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Table 1. Species in the genus Beta.

Section Species

Beta
(Vulgares)

. vulgaris L.

. maritima L.
macrocarpa GUSS.
patula AITON

. atviplicifolia Rouy
. adanensis PAM.
Corollinae macrorhiza STEVEN
triggna WALDST et KIT.

. corollifiora ZOSSIM.
lomatogona FiscH et MEY.
foliosa (Sencu HAUSSK.)
intermedia BUNGE

Nanae nana BoIss. et HELDER
Procumbentes

(Patellares)

. patellaris Moq.
. procumbens CHR. SMITH
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L7, 72, APH-2 C11 KDV FHABEI I
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THIENRLY, 1 2OBMEE T+ R 77 8 —€2
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Table 2. Two electrophoretic buffer systems used in this study.

Electrode buffer Gel buffer
Buffer system Assayed enzyme
Component pH Component pH
A. Lithium-Borate 0.03M LiOH 8.1 0.046 M Tris 8.2 APH, GOT, PX
0.19 M Boric acid 0.007 M Citric acid H,0O
0.003 M LiOH
0.019 M Boric acid
B. Tris-Histidine 0.4 M Tris 7.5 0.009M Tris 7.5 ACO, GDH, IDH

0.124 M Citric acid H,O

0.015 M Histidine HCI LAP, MDH, PGM
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Table 3. Staining solutions and buffers used for isozyme assays.

Enzyme Staining recipes Enzyme Staining recipes
Aconitase 50m/ 0.2M Tris-HC! buffer (pH8.0)  Isocitrate dehydrogenase 50 m/ 0.1 M Tris-HCl buffer (pH 8.0)
EC4 2 13 20 mg cis-Aconit acid BEC.1L11 42 20 mg DL-Isocitric acid, trisodium salt
10 mg NADP 10 mg NADP
5mg MTT 5mg MTT
1mg PMS 1mg PMS
50 mg MgCl, 50 mg MgCl,
40 units Isocitrate dehydrogenase Leucine aminopeptidase 50 m/ 0.1 M Phosphate buffer (pH 7.0)
Acid phosphatase 50 m/ 0.1 M Acetate buffer (pH 5.0) EC.3 4111 30 mg L-Luecine-g-naphtylamide HCl
EC 3132 30 mg «-Naphtyl-phosphate Dissolved in 5m/ dimethyl formide
50 mg Fast Garnet GBC 50 mg Fast Garnet GBC
50 mg MgCl, Malate dehydrogenase 50m/ 0.1 M Tris-HCI buffer (pH 8.0)
0.5g NaCl EC.1.1. 137 3m/ 1M DL-Malate (pH7.5)
100 mg PVP 20 mg NAD
Gultamate oxaloacetate 50 m/ Substrate solution (pH7.4) 5mg MTT
transaminase 37mg a-Ketoglutaric acid 1mg PMS
EC.2.6.1.1 133 mg L-Asparatic acid 50 mg MgCl,
100 mg PVP Peroxidase 50 m/ 0.05M Acetate buffer (pH 5.0)
50mg EDTA EC.L1L L7 50 mg 3-Amino-9-ethylcarbazole
50 mg Fast Blue BB Dissolved in 5m/ dimethyl formide
5mg Pyridoxal-5-phosphate 1m! 0.1M CaCl,
Gultamate dehydrogenase 50 m/ 0.1 M Tris-HCl buffer (pH 8.0) 1mi 3% H,0,
EC. 1.4 1.2 1 g L-Gultamic acid, monosodium salt  Phosphoglucomutase 50m/{ 0.1 M Tris-HCl buffer (pH 8.0)
20 mg NAD EC.2.7.5 1 20 mg a-D-Glucose-1-phosphate disodium salt
5mg MTT 20mg NAD
1 mg PMS S5mg MTT
1m! 0.1M CaCl, 1mg PMS
50 mg MgCl,
20 units Glucose-6-phosphate dehydrogenase
(NAD)

NAD: Nicotinamide adenine dinucleotide.

NADP : Nicotinamide adenine dinucleotide phosphate.

FoQ, 2) AgEs R, Av Y 1%AT5 B ma-
crocarpa & A~V F 2 T % B. vulgaris O F, 3
B v FOMCREREHRL, ChboBER
BYRNIENEBETHHEBRBE L, F, it
e, MERLF RS 8 Lk (Tabled), 758
BAECERTFSMOMSRECES ST, B oul-
garis BIRFOBENFA LicH, chbixmE—EE
FEOXILEETF, Got-2' & Got-2* CHELEh T
WBEHEE LT,

