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1. HEER I UREN

< AR E DR A — + 7 v — % E e Melilotus
B¥ Medicago B X O Trigonella B & 50T, 2
BE (Eumelilotus & Micromelilotus) 19 %&b /s
5y Melilotus BB A4 —+ 27— L
Tix b BE 7o $ 351813 Eumelilotus TBIE D M. alba
& M. officinalis Th D, 02T EORI
BIRL, BETR=—5 o 7AKEIOHARE, +—
AL Z )T ETELBEIR TN 24—} 2
v = SREIEERIR S, BELEE, BB X <
EFL, EHRELE o, SHRUEMS,
B« RIBE - BRESS L L UL BEER A
ShT&f, Lol7eds, 2FETER HA
Kieh R d <, FLERPRTHS7 <) v REL
REOEBFERETX57D, HEELLTOFE
KhlcoTHE7 ~ ) v REOBFRIE L 2 HRA
LbhT&f, E7~) vREERBEL T2, B4
HBTH D M dentata DRFHIZ 7 =) v RIEBEA
EEHLIH O XN M. dentata D& 2
<~V VEBETFHHEAT ED, M albak LV
M. officinalis & M. dentata B DERZTHEN L D
WRECL > THLELRE, UL, M albax M.
dentate DTHBETIIELRLM, F, 3EED s =
Py ARRL, TEBRBB I IR IMIEL
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Smith"® 17 r e — v A2 X AHEIFE X TRT
% jo b, M albaX M. dentata F, % M. officinalis
EERLTHDTEF 2BR L, b, 20
Fie M alba  RLZTHEL T, 0B LHEY
<) vEEORE ‘Denta’ ¥FR LI, *DH,
ZoRERYE i ‘Cumino’ ¥ X O ‘Acumar’ O
By =0 vEERDFEFRLOF A Y TERFRE
ENnY —F, M officinalis THE7 <Y V&
BLBERT b, M alba D2 =) v EE
LORETFEALRL OGN, LaL, Kirk?
L L 5w, M oficinalis & M. alba & D&
MMEF, ZERC L 2HRTHETIL05 D1 D
EHECLIZEETFHELRY, mMEROMEY
BB THETH -, DL ) EREBE
BBETOLERYE R, Ewnelilotus BB OE
FIESfR BT 2R R L, Greenshields'®
W3 M. officinalis & M. alba 2 &R CRIFETRE L F,
BEAELARVCORMEERORILRILAERETH
HZEFHALM»CL, Thicik S E, Webster'”
BIE 2 =Y vEED M alba % & M. officinalis
LoBHMETF, *REETER L, M. oficinalis
M. dentata DFDIE 7 <) VEBETFYEATS
S EEEBL T,

~%, Eumelilotus B2 OREEMERE B84 5 Mifg
BEFHRRCO>TE, 2R OWER
ﬁEil:11’12’13'14'15‘16’17’18'19,20'21'22’23) b; % b , Eumelilotus
HEAEORAASIL2n=16 T—HL TV 5L D
DHEEEOBEEILOWTREYRIC Lz, Sano
and Kita?” d—#oMBEEERFHMFRICKSE,
Eumelilotus B D 9RED 5 %, M. altissima % &
 SEMICHEEEODD - L ¥R L, HEKE
CRELC3HIHE L, Tihbb, Malba &
M. officinalis, M. hivsuta, M.polonica 3 L O° M.
suaveolens 4 & (officinalis ) & D 1 @OHEHE
BN, ¥, M alba & M. dentata, M. taurica
3 X O M. wolgica 3 & (dentata BE) & ORI & E4E
C1BOEEGE LFAETS, Lrlans, Th
L2 EoMAEGENR—RENE X, oficinalis
B L dentata Bt - ORIORERIMEF, %85 & &L A
T & fp\ 10192820 fo 00y RKBTH o7, % 2T,
Maekawa et al?”** 1% (M. alba X officinalis &)

o RRMmAO—MTH BN, BEYETH DK
BHERAL TH 5,

F, Xdentata O =R Z# % T->T, M alba &
officinalis # L O O M E EE &, M. alba &
dentata Bt & OOHERE IR —RERETHS Z &
B LI, —F, M altissima iIZoCiL, fif@
LOWHME NEED s e r - ARRL, £FH)
B HEFE+ 21017182820 ooy oD § T8 & DBIRIT
L THTH S, Eumelilotus B4 9 FERE D Ml
FHBMRAE LTI % &, Eumelilotus BB OT&
TR I & ORI BT 2 BB AR A 2155
ha s hs, i, REEOCHEERER
Eumelilotus BB OBHERICKE REE LR LT
WHZ R hEToO—EORELLBEBATHS
2, Lal, MEEEREER L ORELCEL T
FERHBEIRTELY, il /re—-vARED
THEETFI EESEEHETH I ENREIR T3
I Eien2® AR LB ORI OV T,
Sano and Kita*® o0 < BENEOE L S b #EE
TENX, IOFMEERROBHEIHA L K
Bo bz, BMOSEIEE, WEHECE ST
WB N LR e EA R T BOMEME v i
KESHEXNTEC I b Mellotus BOSE R4
i, BHRRECOMEBHIERZKE L, HEHE
BBRICT A LR o e, — K, BEBETFO
—REWMTH 5 5 v 7 BRBEEHHENIGRET
LR RMT 50T, BYRD 5\ ERHES L
BEEOCCHERERFDRYRET D, b drv
NIBELTRTAVFALD LEF2 VS E
BB B T4 A AERTEMANCFTITH B
EWH T EMWPRHLM Ao, X hREE
DECSDELTETF v 7 BOFWIC L 5%
PER L, Bic, WET, EBCIET Y INE
MOXRE Lic o, BT &Y 7 BOREMRI
MOFMC R TR EHES D, RPFRTIE,
RethogEz, Thicf > BEFOEL, £LT
AV Ry BERD I END Eumelilotus BB DR
DEEMER YW L, Eumelilotus B OHE
FADEREZBEOMNCTBH I EHBE LT,

II Eumelilotus BB 9 EROMINSAIRIH

1. #
Eumelilotus BB BRI I T HEARFMEHEF,
WD 27 v e — v AL AHERIECHERR L
@%E%ﬁ%%%ﬁ‘%% L —~C \4 N Z) 50,17,19,25.26,28.29) g
Hic, BEOBMICMHEEENL bh, M altis-

i
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sima R 8B THMEREEL T3S
Bh7al20 ik Maekawa et al?” ik T
M. alba, officinalis B & dentata B% B\ e ZH/A
MNfTHhh, M. alba & officinalis B & ORI OHEE
SEE &, M. alba & dentata # & ORI O A EEE 2
A—-RETHEZENRELMNE R, —FF, M
altissima WO\ TIMBE & OBEHMEE F, N8 ED
zre—-sARRL, BERVECHEL CHEET

AT LIl fo101meesie o fed, M. altis-

sima L0 FEHOMBEFEHBIRIES RBETH
%, Eumelilotus BEOBHR-HREEZTFOFIB
VSR BREM S L2 9 EHECIER Lo
WTHBEEFMEEYRET S ENEETH
Do AT, #ATE, BHMEN e -
AFEUHIELTLE SBAIC, ERERCMES K
AREWH ETRFXSEREGT CEFTIRSL L7 2
- ANBIELTHELARERD D9 2
T, KWLk, Eumelilotus EEL 9O M3
MBEEZE ST B, M. altissima 2o
SELOMOLHTHEONLF, #BORBRENR
BEARL B ERERC, oficinalis Bt L dentata Bf &
OEOTHTE LR F, #EORBRERNHE LR
Al

2. MEBLUFE

REROHEFM BIEK 1 WiRT Eumelilotus 8
D IS RHKTH %,

EET 1980 L E R Z AR HN B A K X
OEE LR, Jtfk 43 B) cfrbhis,

THBROFIEHEIROBY TH 5, 4ATHZ
5, ZBERRMOETF R ERITHE O cdBRICELY
SV, BEYE oy v —VICBIEL, 25CHER
BeEEIXSLE, FHECBELL, $2KER
Bk, BER 15cm ORI 2 L, Ei
CoBERIC X HTEZMHEF S 1D I EBEW TE -
forny ARTERE LI, BRI vERLALLE (pH
6.5—7.5) HEMLIN, ERHELBREOEM
FRIFC, EECEB L, Eumelilotus BB
2ELEDRFENE D, BRFEE D T AR F 24
BHHRC L CHIERRE S,

T oWTIL, BT, BREH Y SR L OYE
AR CBREEAT, R bIERHEHI DS
TR B R Y, BREE L TEOAETRICE b (0
T 5T - oo

Table 1. List of strains of Fumelilotus species used
in the experiment

Strain

Bdn 631V (Australia)?
Bdn 633" (Australia)
Hubam® (USA)®»

F. C. 40076V (USA)®
Arctic (Canada)®
Bdn 660 (Sweden)
Bdn 647 (England)
Bdn 664 (Germany)
Bdn 928 (Leningrad)
Cumino (Canada)®
Denta (USA)¥
Spanish (Spain)
Common White (Canada)
Evergreen (USA)
Brandon Dwarf (Canada)®
P197-1"

P198-1v

P 200-1V

P 200-2Y

P.1.178985 (Turkey)
P.1.314385 (USSR)
Bdn 62-1 (Hungary)
Bdn 62-13 (Iran)
F.C. 40001 (Caucasus)®
F.C. 40032 (Madrid)
Bdn 58-259 (Hungary)
Bdn 58-262

Bdn 636 (Germany) -
394

M. hivsuta 58-4

P.1. 314096 (USSRD
P.1.314386 (USSR)
18-4Y

var. annual?

Golden Annual?®
Redfield Yellow®

Bdn 60-59

Biennial

P 783-2 (USA)

P 784-3 (USA)

Bdn 58-190 (USSR)
Biennial

M. tauvica 70

134-1(x)

Bdn 58-253 (Czecko)
P.1.314094 (USSR)
Bdn 59-50 (Hungary)
Bdn 60-58

Bdn 58-254

Bdn 1022 (Copenhagen)
P. 1. 314095 (USSR)

Species
M. alba

M. officinalis

M. altissima

M. polonica
M. suaveolens

M. dentata

M. wolgica

Y Annual.
2 The origin of strain is given in:parentheses.
¥ Cultivated variety.
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HEEMEF 0BT 218 5 ic, M altissima
LMD 8EE DM TERRHER T, FRIC,
officinalis Bt & dentata B & DR TH X H R T,
F, Y ORBEARE L 1.

