち柁

の髭とのゑ麟妥物左ミ還1ナ討3’＝是壱し乱

新型ナフ・又．硝歳とチ房の爵蓑豹・勘毅封・

bψh宴螺勘Br。。si。a薦呼各倉の受紬胡L一

塑主皇，ssp乳　chinensis　（2且＝20）と　曼．　≦遡　ssp、

・ki・・n・i・（3皇・4・）1こつ、IZ・々のよ31こ谷なっ弊．

　ssp・・hin・D・i・（2且・2。）xssp．・hin・D・i£＜2ユ・2の

　1ssp・chin・n・i§（2旦・2。）xssp・］幽襲（2旦・40）

　ssp・ekin・n・i・曳2旦・40）xssp・pekinen・i旦（2皇・4・Q2

　ssp．　　ekinensis　（2旦＝40）　　x　　ssp．　chinen＄」．s　　（2n；20）

舳迦贔瞭緬繍のようド行寿〉浄，
　旦・・a七i職旦（2旦・18）x旦・・ativu・（2ユ・18）

　　　　　　　　　　　　　’　　　　　　　　　　　　　　　　　　　　　一　『一　
．　 ．． @一　冨　『　 一　 昌

一一一 @　．「　　　　　　　　　」‘

　　　　　　　　　　　　　　　　　　　　　　」　　　　h　　　　°



R．　sativus　（2n＝18）　　x　　R．　sa七iv・us　（2皇＝56）

R．　sa七ivlls　（2旦＝う6）　　x　　旦。　sativus　（2旦＝う6）

R．sativu。（2ユ・56）x塾．　sa七ivu・（2旦・18）

27

　存銅葭伽剛勧傍数性の礁知言蘭酸かミ
ンの押壕し該ご見物ρ知舵の序茎浄の辛直躰芒

観豪し之4アなラ≠…。　寺βハクサイとキヤへ“ツ

の1灸孝註ぶり霧乍フ益・泌⑦…塗を搾碧丈の参局霊」・ぎ．

植物グ牢切根端ゴ弁なっ吾．一 ｡粥P博淋永（o°c）

2“24時問首タ画≧後，？セティツつア・し⊃『

lt！ζ氷葎誓疹婁41♀…アろコ：4Lμノァルコール3）－z覧’

個建し．フオイ’レデキ反柔・で，…葉多熔鴇〔と義盗

譲しド。　　　　．一．　　　、

1　　　皿　雫鹸牙訟す1よ一6ご多吉果　　・一一一．！

lA，2イ躰Bra。si，a，am。est。i。　L．。。p．　chine塑

・　（L・）　鮪akino　と　1司7宅婁　∠←イ：暮トイ奉　　工…。　鯉二主皇　L・　ssp・

・kine・si・（上・ur．1・ユss・nの灸籍繍一念催’二周すも

府・究

：　　（1）　骸弩生学白うる1ア究　　　　　　，
　　曾　，1　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－　－r　－’1■　　’1　－■　■　一一一一冒　　玉　　一　■　　　　　　1　r｝一幽一顧一一　　■　・　　　・　　　　　」　　　　　　　　　　　一一一一一．一
　　馳一．・・i・：｛：llヒ」
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　　　　　　　　　（　i　）　　自烈糸ブチド孫1†さβ室考li5餐三

　　　幽…sa七ivus　（遥ishiyalna　1952a，　b）　z‘’1ま：2≧三（9）　x

4峯（のの受季踵，＝訴・、1コLL吉斐一去節菟与万｝14皐ら紀な監・

鶴卿）趣（げ）罰吉小す・凄獅鯵粥診軋

Z・帰。界Brassi・a飯・伺ひ・デ〔務碩嫡

す謎・甦雌・旦・Chin・n・i・と塾・・a皿・eS七ri・（・皇・

raDa）ゼ博2倍糎一と分琴φ1司硬亭ブ蓼覆の妄隷

・ゼ準卜芥室さ弄皇3－1キ侍とんど得．も軋為か一フ．6」，・．．

（四ishiyama　andエna皿・ri　19ララ）。H＆k鋤ss。且（1956）’よ二・

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　へ。1・raceaと｝ca皿Des七ri・（＝B．rapa　帽一暫　　　　　咀一ロー一肉r一一）⑦2彊熔乏向侵

