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Melilotus &0 FEE 3R 2 B3 2 F R IR o
B 18 AR Melilotus albax M. hirsuta Ol EZE
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Fundamental Studies of Interspecific Hybrids in the Genus
Melilotus from the Plant Breeding Standpoint.

I. Cytogenetical Studies of the Inter‘speciﬁc Hybrid,
Melilotus albax M. hirsuta.

Fumiji KiTa
(University Farm, Faculty of Agriculture, Hokkaido University)

®

Melilotus Bt SCHULZ (1901) 43p¥Hwc Xiuid 22
Eirblsd, REABRERIRT22=16 THYD, &T
25K E LTHEELTWHD EBREINTWS, BMDE <
X1 FEERNE 2 FEDWTNNTHDH, PROET
VL 1EEAEN O 2 SEAE R RN T 5, RERIR
FE4LT M. alba ¥ M. officinalis &8 U %ER, &
WA, RUREEHE LTILRRT 1 F £ R S
nTna,

BFEAEL LT, MX, £, HGERERONES
KDIEsIC, Sweetclover DE G R H & INDEHHD
f k47 Coumarin %8 ¥/ RBOERNSEHE
LI TWw 5B, XJTtE Sweetclover weevil (Sitona

bl

cylindricallia) OERHE X, WHERBEOHKD %
REELRFEEEE L L D,

Zho BRI EEKCBEHROSE L ke, B
Rz & 5 BHRBETOBANE LR E LW BRI
LEz b, BRI SMITH (1943) i X » Tk O RIRedDS
REN TS, RUMHLEEEBICE.» T, ek
FFMBR LT RE b WERZR SIS £ { DR
MebATeE, T BTFoREEc kT 58/ F

RPOERFRZ, RUBHMOMNECFWRTTESES
{OMBERFRIN TN D,

ARFR EORM L 0, HRKHcET 2HROE
7RI 2 B D i A & U TEITHR OO 1 #
ZhTbDTHY, i M. albaxM. hirsuta D
FHMERIC DOV GBS e ERER 2 & 0 E LD

Table 1. Comparison of the F, hybrids, Melilotus albax M.
hirsuta, with the two parents.

Morphological

characters M. alba, M. hirsuta M. albax M. hirsuta
Leaflets Margin  serrata (20-25 teeth) serrate (15-20 teeth) serrate (15-20 teeth)
Shape lanceolate ovate ovate
Color dark green light green light green
Raceme very dense dense medium
Flowers Color white- yellow pale yellow
Standard longer than keel (4-5 mm) equal to keel {(5-6 mm) longer than keel (5-6 mm)
Pods dark brown pale yellow pale yellow
Seeds Length 2mm 2.3-2.5 mm 2.3-25 mm
Width 1.5 mm 1.8 mm 1.8 mm
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AHDOWED AN L Department of Genetics, Uni-
versity of Wisconsin e\ C W. K. SMITH k%
U D. C. COOPER L8 D LT bt b d
THY, ol U FERER sWEAETS,
FHRDOEEDICEE L, #i2t OBOIFTCM Tl
BERFPEEEREALOMER ez, 8T
BE{EHTIETHS,

d

Fig. 1. a

EBMRRUTE
Evergreen N 125, Common White N 127) %2 L,
M. hirsuta @ F 149 708 > U TR MY Lk, 20
FEFZYAEOEL B, SR LBRW g/ oD
e Y FIGET AN I 2ABO s TS AREILC
iR 770\, KT X D DO RO O B fc 45
WEMOHE TG L b0 AW TitE» b itns

e

) M. alba. Polar view of mitotic equatorial plate with 16 chromosomes. X 2300.
) Pachytene with a cross-shaped configuration. X 1600,

¢) Camera lucida sketch of b, x2100.
) M. hirsuta. Diakinesis with 8 II. X1400.
) M.albax M. hirsuta F,. Diakinesis with 6 II plus a chain of 4 chromosomes. X 1930.
) M., alba, Diakinesis with 8 II, X 1700,
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L0, TRAERUEC D DO, REETIhEEEL, 3~5°C OMEIE T 24 IFRHGE #
BohBTAy v — U~ CRESR, BENOMNH BB L, AKX o cr v B~ v HETH

PCEN Lo 65 RO 24 S RO EHR L B

RUMRRI e HE S e, chukikiiiz L, BEANT

ot
B Ui, DRTEIC R AT 24 R TS RO RO X B #E R
WOEBERL, WHNC M THH 2 LXERSR 1. MNP E
Too BB IIT 5 P RARD SNy » T MK T v 2 — M. alba, M. hirsita ¢ 2 g8 THIBIB R & &

N E IR A I L. e e A YB3 1 1D DILENS D 255, BbPEHELAXIEOT, M alba OF

a Srieate bt f
Fig. 2. Metaphase-1 of M. albaxXM. hirsuta I¥,. X2240.
Alternate separation of members of the chain.