F, M oRBRERBIZ T ic - T, FTER
B EOF R F T2 10% =2 / — A CEHHE
BmUH, WEEERT Y v & (EREFE5.0%
LIE) o 15%KER 10 2HEEEL THRE Lk,
BHENER, F, T % WE White 554 YE-3 27
CEKRL7, 20 YE-3' B dasE A o<
» B p, White®® D Fe,(S0,); 2.5mg/! % Na,
EDTA18.6 mg/l & FeSO, « 7H,0 13.9mg/! ~
WxfoboRIEAKEHREL, Thicy a¥30g/],
4 —2 s YE) 1g/l %z, pH=5.5&#
L, REBERNT/ v r—o 220LEEL, K
ELEAHEN X CHIE LIS DDV TR — §
Fa2F4 bR ARLECBEL, KR 25C, BE
90%, 24 BEEBHT O v—2F+ vV X-—HNILE
Woise REEHIRMIR, FEE 3 EAA AR v 7 AKE
MR AL 7, WS ROBEI Kita'” OFk
wlieniv, BHIOEE L EAMRERRSE 2 g4t

L7-FFBR W B % B A L 7= Farmer 8 (99% = %
7 =3 kEEBE D it Ah, 2~4CT 24 RKefEEE
Uiz, EIEHR, MRAEESE T cHrRoEL, 7+
A= VTREL, BAEOHL2ELERRL - T
e R gL o,

TEBRMR, 7t »— s viRTHSREEL,
RN EE O\ W TEl & 5e, TOMOTER 215
ELUT, 1000 MDA L s L CIEmietE 2 BN L
o ’

3. & R

BANC, M. altissima LD 8L DO F, %
BoDEHDEHLTHRT -1, TOBR, &
hETIE IR T LA T#EEaE LR
LAc(E2, M altissima Lo 8L OFTIT
NCRHEPRG LI 0D, THMEHIITKE T
BREIZERBL LRI, Fi, M. hirsutaX M. altis-
sima & M. taurica X M. altissima D33 % B\~ C,
M. altissima MBI L 1258 O BEEMRI L
THE LV EVCRERDR ZED b, EHLH
M CRMBRRICEE REXE L LBEIH -1,

Table 2. Summarized data of interspecific crosses between M. altissima and eight species of

the subgénus Eumelilotus

. No. of No. of F, Cross-
Crosscombination ~wers, - wbrcel ety Golonnof i ened 1o
(A) (B (% owering stage
M. altissima X M. alba 736 77 10.5 1—4 0
X M. officinalis 482 4 0.82 1—4 0
X M. hirsuta 78 11 14.1 1-3 0
X M. polonica 58 18 31.0 2—4 0
X M. suaveolens 315 14 4.49 1—2 0
X M. dentata 216 4 1.92 2—3 0
X M. taurica 235 21 8.92 1-5 2
X M. wolgica 276 17 6.2 1—-5 0
M. alba X M. altissima 1086 78 7.2 2—5 3
M. officinalis % 476 0 0.0 — —
M. hirsuta X 80 40 50.0 2—-3 0
M. polonica X 70 0 0.0 — -
M. suaveolens X 394 3 0.82 2—4 0
M. dentata X 240 1 0.4? 1 0
M. taurica X 193 28 14.5? 1—4 0
M. wolgica X 206 10 4.9 — 0
Total 5141 326 6.3 1—5 5

Y Color of seedling by in wvitro culture was classified into 1-very pale~6-normal green.
? Cross combinations in which F, hybrids were newly obtained.
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T b b, M altissimaxX M. polonica T 13 31.0%
DEMERDERD - 1eh, TOWTHTEF, BT
DB O R bhote, ¥ 712, M hirsutaxX M. altis-
sima DBHE L 0BDOECTHBIETH -0 d
DD, TOFLTHETIL14.1% ETe v EL ot

IhHOF BfETRCERNCRRENTERL
foo 7R B 22U CREBRENTHIET S LD
L& o tehh, HERMEIE L CBbo B citd
530 Hot, LU, M altissimaxX M. tauy-
ica & M. albaxX M. altissima O F, TiX7 v r—
ADHEPEEL, BHELIERA T, MZEOTHEND
2 Bk, BEOTHNI S IEEIBEECE 7, &
NOOBEMEF, 3RV ENLIERTZ -
r— A%RL, MB (M altissima TFETE, M.

alba & M. taurica VEAE) OFHEOTEE AR L 7,
AR A o M. altissima 4 % 874, Bdn 636 &
894 O 2 R HHIECE -1 F, 0B REwwe
FhT\ie (ED,

UEDEEMS, BEDZ e -2 XA%RTF,
PHRRENGGETER TS &, To—¥ooEET
7er—vARDABENBEL CBHIE~ESLZ L0
WE N, B, officinalis T & dentata R
LicF Of 3o 7 e e —o 22X D BT
BIBE DS T H10I102510 3o 0y - T RER RS 4
FLe20 T RBEATORE A A, 7,
% 312 officinalis B L dentata #E & O IEB LMD K
BaERLeh, THEEFOBOALEAGE I M
hivsuta X M. wolgica, M. suaveolens X M. dentata

Table 3. Summarized data of interspecific crosses between officinalis group and dentata

group of the subgenus Eumelilotus

No. of No. of F, Cross- Y No. of F, plants .
Cross combination pglol<§§i?3d Ohbyt(];égldesd ( A’f%é%;%o) F(‘:loL(;;bric()ifs ﬂorvggfikr‘lzdsigge .

M. hirsuta X M. dentata 64 0 0 - —
X M. taurica 60 0 0 - —

X M. wolgica 82 15 18.3 2 0

M. officinalis X M. dentata : 49 0 0 — —
X M. taurica 31 0 0 — —

X M. wolgica 45 0 0 — —

M. polonica X M. dentata 30 0 0 — —
X M. taurica 32 0 0 — —

X M. wolgica 42 0 0 — —

M. suaveolens X M. dentata 85 6 7.1 1—2 0
X M. taurica 63 0 0 — —

X M. wolgica 64 16 25.0% 4—5 2

M. dentata X M. officinalis 41 0 0 - —
X M. hirsuta 37 0 0 — —

X M. polonica 19 0 0 — —

X M. suaveolens 31 0 0 — —

M. tauvica X M. officinalis 23 0 0 — —
X M. hirvsuta 19 0 0 — —

X M. polonica 17 0 0 — —

X M. suaveolens 24 0 0 — —

M. wolgica X M. officinalis 27 0 0 — —
X M. hirsuta 26 0 0 — —

X M. polonica 11 0 0 — —

X M. suaveolens 25 0 0 — —

Total 947 37 3.9 1-5 2

D Color of seedlings by i vitro culture was classified into 1-very pale~6-normal green.
2 Cross combinations in which F, hybrids were newly obtained.
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¥ X U M. suaveolens X M. wolgica D 332 ¥ T 5
h, REOTHIESEDDTHII L0 TH b,
SO F, P hob B O RE &6 T 1~2
BED/re -V ARRLELBETH -1, L
L, RBERTRE L EZ A, M hirsuta X M.
wolgica & M. suaveolens X M. dentata F, 3\ ~Th
LBEREEMHLAL 7 re 222X DIFEL:
S, M. suaveolens X M. wolgica D F, T3 7 »
By ARA~SBEF CEHEL, 2 @&t
Botk (B, Ik, FLoffalmgiodic
BT,
REENBZ L WAL E TeZ LA F, ofth
RUEELREEL, BRSHEHOBRYT -k, Ehfk
Z 2w T, M albaX M. altissima O F, i §5
50%TH -7 By, M. altissimaX M. taurica 3 X O
M. suaveolens X M. wolgica Tt 3R 3 30%LLT

Table 4. Pollen fertility of viable F, hybrids
Pollenofertility

()

Cross combination

M. alba Bdn 631 X M. altissima Bdn 636 46.5
Bdn 664 X 894 51.0
Spanish X 894 41.6

M. altissima Bdn 636 X M. taurica Bdn 58-253 22.1

894 X Bdn 58-253 28.9

M. suaveolens G. Annual X M. wolgica P.1. 314095 18.1

TH 1 (FEO, BEFETIE, M albaxX M. altis-
sima D F, T Diskinesis & MI iz¥v>C, 11V+
I ITCIM+61I+1 [ 0ESRAEHEE H
W L% (35), %7z, Pachytene iwk T +EE oD
BHEYBEELL (RD, ThboZinb, M
albaX M. altissima D F) (2 1 BOMELEE ~F =
BAERTHB LEREI R, —F, M. atissimaXx
M. taurica 3 X O M. suaveolens X M. wolgica O
F, Tk, BERSHEOSKPELAL TZEALRE
NEubhichote (&5, ThbDZ b, M
altissima & M. taurica ¥ X O M. suaveolens & M.
wolgica DN E R L hREEOBEEIFELR
WEBbha,

4. % =

Eumelilotus BT O DFER T, ¥R
e ren - 2 FOLTENREENREEZL T
FHOPOENRTTHEBECXAEMMEET, g%
BrrrBEELBEELRD B, FO®d, F, O
HorRoRBENEEEC L Y4 9 BmEOMIEFEN
BAREAND Z LR TH o 7o M. altissima i
DVTREMHEF IR TCITFRIEEDO 7 »
P — RN LS OB THIZE L /o7, Maek-
awa et al*” PHEEREOR—IEROFH Db
T ZRTHMOFERILA TS Z &L ATARET
Bolee LTAT, ABH LA MBS 1222

Table 5. Chromosomal configurations at diakinesis and metaphase-I and distributions in
anaphase-I and Il in the F, hybrids M. abla X M. altissima, M. altissima X M. taurica

and M. suaveolens X M. wolgica

Frequency of PMCs with

Cross combination stage
<

1IV+6II  1II+6I1+11 &I 7I+21 Normal Abnormal Total
M. alba X M. altissima Diak.? 56 45 31 13 145
Met-1 26 81 20 10 137
An-1 96 6 102
An-1I 112 7 119
M. altissima X M. taurica Diak. 82 7 89
Met-I1 150 23 173
An-I 130 6 136
An-II 110 4 114
M. suaveolens X M. wolgica Diak. 51 2 53
Met-1 88 6 94
An-1 94 2 96
An-1TI 102 3 105

» Diak.=Diakinesis, Met-I=Metaphase-I, An-I1=Anaphase-I, An-II=Anaphase-II.
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Fig. 1. Chromosome configuration at different stages in meiosis of F, hybrid, M. alba Bdn 664 X M. altissima

894, (X2000)

a. Pachytene with a cross-shaped configuration (arrow).

b. Diakinesis with 11V +6II.
c., M I with 1IV+6IL
d. M I with 1III+6II-+11.

2DBEME, R/ re - RABEURBELTLES
BEw, AESEEc S ERE EcRFIeHR
LT CEERXRLE7re—v AnLEEL T
TETHZExHEBEMIC LI, £IT, M. altissima
LB L OTHTELIALF, BTF2RBREATR

I, EBIRILLELH, HLBRRVHEED 7 »
2 - AFRLTHELLERN, —Hidree—o R
PORAEE LUERKET YR LI, BEI®3
BRI —RFr v A—-HNOKKCBELLLEZ
A, BEAEFIHLEBCHIEL s, M albax
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M. altissima © F, 38 & & M. altissimaX M. tawur-
ica ® F, 2 EFEIERICAES L CBBTECE > k. B
T LI EE 2 A 5 & M altissima O
FHELTRERLA4RH D 5 H Bdn 636 &
894 MVEEFNTWT, Thb 2RIEIMO 2 REHFL
h BB TH HFREM 2R S hic, AERO
B 5, M. altissima ® Bdn 636 & 894 RHx,
FEumelilotus BB OBREZECBE LR L LTk
D LRSS h, EhiLr e r - ARRTHE
MM F, 0B LR T 2B BENTE
BT5Z &1 20EERHREE L DRI,
COFHEOFEY LI LT, R rrr - AD
HMEFENEY A 1B D Z & T E Inh» fo officinalis B
& dentata F & ORTHETF, (M. suaveolens X M. wol-
gica) DREATEICHEI L Z L THLATH -
oo EMELKUHTCHERERZZ v v —v 2%RTF,
DEBFHEBL T D, 12 RERHEEFTH
DIEBDTH/KRLEDA P v AW L, THIEA
¥ 539 LA Y 2MERT A X O KBREEHT
T/7ere—vARHLBREEETACL, Fi
I o TREREH UCRIET % & 072 » ERETE
FCESLDOTHRVDEHEINS, DEoZ &
Do, THEGRIZ L > TRRBREATRETS
LCrzmre— v AL DHEHEERRTEB L
DL ETR ST, THIE, ok 2SR RELRL
TEGETHHEREL AR THE, &2 F»
ser—vRAERRLEELTLBELEGTRET S
ek FEMGEEEE cERTEL T LI
DB T, Melilotus BORBRIZTHEXTS E
TOEERMBERIEL T2,
COFETELILF ORBSEYEELI L
A, M. altissima & M. alba DRI 1 BOHEEE
BEXrH b, M altissima & M. taurica & DREIOEE
BRERTEECTH ot O LI, M. altissima
N M. alba B TEEBLLREAEEEXE L T
HTERBHRLTV%, i, M suaveolens &
M. wolgica ® F, 3 RBEMEHENEETH oz &
BERTMIZ X B officinalis Bt & dentata B & DR
wHEEROREEN LT E OB RERT &
BIEL, B, Eumelilotus EEL 9 O
FWIBARIL, M. alba 72N 1 BOMEGRE T
LRI T, L OREMBELEL M
alba KB 1 EOMIEEYEFL T\W5Z &,
Z DEEEDN M. alba DBHRCEE &S %R

oL TERIDEE LR, REKOEEI L
TEZELBGTFEUPELSDEHEZI D,

THIRARERTRELD TER LI M. altissima X
M. taurica 8 L O° M. suaveolens X M. wolgica F,
RRESBIZECTRERLZ DR IhoTob DD,
WIh S BT oEG-TERRELXTL, BFR
0% TH »lc, ik Smith® 2 #EERCTEHR
U7c M. albaX M. dentata F, BHEEEWC X 57
MEEOET L b & 5BV 20% T D fEm et
L 0B FRMEERTC L, FRER® OBFRL
1o M. dentata X M. taurica © F, & FH 5 E 2
B bhlehoted OD, 2L h IEHTMEMN
2~40% LB - TeZ L EFET D, AEBRTER
LU 72 M. altissima X M. taurica 38 X O° M.
suaveolens X M. wolgica © F, O {E¥ etk D{E T
RO EET L 5O TR, #EAEEZX 3
LDEEZLND,