4屠イおまっ主墜安峯屋ξ試かト穽拳吉桑，’謹常こ禦

ら切正藪裕r・勘爵．1喪鵜胚∫知丹塊
が有・・〔宅めに澄芽す言． ?毎齡祉ﾓ專う武奄話ド・（箋。

寺樋・9逗幽皐穂・鯉pes七ri・との問の孝壷間受舞’，

ド轟・・対謎の墨翻赫淑各窮β㍗蕨．多し．

9謬化か醗卜窪わ舞）k乏しo歩気，丑蠣を着穿禮

尋博考昇｝ψし弩かつβ．

　　　：二1＝吉・い2r書．　診戴’．委タヂラr’，許けδ24書

4麹・－Ll・直P・chi…si・（L．）トエak主・・と伺／藁4

疹犀円至ボ＿いsp．幽，nsエ。（Lour。）。・ss。・

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　’「　1　　　　　1



　　　　　　　　　　　　　　　　　ユ9

よの正鯵雑1コ尉δ胚器劫疑・蜘・粥あ
τ魅会紘な堂一葬翁秘ラ’・麓暴しに．

　　　　　　　材野品σ矛該

　2御盛＝・含餅樗決欲§く諮プ魯一フ諺き

Σ陶・・Z・，2五x2五，2茎x4五，4五xz堅と4茎x2茎の

安6罠P霜酷彼2β勧・〃・うス慶内ブ弁奄っ径．
　　ヘ　　　　　　へ

　与房1言量ゆz復P．3白、6白．マか．12
β，㌫β、匿白と烈θβ｝’・峯々し染れカ’しノウ

　も @　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　 へ

鞭ゴ約1碗間㊥建し，フ）…　てプ覧72β・液2・

凶呼紛葎勘麸彫〒奪っ札な諒っつ二激衰2・・

へ　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

…御1寺く§直す8おト談量し¢。⑤箆し良

i麿糊曽づ’りノー1しジ1－2・さ陶・・2人・うフィ

i》け賦し．ll～’於クb凋爆≧ワ、・う）

1イン⑰片乱澄り．・、プ7㌧〈イエ／鍛D！、一二
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ミ・uクとかセ’イン隙鍋粉鷹・芳ε楽力域．李
へ

曙快（。闘ご3侭1あ？1㍉〈痔一t＝。｝ことαかGh才麟

ぐ鷲潜潅合沌勝い．凝晦唄三．4茎x・・型

鴨勢／湊物お軸夙な“房喫ガ4イ◎t魂い，

ラゼじ薩冶解♪1躰添加し㍗凪（Ch）之・9僻

ねナ軽ミ・の兼描継ブ3伯、q・二Ch謹

犯茜一副oイ励得い伴。hず’・にF鳶、M2磯
　　サヒ司だ巳渉・守蜘厚し乖禦ノ各物に芋。マ欠舗童1、

わ’“

?ｦ畔・2蓋x纏z・’1瞭モ良く墨彦し裡
　　　　　へ1寺，C運の場艶z・ゼ11early　t。rp・d。”型の胚2・諦・

箏ゐ、’㌧4蓋x2玉Z”1担EとGhφ凪1・志、1，　Z飾1・

擁し下β琵毛つ彫悔得う歌下．

　1臓トンλ一スが袖ドミ蒸加しド星，・わいz
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窪芝潔・ある騰Fし袖ら‘縦ず’2茎x2茎．包xz堅

