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Melilotus J& D TEEHERE 1T BE 9 5 B E AL R 78

# I  FEEMFE Melidotus sulcata x
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Melilotus (Sweet clover) BEOB MR ¢
AMBEZFNIIE L, BREKHECES Sweet
clover BREOEBHIF L LT, TABOED
HECDOTEHIC SR THlbkH 2 REEZREL 2D
H3,

EESRIFICENERET, oOMREZZHE
D DOH BN, RFITBOTIE M. sulcatax
M. macrocarpa F, DELHSTELT W L OFLEEHE
AL, ZOMETOMEES 2MELEHEL DT
LCiLREDHRET S,

IEBAFEERICH B U 2 # 2 Department of
genetics, University of Wisconsin. US.A. © W.
K.SMITH i Lic L O ¢ o b DT, CC
R L THEELIHEEET S, TLERKTE
REDICEHLB2MECRE B> L REBIEAEL
FPUOBREAEMIEtCHUEL R oBEET
LIRETH 5,

FRAEREIURENFPHAEROEYICT—IB X
SkbDTHY, CCRBLTHEEET S,

. EBERRUAEK

M. sulcata N118 = 8 & LU, M. macrocarpa
AC336 £7EME & LT 1963 R BN TREZ T
o tz, WL HE Micromelilotus 2R 5
14 THs, REFEIAFHRICBNTHREL
¢ ¢ (ESH 1962, 1964), REEHI2 IV 4H
FHRELN IO KRB FEILTHEERTTH-
fro BONLEFR Yy — L~ THIFELIH, 3
FEEBCHBCEREL ZO0%RBEZENTERS
Nk, 4BTHOHETNHENIE LI BERER
BIC KA TIEREM L, WICEDHEDL S 2 ik

- HBE R

PEBMECTILCEBHEEI N, CO2[FHK
BRECEERCEEINESENTERI MR &
i,

TR I DR RST B DEIZIC Y > T AV Y/
T 3:1 FICIGIUE 2 $k4 45% KEERRIC AR AL
B E Nz TEEL, 3~4°C omEENICH
24 BIEERER S — I v TRERE L,

IIl. E8B &R

1. HAREEOLER

M. sulcata, M. macrocarpa U Z 15 & HE
ST AEMMREF, Y ONLBEOH B XX O
LD RERHNR D, M. sulcata D/NERZRROE
¥TERga TH B, M macrocarpa 3BT
N SUTET M. sulcata 12 L 5T 0 26
ZRT, MNEDOKTIII M macrocrarj)a HIK
%< M. sulcata DFJ2~3 EDRBOEEEFL T
W5, FiEHoER, EnREmEHozzhMT
55, EFEHAMBPLIVESFE LL T
%, SEAREFSEATCHOBRMEETHEYD
ONTMEFERBERZOBRRIFD S NI b
72,

BB L T, M sulcata i« B THEEFHF>E
>8I E 7o M. macrocarpa 17 B\ THEH>E
BR>EROBERCHD, FLEHMTREER>E
F>HEPOIRMEZRL M. sulcata \ LT 3,

C AEEROREZEFERIEF THRLTAHZ E M.

sulcata 13 #33.7mm, M. macrocarpa 1% % 8.1
mm TH2DIEL, F, ¥ CiE6.2mm CiiE
DIFREHPHMEZIRYT, TEHOEIRUTEH TR
M. sulcata |3Y¥5 4.8 cm D L iz 17478, M.
macrocarpa T{3I3H 13.0 cm OFfEEMZ 381 JEC
H55, FIEYTRIEHEHBEOFHE D 11.0 cm



Fig. 1

Comparison of plant types between the F; hybrid plant
and its parental species at flowering stage.

Left: M. sulcata. center: M. sulcataX M. macrocarpa F.. right: M. macrocarpa.