Il EREREEOREL F, REICH T 588
Rtk L BRFHTEICET 58EF & ORR

B E T Eumelilotus BB IFED 5 b, M. alba
RPHLEEREATZELTWAZ LRE LN
oz, D BREEOEEEIEMRICEER
BERELCW5BZ &2 Grant® OFRET 5 & 2
ATHBN, HL OBERBORBMEKITOVTHEE
BAEELTCHBZ EnS, L EOHIERENE
LDATBEREKECERLA L XE 212l
<, GLAHEEEGECH S BENELCL 5 &40
KEvoTRigwhr t#HEEEh %, Sano and
Kita?® 1o X % S PG b b R TR R BE SRS 1
FbBETFHAH T, TOBEIBHMRICE Y
BT TREENDG, £2T, M alba O
HEELZ Y ST HEdic» T, RERGEC
BENIBETYRFATHILENSS S5, F1HT
BETFFAFRORKI D GCHOREYHV TERES
EBRERAAYEEL, B2 HTIRELEHELE
HEFE BT 5 BIETF & OBAR AN,

A. GNY FRRIz s 2EERBENORSE
1. %% g
LEKORBEERPREICT Ao 1iL, READ
BEORH B OZEOSGENRRITH S, H
BT T CHERG AV FERBHETE 1
BHCAVEO BBEN AV P2 S EE
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ERXICAVWERTWS, L, CAv IR
FIRBYHEE (Constitutive heterochromatin) %75
TODTAVY NP, T NAVNIRER
PLERSL  B RIGIC R D 1 B B R H L, B
BEEEROBEEYHETHRIEC AV FRN A
YFOHEABRLRD, HE, MPoRBETH
B LRGP RN TEB X5k
Fodsted? § LR AR R E OB cHIBITE R
i, BEFEOFRLOBEF~ vy e v /B THE
LR TH D, LI T, AETE Eumelilotus T
BEORBHETOG AV FORBEYERL, M
alba LD 81 & O D 5L EHEREA DR
ExBRRT,

2. ¥ERBIUFE
REBROUBEMB I, B6WWRL A M alba &
M. suaveolens DD F,, F, & TOHBBERK T
b5,
e ekoBEIL - T, 25CHERSE
ATRFIRLBETORRE A V-7, REOKERD
TER LT OFIEIC Lic s - o,
1D ®iAE0.01% =4 F v BRKIZL 55045
M (EE

2) BEE BB s/ -2 EER QA F /-
A 1ERER) 12X % 2BRIEE (BED

3) B EBEAKTHE

4) B¥FAHE | Nishibayashi and Kaeriyama*®

Table 6. List of F, hybrids and F, population of
the cross M. alba X M. suaveolens used in
the experiment

F, hybrids

M. alba Bdn 633 X M. suaveolens Golden Annual
Hubam X Redfield Yellow
var. annual
Golden Annual
Redfield Yellow
Arctic var. annual
Golden Annual
Golden Annual
Redfield Yellow
Redfield Yellow

X
X
X
X
X
Evergreen X
X
X

Brandon Dwarf

F, population

M. alba Brandon Dwarf X M. suaveolens Redfield Yellow

DOEEWR U%trF -t/ VA RS, 1%~
7Y 7—+%+Y-23, 7.5mM KCI, 7.5mM
EDTA, pH=4.0) T® 25 4MMAE(37C)

5) EARIER  BRAUBEATE, BmBREOBR
WaARVGEY , 3 EUKEEREER 25T L CH
LoS LERRED, 4RHMARERR R
B

G #icouTiE, 0.01%SDS ## (2XSSC ¢
BT T 10~30 BB, 5%F A A/15
My vERRER THR, pH=6.8) T2~3 5%
BLl, Kk, BEL,

BHSHOBERIL 2EOHFERC Lich- T,

3. & R

K20 A& Bix M. alba Arctic D & i #H
DY k¢, C& Dix M. suaveolens var. annual
OFALFIFHTH B, VTR R TRRAEED
LHEPBRLAVEIBHTE R b 0D,
R TR B B O R AR U (R AN T
Hotehl, BEENLCIERO VY FATEDBR
o 2T, FHloREEENLRAEGERRD,
MO REEE E b TR RD ., WTh
Y REOHEIRBahINEEREBEETH D,
suaveolens O TN alba ' X h 2v7s h K &
Mot Fi, BEEHOR XX alba D suaveolens
BLORN-M(RT, 8), fild 7 RKOLEMITL
ThbFEEBREHTH D ET, 8, HAEEOH
iz A ETFIRETH o oo WIZF, OERERIR
BikD G AV FERANL, BROBA LEFICE

Table 7. Length and arm ratio of somatic chromo-
somes in M. alba Arctic at metaphase

Arm Centromeric

Chromosome Length (um) ratio  position?
1 6.5=3.7+2.8 1.3 m
2 6.4=3.3+3.1 1.1 m
3 6.1=3.6+2.5 1.4 m
4 6.0=3.4+2.6 1.3 m
5 5.8=3.2+2.6 . 1.2 m
6 5.6=2.8+2.8 1.0 m
7 5.4=2.8+2.6 1.1 m
8 5.0=3.0+1.5+0.5 2.0 sm
(sat.)

Ym: median, sm: submedian.
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< e v a

Fig. 2. Somatic chromosomes of M. alba and M. suaveolens.
A. Somatic chromosomes of M. alba Arctic at metaphase. (X3600)
B. Somatic G-banded chromosomes of M. alba Arctic at prometaphase. (x2700)
C. Somatic chromosomes of M. suaveolens var. annual at metaphase. (X3600)
D. Somatic G-banded chromosomes of M. suaveolens var. annual at prometaphase. (X2700)
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Table 8. Length and arm ratio of somatic chromo-
somes of M. suaveolens var. annual at

metaphase
Coromosome __ Lengh )y “pions”
1 6.4=3.8+2.6 1.5 m
2 6.3=3.84+2.5 1.5 m
3 6.0=3.642.4 1.5 m
4 5.9=3.242.7 1.2 m
5 5.8=3.2+2.6 1.2 m
6 5.6=3.14+2.5 1.2 m
7 5.3=2.7+2.6 1.0 m
8 4.9=25+1.4+1.0 1.8 sm
(sat.)

"'m: median, sm: submedian.

Table 9. Relations between SAT-chromosomes
and reciprocal translocations in the F, M.
alba Brandon Dwarf X M. suaveolens
Redfield Yellow

Reciprocal translocation

SAT-chromosome?

Homo.? Hetero. Total
AA 27 0 27
AS 0 29 29
SS 13 0 13

D SAT-chromosome types; A and S were derived
from M. alba and M. suaveolens, respectively.*

» The plants possessing non-translocated chromo-
somes are included in homozygote.

LR o ks B S OIRIEN, FiTios
BB HESNTA T 4 A7 5 2 RER LI (K3,
ZTORER, MPEORE LRI F, T AR EAE
HORBOMTHICEERERAL LR, F03,
Zm & nRPEEORBOMMAK S EREARL X
nte, O LA REEREREREI LT
B E&FETE 0T, F, B4 % 0 Pachytene
TAMBPOEICIAEL T L THEAFTS
ntc (K4), X5z, M. alba Brandon DwarfXx
M. suaveolens Redfield Yellow ® F, ©&{@{kiz>
WA B R G tetk L O BR AR Lo A,
PEASHR G % ok 2 1 5 GBI e SR £
TH Y, alba B & suaveolens B (B R @ %
BT AEEETRTUEE~T e Tho(FED, =
DERL MGG EASHERE CRERL TV
ERRLTWS, %7, I3 TrRTISICF OR

EHECIEEOARBEENRALRE I LMD, m
EnekbHEGEECEET S EE LIS,

AREE G AoV TR O R E EPERORE
b o 2 alba B, p 2 suaveolens HKTH %
TEWRBHAT, okalbaD E8Y B, pR
suaveolens D § Fafh E Lic, nPtifik, 5
HREFEYRGCTREGEL, TRBRENIL alba
DE TREECEMUL T DT, nx M alba ®
BIREMGEE L, —7, mPEAER RIN9
% BT M. suaveolens D 5 Geta b LI L T e
tob m % suaveolens DEE 5 Rk E Ui, #0Dk
B, suaveolens TADE 5 Betofh & 8 8 Fetk D ER
CTEIFFOEEREROCEHOERCEMZPEL, §
Sk L HI kRO TIHREENRE DD
suaveolens TN D 5 Bt alba WO 7T R4
iz, suaveolens T D 48 8 G ta 4R N alba B 0 1 8 B
AR s ot EHEE L 72,

4. # =
REEOBEEXYW ST B DIITF o FH
B X 5 GHREXEDT, MhoBEHER
o THREBELRZLDODOG AV FREELTHE
HT&E 5 MNP LTI 75D REEBR T
SDS MBIz X 5 G R &IT -7y, hiflo Gtk
T Greilhuber*® 28842 £ 5 &, FEAEOB
FEDBEL NV N S highoTe, LvL, Bt
oo TR T, SDSABTEENG
R NREON, 1L, Eumelilotus MBED
BERMPHORAE TR, REEORGIT I HET L
TAEBHIT I, ThBAABNRS OLEN T
LT B ¥, Astragalus adsurgens Dftafk
MUFECTHELE S, R floXg: CHHE
eV BB LR, ZOZ b, Eumelilotus
BEEORBHRORIRVHIEL CTEHIZELD
2, BRI A0 CTh{BFELHETHD LE
z2bhdb, WHEEZ0F, ofMlagead et
LRI oG AEED LRI A tn T, TETIfA
BEALEADORBEOMMBIZHE b RENED I
2B, fLORBAETIZBE TR o e, Thik, B
Lic Ay FRBREMTCS <, WM ORE ST EF
HistedThol, T, F, oftafko G 5§
PHRIDL S BHEREL, suaveolens BIDEE
5§tk b HEGEERAEDORE OWME THIWHE =
b, MEGEYE U ERERALL, Z0Z &
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Fig. 3. Somatic chromosomes of F, (M. alba Arctic X M. suaveolens var. annual).
A. Somatic chromosomes (not well banded) at early metaphase. (X3600)
B. Somatic chromosomes (well G-banded) at prometaphase. (X2700)
C. Schematic representation of B.
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Fig. 4. Cross-shaped R. T. chromesomes of F, (M. alba X M. suaveolens) at Pachytene. (X4000)
a. Cross-shaped configuration attached to the nucleolus.
b. The same as a) in different focus.
¢. Illustration of b).
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3, F, @ Pachytene CH+FB ¥R T 5 B4R
CrMELTAZE (B4 & M alba Brandon
Dwarf X M. suaveolens Redfield Yellow © F, {Bfk
R B AHEARBEOESI L HEEED 21l
2~T e HOBRYE—KTEILhLIBEMF LR
72 Schlarbaum et al*® LE L5V 13 Melilotus &
BoNHEEEHECEREL, TOMRBEL,LL
Melilotus B OB X BHE U 72y, REBRORK
Bt M. alba OFEHRIC S 220 MG TEEKD
HEEE R T B2 ERBELNE ot T
FaREkoBEEE BRI KE kB By b
BLEBIELTRT7SF27L)ay/ vF¥ysD
RPRFBIRDH D, Fl, ABBCEE IR
Petunia parodii & P. parvifiora O IR MRE 1T,
parodii B DA FEARG B & parviflora O EE
ORI TIHEEXHE T, 1 RKONHMEREEXERL T
WieE ZhbnZ bah, MfHAREFICIEER
BETAEEL T, AR AEEOBEREL
DEHBICER LI TREM S E 2 bh b,