．蒔、，2各≦1楓の”e・riy七・rp・d・”型の駆鋳

苔画2吻プ障（一竈2ヲ）．

　解罎の恥二離が哨失しZ碍フス存在し実・

，、輌の数・恥・一巻ウμ凸のqし乍力築’．2蓋x2茎と

4罫纏ハ寺，魚ニタタ・の袖憂5．郵鯨胴’圃七・・p・a。膠1

型醗の務フ¶ �q脳尺エ窃錘行なうと・
解9穰疎賂1＝膨筍き壱Φ樗，」浄1！諦訪

ド・
艨Ed・・冒型『 ｫブ誌潅寄さバ・．屋う2・一奄・も

船卿紅蝕昂引手と’∠ど驚塵t勧羨一

131遡一南硫乍。　．　　．　　一　　　一一

1　　．　　1　　　　．一一一　　　．一一
i　　　　　　　　　　　　　　　　　　　　　　　　　　．．　　　一　＿
1　　　　　　　　　　　　　　　　　　　．　　　　　　　　　　　　　・　　　　・　　　I

i

峯爵暗擾と念驚鼻件下ゴの匿の端）塵の比最
I

i脂の頚とさ仁峨し札1、ず軋碗鍛齢
1一せ1・缶・・之モ、疎熱守斡げ重者・貯鶴糎与一8

．．

pgう争ゴの伽泌ま軽凌1詰㍉濾劇3拠遷
　L！1・ζ　　』　　　　　・　　　　一
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7て論寛し竿もq之・’さ鴇（「ii・hiアa1・a　a・d・n。m・t・

・966）．ρ噺会而場右1ず，むユ4鮪一萄㊤の黛

伽恥＼弓t捌誰し㍗｝1誕紫乖S的・・葎乏嚇

協F趨ゐし，44Pと律渥しt時諸編ガ錘鷺

巣し勧nゼ昂．こ嶋り臥瞬し｛守噸
れ嫡じ㌧1吾睾ゴ，力凶う・レシダ噛2囲・Ωzケ

・Y今し「匡。⑳クづ・弓奄P膳6・な孝ラし・、齪

　　　　　へみ牛下2“皇宥去辛瞬勢’一をδと凄ハ弓ゆ隈

蛛疏鍵砥軋翻嬉比～Xヱ玲毒与房嚇
ら収托伽守、安伽復1撫βり劇・呈罫，。窃…z、

武’3帥ウ7酵旦蜻戸喰、・ニーけおが）

乍。．怠ア3受旗イ豪／ケθ厚にみ1プー3謎か・倉羅御〒

下9！3峻1す訳！分鋤蕨砺）渓……浸の槻契豪，
　　　　　セ　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロ　　　　　　　　　　　　　　　　　ヒ

し翫笥静の踏蟄梅銅弟婆は，1つμ甥
　　　へ健や、㌃勉律令℃に圏扉なく，⑤し・2・・あ飛

奮諺可鎚奪穏｝t・存亀と恥hれ諺と秀ξ購に

彦しユい奄一陪訓吉．秘蜘溝も竃がナ冷講

く，稼俊矧寺と妃釜締し2し手・z・・斜
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　θ甥簡峠｛ヂ・｝舟の入工場肇と4テ存フ擬’

伶、当の糸ξの条豊・含℃ド舛し

毛う寸ぎ。芝牝博、そ祝と斤信フzゐ’・ケ勤．1

書赦要しZ朽物伽ニプ嶺¢赫，飢縁1牛
　　　　　　ぜ　　　　　　　コ　　　　　　　　ヘ　　　　　　　　　　　　　　　　　　　　　　　　　コし
ブβ灸王朱9粛ξ・彦i左さ一tノ：責穆≧そζこ40β蓉とに畜Ll口