ERTHBEHI 03I THRELOZ A E>TINE,

BFREBERCEMEREF, Lic 13k 1 R 8A
T, BFDKA X X3 M macrocarpa i3 M. sulcata
Xk & <, FEmcRzohitch ok M
macrocarpa P L T 3,

2. WMRFHEE

M. sulcata ¥ M. macrocarpa DIERHETIZ
%2 100% KU 96.8% 2R L, RBASHOBEIYN
RUOE1REcRANKE SII 2B LE 1 5%,
B2ABKREFTHIC LoBEEIhL, F
YOTEBIEIL514% THEL VB HICELSE
FET B RIZHIREET 21.2% Tk - (Fig. 2-a),

ERMEEF, B OoEnSMiRoRM S 3 % 8
BURERTLROL I BHERUSEERL I,
(Fig. 2, 3), BB, #l, F2hPoEsR
RU%E 1%, B2R2POSHENDORBRHEER
Tablel, 21Z/;RL 7B TH 3,

% 1T 8 o IL flgetmpken 1D %8 i o 1L 4f
gk D RETHhD, 20 Il MEERT S 2D
DOREEDREIVPHERCELIBESTRL, &
1hoMTIEZOBEIRIEBEZHRELIZL
MEeE R D FRER B 79 5 i IZBRRE I R
L S BICEAIRENEE 3 i (Fig. 2-e, 1),
CORBARBEHRTREBKO-BELCHNE

XL RBATH O, €ORER ring Ik ILE,
rod R I1ffi, RO 1 >ORBEENEICTEEL TR
ZBbDO03MIcHEEnre (fig 2-b, ¢, d), L
DLENLOWITNOBEIZENTE 1 >DHERKIT
izt U T/hZ o, CORBKRIEBELHRIAT
SEE% T ORBEN 2~3EDOREXTH D,
FLRMR OEMERLE LDIHTIE 46.4%
DPEPAME L TBOMICEBICETLTCLE 2
bDOB/NHE TR S 5 BEE SN (Fig. 2-g, h),
FEL1HHTR DA T BRAKRBEEIN, 711+
2l DEEBDSIBEEL o, T D2 DD TG
BAREERL 2R LR O EKICHEHET
5HDTRIENT EPFEMICHS HTHo 7,
% 1 % iz B TR chromatid bridge & U
acentric fragment iz HL T 3 b Op3 181
DEZR T 16 #%£5 X 1 paracentric inversion @D
GEMSEBEL IS 2 (Fig.3-a), LhLCCTI16
%rp 3 1% bridge A3 FRERK L TUNTHEME I 3l >
NEEBEBRLTHWAEDTH-o 7z, #ilc bridge
ZHET fragment l HOBEET 3 D549,
2{@AFT5HON6 KELEIN (Fig. 3-b, ¢),
¥/ bridge X0 Db Db 2 HEEL 7z, Bk
Pe—FoBicfhOfEEiD 2~3FERTHS
MR LB Al EEESIN, F2 0%
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Fig. 2 Pollen grains and different stages in meiosis of the ¥, hpbrid, M. sulcataX M. macrocarpa.

a. Normal and aborted pollen grains. b, ¢, d. Diakinesis with 81I. The nucleolar bivalent chromosome
indicated by arrow shows unequal size of synapsis. e, f. Metaphase-1 with 811. The biggest bivalent shows
unequal size of synapsis. g. Mataphase-1. The bivalent which shows unequal size of synapsis separates
precociously.One chromosome is.two or three times bigger than the other. h. Metaphase-1. The pre-
cociously separated chromosomes have already moved to each pole. i. Metaphase-2. One big chromo-
some with paticular shape indicated by arrow is observed in one pole.



Fig. 3
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Anaphase-1 and 2 in meiosis of the F, hybrid, M. sulcataX M. macrocarpa.

Anaphase-1 with a chromatid bridge and an acentric fragment.
Anaphase-1 with only one acentric fragment.

Anaphrse-1 with two acentric fragments.

Anaphase-1 with lagging chromosomes.

Anaphase-2 with an acentric fragment.

Anaphase-2 with two acentric fragments.

g. Anaphase-2 with a chromatid bridge in a member of the dyad.

TRz ogEhiImioREOE LD TIRL,

Fig. 2-1 TRINTNS & 5 KR EERL
T3, bridge AT 5 etk & KT O e bk
BEICHNECELET 2 DNEEIN, TbbH
MAEETIRER EBREIESERT 1L HRE
HBERIMERLLDOTHEC EBHMTH %, fiiic
FLIHEYPT I~3 HOBHEEBMEEE T %M 15
HEmaxni Fig.3-d), c0> bEBLEHK S
acentric fragment Z#LFL 72 DN 6 HKEAEL,

fragment FFRERICE K ERGFEEIB AR
BRINDE L OoBNERT 54 ELDH bridge
EETIHLEIRIOBBAOBITHBN, B
LGS THEINZEELH L EEA0N
%, :
F2HPTIE 75 OBEK B EBNST 2R
L 72 & @53 31 Gl acentric fragment, chro-
matid bridge R U B# L EERENEEL /2, 1~2
D fragment 2% 3" 5 & OH5 24 %, bridge %



Table 1.