Terminal members disjoining from the median members of the chain.

11II[+611+11 configuration.
711421 configuration.

)
)
¢) Non-disjunctional chromosomes of the chain move to each pole.
)
)
) 611 plus a ring of 4 chromosomes.
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e U M. hirsuta 3B TH S, F lBowks &0
AN OB D5, £ OBEEbMEA RS, W»
FREOHH DWW AR EO 4 /R4 & Table 1
DI THD. ok Fy BBEOEGERZ B R LAE
A% UEERNYR T H 2 2R B LB BT B
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Fig. 3.
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UzhsBic X % &, M. alba, M. hirsuta 31 #599% @
RREA R Lk, 0 RADETE S 2B L (Fig.
laand f), F15H%, F2HULCEETH- 2, F

F13% AR Lz,

Ty DN 2, iR © 8 6 IT4+-1 1V 23
ZExh, LIV &L oBAa 4 #EguRg MK E U TEE
L 7z (Fig. 1 e}y —0 D 2 MBLEMRT icfn & il L

M. albax M. hirsuta F,.
Anaphase-1, 7-9 disjunction. X 1600.
Late anaphase-1, chromatid separation. X 1540.

Late anaphase~1 with laggars. x1400.
Late anaphase-2 with laggars. X1750.
Early telophase-2 with laggars.x1700.
Telophase-2, micronuclei. x1500.
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WBD, 4 HERG R L 2 X QBRI E D N Ao o
DM L6 TT+11, 71421, 811 OEATH/N
BHE e A3 FEAE Uie (Table 2), 88 1 thifi it 1 IV46 11,
TII+6 I+11 O#ARAIZFE—$HE THRL, %E
REHHCRON D 4 EEREBKRO—DOD Y@ lks,
precocious separation I kX » T4 T Kb DE#E 2z
bil, fE- THEAMRKE—ER*HFT5 0L BEX
s,

4 BEHIRGLERIC DO\ TED OSBRI EE X i,
i 113 alternate chromosomes A3 —HBIC
5% (Fig. 2a), 2 (XH%HD o0 YRk s hiin —o
OF ek & Bl -CHjic i 5 8 (Fig. 2b), 3 LT
DORSTEEGHEIK (nondisjunctional chromosomes) 38
WEic 58 (Fig.2¢) THD, BEDODENL
REEROEER S REAE L, oMo L BHEE X
58% W R UTEMARE L UfclE R U koo M L7DD
LII4+6 1141 T OEARIC DT 1 I EEDERE A
DAERIRIET D LIEARAHETH - foo

4 A RERBEBIRRUE 1 i T—8ic 4 ERg
BERE UCTHEATSY, B 1 chERED 4 fIEgE
Mo (Fig.20), X 7U+21, 811 OHEAKINAKE TF
L7 (Fig.2d and ¢, Table 2),

chb 4 Mg HERENC & 58l L 5
DERIETD DKM OBE XTI T sh, Kk

Table 2.

Wi B\ CHHE DRI cross-shape 3 L
NSO arm BHEBEHE S, b oodERZE
HBEDOHENEWTSORBRTH D LRI h & (Fig. 1
b and c),

1A RT P.M.C. 1D 52% i\ 8-8D
et (R DB EEE SN, fik 7-9 D53 (Fig. 3a) Bl
BN EEHEZE XN/ (Fig. 3b and o), BHu A
1D EEATAESB LIELIEH D (Fig. 3¢), Xt
SED S EEHTCEEE X iz (Fig. 3 b),

PR ORCEER LECCAEE sk, 2HEEW
RENCSEDOBHELEL LI, HOKREFIREL DY
BRE—THDH, BCRE-> DD BEINL, th
RREEBOIERICE 5 D EHEEIND, EBYAK
RBA~OBFTHTT N i X % micronuclei D
B R bR .

B hIHOBEIRETH - 7o, & 1 BPOER
ek LB MR HA e TEISHE I LS, LI
UIE B OB ek e micronuclei 5385 1T )8
RUE I Koy EBZE s nik (Fig.3d, e and ¢,
—RRICRAS HCBIFN T AT ORI R, 25T,
3NF, BALSDTREEIN - oo RBNRIC
BB HOEAER R HFEHE R RT& Table2 Ol
{TH5,

Chromosome configurations at diakinesis and metaphase-1

and their distribution in later stages of meiosis in the F,
hybrids, Melilotus albax M, hirsuta.