午丈窟レ訥五し蝕叩を・おδ。　　　一巴

（2）蹄似τ一碗湊’・よさぞ｝1嫌猿

　　　　　へ　　　　の脊域

d）命燃：壮錘に楠麟し｝ラ｝陳
　　　　　、　　　　　　　　　　、　亀，‘　聰L

　　　　　　　　　　’・，対1殺髪恥髄

　　　　　　　、

　　　　　一一　紬”．一果

　　轄恥し2餓餐件下・跡・帽委獅謝

論惇．磁軸蔭1－“Z，脚葺さ薩
　　　　　　　　　　　　　　　　へ　　　　　　　　　　　　　　　　　　　　ゲ逡惟，得臼碓裡斗の弩茅琴｝寡論五．し．

1蘇巴秘1＝肩．謬2午中N・．1曜τ癖．

　今〒奄フー再（§を∩タす廉2L頃もσ～Z・・あり　NO謁
　　　　　　　　　　　　　　　　　　　ノ
゜み勧人丁傍撫行奄・臣とき諺げあ1

．NO．3とN・1∠←1擁槻廟跨働暑応P｝擁

x瑠ノ条のう才騨恥あき（フ縫，ω曙
　　　’　一　　・一　　一一・一　一・　　　　一一　　∴丁
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田ab・・24・ i皇灘旦ぞ
　　　　　　　　　　　　七e七raploid

　　　　　　　　　　　　　　　　　　　　　　（皿m）

1｛o　．

2xx2x
2xx4x
群XX4×
4xx2x

1　率

24

　5

2う

　5

：譜：毒鴇讐茎夢皿謡皇宅聾v1課。一

て雁）un而na七uでal・。ndi七i°n

26．9

う6．0

4C．O
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O
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　0

δeed．

se『し

（多）

12．9

C．0

17．2

　C．O

5eed
ge「恥工一

na七⊥on
　　（ンの

85．5

94．7

　　No　．

2xx2x
2xx4・x
4xx4x
外xx2x

2　￥　峯

57

12

70

1う

29．5

う2．0

52．ユ

う7．8

126

o

う59

　　0

18．8

O．O

20．う

C。O

92．O

95．1

　　N　o　．

2xx2x
2｝：x4x

4xx辞x
4xx2x

う亭苓

11

12

8
］．o

う4．4

20．9

う6．9

41．5

25

　0

2う

　O

lL4
O．O

12．O

o．o
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　　R　o　．

2xx2x
2xx4x
4xx4x
4xx2x

4　率　幸

7

9

9

8

65．5

57．7

58．う

6う．O
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　　0
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　0

72．8

0．O
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O．0

90．4

6う．8

寧

車ホ
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　δ～際1イ対三肌声2ヂ誰：三博r畝偏＼ζ磁僻

二桑恋㊤イ孝蓼ガ吉「り．’司喰4ぞ窪｝・体1守1ゼ寄“、にも，

4－一一フ白票ガ窃る。

　2xx2甚と4玉x纏z・・1守、　NOI∠←の2蓋x2甚の趣

王搾・・21・ずれで、孝の写‡わv冠一ぐ，…陸’みq

芽念惟毛但b・7㌍。こ岨穿杷苑惟搾物のB・a・・i・

乙β3直し乍3肋と考ミウ“・七診。　寺冨卜NO　4碗

2五x2五の場斜ま，糎｝き差膏稗，う一章者培．1・

あおモのz・あフ乍の2“，葎｝穫偉博他の桝

さ醇ぺZ非牽1，為ぐ，2葎崇塗験にFDh㍗軸

つ卵10％，低弓ユクち・方毎後の孝亀｝秒・撲2・1あっ乍毛’ ､

稗．ク2・暁ガあつ祥。しかした婚“疹，得蝿．

葎与の澄磐雌2罫2五と頒継ガ、‡N・幽
　　　　　　　　　　　　　　　　　　　　1

纏x纏王隙・2．nずれ鮒銑厭上さ奪し．
恥灌｝霧惟1部雛数（2峯x2五峰2・，堅・導三

亀か2奪）と4專ら千し奪韓｝、鴛C7気弓書†算し‡三。遂1

4五闇司正話憂≠注に番い≧t寺，ラタを実の房玉≠1寺ll

かド葵座し事と憩わ蝶代葎子1歩力脚1

鞠覇魔し2億“，委羅穆は，曜・厨
倉【。箭い之モ碍一ち．軋な渉、つ一←（’ `2午）。
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　嫉のρ僻ムF楠噺型ナ7ワえの蝕．の
　　　　　　　　　　　　　　　　　　　　へ1桝耽、勘〒鳶つ下7・v・この呼t頃｛§芝bら‡ご「≠「薩