B. F, &M T 28EEREGEERHEICET

3B1ZF & ORBE

1. # E

BOSILIAEL 2 20EZENESEL TV 5,
120k, BEFV-rogfticlsd0T, 351
DIV XA TOGILTH B, BEOTILE
B2 Oo0OEEF T bbb, 1 23R40 EE
ik BEE, ol oR3REEROBILTH DS, B
AR OBEHR Y b 22 b Ll & LT,
Bromus B 7V £ B a aFFED RSN T
kb, REEOBSENEHBRCBARLIEIOEL
TEAFBS Clarkia B® e &3P 5,

Melilotus J& Eumelilotus B 2 1298 N Do
Y 2 EoREERE (M. officinalis, M. alba) D5 b

M. alba XMEOE L DT I EOMEEGRE L h &
febZ EMNEINETHLMNE T, HAGE L&
ZERIEALiz o\ T Roberts®® 12, + v 2 mas D
HIERM C20 o X #REH L cTEM % C20 ~ZH
LR L HEGRERM LAV CE o BEVE
BT LEEHERY R LA, Sbic, HERE
T~ ricE T AEEPEFCERN AL LW O E
F} p HLo000D

AEERTIE, M alba B\ CiEmE LBAHE LT
Bl B BIEFVAARBTIEEH > T B2k
B ST 570D, RHHAEHE M alba Bran-
don DwarfX M. suaveolens Redfield Yellow?® %
HAT, BRGHIEEAT 2B EF L EEREAELD
BRE T

2. MRBIUHE

AEBHER LU F, £F, M. alba Brandon
Dwarf X M. suaveolens Redfield Yellow % 22 3 L
7. F, 0BT ICHET 5, #HEAET I, SR
Brorr, BCHERBATHEFIEL, Hlcm
HELLETFREYREAHECH 2, BTFROE
AR L BT o s BEKRCEEL, 38
BIcBRIc B LTz, HREMEHS, W bEADE
ot — 7 ARTEHRE L, FTh, 245
M HRAEY U CEELUE CORMIE L RE I ¥,
PEMELEI0 R L, AHAREEHE, £ A
YHREFC L THEBEET T1RHEL H#10
WMfaxEEE L, M5 1RT X512, suaveolens B
TL alba BICHB L TR E ARG L BV RESE
B E L TR Y, suaveolens 18 & alba DK
BHREETHRCXGTE, ThZh SE L AR
Elt, HEREOKRENE ~7 oG,
Pachytene T~F e BlizF ot &8I X b HE
L. *27&—#1 F (Nectar guide) D¥|EIZ L,

Table 10. Type of SAT-chromosome and reciproical translocation and nectar guide of par-
ents and the F, hybrids in the cross M. alba Brandon Dwarf X M. suaveolens

Redfield Yellow

M. alba M. suaveolens
Character Brandon Dwarf F, Redfield Yellow
Type of SAT- AA AS SS
chromosome (M. alba type) (M. suaveolens type)
Type of reciprocal
translocation Homo. Hetero. Homo.
Nectar guide Light gray Dark gray White with dark
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Fig. 5. Chromosome configuration at metaphase in F, of the cross M. alba Brandon Dwarf X M. suaveolens

Redfield Yellow. (X3600)

A(M. alba type) ; SAT-chromosome derived from

M. alba Brandon Dwarf.

S(M. suaveolens type) ; SAT-chromosome derived from
M. suaveolens Redfield Yellow.

75 v 2 HAVF (v arrFL20S-BLB, 20 W)
PRHLICEEDEOEREXRA VLY 0k 7
2 —HA Fix~=—#1F (Honey guide) &b
Bh, BEORBTXLHIEEEZRTY R6wRL
REREDX ST, aba BRAEEENRKB LD,
suaveolens TL, TE&@E» AL ah, PLOEER
DBRMPEBRL 1D, —77, F, QTE2ED alba & X
DEREZRL, suaveolens BDEL R 1 3o H
RAFES R 2%,

¥ 4f o B H X Hanson and Kramer®™ @& £
Bk 57,

3. # R

M. alba Brandon DwarfX M. suaveolens

Redfield Yellow ® F, RF 173 ZFEEOLE
BB AT E A, 2n=17, 18 DEHE» 115
e 17 @ (14.8%) Hotc, TOF, BEA
FiR2n=17T2n=18 R 1BGHEOHEATH T, 2
ERCOWTHEGECE T2 oMy s =
5, RILCRT I 5 =280 40 EE, T
~T e EEE Y, PFRLI I cEA L,

BEESE X7 & —H 4 FRETFLEOBEGREFAXSL
W, RI2ECA7 8 —F1 VBEEFO5HEER LI,
alba B . F, 8 suaveolens =1:2: 1 & &+
AOENELRICL DD, alba B L F, B oORZE
G ER TS -bWEOWHERHMEN T L
o7(R6), £ZT, albaBl& F, BluxF Ll
LA, albaBHENETIBEBETIBCES
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Fig. 6. Nectar guide of M. alba Brandon Dwarf(A), M. suaveolens Redfield Yellow(S), F,(F) and F, plants
of the cross M. alba Brandon Dwarf X M. suaveolens Redfield Yellow.

a. Flowers of A, F and S under ultraviolet light.

b. Monochromic flowers of A, F and S under day light.
c. Flowers of F, plants under ultraviolet light.

d

. Monochromic flowers of F, plants under day light.
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Table 11. Segregation of homozygotes and heter-
ozygotes for reciprocal translocation in
F, plants of the cross M. alba Brandon

Dwarf X M. suaveolens Redfield Yellow

. . Goodness
Reciprocal translocation Total of fit(1: 1)
Homozygote? Heterozygote z? P
40 29 69 1.75 0.10—0.25

Y The plants possesing non-translocated chromosomes
are included in homozygote.

Table 12. Segregations of Nc¢g gene in F, of the
cross M. alba Brandon Dwarf X M.
suaveolens Redfield Yellow

Goodness of

F, segregation L.
2 Total fit(1:2:1)
Ncg Ncg Neg+ ++ xt P
13 40 12 65 3.49 0.10-0.25
53V 12 65 1.48% 0.10—0.25

Y Plants with N¢g Nc¢g and N¢g+ are pooled.
2 Chi-square value for 3:1.

L, Z0x278-F AV cBEST5EETIR
Ncg (Nectar guide) Tchiew5E 2%, Xbhi,
Neg $ GBS L OEEFHER~IL 2 H I,
Neg LEREES L ORI 9.5+5.3% 7 % MM ©
BEEBARA R E N,

BIfT CAEG R AP EE XS EXH LT
Teotedd, M5 RLEF, ofEMasg#diiog
& B IR alba B & suaveolens T o £ 18
GHREEEBIcEL, 2T, F, T2fEFIEHE
BRIV TR AR L EEA R, ~Tm
e oBREFAN, B ERT LS, albaBl
ODRNEHEREaE (AR x+xtRAETHHEMKL
suaveolens B (S ) %+ v A ¥ 5 A4, Fl5HE
CEE e pEFHCERRERCTRIERT
Bot, —F, AHEREEY ~T =R oEE

(AS) BT RCEE~T v B CIERFRMENETR

Table 14. Relations between SAT-chromosomes
and reciprocal translocation or pollen
fertility(%) in F, of the cross M. alba
Brandon Dwarf X M. suaveolens Redfield

Yellow
Reciprocal
SAT—chrorlr)losome translocation fotlill??y Difference
: _ Tanioedto
ype Homo.” Hetero. %)
AA 27 0 88.7f12.64 34 g+
AS 0 29 53.9+ 8.37 34.8;’
SS 13 0 85.2410.41 ’

Y SAT-chromosome types; A and S are derived from M. albe
and M. sugveolens, respectively.

» The plants possessing non-translocated chromosomes are in-
cluded in homozygote.

9xx. Significant at the 19 level.

Table 15. Combined segregations of SAT-chromo-
somes and N¢g gene in F, of the cross
M. alba Brandon Dwarf X M. suaveolens
Redfield Yellow ’

SAT-chromosome" Homogeneity
Genotype Total

AA AS SS 1 P

Neg Neg, Neg+ 25 27 1 53

46.17() <0.01
++ 11 10 1 @ <0.0

Y SAT-chromosome types; A and S were derived from M. alba
and M. suaveolens, respectively.
% Degree of freedom is given in parentheses.

GA%) e mLic, Fio, FHEGREEOSHIC D
WTIRAA D AS:ISS=1:2:1 & I8 X R A,
RUPSTAAR BRI CETCD LM BNE
AR o

MEEELREAETI L Nog L OROEE YR D

& (Gk15), H—MEECER L HREREK
& Neg BEFHECCEEOD D - EARE IR
7o

Table 13. Combined segregation of reciprocal translocation (R.T.) and Ncg gene in F, of
the cross M. alba Brandon Dwarf X M. suaveolens Redfield Yellow

R. T. homozygote

R.T. heterozygote

Goodness of fit

Total
Ncg(Neg, +) ++ Ncg(Neg, +) ++ R.C.V. x? P
26 11 27 65 7.671 0.05—0.10
19.00 (13.46) (29.7D 2.79 9.5%+5.3 4.39 0.10—0.25

YFor3:1:3:1
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4. *® =3

HEEE EOS LR 284, BETFLV S
AT BEHEBROES T 5 Sano
and Kita®® i3 M. alba & M. suaveolens O % 3 %
FBCTAMEF, THA UL HERB L EE s n e -
ANFREEALEHET L E X RE L
Grant®® (IR A A BRI OB ER DT
ST L EETIRERT 2B EERL TV 5,
BHEEROKCERTIEETYRET IS
7ob, BREROGIELERLEELDBF s 54 —F A
Fonss L A REAR AR OBR RN, ZhET
27 8 —HFAFOEEBELOVTERLBEMN
<, AERTO 1 HOEEEET (Neg) DB L T
WAHZERHLM LIRS, Ng BETEHEIER
BoEETEHXE5 L, N BEFIEERL
9.5%Ca < BE L T T (%13), Neg EE 2
suaveolens OB REEORWTCH 5 LH#E
Ehte, %27 & —-FA FPBEEFOREEIRBRDHIE
HEBARL, W B OHEMNBECSEER
HEBrLE 25 LBbh T TEBERBRETS
EEREHRIZERL TV H I ENHLME T,

IV PAVYALELETINIBIZETS
EROREHER

1. ¥
BEFEWTH DL VA EOLERYREANL L
b, BogARYETE S, REEDCE
WCHTA Y HFALDLET 2 VA7 BP0
TRFFED 5O IIEOEBEIR L FT L e flnsg
{teotn, BT AV VHFA AT L V7 BIL
WERENMEEL TS L, SR LPHRHELS
Tk oseflficty, X<HABEZRS, £C
T, KRBT VESKEECL AREDT AV
FA AHHBEORSDS KRV T 27V A7 3 FHrLESR
KBHECIABBF 2 Vv 2B x TV,
Eumelilotus BB BT 5B OBIEHER P BREH
L, RS ~DBBERLT,

ol

2. MREIUFE

HRAMBRF IR LAIBSIRHTHD, =
hoFFhb BIERHTH 5.