FAE I VBRBERRBER: BEMD 2 2
(GDH-1 & GDH-2) »\#fhic (Fig. D,
GDH-1 3 REBTH - 124, GDH-2 1= 3 KD v

MTT: Tetrazolium thiazolyl blue
PMS : Phenazine methosulfate

F A, 2, DHREEIRL, ThHO3H, AV
1 #% B. macrocarpa <C, -~V ¥ 2 & 3 vk B. vuigaris
THEIh, BEOF, #E3, ~vF1&25%
WiV F ] E 3 OMIcEEE (H, & H)
L, ZhoDBEL Vv A2ENLEBETHIHILY
RYE LT, F @0 TR & 5 F R T,
B. macrocarpa B (1), F, % (H, &£ Hy) XU B.
vulgaris B (2, H,, 3) 2B L/ (Tabled), &
BAERYERFIECESET, B macrocarpa &
GFORENBD Lich, 3RO~V FidE—&iE
TEOXLBET, Gdh-2', Gdh-22 8 X O Gdh
-2 EHEEh T EHE LR,
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Fig. 1. Shematic of isozyme phenotypes and inferred genotypes for glutamate oxaloacetate transaminase
(GOT), leucine aminopeptidase (LAP), glutamate dehydrogenase (GDH), acid phosphatase (APH),

and peroxidase (PX).

Table 4. F, segregation for the GOT-2, LAP, GDH-2 and APH-1 isozymes in the crosses

between B. macrocarpa and B. vulgaris (SP561001-0 and Seiyo Natsuna) or B,
atriplicifolia.
I(ngggsl ? B.c:r(t)vaic?fﬁscgfpa Gti)nfo;);p € Progeny distribution in F, x? value?
GOT-2 SP561001-0 (2125 53(2121)76(212%)23(222%) 11.84**
(Got-2) Seiyo Natsuna (229 44(2121)76(2'22)28(222% 3.57
LAP SP561001-0 (L'L2, L'L®)  10(L'LYHI9CL'LD50(LL)11(L2LD 26 (L2L*)36(L2LY)
(Lap) 10 69 73 55.31**
Seiyo Natsuna ('L 21CLALY)75(LAL)77(LALY 39.31**
GDH-2  SP561001-0 (2122, 212%) 10(2'21)35(2'22)55(212%) 7(2222)15(222%)24(232%)
(Gdh-2) 10 90 46 25.67**
Seiyo Natsuna (2122, 212%)  6(2'2')68(2'22)23(212%)27(222%) 5(2223)25(2%2%)
6 91 57 33.40**
APH-1  SP561001-0 (1'1» 48(1' I1N67(I ID37(1%1%) 3.72
(Aph-1) Seiyo Natsuna (1'1» 35(2H D69 ID4T7(12 1D 3.03
B. atriplicifolia  (I'I2, 1'1®) 43(1'1Y) 14(1'1D75(1113) 5(121%) 5(I*I18)20(1%1%)
43 89 30 3.50
The genotype of B. macrocarpa was Got-2'1, Lap'*, Gdh-2"" and Aph-1'1.
1). Tested against 1:2:1 for the B. macrocarpa type, the hybrid type, and the B. wulgaris or B. atri-

plicifolia type.
** . Significant at 1% level.
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afoVT I RTFE—F: BRAKIEDA
vEQ 2 D HIREIhK Fig D, Thbod
B, v ¥ 1k B. macrocarpa T, »~V F 2 & 3%
B. vulgaris THB I hi, HEOF, #&121+2
B 14+38%2RL, ThOOREREICL 5 F,
e, B macrocarpa B (1), F, B (1+2, 1+3)
£ X O B. vulgaris (2, 2+3, 32338 L (Table
Do THAETBERTIBHESE S, B ma
crocarpa BEFOHENBA L, Tht34AD
Av FRE—BETEOWMILRIETF, Lap', Lap® ¥
SO Lap® e FEER T 5 EHEE LK,

R—FFF - BRERMO3IEDAAV VA, 2,
D EERBEDLI Fig DAV F1L2%F
3% B. macrocarpa £ XV ¥ 2 L 3% ET BB
vulgaris SP561001-0 O F, # & 13, 1+2 & » 1+
2+3BERL, ThbDREKIZRICEL S F, T
B6FEOF 12/ 7 2058 L (Table5), —

F3, AV ¥ 3DZREETH B vulgaris var. ciclal 78
¥ E ¥ & B macrocarpa DA ¥ F, T3, B.
macrocarpa B(1+2), F.BA+2+3), B. vulgaris
BMEREL 2 1Bl ~vFle2as
A—Z7ELTCHELE, LHL, MiHEOTHTHR
2 & (143) PEEIhI-Z D, AV IF1E2
DEFHOBHIC L » THELRL DT, WX
BELAVFIOFEERMNII 1OGBERL
foo R0 T, AV Y2 E3RA—RIZFEORIE
B, Pe-1': Pe-1P, vV LI3REEBEC
BT AR BBIETE, P-2iBEhTw3
LHEEL 7,
2. EFHRBR

FEL 6 BEEFEDS b, Pe-1 & Pe-2 13581
BT\, MOBREERTER LS CWEgE
DEREST 5 REETE L BEREETEOEH
%, F,(B. vulgaris SP 561001-0X B. macrocarpa)

Table 5. F, segregation for the cathodal peroxidase isozymes in the crosses between B.
macrocarpa and B. vulgaris (SP561001-0 and Seiyo Natsuna).