御倉せの鳶鋸尊豪且占しz．“ず“しの場・宕【・

審“Z宅裾漁1拙嚇弓灘埼渦ド救磐し≧、
牧疲書ブ辱奪、葬の≠安‡1ラ写う帆←滝｝㌘ζ

蕩纏μの舜｝の錯茎辛耳か訥蝕へ穽・
．．当切疑早と意客ケー工と冠ユケー£ド牽背ζ姦2タ

i’2レ2）。　　　　．、　　　　　　一．．
　一皇．c棚Des七聾溺5としZlま，丈田芙、野↓奇魯：峯、

塗「ぴ小茱…，粂瀞白一集，卑・圭・F煮菜と二曾自参

1知働丸旦．鯉謡鈴†ラセッ触二．
沖聯孕隻メと野」‘1｝牛・芭司を軌左≠〒な，†rもの．2壕、・

i正渉媛鞭‘二対馳の姫6≠ア倉7右．婁’

駿勲・．⊥1謝・2朗寸クセ・ソ到窟塁命ナー，

…財騨鞄郊薦勉診島と，舞｝溝惟侍ゑ
・銚1甘つzが奄1，姿フ乏“2，奮訓隊’虐

；円ガ之・1九，つ擾畜タ33％ガあフ密．痔多軋声．’

E檎姻跡熱削早劉、潔菊倉謹ε～鄭≧
．し

盾P蛇泌～1〃嬬を示し下．キヤベ・ツの牙の
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｛Pable　25－1．

　　鯉P皇s七ris
畿蜜s藁雛s器。呈x麗モ謝。暮瀦謙

Cエoss

No．　of
capsules
exa皿ined

Av．

caDSUユe
ユen6七h

（皿皿）

No．　of
seeds
ob七ained
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se’し

（力）

　　　　、5eed
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na七iOP
　　（％）

R　o　．
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ヨatana
　　　　x
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Succession
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　　　Hataロa

1

7
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0

O

11atana　and　3uccession

4a．1
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う6

o

ユう．4

O．0
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　　　　x
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　　　Nozaki

2

7

7

6

7
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88．O

ラ

o

o

o

2．1
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o．o
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　　　x
　　　lKabu

う

9
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5

8
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25．5
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45

O
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o
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O．O

47，ラ

O．O
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6

6

ヲ

6

27

Nikan皿e一七aina　and　3UCCeSSiOn

＼

27．5

21．O
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自謹ゴ健擾狗得う・1僑“毛の宕あっ卑．4

糧臨一窃・・z牟姉平偽の霧の毎±1守．塾．’