7 AV HFA A OBEKIKENIE I Endo®™ Ol R
BEL LT, BERROMES > TiL, HEE
100 mg 75 200 mg % Y v ERRREWRS® 40 ul ~ A h
AT pos L, TOREBE % 2mmx10
mm OUEH R No. 3) FitlkE L8, T OH
R BKRER TV 7 v r VEKKEEEB Lo Y i
AL, BBERT ot FVY IV rAr33%mya
BE BYOT Y 7 vikatyrn (v a LRGSR
L7 100% - v 4 25V 7 vy vigER (G 16)
iz, BRUMBL TS ALl 24 BERIEML L 2
L) HAGT, sk, 5CoEEBERSENT 25
mA DOEBEF T T 1IERT - o8, A 2 &
¥, LI BETo T, KBE, vy g —F—F
FTrAR1.0~1.5mmItR T4 AL, BT,
TAVFEL AOBEE, AV 7= VvIBBRKEREE
(ODH), 74R2A 7+ 7 A a—RA A4V A F—%
(PGD, 7227+ 7nzass—% (PGM), »4
YT 3I/sRFFE—-E (LAP), #—FFo 58—
% (POX) 8L =253 —+% (EST) © 6BET
D, EEROREFEERRITICRLI,

BT 2 v BBt 5 SDS BRkE AREK
ORBEIILIToRmTHEC Lo t, RO
BET 0 xS Lcf kb cBRL, 10mg 7
BLTL5ml oy Yy FAsy 7Ly v 7 ASEEER
(0.0625 MTris-HCI, 10%Glycerol, 5%BME,
23%SDS, pH 6.8 ICFAEE)100 w! & A, BE
e L, 10 5MKEE L%, 10,000 gXx30 4,
4CTELGERTToTe, DX EBRSul #0.5
mioH v FrFyFiivn, EERI L &
0.01%BPB 2.5 ul i T55MEHLARK
L7, BRoOFHEZIVTRL 4CTTT -7,
SDSHE Y727y A7 i FFrBERKE (SDS
-PAGE) i3 Phast System (7 7 v~ > 7 #, &
v x—F V) &L % 235 T Phast Gel (Gradi-

Table 16. Electrophoretic buffer systems used in the experiment

Electrode buffer Gel buffer
Buffer system - Assayed enzyme
Component pH Component pH
Tris-Histidine 0.4M Tris 7.5 0.009 M Tris 7.5 IDH PGM PGI

0.124 M Citric acid H,O

0.015 M Histidine LAP EST POX
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Table 17.

Staining solutions and buffer used for isozyme assays

Enzyme

Staining recipes

Isocitrate dehydrogenase
(IDH)

Phosphoglucose isomerase
(PGD

Phosphoglucomutase
(PGMD

Leucine aminopeptidase
(LAP)

Peroxidase
(POX)

Esterase
(EST)

50m/ 0.1 M Tris-HCI buffer (pH 8.0)
20 mg DL-Isocitric acid, trisodium salt
10 mg NADPY
5mg MTT?
1 mg PMS®
50 mg MgCl,
10 mg Na,CO,
50 m! 0.1 M Tris-HCl buffer (pH 8.0)
20 mg F-6-P
20 mg NAD?
5mg MTT
1 mg PMS
50 mg MgCl,
20 units Glucose-6-phosphate dehydrodenase (NAD)
50m!/ 0.1 M Tris-HC! buffer (pH 8.0)
20 mg a-D-Glucose-1-phosphate disodium salt
20 mg NAD
5mg MTT
1 mg PMS
50 mg MgCl,
20 units Glucose-6-phosphate dehydrogenase (NAD)
50 m/ 0.1 M Tris-HCI buffer (pH 7.0)

30.éng L-Leuicine-g-naphtylamide HCl dissolved in 5m/ dimethyl for-
mide

50 mg Fast Garnet GBC
50 m/ 0.2 M Acetate buffer (pH5.0)
50 mg 3-Amino-9-ethylcarbazole dissolved in 5 m{ dimethyl formide
0.25m/! 39% H,0,
50 m/ 0.1 M Phosphate buffer (pH 7.0)
20 mg 2-Naphtyl acetate dissolved in 100% aceton
50 mg Fast Blue RR
1m! N propanol

D NADP: Nicotinamide adenine dinucleotide phosphate.
D MTT : Tetrazolium thiazolyl blue.

 PMS : Phenazine methosulfate.

% NAD: Nicotinamide adenine dinucleotide.
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Table 18. Leucine aminopeptidase (LAP) patterns in Eumelilotus species
Leucine aminopeptidase (LAP)

No. Species Strain
1 2 3 4
1 M. suaveolens 18-4Y 1 0 0 0
2 var. annual? 1 0 0 0
3 G. Annual® 1 0 0 0
4 Redfield Yellow 1 0 0 0
5 Bdn 60-59 1 0 0 0
6 Biennial 1 0 0 0
7 M. hirsuta 58-4 0 1 0 0
3 P. 1. 314096 0 1 0 0
9 M. polonica P.1.314386 0 0 0 1
10 M. dentata P 783-2Y 0 1 0 0
11 P 784-3Y 0 0 1 0
12 Bdn 58-190 0 0 1 0
13 Biennial 0 0 1 0
14 M. taurica 70 0 0 1 0
15 134-1(x) 0 0 1 0
16 Bdn 58-253 0 0 1 0
17 P. 1. 314094 0 0 1 0
18 M. wolgica Bdn 59-50 0 1 0 0
19 Bdn 60-58 0 1 0 0
20 Bdn 58-254 0 1 0 0
21 Bdn 1022 0 1 0 0
22 P.1. 314095 0 1 0 0
23 M. alba Bdn 631V 0 1 0 0
24 Bdn 633Y 0 1 0 0
25 Hubam? 0 1 0 0
26 F.C. 40076Y 0 1 0 0
27 Arctic 0 1 0 0
28 Bdn 660 0 1 0 0
29 Bdn 647 0 1 0 0
30 Bdn 664 0 1 0 0
31 Bdn 928 0 1 0 0
32 Cumino 0 1 0 0
33 Denta 0 1 0 0
34 Spanish 0 0 0 0
35 Common White 0 1 0 0
36 Evergreen 0 1 0 0
37 Brandon Dwarf 0 1 0 0
38 M. officinalis P197-1v 0 1 0 0
39 P 198-1Y 0 1 0 0
40 P 200-1V 0 1 0 0
41 P 200-29 0 1 0 0
42 P.1. 178985 0 1 0 0
43 P.1. 314385 0 1 0 0
44 Bdn 62-1 0 0 0 1
45 Bdn 62-13 0 1 0 0
46 F. C. 40001 0 1 0 0
47 F. C. 40032 0 0 0 1
48 M. altissima Bdn 58-259 0 0 0 1
49 Bdn 58-262 0 0 0 1
50 Bdn 636 0 0 0 1
51 894 0 0 0 1

Y Annual.
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Table 19. Phosphoglucomutase (PGM) patterns in Eumelilotus species

No. Species

Strain

Phosphoglucomutase (PGM)

1 2 3 4 5

1 M. suaveolens 18-4Y 0 1 1 1 0
2 var. annual? 0 1 1 1 0
3 G. Annual? 0 1 1 1 0
4 Redfield Yellow 0 1 1 1 0
5 Bdn 60-59 0 1 1 1 0
6 Biennial 0 1 1 1 0
7 M. hivsuta 58-4 0 1 1 1 0
8 P. 1 314096 0 1 1 1 0
9 M. polonica P. 1. 314386 0 1 0 1 1
10 M. dentata P 783-2v 0 1 0 1 0
11 P 784-3Y 0 1 1 1 0
12 Bdn 58-190 0 1 1 1 0
13 Biennial 0 1 0 1 1
14 M. taurica 70 0 1 0 1 1
15 134-1(x) 0 1 0 1 1
16 Bdn 58-253 0 1 0 1 1
17 P. 1. 314094 0 1 0 1 1
18 M. wolgica Bdn 59-50 0 1 1 1 0
19 Bdn 60-58 0 1 1 1 0
20 Bdn 58-254 0 1 1 1 0
21 Bdn 1022 0 1 1 1 0
22 P. 1. 314095 0 1 1 1 0
23 M. alba Bdn 631" 0 1 0 1 0
24 Bdn 6339 0 1 1 1 0
25 HubamV 0 0 1 1 0
26 F. C. 40076" 0 0 1 1 0
27 Arctic 0 0 1 1 0
28 Bdn 660 0 1 0 1 0
29 Bdn 647 0 1 0 1 0
30 Bdn 664 0 1 0 1 0
31 Bdn 928 0 1 1 1 0
32 Cumino 0 1 0 1 0
33 Denta 0 1 1 1 0
34 Spanish 0 1 0 1 0
35 Common White 0 1 0 1 0
36 Evergreen 0 0 1 1 0
37 Brandon Dwarf 0 1 1 0 0
38 M. officinalis P197-1V 0 1 1 0 0
39 P198-1Y 0 1 0 1 0
40 P 200-1V 0 1 0 0 0
41 P 200-2" 0 1 1 1 0
42 P.1.178985 0 1 1 0 0
43 P. 1. 314385 0 1 1 1 0
44 Bdn 62-1 1 0 1 1 0
45 Bdn 62-13 0 1 1 0 0
46 F. C. 40001 0 1 1 1 0
47 F. C. 40032 1 1 0 0 0
48 M. altissima Bdn 58-259 0 1 1 1 0
49 Bdn 58-262 0 1 1 1 0
50 Bdn 636 0 1 1 1 0
51 894 0 1 1 1 0

Y Annual.
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Table 20. Esterase (EST) patterns in Eumelilotus species

Esterase (EST)

38 M. officinalis

48 M. altissima

No. Species Strain
1 2 3
1 M. suaveolens 18-4Y 0 1 0
2 var. annual? 0 1 0
3 G. Annual? 0 1 0
4 Redfield Yellow 1 0 0
5 Bdn 60-59 1 0 0
6 Biennial 0 1 0
7 M. hirsuta 58-4 0 1 0
8 P. 1. 314096 0 0 1
9 M. polonica P. 1. 314386 1 0 0
10 M. dentata p 783-2Y 0 1 0
11 P 784-3Y 0 1 0
12 Bdn 58-190 0 1 0
13 Biennial 0 1 0
14 M. taurica 70 0 1 0
15 134-1(x) 0 1 0
16 Bdn 58-253 0 1 0
17 P. 1. 314094 0 1 0
18 M. wolgica Bdn 59-50 0 1 0
19 Bdn 60-58 0 1 0
20 Bdn 58-254 0 1 0
21 Bdn 1022 0 1 0
22 P. 1. 314095 0 1 0
23 M. alba Bdn 631" 1 0 0
24 Bdn 6339 0 1 0
25 Hubam? 0 1 0
26 F.C. 40076V 0 1 0
27 Arctic 1 0 0
28 Bdn 660 0 1 0
29 Bdn 647 0 1 0
30 Bdn 664 0 1 0
31 Bdn 928 0 1 0
32 Cumino 1 0 0
33 Denta 1 0 0
34 Spanish 1 0 0
35 Common White 1 1 0
36 Evergreen 1 0 0
37 Brandon Dwarf 0 1 0
0 1 0
0 1 0
0 1 0
0 1 0
0 1 0
0 1 0
0 1 0
1 0 0
0 1 0
0 1 0
1 0 0
1 0 0
1 0 0
1 0 0

P 197-1V

P 198-1°

P 200-1v

P 200-2Y
P.1.178985
P.1. 314385
Bdn 62-1
Bdn 62-13
F.C. 40001
F. C. 40032
Bdn 58-259
Bdn 58-262
Bdn 636
894

Y Annual.
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Table 21.