Chromosome configulation at diakinesis and metaphase-1 in meiosis

of the F, hybrids, Melilotus sulcatax M. macrocarpa.

Frequency of PMCs with ------

Stage of meiosis 811 with the following shapes: 811 with the following shapes: 711421 Total
: é 8 g |
Diakinesis 16 36 6 58
Metaphse-1 16 66 71 3 156
Table 2. Chromosome configulation at anaphase-1, metapnase-2 and anaphiase-2
in meiosis of the F, hybrids, M. sulcataX M. macrocarpa.
Frequency of PMCs with:«-+--
no frag. onefrag. one frag.
Srgzggsgf and and  onefrag. bfge e ftlfzo and laggers  nor. abnor.  Total
1 bridge bridge 1ag g laggers
Anaphase-1 93 16 49 2 6 6 9 181
Metaphase-2 27 5 32
Anaphase-2 31 44 75

BT 3508 EEEEIN/ (Fig. 3¢, f, g), #
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BHERORASHOHTERBOM®IERT 2
FEBOTEEREREL b D, Melilotus BDOE
MR B Y 2 REEZHMERR >V, Bk
BRINGHURST (1951) & (M. albaxX M. dentata) X
M. dentata CDWTHEGE*HEL TWH 3,
Iz SHASTRY, SMITH and COOPER (1960) |3 M.
officinalisx M. alba ® F, B ORASHIZER
TH 5B EL, T M messanensisX M. segetalis
OF, MBZBOTEHPACE 1o IVfio
HIR &, 3 1% D chromatid bridge & acentric
fragment OFEALZEBEL F, HMEREEERE L
MORMESETHEEEFHESLIRL I, £
Wt M. segetalis X M. messanensis F, i2 BT
E% (1964) BRI U  MEGEE &S A O FETE % B
AL, BBOWN IO M. segetalis DG &
DEED LU REMRBEEL THhEC EAERHL
7z, JARANOWSKI (1961) (3 M. polonicax M. alba

DF ILBOTHEREDFES:, FE% (1962)
& M. albax M. hirsuta D F, Iz B TRHU
HIREOEREEZREL T3,

BRI B O THEREREL 2 M. sulcata X M. ma-
crocarpa O F, RBIZDWTIE, Bl RUE
2% 9 % dicentric chromatid bridge &
O* acentric fragment /» 5 F, #4i3 paracentric
inversion (L BRESAETHI LR T B C
EMHRD, TIHbLBLEAEKD centromere %5
FROBACEMLN B ETEBY, FMABESRT
interstitial segment* LI X2 RXDOK ETWH D
MERILE> TES L BROKRTEHNE 1 PR
B2 %I B (McCLINTOCK 1938),

#1#% T 1> 0 dicentric chromatid bridge
& acentric fragment 259 5 %08 16 HE I ic
2, TNRBEMPHC I DORIXABIREFAE
7o BRI KO interstitial segment O 7 ¥ AL
&2 1 DORX NSRS IBGEBELLND, &
BOBEEXE 22530 4 >0k
B&xTW3, COMBONTNOBEETLE2%
H T bridge FRERINIT L,

i, B1% T bridge EAE T 1ED

* centromere &MAIERS & D,
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acentric fragment O A%ZHF T 5354 H 49 HEE
BN NIFHALE S KR Y interstitial segment
CERZLIDORRD 3 DOFAGEE TR X 248
L5TH B, T DA acentric fragment i U sister
centromere % %9 5 dicentric chromatid A3 5&
X3 B DS, %EI sister centromere ZH L T3
BRE—F OBRICKEITL bridge i I L 72\,
LU 2% T O sister centromere %4574
% dicentric chromatid 3 bridge 23 5 ¢ &
b, AEBOBBICBNTHEHE2HIMTLD
@ bridge ZH U -GBS FELL 128 Ll O iR
LoHZEns, LLLZDBEFLBNTHELK
BT 1D fragment DA EZFHL TS K 21.0
%, % 21%HT 1 o0 bridge ZH L T 5K
10.79% THBABE S —BL 20, THIRE 1%L
“C bridge A BEIZEIN THIARIZ 51041 T B EEF 3
BRINTVWET EME, Ak bridge & frag-
ment OWEE H 5 D% fragment OAEH
TEHELBDELTHELLAEEAOND,