＿1夢≦ま・ζ多一ナ，二犀）〃「拝紐／参℃の今！含，旦．「

璽acea離命ナ’＝し欝のず・書冠く，％
釦励昇士z・あブ俘．正差養艦1＝窃・・z’は∫

考ξの甚さ1吉汁擁彦婦のと1覗嫁1一港差峠

毛㊥・クタAフおバ，弦軋写の如仁；・1・1寺灘・

わ麓日目さ・胚港生．《ち〒な・h4｛・葎と聖、4フ軽3，，ζ

しセヤ《・2」とフ2ご手つ乍一ﾗ霜砕β撤癖
在し勘みを．濃建慮噂霧一星奪と・嬬鈴セ．

・一の裾乙A弓．右得る二と’1轟辛なゐP章．＿一，

　　　　（ii）一胚暗旛一　「一　三．．

　Brassica　Fま一・Z1吉，自そ語益の祈蒐1蘇，な

｛・桝，B－ical略、†る液間婬住z・・、守勤1尋1

くごうい襯．ド恥．し6・撹4化享梅麟

尉くイ微砺こと1幾僑糎上曼勉窃38
ミ↓軋Z・・凱豊．。ユ。raceaと．互1，a，、pe。tri。と罐

の正毯妄霧のう鎚．坐。。，。ax互．，㈱，。t。i、ゴ　

　　　　　　　　　　　　　　　　　　　，’・1「



　　　　　　　　　　　　　　　　　　　ゆ7

艀蹄・隠し漉盛鋤3こと1減功し剛
勤撚七2雫恥鴫飾舗1＝歯磯し之億・

　　　　　　ヘ　ラ　なラの2－，肝t晋虜）Fキフz薙葎1筋酔軋zu応1

覧、（Nishi艶亟．　lg59）。些ca・ηest・エ・⑦2借42｝・と同

’幽イ唇励正鹸薙に志・・z毛，漉塘袴手1守

：僻賦な・㌔肛祭当学b嬉阿箆1＝よ於，こ

1む瘍／飾範事静束1越としz磁し毬ら癒ド赴因

・霊苓こ一とか冷ゐ・う乍（Ni・hiyama　andエn。ma七a　1966♪。
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一抑一尋髪1＝甚っ・・“2旦・ca皿℃estri鋤2舟熔と

洞優4衙牢の正蓬妄軸＝由・之，1．峯のe禰壌

泌福1・薫掻1・晃職恥「土’し2、く丁窃飴も

燵コと試柞．当峰旅乙じ人デ1一達ぺさ∴－
i”－－一一　　　　一　　　　昌．』一　　一一一一・・1……
［・三一一　・　・一…　　　一一　1’・一一
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　　　　　　　　　　　　　　ロ　　　　　　　　　　　　　
L．．．　一．　労　　　三去

L城吻雛b軌なζ砂澄瞳bう冴塗の締
i旱礎づ・u㍉離砕あに降珈，強鰍
日感輪嫡てつな醐と鞭畔．蛎纏、
i2蓋．陪・．乏蔽軌伽ユ囲，．趣脚二あ7で
　へ
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童し耳ま…宥暗ノ叡酔Fゐレ1・。醜寺t2塗漆

し1㌦胆の禍玄牙蜘酬an。v・・b・ek藁里．（・942）1・

わ乍。毬雇し奪級侍26・・°c，10・Olい・クえq
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Studies on Cross-incompatibility in the Family
Crue iferae from the Stanclpoir.t:; of

Developmental Genetics

By

Nobumichi INOl':IATA

Summary

In order to study cross-incompatibility in the

family Cruciferae, the follow'ing experiments were under

taken. (i) Histological and embryological aspects of

seed collapse in the reciprocal hybrids between diploid

and autotetraploid of BrassieR campestris and Raphanus

sativus were studied. (ii) According to the results

of the above experiment the artificial culture pi hith-

erto non-viable embryos, ovules and ovaries Vias attempted,

and the medium for successful culture was pursued.

(iii) The knowledge obtained from artificial culture

of reciprocal hybrids was applied in obtaining inter

specific hybrids of the genus Brassica. (iv) Basic

studies on the effects of various conditions at artifi-

cial culture of ovaries, such as mineral salt·content,

sucrose content, physical factors and planting stages

were undertaken. (v) Transition of free amino acids

at developmental s~ages of reciprocal hybrids which

. LlFF("i';:;
• -~.-~--- - -- y -,_ ••• - .. ~--~-_...-~~~ ._+--~.._---~~---.~-~~ '--~--_._. --.~----._.-

~----- _..~._-~~



363

were hitherto incompatible was studied.

The materials used in this experiment ~ere eleven

species of Brassica camoestris L., four species of B.

oleracea L. and four species of Raphanus sativu~ L.