Isocitrate dehydrogenase (IDH) patterns in Eumelilotus species

Isocitrate dehydrogenase (IDH)

38 M. officinalis

48 M. altissima

No. Species Strain
1 2 3
1 M. suaveolens 18-4V 1 1 0
2 var. annual® 1 1 0
3 G. Annual? 1 1 0
4 Redfield Yellow 1 1 0
5 Bdn 60-59 1 1 0
6 Biennial 1 1 0
7 M. hirsuta 58-4 1 1 0
8 P. 1. 314096 0 1 0
9 M. polonica P.1.314386 1 1 0
10 M. dentata P 783-2v 1 1 0
11 p 784-3 1 1 0
12 Bdn 58-190 1 1 0
13 Biennial 1 1 0
14 M. taurica 70 1 1 0
15 134-1(x) 1 1 0
16 Bdn 58-253 1 1 0
17 P. 1. 314094 1 1 0
18 M. wolgica Bdn 59-50 1 0 1
19 Bdn 60-58 1 0 1
20 Bdn 58-254 1 0 1
21 Bdn 1022 1 0 1
22 P. 1. 314095 1 0 1
23 M. alba Bdn 6319 1 1 0
24 Bdn 633" 1 1 0
25 Hubam?” 1 0 1
26 F. C. 40076" 1 1 0
27 Arctic 1 1 0
28 Bdn 660 1 1 0
29 Bdn 647 1 1 0
30 Bdn 664 1 1 0
31 Bdn 928 1 1 0
32 Cumino 1 1 0
33 Denta 1 0 1
34 Spanish 1 1 0
35 Common White 1 1 0
36 Evergreen 1 1 0
37 Brandon Dwarf 1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 0 1
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0

P197-1Y

P 198-1Y

P 200-1°

P 200-2V
P.1.178985
P.1. 314385
Bdn 62-1
Bdn 62-13
F. C. 40001
F.C. 40032
Bdn 58-259
Bdn 58-262
Bdn 636
894

Y Annual.
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Table 22. Phosphoglucose isomerase (PGD) patterns in Eumelilotus species

Phosphoglucose isomerase (PGI)

38 M. officinalis
39
40
41
42
43
44
45
46
47
48 M. altissima
49
50
51

No. Species Strain
1 2 3 4 5
1 M. suaveolens 18-4Y 0 0 1 0 0
2 var. annual? 0 0 1 0 0
3 G. Annual? 0 0 1 0 0
4 Redfield Yellow 0 0 1 0 0
5 Bdn 60-59 0 0 1 0 0
6 Biennial 0 0 1 0 0
7 M. hirsuta 58-4 0 0 1 0 0
8 P. 1. 314096 0 0 1 0 0
9 M. polonica P.1. 314386 0 0 1 0 0
10 M. dentata P 783-2Y 0 1 0 0 0
11 P 784-3Y 0 0 1 0 0
12 Bdn 58-190 0 0 1 0 0
13 Biennial 0 0 1 1 0
14 M. taurica 70 0 1 0 0 0
15 134-1(x) 0 1 0 0 0
16 Bdn 58-253 0 1 0 0 0
17 P. 1. 314094 0 0 1 0 0
18 M. wolgica Bdn 59-50 0 0 1 0 0
19 Bdn 60-58 0 0 1 0 0
20 Bdn 58-254 0 0 1 0 0
21 Bdn 1022 0 0 1 0 0
22 P. 1. 314095 0 0 1 0 0
23 M. alba Bdn 631V 0 1 0 0 0
24 Bdn 633© 0 0 1 0 0
25 Hubam® 0 0 1 0 0
26 F. C. 40076 0 0 1 0 0
27 Arctic 0 0 1 0 0
28 Bdn 660 0 0 1 0 0
29 Bdn 647 0 0 1 0 0
30 Bdn 664 0 0 1 0 0
31 Bdn 928 0 0 1 0 0
32 Cumino 1 1 1 0 0
33 Denta 0 0 1 0 0
RV Spanish 0 1 0 0 0
35 Common White 0 0 1 0 0
36 Evergreen 1 1 0 0 0
37 Brandon Dwarf 0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 0 0 1
0 0 0 0 1
0 0 0 0 1
0 0 0 1 0

P 197-1v

P 198-1v

P 200-1»

P 200-2?
P.1.178985
P.1. 314385
Bdn 62-1
Bdn 62-13
F. C. 40001
F. C. 40032
Bdn 58-259
Bdn 58-262
Bdn 636
894

Y Annual.
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Table 23.

Peroxidase (POX) patterns in Eumelilotus species

Peroxidase (POX)

No Species Strain
1 2 3
1 M. suaveolens 18-4% 1 0 1
2 var. annual? 1 0 1
3 G. Annual® 1 0 1
4 Redfield Yellow 1 0 1
5 Badn 60-59 1 0 0
6 Biennial 1 0 0
7 M. hirsuta 58-4 1 0 1
8 P. 1. 314096 0 0 1
9 M. polonica P.1. 314386 1 0 1
10 M. dentata P 783-2Y 0 1 0
11 P 784-3Y 0 1 0
12 Bdn 58-190 0 1 0
13 Biennial 0 1 0
14 M. taurica 70 0 1 0
15 134-1(X) 0 1 0
16 Bdn 58-253 0 1 0
17 P.1.314094 0 1 0
18 M. wolgica Bdn 59-50 1 0 1
19 Bdn 60-58 1 0 1
20 Bdn 58-254 1 0 1
21 Bdn 1022 1 0 1
22 P. 1. 314095 1 0 1
23 M. alba Bdn 631V 0 1 0
24 Bdn 633V 1 0 1
25 Hubam? 0 0 1
26 F. C. 40076V 0 0 1
27 Arctic 0 0 1
28 Bdn 660 0 0 1
29 Bdn 647 1 0 1
30 Bdn 664 0 0 1
31 Bdn 928 .1 0 1
32 Cumino 0 0 1
33 Denta 1 0 1
34 Spanish 0 1 0
35 Common White 0 0 1
36 Evergreen 1 0 1
37 Brandon Dwarf 0 0 1
38 M. officinalis P197-1v 1 0 1
39 P 198-1V 1 0 1
40 P 200-1Y 1 0 1
41 P 200-2Y 1 0 1
42 P.1.178985 1 0 1
43 P.1.314385 1 0 1
44 Bdn 62-1 1 0 1
45 Bdn 62-13 1 0 1
46 F. C. 40001 1 0 1
47 F. C. 40032 1 0 1
48 M. altissima Bdn 58-259 0 1 0
49 Bdn 58-262 0 1 0
50 Bdn 636 0 1 0
51 894 0 1 0

Y Annual.
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Fig. 8. Dendrograms of Eumelilotus species based on clustering procedure (group average method) of 23
1sozynne phenotypes.
; Annual.
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Fig. 9. SDS-PAGE patterns of seed proteins of M. alba, M. hirsuta and M. polonica strains. M. alba; 1, Bdn
631, 2, Bdn 633, 3, Hubam, 4, F.C. 40076, 5, Denta, 6, Cumino, 7, Evergreen, 8, Bdn 660, 9, Bdn 928,
10, Bdn 647, 11, Bdn 664, 12, Spanish, 13, Brandon Dwarg, 14, Arctic, 15, Common White. M.
hirsuta ; 16, Bdn 58-4, 17, P.1.314096. 18, M. polonica. ST ; Total bands of seed proteins of
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Fig. 10. SDS-PAGE patterns of seed proteins of M. altissima, M. dentata, M. taurica and M. wolgica strains.
M. altissima ; 1, Bdn 58-262, 2, Bdn 58-259, 3, 894, 4, Bdn 636. M. dentata; 5, P 783-2, 6, P 784-3,
7, Bdn 58-190, 8, Biennial. M. faurica; 9, 70, 10, 134-1(x), 11, Bdn 58-253, 12, P. L 314094 M.
wolgica; 13, Bdn 1022, 14, Bdn 59-50, 15, Bdn ' 60-58, 16, Bdn 58-254, 17, P.I.314095. ST Total
bands of seed proteins of Eumelzlotus species.
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Fig. 11. SDS-PAGE patterns of seed proteins of M. offcinalis and M. suaveolens strains and soybean. M,
officinalis ; 1, P.197-1, 2, P198-1, 3, P200-1, 4, P200-2, 5, P.1. 314385, 6, P.1.178985, 7, F.C. 40032,
8, Bdn 62-1, 9, Bdn 62-13, 10, F.C.40001. M. suaveolens ; 11, Redfield Yellow, 12, Biennial, 13,
Golden Annual, 14, var. annual, 15, Bdn 60-59, 16, 18-4. 17, Soybean. ST: Total bands of seed
proteins of Eumelilotus species.
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Fig. 12. Scatter diagram of Eumelilotus species in the first and second eigen vectors (Z1 and Z2) obtained

from principal component analysis.
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Gk AR, hiruta D 58-4 (TH »
alba & & ER T 5 UN A& Y BIRIZR G TE o,
b, 49 XV VNDs 5 RE -G (BFEEE) %
fTofelzn, BATOELUERFEH - (X 13),
Lal, aba EIEFEIFTLNI, i, M
alba 1 B & M. officinalis (308 T, M. hirsuta 7&
oz 3 22 - LI,

4, # =

BEFO—KREYTHBT AV F 1 L28F42 v
A7 BIBEOEAKTTEANRD LT, BEER<—H»—-T
Db, TAVHF A sx=—h—1H\TOnza
sativa O G E T Bl3Bd 5000, 74
VAL AERDIITEAEELTPIITH D T B
HOLNLENDOH W TAVYFL 2L hET X
VRIBOFREHTHHECIRERD B —
FH, TAVFALBREGETF 2V A2 BIRBTHE
BB L CRESLOFEAELAR LB ES Do
KD BT sV BRIREFDOL vy EI DI
bz TREELEVY T, BERD 5V
RFEFLOBFICEAL TE L DHETHV-Lh T
Xf¥® LhL, Melilotus BB L Tixb i
Medicago |& & Trifolium |8 & OBE&E T M. alba ©
B 2V AI7ERFTIRTHRITE RN K
S8 T Eumelilotus BED 9 & 51 Rz o T
TAVFALCBEET AV A BRI L, 7
A4V HFA 2T DOWTIELAP ¥BRVCHEBOZER M
PNEL, ERBEROBH R Er o, 6BOT A
YA AT2 AV FREH LY, BEEBEEL T
Fl—D 8~V ERLICEBED D> THER fERE
BED b o,

—FH, BF v BrovwTabE, 28T
54 v F BB L, T T H TEM hir
suta 58-4 7 M. alba L ER T 5 DA TBERIC T A
FhoErHlc&l, EbIT, 772 —-5HT
I M. alba D3SERE 3B R DA TR CEH
—EN1 o027 522 —%BR L, M. alba i1
B (Bdn660 iU 10 #), IIFf (F.C. 40076 (XU
% 4 18) LB (Denta) o rivicdd, 74 V¥4
ADEE L EIREIT M albe Denta i34 2Hyc, *
BAOHTHMERMEBRLHMNEY LD, ¥
1z, M. suaveolens 3.7 1 V¥ 4 » OBE & R
1207 5 2A2-"BRL, EXTHTHTEM
officinalis FECHEEE L T\ 7o,

TAVHFEALLBEFR Y s BYRHETELD
&, FTFETAVFA ACOWTELECERERER
NEL, B - BV R TTROBEVEYH VT
BESE T o IokE R L R 2B 0 E BBtk
FHOLNCT A LR TERD oI, —7F, BT2
Vo g BT M. alba 53 3 B it A
33~ Stevenson®® O E LR T S R T h
EROBHGHI T, TAVF A 2L H558
PRERDGEHER - e D IAE L BRI i
Dofelcd b bE 220, —H T, B2
e 5 X 512 Eumelilotus BB OBE L 74 v
F A 2B ELZERL T L ERRE LT
b TAVHALLEFEVA7BRIBHET
M. suaveolens 12V HBRIZ 1 2D 7 5 A & —%
R L 7o & & T KB EBRGEL, Stevenson®® & &
X, M. suaveolens BB XA T v gy
M. officinalis @B LLL, Uad M. alba & FEE
& THote 2 &b, Cooper™ X M.
suaveolens 7> M. alba & M. officinalis & DM F,
WHEUTIEHTE L. LML, M. suaveolens i
M. officinalis & FENOBBEIC O TIZE S,
TRENRDDOM alba & TEBRLE TR LT
oo E72, M. alba & M. officinalis & OEITHR
THOR T SR IIFFH R0 & X BRE
HCHBEETNTELL LT ZORERNRTHETE
BEPHETZHEEGDT Chb EREROE
B L %8 T, M suaveolens vx M. alba & M.
officinalis & ODREHEBRRI D AU & 1E 212l
Vo B, BFEVAIEBDZ S RAE—-5HNb
M. alba 1 B & M. officinalis 2508 72 & & 2 ¥ 8
L7