Frequency of PMCs with

Stage of . % . _~» Normal Abnormal
eiosis 8II 7I+21 6I[+11I+4+11 6II+1IV 8-8 87 9-7 7-7 PMCs PMCs Total
Diakinesis 8 2 2 130 134 142
Metaphase-1 7 8 46 43 97 104
Anaphase-1 70 39 25 1 70 65 135
Anaphase-1 70 37 107
155 333 488

Total

£

E ]

BEOTER RS R TR M. albaX M. hirsuta
OBHMER U i W84 2 4 SEREvERER, BT
B 1 BNORBERDOSECOWT, WECREES D
o LOXRRAKOMEIC BT 584 & s LT
B 5,

BURNHAM (1932) 13.& 54 A2 LD semisterile-1 %
B b HISR Ui e i T8 6 Gtk O AR D ter-
minal knob & BEERAAKD HIIIEWIBS & AL
BEORBIBATHL LEBEMSNIEIE R Lic, 2h
EIEFHI & D Fy R 25% DIEBRRELRL,
F, OKZRIBOEARIL cross-shape Tit7n<{ T-shape
R LB BRI A 7 < 4 ESRELBEBHR L 2, &
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DERE LT FEKR terminal knob O340 klir H
b,

CLARKE and ANDERSON {1935) 133l Eic i\ de ik
BAOHEIRMC OV TIKOBE R LTS, Tihabb
X BB THLINE, Fveoay DA Eke
%3 KO HTEERO—IRS &, 3 RaRoEn
arm DOF 25% DA AN EIREE ST 70t T 2 HEH
FRH Utco KARIMADESE 56% »5 T-shape, BEIHA
T 31% 5 4 EHERGEAERE IR L, TR & HEE s
TIEHER 0 OFEAER Uiz, ZOHEM & LT A
DIHCRIT HRGEL, HIRAKSTORHMTE
DGR EEIRT LENTND,

BURNHAM (1934) 13505 8 55 9 a0 R T E IR
BE% 7§ % semisterile-2 fiidy & LRl & BEHEL 7o Fy
DOBB T, £ <054 4ERRakARL, 43
FRPAEL 18 OFR T HITH » oo KROEAE
cross-shape 7R L, X/4om arm 1 E L, PEBOEOE
WIS DRI TH - oo FERICIIULZ O X 5 A
BRI BN T4 EER P BAR L o> TH Db DHD
RWgFhao arm kT 5 HELEEOHEE S H O
BRMORBDSEINTH S S LT,

BT, FEPEE LU M. albaxM. hirsuta F, w3
Wi, KRPOFEEHESTIC L » TEB WL,
2 OIFHERGEAED, HIEHE W85 ORI H 7R
PEULLD W ETHC ENTETED ., RLUAHD
WINOLBRICEBE R ] & T 5 o0k, FEHARBEO
WHEDOARZR L, marker genes DR B B TFRAHT
H D ASHOBTIC ¥ 1Al T B i\, BBk D RIS
BEWCPIbHLTE  DHS 4 BEFREaRCRD o
EFAKARIAD cross-shape DW= hpd arm i1+ 5
FERIZ A OB ORI £ 5 b0 & E 2 hud
—JED TR D,

4 YR D AR oo\ T, COOPER and BRINK

(1931) 1288 1 PO EEREIC X 5 4 BRAEDE D
SyBERY % alternate segregation & adjacent segreation @
DA, adjacent segregation VR EE KR UK A R
LIEB AR AR5 ¢ L2 Wb I Uiz, BURNHAM
(1950, 1956) 1#15 &5 6 Jetaic AR IR 2 H 5 &
5B 5T LICDWT 4B AARO S HE2 I L adjacent
segregation % DD &I/ 3> adjacent-1 segregation
(disjunction of homologous centromeres, nondisjunc-
tion of the translocated pieces), adjacent-2 (nondisjunc-
tion of homologous centromeres, disjunction of trans-

located pieces) K433 Thr B, ALK marker %/

WHT LD EOHBBEARE L, adjacent-2 D H
FB R IR T A3, adjacent-1 DE L alternate
segregation &% ¥ Wl—T fEB AR 50% Wit b
b B,

M. albaxM. hirsuta F, O 1 hifcsit 5840
BET B, THI4H6 1141 1 e o\ TG R D 4k
BaRESTDH AR TH - 28, 1IVH6I iImown
THEZE Uik Tt adjacent segregation @ H 5,
3 58% iR Lice TR O F, QR REE 56%
X —H T 5, SR =D adjacent segregation 1D\
T, BURNHAM 234MEL o Z0oDFEIS adjacent-1 &
adjacent-2 OFEICOV TIEHESA marker 257\ Ao
DS NCT D ERARETH Do