The results obtained are summarized in the follo~inG:

(i) Embryolo.5ical studies on cT'oss-incol1l12atibili ty be

tween diploid and autotetraploid BrassieR a:Q~l Ranh8nLl.::~:

In the process of seed development in the crosses be

tween diploid and autotetraploid ~. campest:ris, cell

wall formation in endosperm did not occur, and after

abnormal vacuolization, many kinds of abnormalities of

nuclei and collapse of endosperm were noticed in the

cross, 2~ x 4~. In the reciprocal cross, 4~ x 2~, de

velopment of endosper'm was poor and cell wall formation

started earlier than in the parents. Afterwards collapse

of endosperm occurred. Embryo reached to the globular

stage in both cross combinations.

In the developmental process of ovules in the

crosses between diploid and autotetraploid Raphanus

sativus, cell wall~ormation was suppressed in the

cross, 2~ x 4x like in the cross, 2x x 4~ of Brassica,

and many kinds of abnormalities of endosperm nuclei

were observed, and finally endosperm collapsed. In the

cross, 4·~ x 2?;, deve19pment of endosperm was poor and

the cell wall formation took place earlier, but devel-



3 &4-

opment of ooth embryo a~d endosperm v,as almost normal,

and as a result, small viable seeds were obtd.ined.

(ii) Histolor;ical obsGJ:,vation of ovule and ovary cul

tured at a certain developmental sta~e: To obtain

viable seeds from incompatible croSSeS between 2~ and

4~ of Brassica, ovule culture was made and developing

ovules were fixed six days after explantation (15 days

after pollination). Histological observation revealed

that abnormal and undifferentiated embryos and anomalous

suspensors were formed. Endosperm did not exist in most

ovules, though ~hen it existed cell wall was formed in

certain but not all ovules.

Ovary culture was made for obtaining the hybrid

seeds from an incompatible'cross combination, 2x x 4x

and 4x x 2~. Explantation in test tube was mad~ four

days after pollination. Histological observation (11

days after explantation) of developing ovules showed

that the addition of growth reBulators, such as IAA,

kinetin and gibberellin, did not influence the develop

ment of embryo, endosperm and seed coat, but that the

addition of nutrients, such as yeast extract, tomato

juice, casein hYdrolysate and coconut milk, promoted

their development. The developmental rate depended on

the concentration of nutrient added. The embryos which

developed earliest were three to seven days earlier
'~ T __ "'~' • __ ._. __ " __
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than those under nnturn.l cond.i tioD in each Cl~OSS c(;]a'oi-·

nation. 'i;hen cleve lopment of the ovule was la.-Ger than

that found in natural condition, abnorms.lities of embryo

and endosperm were observed.

(iii) Embr~ ovule and ovar~~ultu£e: Ordinarily,

viable seeds were not ontained in both reciprocal

crosses between 2x and 4~ Brassica. It was mainly due

to the abnormal development of endosperm. To overcome

this abnormality, embryo \'las taken out from the ovule

before the collapse of embryos and embryo culture was

made, from which hybrid plants were produced. The media

used for the embryo culture was ~nite's basal medium

added with !I embryo factor" of the extract of immature

Lupinus seeds. The morphology of hybrid plants obtained

from the reciprocal crosses was all intermediate be

tween the parents (2x and 4~) in respect to leaf shape,

leaf thickness and structure of leaf surface.

Furthermore, ovule culture was made to get viable

hybrid seeds from the same cross combinations. The

medium used in the experiment was Nitsch's (195lt

solution added with IAA, kinetin, gibberellin, tomato

juice and yeast extract. Explantation of ovules was

nine days after pollination. No viable seeds were ob

tained. Removal of the placenta at an early develop

mental stage seems to be critically detrimental for
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seed development.

Ovary culture ~as also made for the same purpose.

The medium used was again Nitsch's solution enriched

! with Grovith regulating substances (IAA, kinetin and

e;ibberellin) and nutrients (tomato juice, yeast extract,

casein hydrolysate and coconut milk). Ex-plantation of

ovary was made four days after pollination. Seed pro-

i duction was not affected by the growth regulating sub

st~~ces, but by nutrients. The seeds were obtained

from the cross, 4x x 2~, from the media containine;

yeast extract (one seed) and casein hydrolysate plus

coconut mille (one seed), and from the cross, 2x x 4~,

from a medium containing coconut milk (two seeds).