M. alba & M. officinalis D7 4 V ¥4 2T
FVRAgBDY 5 AR =G0 OBERER L%
MEWEDB—RTEBELE DT, Tihbb, 74
Y F A AT D M. alba © Evergreen & Cumino,
Spanish & Bdn 631 ¥ X " M. officinalis © F. C.
40032 & Bdn62-1, BF # v <~ 7 HTD M. alba
II# o F. C. 40076 & Bdn 631, Brandon Dwarf &
Common White ¥ X U M. officinalis ® F. C.
40032 & Bdn62-1 TH - 7. B2 M. officinalis D
F.C.40032 & Bdn62-1 &7 1 V¥ 1 A THEF 2
VAR BETLRE—DI TAL —EWRLERTHD
LHEI W, 61, M altissima 2 ELRHT
M. altissima O 894 & Bdn 636 % I\ 3 # F, ©
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AARBRENIIE CEBFEIEAIN, COWmME LR
FEav 2B A2 —-SHTCRIL? 7 A% —%F
BL, EBTHAHTEEREL T,

V BEH®

BOWBICIL, BETEL L ZORFEE» HE
LTRI S, BEEEL Ly, BETFLoLoN
BENTH 556, FLEFECHREGT EEHEL
TWAB8E, b2V IERNREEEEIC R 2BE
FLoB#EEENE L bND, BOWRAR L EME
T B I E] fe BB IETFERB I L SRRt
BETID, i, ZORFEELIA LS S Oh
YRLHLERE S, Lich-T, BERCHEHLLE
AL bt sicdic, MEBEFNL LI
BEGRFNFELY A CEROBEHER YL A
Lz hudieblovs, AW TIL, Mellotus B
Eumelilotus BB OB R 2 BHETH LT, 79
RO MEABEREE b L, BEREEDR
BRIV, BERBRCERERT HEETEHLIT
Ltz EHWI, TAVH I 2EEFL2VAA7BOE
BERPELMCL, FVAIBLUAnbLYBOES
BARaHEE Lz, IEEOMBEMBERIZOWT
W, M. alba BFrMo 8L 1 EOMEEHE TR
b EHAHBEL L, Kita'® i X 2 if,
Eumelilotus BER TEEOBERIAbhish ok
&M, M alba BOFEIZ R 1 B O ERE 2
BHOTEEREINLRLL TV K5,
Suvorov? 7B & A Ui Melilotus |& & & D 547
WhHbE, M alba ZEAL b HhbRERRE S
RLBEAGH LTt FHEROERLE
<, BRI R b, REEE LTHFIAE
hictedbie s EERZ S LLEbZE2bR%
N, —HoORERTH D M. oficinalis DA M.
alba L Y P EERE LD E, M alba 35T %
B KEn v R L L RS R, Thiia
EOEEK L » TS E 2 bh b, Sano and
Kita® 2 E R ERICHERSY, s en—v
AP BTN T 2B ETFIERTLZ
EERBHLMZLT, M alba LD D
L DOfREEREMER L CWB 2 s RB LA, &
DR RERE L TET DI b Wb, TA4 Y
VA AEREPRHRTHD EBEHOBRI T EKX
&L e, e M. alba WWEERM T A VA AL
R Enlehotse AT A VL 60868 &P

okl b3 LBEELLRALDD, ZOT
L2 M. alba DFEHR D Lewis™ /R LA
REEI X % “Saltational” TH -7 Z EHREL T
Who —H, M. alba FER1c 8 BRI RGO
BEENLLREh -1l &b, ZhbDRED
B IBEF VA OBABEE L Tkl itis
Bo

1 BT #EEHY “"Saltational speciation” %3]
FRITRDIE, flzidee7h7 75 A0DE
By vARERAES 1 EOHEGEEI L VETK
EWOIHEY DX S, HEGEIREBETFE Y
BFEL, ZOBAHIBEER P VA ISHERL T
LEVIRUABEZLbRS, MEEE EETFEL
&R LAHl & L Tikstic Hakansson®® o
Godetia DIEFD A X v KR DEETHDH 5,
APRCh, ML CEERERYAET S X
7 2 —#4 F (Nectar guide) BEZEF» M. alba &
BEOREBERIIC X AHEEREERCERL TV T
&M, M alba & M. suaveolens O 35 #F, £ H o
DB LI, %22 -1 FIPERBRCE
DFTELZBE LT HIEOBEFETH - T, HIET
TRLDTADB RIS, 20, F272—-H1F
BHETAh IS BB LERIFELLT V0T,
O ERMERESDEI EEERT S, M
alba & M. suaveolens D* 7 2 —H 1 F & T+ 2%
L, M alba DIEPEECECHETh -, T2
M alba®BD* 7 2 —FA FIMEHRT, X2 52—-¥
1 FVEETF (Neg) ZEBESE#EEL T, L
Y GORELL - THREBBELFFETE D Nog
BE s M. suaveolens DFTFRIEERERCH D T & H3H
L7, Sano®” iz & AiE M. alba AEFEMDE L,
M. suaveolens XEM - to,  MFEMICEET AR
FollEREA Fieh - C, BHERISHEERETH-
Tt uELD L, BERRL T Ng BETHE
LU TSR E 2 b D, & AT, Melilotus
BEEoOTBREE L BRESH, LrbBETER
Eumelilotus W6 )& © M. alba, M. taurica, M. wol-
gica & Micromelilotus TEJE D M. speciosa V=R b
TW3E IbrEBEOERIIEE CEHMET,
Kirk™ w L WX 3 BEFHBEE L £BEFEE
RMBRRe EEpi L bhic, TEDRE R 2 & —
HAFYNE EETH A Z &2 Harborne and
Smith®) 283 5@ H T, KFRTHIER LA
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A—HA N EREBERTHI-. ThHDT &
b, EBBEOHEL L TN TH - EEL DR
Z)o

BOMBRBRYEMT DL, 2V 78V
“NTCOEROFANTRTH S, KFFETR, &
BHERAMIIB U THLPBRNERLET AV F1 4
LT EVvAIBRHAGI, 7TA VA 2ZDNT
i, Ao Ediel, i, LAP 2K
TEBHROBRERL N Ehote, Bbhi: 6 BE#
WAV RHERERGGWB DR 2 5224
WiadT o ek, BEORERERIEE LR - T,
Lal, 73 AZ =0T M suaveolens 131>
ODHEE 7 AR LI, Zhix, M
suaveolens DRI LAP-1 % B L T icied &
Zzbhb, LAPIHEHEERNYTHD, M
suaveolens X LAP-1 %, M. hirvsuta, M. wolgica,
M. officinalis £ M. alba X LAP-2 %, M. dentata
& M. taurica X LAP-3 %, = U T M. polonica &
M. altissima Z LAP-4 2 XA LT\,

—0F, BF & VB CEBRRE R
LA, BRABRMZEIELN, Bz, T4V
4 & & [ERRIC M. suaveolens X1 2D 7 5 AR —%&
WERL, 75 A5 =5 Tk M alba 233 B1245 He
Wiz, #ER, BT 2 v A2 B4R T Stevenson®?
PIERPETSEOWRBTITHLBEREFTHTH -
foo —77, B ESY 377 Bick X STHREPE
ERFEC L THRESEFNFEC X 2EBHERYHA
NIy, TOBEERORE K < IR 7 HB&ES
RIIB LR -, Thbit, ERME MM
DD EETENTORFENE S & BRE L
T b, IHATERITREL T3 ETE R
WO OIEBRBEOBARGFT5DTHA 5,
TEBWELYFLE LGB EBT S v < 7HRI S
FERBERA—K LA X, BFr v 7 BDRE
HrRRCC EEEET AT, BTV 2B
WO DELIEEYEL TV LERIE LN
Bo AP TIEX, RERBIIL T Tnds o 7SR 2
FhEhrbLLMENME RN, ThbOEREKY
R2ETAV 1 A COERBEGRLE KT AHEAD
Hotet’, BF2 Vs BToOEBRHGRE—FKTS
BE K20 M albax M. altissima @ 3 % M.
altissima © Bdn 636 & 894 (K 13)) dH-%e 7
AVFALEBFE VY 2B b, M alba

Wk M. officinalis & L REMAT LA, &
BT, M. suaveolens DR oL R Lol
THDHTENRBEN, M suaveolens 13~ ) ¥
R SR EALIR ) KO RAR LR TV B
ED L LBIEND B L HEINT,

K Clk, BEFEENGHRECL - TH
FBTEDHC ENRIEINT, LEEOEEIEOR
(i te 5% B & B Ut o> (2 ER EERu o fh i B 58
THREFOBLERICIZEAERETHD , AP
FTBLhR 2 82— 51 FOBEFLLPROHI
RBohtwb, %, BxOoBEC>WCEEGTS
AT VIREE & DBEE Y S ic iR, BREEL
oo To L hFEMmAIEohsb 0
LR E RS,

1 ®

Melilotus J& & Eumelilotus & Micromelilotus @
2HEBICAR I Y T Eumelilotus B 1213 &
A~b 2 e OEELEEETH B M alba &
M. officinalis % X U HI@EHNE T h 5,
Eumelilotus T8 OFERIC 1388 4 D 4= FEN] 75 (5 B A3
REL OB HNEET, £ 9 FEO kY
HIBAfR L, M. alba » M. altissima %< o> 71
MCHEEEIEEL TV A Z UL A LR
BENR T, A=t 7 r—"FREDIDIZIX
Eumelilotus ¥ & D4 9 7 o M3 A9BSR % f2 1
L, SBHOBENERYBLATT A ENEE
Thh, £ZT, KHFRT Eumelilotus BEDE
IREECHl¥BERYBHL, REROHBEXR
LTI BERERTAFELRETFREOVTHEN, &
L, ORI AL R D BENZER L2 v 7BV
AT HHEAT, BHROFHEC O TERL 7,
AR CELRAERBERILUTOL > CEHZh
%o

1. Eumelilotus BE 9 BRI ORI NG

1 M. altissima & B & O X 5 F, 1258
Bz ee—vRERLUTHET SRS, M altis-
sima &AL 8 O MFAEMBIRITHTH - 1o
ARETIRrs e r - AL DHETIELERT S
fedb Fy 0ORBRERNEE 2R, ¥, F 21585
7o I M. altissima & o 8 T E¥ A%
TolcfER, FihZTNerRE I, B
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THECEM o ZRBRDHLAEEE DL
Botend, M. altissima 3D 8 3T & a5 FEFN
EHRETHERELNEIR-T, BORF,
EERBRENBE LIcL oA, 72— 2 DEEHN
HoNnicbOD, 3EAEDF, 3EBRBPTHIE
L7ze LU, M albax M. altissima F, 3Bk &
M. altissima X M. taurica F, 2 B & RBE I T
oo THBOF, oW TTERRt 2 BT LIRS
URBELUICER, M albax M. altissima © F, 1%
TEBFE L ERTE T, BERISIBCE T LB 4ff
HHCRAIEROEEVBES L, 2O ERB2
BHCL I EOHEERERFEL T3 2 L 2%
T2o —H, M. altissima X M. taurica F, 4K TE8
R Licb oo, BESECRT HHEMETE)
RIEETHot, Lo T, M altissima & M.
taurica & DEICIT BB OEEEN VL E LD
hic,