I hic 1 II4+6 1I4+11 Hhs#y44% OHZ=THEL
Fe s, Tl 4 EEIRE AR precoucious separation
o THNR=bDEEMIND, 2O 1l
1B W TIMEARRBICET L 79 O E 7t b,
T DHARIC T TR MR EHIRD IR I N D bt
Tho, BEhHEMTLEHE2EO0H S BT DF
pililpe e el OB el

BRIEO RS HOM R BOEL LT D LItk
D THBELERFY Do Melilotus |80 R MR+
BB REIE IC O\ Tl WEBSTER (1955) A8 M.
officinalisX M. alba @ F, #RECO\~T 4 D A 7R
% U fohs, SHASTRY, SMITH and COOPER (1960) ¢3.[6]—
FHERIC DN T4 D HE A TEE L TV % BRINGHUST
(1951) 13 (M. albaX M. dentata)X M. dentata -2\ T
FEEEREE AR LT B, FIC JARANOWSKI (1961) i3
M. polonicaxM. alba @ F, wB\»C L < HHEEE
DEEXHERL T b, & REEDT- i,
M. albaxX M. hirsuta, %4&-CHEEE TIC, HELEE
MRS LR FO 3 AR, FEE LT M
alba BEFNRTWD, chbic L THD LM
HEgEEAS, M. alba DSEEERIBEEGIATH - T, WL
D OIEAFE R AAIT OR—OWERBIC L5 bDTH D
M, M.oalba OREEEIOMERETH> THER- 12
MG X 55D THDh, RAEXMHOBICER
TOHOMERECLSbOTHS 02 RET D IELS
DGRV DOWTIITK LD D & LB TH D,

FICEZIERO 7 7 + DM EKE 03 DT
H5H, AARCENTE 6 L ItoWwTikEL A
RSB B, 4 BPRAKCOWTE L dilflicksir
5 1R D OB E 25 & CHEMEC L £ 0D
BRI & 0 e AR OTRICHH L e #£2 3,
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FERIMEAEE Melilotus albax M. hirsuta @ F, MR
DT, AR KR ORI S R 2 1T 7 -
oo k DREREFHITH LIXDUWL TH 5,

1. Fi Y REDERRRZ 2mTH, EBRES
WY Bniav, JERREROPHOREARETH S,

2. RAHosZ= b, M. albaxX M. hirsuta &3
WCHE SIS ML, © OMEEER DD
AR BEEO RN R SR AR S ORI TH B L
bbb,

3. ZLDE4E, BB 4 SHERABABEE IR
Sh, THKRIID cross-shape W 4 7@ arm
ki % RGOSt RBr kb 0k
HEE i,

4. 4 BFRPEAEROFBCI=Z0o0RMBHEE I,
* DD ZO® adjacent segregation KD HHIHE X
58 xR, THIEEMAREE XL —%KT5,

5 HIBMTTIDHENREbR, ThicXb&kMA
CEHEO MRS HRIND,

6. HEGREDOFADBPL & s o fe =D D HEREHERE
DAY, bbb (M. albax M. dentata)X M. dentata,
M. poloricax M. alba, M. albaXM. hirsuta WCHI
M.alba SEENTHHT LD, il L TEETHH
HE WA LT, M. alba BEEERIEESGETH» T

R U= OIEmRaA O R —OMEEEIC L5 b D

THon, M. alka QREEMOHEEETH> Th,
Rl HEREIC L2 D0TH 50, BnikfiofEc
BHT255DTHELIhDBRECITECE DS ICD
WTDIAFEN e S hRiT bR,
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Summary

The F, hybrids, Melilotus albax M. hirsuta, have
light green leaves due to chlorophyll-deficiency aund
pale yellow flowers, intermediate in color between
that of the parents. They are highly sterile (ca. 56%
pollen abortion) whereas both the parental lines are
fertile. A chain of four chromosomes and six biva-
lents are present at diakinesis and metaphase-1. A-
nalysis of pachytene configurations revealed the pres-
ence of a reciprocal translocation involving large
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segments of two chromosomes. The chromatids of
one arm of the cross-shaped figure are loosely asso-
ciated which accounts for the chain configurations at
later stages of meiosis-1. Precocious separation of

one chromosome from the chain commonly occurs.

Adjacent chromosomes frequently pass to the same
pole at anaphase-1, accounting in part at leased for
the high sterility. The presence of a reciprocal trans-
location in the hybrids is evidence that one parent is

homozygous for such a translocation.