It seems to su~gests that nutritional requirement of

hybrid seeds was different in the reciprocal crosses

betwec;H 2~ and 42£. Jlr:orphological characteristic3 of

the hybrids were all intermediate of their parents (2x

and 4x).

(iv) Revised medium of ovary culture: As the nutrients

supplied to the medium promoted the seed production by

ovary culture, the interaction among coconut milk,

casein hydrolysate and yeast extract was fu~ther inves

tigated. Seed production was better when both coconut

milk and casein hydrolysate were added to the medium.

With this medium t hybrid seeds were obtained from both
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cross directions, 2x x LI-,2:; and i4'2; x 2x. In the eros.'3,

l~~ x 22,;, hov;ever, well developed eflbryos, which attached

directly to the placenta without both endosper-In and

seed coat, were found. Further study indicated that

proper concentration of casein hydrolysate is 500 me/l

(1000 mg/l at maximum) and that of coconut milk is 15

percent in volume (2C% at maximum).

(v) Production of new type of B. napus by ovary cul

ture: This ovary culture method was applied to the

reciprocal crosses between E. campestris and E. oleracea,

from which hybrid seeds are not produced ordinarily.

'.Phe ovary culture was successful '{,hen B. cam£cstris

was used as female parents and relatively large number

of hybrid plants were produced. In this case, too, it

was frequently observed that embryos without endosperm

and seed coat were attaching the placenta. These

embryos were almost matured and reached tae "torpedo"

stage. They were cultured in test tube and in tot~al

19 hybrid plants were produced. In the cross, B.

oleracea x ~. campestris, no hybrid seeds nor developed

embryos were obtained. In this cross, development of

ovules was stopped at early developmental stages.

(vi) Ovary culture of Raphanus sativus: Ovary culture

was made, also, with the reciprocal crosses between

diploid and autotetraploid Raphanus §ativus. Seed

.: I
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proiuc tioD vms 1)etter in L~2; X 2x tbc.:m in 2x x 22; end

4x x '-lx. The hybrid seed of 4-:x: x 2x was one fourth in

size of those of 22S x 2x and L~x x 4~. In the cross,

2x x L~~, one seed was obtained in the mediUI.'l containinG

casein hydrolysate, but; it did not germinate.

(vii) Phys).o logj.cal studies of oVfI.ry cultl.lre : Several

, other physiological conditions for ovary culture were

testocl using diploid 8l1d autotetraploid B. campestr~.s.

First, the basal media of ~nite (1963), Nitsch (1951),

Heller (1953) and Murashige and Skoog (1962) supplied

with organic salts of White and Morel (19Li8) ,,:ere

compared as to seed formation. Generally speaking,

seed production of BrassicR was better in lower (White's

and Nitsch's) than in hi8her concentrations of mineral

(Murashige and Skoo3'S). Or~anic constituents were not

necessary for seed produci-,ion, and their- high concen

trations lowered the rate of seed formation. As to

sucrose concentration for ovary culture, the best seed

setting was obtained, which was three percent in 2~ x 2~

and five percent in 4~ x 4~. The best light condition

was 300 to 500 luxes. In order to know the best time

for ovary culture, ovaries were cultured at various

stages, namely one to ten days after pollination.

In the cross of 2E x 2x and 4x x 4~, seed set was

increased when the time of explantation became late.
_____ ~_T .~ ,~__~_•• ~ .~_~ .~ ~ ~ __ ~~~__
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(viii) Changes of free amino acids contents in incom-

~tible cross-combinaticns between diploid and auto

tetraploid Brassica: Furthermore, change of free amino

acid contents in cross-incompatible hybrids between 2~

an.d 4x Brassiea was compared with that in their parents.

It was found that methionine ro1d valine, ~d leucine

increased in the former according to progress of degen

eration of ovules. No differsnce was found between 2~

x 4~ and 4~ x 2?£.
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