HIZ/NEE BB 1BT2MHo fragment
MEE I N, 143 interstitial segment Z 1 D
DR HK X, b DAL 4> T interstitial seg-
ment DR X THbNic 2{BHED—T % Bl #
REURRM2OBEGBATH D, THbHES
DORE S TREX P ARBEFARMICEE TR
&ttt %, D& % acentric fragment & sister
centromere % 9 5 dicentric chromatid 734 4
2R, BL1IHWT 2/ fragment O &
DEEINE2HBITIH 2 o0 bridge 3K &
Nz, RERTEE 2HIHT2>0 bridge 38
ZanWpolohs, ChRBEERBLEVAELSE
AZbhb,

FBE1IZRHT bridge OABBEINIBA
2HIEAEL 7285, T Hid fragment HERRIZE
TTL CRRMRE Lo IcA>MRERIZHELT
LEoicBEBEZIONDS,

F, 1813 48.6% OTEMAREZ R L 7285, K
BB BT B BNKROERREEROBTEE
503% LIV D—HL T3, CDTELLHE
BIEEROMDIZR~O WL BHEAOIL ol
REEBZIERRRCIBESLTELTRES B0

REEOL I BHBEHRMEEIEL TRV LD
LEZONE, ULOLZORBHRORERIES S
WIT RN OB K ORIICh > TREEICH
WHBOER K O F, #% © Pachytene analysis
FEORIHFMIBRENSLETH A,

V. #% =

T TS M FE Melilotus sulcata X M. macrocarpa
O F, e 20 TAEE RO R O MLE 558
BZE TR, TORBEENT L kDML
TH5,

1. M. sulcatax M. macrocarpa @ F, ¥FEIZ
EREEAERL, MOBEBIMEICR SN 5 EL
RRZOHFRE L RIFEETZ L, B T
BYEoRBHEC OO TEBYERE F, 3m# I &
BMLUTESIDHEEZRLBEEOREIC W
TR—HFOEIELL 7,

2. F,HEOIEREHIORASHITBINT
By RUCRETI HEEBRT 2 2 D08fAk
ORETEMBHEIC R 5 #4535 Ll
BEEsh, ChEFH#EXoBmBS LFE LD
TR 464% MEER L T, B1RMTC O
II gt dichse U g Ed i D 2~3 RO
BEN—F OB PIEEI N,

3. #11% ¥ T acentric fragment X 7¥ chro-
matid bridge % 2 Vi 1~2 f © acentric frag-
ment QA DEBEEENI, FRBWIHRITH
acentric fragment % ¢ dicentric chromatid bridge
BEEI N, CHOoDEEISEBMERFE,
—%t DY fR 2 331 T paracentric inversion 225
UBRMESERTH D EMmHES,

4. FRIRUEBELEEOBEHEE & TERAR
2%, BHURUE LRBHCHBEL -
MEoR&soRL 2 I mEEAREIRES 5 O
ODEBR XS WBENBFHEEELIVS DL
EINB,

2 & X B
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Studies of Interspecific Hybrids in the Genus Melilotus
from the Plant Breeding Standpoint

[II. Cytological Study of the Interspecific Hybrid,

Melilotus sulcata X M. macrocarpa.

Fumiji KITA and Minoru NIIZEKI
(Department of Agronomy, Faculty of Agriculture, Hokkaido University)

Summary

The interspecific F, hybrids obtained from the cross of Melilotus sulcata x M. macrocarpa
were normal green in color and continued to grow to maturity vigorusly. The pollen fertility
of the hibrid plants was low (ca. 51.4% of stainable pollen grains), whereas that of their par-
ents was very high (ca. 100% of stainable pollen grains in M. sulcata and 96.8% in M. macro-
cdrpa respectively).

M. sulcata and M. macrocarpa differ in several morphological characters. The F, hybrids
resemble one or the other parent as far as some characters were concerned and were inter-
mediate for other characters. '

Eight bivalents are regularly formed at diakinesis and metaphase-1 of meiosis of the hybrids
but one bivalent among eight shows the unequal size of synapsis of two chromosomes which
were attached to nucleolus. This bivalent tends to separate precouciously and does not disjoin
in equal size. The size of one chromosome is two or three times bigger than the other
chromosome.

At anaphase-1, a dicentric chromatid bridge with or without an acentric fragment or one
or two fragments without bridge are observed. At anaphase-2, one or two fragments and a
chromatid bridge are also observed. The facts lead to conclude that the F, hybrid plants are

heterozygous for paracentric inversion.