2)  officinalis Bt & dentata B O TH B M.
suaveolens X M. wolgica TH - s FIGHEN R H &
n, BohioF, #8BEARELLLZA, 77
r—vARBEEL, 2@EEIBETECE 7, Thb
OEEOTERFMEIEDL 5 1o b DD, BRSREIE
FHREEDOTHIEF Thot, LidsT,
M. suaveolens & M. wolgica & DRI TRk
BEEREEZ LRI, 02 & officinalis Bf
& dentata B & ORCRBMEOBEE,N - L)
ERTHECLOBRYEENCHRIE LA itk
%o

3 LiLofER»S, Eumelilotus BED0A 9 &
D HIFa BB 6k M. alba 120743 1 O ERE
XD 8L RELDZ EMNHELI IS T,

2. GELEEDREELF, EFICH T IEELEE
k& BhEATEICRET 5 BIZF & DEEMR

D M alba DEERERER X Tk S% RET
578, M. albaxX M. suaveolens D F, 8 X 0% ©
MEHEHGTSDS MBI L 5 GHRxfT-cd Z
5, hEOREMICITIZEAE AV FRR bR
Motedb O, BT EER ST g Y
REIENCY RN

2) M. alba & M. suaveolens D G 3{BET X 5
B O, fHERAFIFCRLE DD
D, FHEOAE L LRBORICERI FEDLL
oo L L, WEOHH TREERAEKYRET S

e T L, KT, F, 0 G o3l
PER LIck 25, THEREBACERI ED LR
fe bt SRR AT i TR R ARIZ D ER
PRRDH b,

D FFogBrmEoRM»HE 4L C,
suaveolens T > 58 & 8 S DE b O R Gl FIHT A
b, 5SEL8SOMTIEERAL, Thith
alba O TA L 8A -k EHEZI N,

4) FAHEGREEVEECERL TS LT
M. albaX M. suaveolens F, ® Pachytene T+FFl
PR T A REANMICAEL WL E, M
alba X M. suaveolens F, CTIHEG G4k & AR
DFEERBBZA~T r B LR —H LD EBE
I bz, }

5) M. albaxX M. suaveolens © F, Tit, HHE &
Brefll~Fufld 151 OWEHICSBEL 72,
i, BEHEFZ 7 8 —F 1 VEEFNeg) L DE
SEBA R A AN R, Nog LA & Ot
9.5+5.3% 7 B HEMIC X 5 EEBEEAE S E
72> 7oe

6) EEFOEMAE AT HMNEAREERE L
Neg BET L OMTCOHESTBEZ TR, SE
NBEEGEEE T Ngt BEFRFE LD, H—H
DEBETIEELE o, O & XMHEES
k& Nog BETHAEVCCRBOH S & &L &RE
L7,

3. PAIVALEBTFINIBIZEITERO
BIEHER

1)  Eumelilotus BB BT 5 X ORI T
DT7AVFALLEBETFEVA7BIETHERLYR
~tzo

2) 7414 v¥4a4 it LAP, PGM, EST, IDH,
PGl x X 0'POX » 6% C, LAP T4 K, PGM &
PGI t574, EST, IDH & POX T3 & D X v F
BERFRBEE Ui, LAP 2&\C, Eumelilotus
BREIBIZIIZTAVF I 2aDERIL NS
foo Fhe, BT A VYA AOBEAICI T HH—MHIT
bt

3) WBAEDAVEFEDWTOEIRG SR ORER,
altissima %, taurica s L O° dentata T (3 M 0 1
LRBITELD, BOOOBIELL T\, %
Fo, taurica % & dentata BRI b —BEE LB
7o
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4 BDAVFIEDWTDZ F AL -G DK
B suaveolens &, wolgica B ¥ X U taurica & 72
BRI T & . officinalis T8 & alba &3
Bealsz 5 AE—ahhicbon, s 3ER
L7eh o Tz,

5) SDS-PAGE BESNBIEC I VBT £ vy
BAHE Ul R, Eumelilotus BB 9 7& 51 Rk
KERWTRESAAD v FEREL, Bk
HERNB LRI, ¥, alba & officinalis D
BHERL K E ot —7, suaveolens B &
wolgica TIXER OX— M TBD TEh - T,

6) BES4 AV FHLIBEASY PRV 49 S
VRN DWTERG DT HIT - IckER, hirsuta &
1R alba BLEEETHUNAARCEBELRG
TEf, EHIC, 49V FEDOWTDI5AE—
SRR, ERS SN L RFCEATOEDE N
Ehhot, LU, abaERTRIFTT N,
D5 b0 [ B officinalis @ E TR TH -1z,

D TAVFAAEEFRY AR I2BEDI FREF
DT ORERND, suaveolens FE12 T IR Is—o D
75 AL —BHBR LI, DI &IXsuaveolens &
PHBE ORI E s D ERTREBL TW i,

E| 33

BRI 1987TE 4 B2 b 1991 4E 3 A £ TDH 54E
Bhic, ARELOZMFHRBCE LT, ifExE
KERBERHERCEFR AT dDTH B, B
BEDEMIT It » THIRBY) e L R o %
& bt EXZEYREE - KTEREEL
WLUEATERHOE YR L L5, RARCHitos
fBidte h RBE e EiEE R Wi &, RO
TERIC b B X787 & RO BB 2 o2 e
I ERFE AW « W) EEEL TR LR
DX VEfLEEL EFR, Ehic, AREOETK
it LB e ilieE & AR BB E R\ i Tl
BEAFRELE - ELEERECH L TEATRK
BOBXHRLETS, T, KRAXOHABM A
RN ALEEE R BT - BARDEL, AR
BehtEAEETE S L TEATHEYSE L LT
5, EERETEHA 0 BRLHMBE 2ol v o
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BRI - RE ML, RS- = LB,
EEIF - P, ABFE - SFEREHELXS
IR LT A TREOBEYH L LT
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ok, RBETEHSRREEXRD K]
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Summary

The genus Melilotus is divided into two subgener-
a, Eumelilotus and Micromelilotus® The subgenus
FEumelilotus comprises nine species including M. alba
and M. officinalis which are important as forage leg-
umes. Since several kinds of reproductive barriers
are highly developed among FEumelilotus species,
cytological relationships among the nine species in
the subgenus have not been known with the excep-
tion of the presence of a reciprocal translocation
between M. alba and the other seven species except
M. altissima ?” It is very important to establish the
cytological relationships and to clarify the genetical
differences among the nine species in the subgenus
Eumelilotus for Melilotus breeding programs.

The present study aims at establishing the
cytological relationships among the FEumelilotus
species and revealing the structural differences of
chromosomes between M. alba and the officinalis
group. Furthermore, in the present study inter-and
intraspecific relationships among the nine species in
the subgenus Fumelilotus were surveyed from the
viewpoint of biochemical traits.

The results obtained are summarized as follows;
A. Cytological relationships among the nine

species in the subgenus Eumelilotus

1. Although M. altissima showed cross-compati-
bility with the other eight species in Eumelilotus, all
F, plants were inviable because of heavy chlorosis.
However, three and two F, plants of the crosses M.
albaX M. altissima and M. altissima X M. taurica sur-
vived by in vitro culture and reached the flowering
F, plants of M. albaX M. altissima showed

chromosome configuration with one quadrivalent

stage.

and 6 bivalents or one trivalent, 6 bivalents and one
On the other
hand, chromosomal pairings at meiosis of F, plants
This
result indicates that M. altissima has the same chro-

univalent at MI stage of meiosis.

of M. altissimaX M. taurica were normal.

mosome configuration as the dentata group.

2. Crossed seeds of the cross M. suaveolens X M.
wolgica were obtained for the first time in the
experiment. Although the F, plants were inviable
because of heavy chlorosis at a nursery bed, in
vitro culture made them grow to the flowering
stage. They showed normal pairings of chromo-
somes at MI of meiosis, though averaged pollen fer-
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tility was 18 %. This result indicates the absence
of any structual differences of chromosomes
between M. suaveolens and M. wolgica. Further-
more, this result verified the result in triple crosses
that the officinalis group and the dentata group have
the same chromosomal constitution.

3. From these results it was concluded that only
M. alba was differentiated from the other
Eumelilotus species by one reciprocal translocation.

B. Identification of translocated chromosomes and
combined segregation between translocated
chromosomes and the gene for pollinator visita-
tion

1. SDS method for G banding of chromosomes
was applied to identify translocated chromosomes
between M. alba and M. suaveolens. Although no
bands were observed at metaphase because of heavy
concentration, several clear bands were recognized
near centromere at prometaphase. Based on the
lengths, arm ratios and banding patterns of chromo-
somes, the karyotypes of M. alba, M. suaveolens and
hybrids between them were decided.

2. M. alba, compared with M. suaveolens had a
smaller satellite and a longer long-arm of SAT
-chromosome. On the other hand, structural
differences between SAT-chromosomes and between
the shortest chromosomes were observed through
analysis of karyotype of the hybrid.

3. From these results, it was concluded that
subterminal segments of chromosome-5 and -8
(SAT-chromosome) of M. suaveolens were trans-
located reciprocally. Consequently, Chromosome-7
and -8 (SAT-chromosome) of M. alba were derived
from translocated chromosome-5 and -8 of M.
suaveolens, respectively.

4. One of the chromosomes formed cross-shape
at Pachytene, which indicates reciprocal transloca-
tion attached to the nucleolus in F, of the cross M.
alba X M. suaveolens. Homozygote and heterozygote
for SAT-chromosome type were homozygous and
heterozygous for reciprocal translocation, respec-
tively, in F, of the cross M. albaX M. suaveolens.
These results support the view that SAT-chromo-
some includes the translocated segment.

5. In F, of the cross M. alba Brandon Dwarf X
M. suaveolens Redfield Yellow, segregation of hom-
ozygote and heterozygote for reciprocal transloca-
tion showed a good fitness to a ratio of 1: 1. Com-

bined segregations between zygote type of recipro-
cal translocation and Nc¢g gene responsible for pol-
linator visitation were examined in the F,. N¢g
(Nectar guide) gene was found to be linked with a
break-point with the recombination value of 9.5%
5.3%.

6. From analysis of combined segregation
between N¢g gene and SAT-chromosome type
which included translocated segment in the F,,
excessive frequency of Ncg* gene was observed in
homozygous plants for S SAT-chromosome type.
This result indicates that Nc¢g locus is located on
SAT-chromosome derived from M. suaveolens.

C. Interspecific relationships based on biochemical
characters

1. Interspecific relationships in Fumelilotus were
examined on the basis of isozymes and seed pro-
teins.

2. Four bands for LAP, five bands for PGM and
PGI and three bands for EST, IDH and POX were
obtained as isozyme markers. Variations in each
isozyme were few among the species except for
LAP, and each species was relatively homogeneous
for each isozyme.

3. Based on principal component analysis for a
total of 23 bands of 6 isozymes, M. altissima, M.
taurica and M. dentata were discriminated from the
other species, which, on the other hand, overlapped
with each other.

4. Cluster analysis for a total of 23 bands for 6
isozymes distinguished M. suaveolens, M. wolgica
and M. taurica from the other species. Although M.
alba andM. officinalis belonged to several clusters,
these clusters did not involve with any other
species.

5. A total of 54 bands for seed proteins in
FEumelilotus species were detected by SDS-PAGE.
Large variations of seed proteins were observed
among species. M. alba and M. officinalis showed
large intraspecific variations. On the other hand,
M. suaveolens and M. wolgica had extremely small
variations.

6. Based on principal component analysis for a
total of 49 bands of seed proteins, each species for-
med a distinctive group except that one strain of
M. hirsuta overlapped with M. alba. Furthermore,
cluster analysis for a total of 49 bands demonstrat-
ed high similarity of seed proteins in each species.
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However, M. alba was classified into three types for med a distinct cluster in cluster analyses of is-
seed proteins and No.I group of M. alba was ozymes as well as of seed proteins. This result sug-
related to M. officinalis. gests that M. suaveolens evolved characteristically

7. It was clarified that only M. suaveolens for- in the subgenus Eumelilotus.