Phenotype in F,

1 1 1
Cross of B. macrocarpe with Phe?oPEype + + x° value
otk 2 2 + 2 2
+ +
3 3 3 3
SP561001-0 { 1+2+3 51 62 1 9 7 22
1+2
Segregation for band 1 114 38 0.003: 1
Seiyo Natsuna 1+2+3 28 78 45
Segregation for band 1 116 45 1.86(3: 1)
Segregation for bands 2 and 3 28(2) 7802+3) 45(3) 3.991:2: D

B. macrocarpa invariably had bands 1 and 2, whereas B. vuligaris SP561001-0 was polymorphic for bands 2

and 3, Seiyo Natsuna had only band 3.

Table 6. Linkage relation between Got-2 and R in several B,F, populations.

Combination of the alleles in male gametes of F,

Recombination

»

Seed parent "o o o T value (%)?

B. vulgaris TK80-2-0O 60 16 85 13.7+2.7

B. macrocarpa 16 8 37 15.9+4.6

B. maritima SP673000-0 76 32 - 137 15.1+2.3
Total 152 15 56 259 14.7+1.6

x* value for heterogeneity, x2=4.44, not significant.

1. F{B. vulgaris SP561001-0 X B. macrocarpa} (R-Got-2/r-Got-2') was used as common male parents.

2). Estimated by the maximum likelihood method.
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PGM
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A2 11 11 11 @2 11 111
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Fig. 2. Shematic of isozyme phenotypes and inferred genotypes for aconitase (ACO), isocitrate dehy-
drogenase (IDH), phosphoglucomutase (PGM), and malate dehydrogenase (MDH).

FIEMBEELCURLZTH L 3B, F, £ACHETL
fo AORR, HHFBETERECHIEEL
728, Got-2 & R ORCEEEIFED b i (Table
6)e ABLIAIXHLY AR L TRERLEIL VHEEL
frlh MEGTFEMOMARE2MIT14.7%:
1.6%TH - 70

FAH BREOTA /Y LER
FRELI- 6 BIETE, Kb Ta=g—¥, 1
v 7= v BRKEEESR, Vv T BBKERERR LU
THRTx N Ax—X BT 5 4EETE
(Aco-1, Idh-1, Mdh-1, Pgm-1) i=2>\~T, B.
vulgaris 16 }¥f, B. maritima 12 7%, B. macrocar-
pa 2 %%k, B. atriplicifolia, B. adanensis ¥ X O' B,
patula DF 1 RROEREFEL o, Inds, AEL
7= B. macrocarpa ® 2 FJifh 1 Rk H + V) T
Brafid s A EERETH 5,
# =3
1. Pa=9—¥, 1V BBKRER I
M ARBRBLU I+ R T2/ NaLI—H
FA IV L
Tazg—¥, AV7=vBRKEEE

gy

B K EBERERI T 2 A7+ 7 Va8 &~ ETH
BIhBEREARN L ZhboHERETH Y
Fig. 2 iZR L,

7a=4—+ (ACO) TR3IAXDAVYF (1, 2,
DHLRD IBHEORBAMPBERI LI, 2hbD
5%, AV F1&3 Aco-1' & Aco-12 12, AV ¥
213 BEIR T Aco-2 mFH IR T3,

A v 7 =vEBBiAkFERE (IDH) TR 3IBEIER
BRAGEEI W, ChbORBEE R, B cH
BEEYURT 5 >0 BIBETEE, Idh-1&
Idh-2 B ERh T35,

) v Bk ERESE (MDH) Tk 9 B OERRE
HBIE S hic, VAN GEYT et al® B33V 1 3, A
VF3E5 RIOFEAYFEBEOREICHEES
YIYERETHIBEHORHANOHEGREITLY, Th
LERN O THERR YR T 5 o0 BKE
LTFEE, Mdh-1 & Mdh-2 wEBER T35 L HE
Lic, MBEETED > B, Mdh-2i1-v F3
(Mdh- 2V CEE L - BN RIETFETH 5. —
7, B ORBE O TR EHER Sh T fnuneay,
RERATHE SN LBROBRRLE  OPET
BEINI-_BEGEZOLER I VERIAD
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DO THotel i, Mdh-1 CERIND LH#E
ELl,

7 AR7 2 rasz—¥ (PGM) TiL4 XKD~
vE A, 2 3, 4 bR 6BEHOREENEE
Ehic, ThbDdy, AV F1E213, BEEMEE
LFHE, Pom-1 1IZHF IR THBE™, ~v 3 &4
ZoWCIREERIT ST\ ey A3, MDH 0354
ARCREANTRESRLEROKRA, D,
Pom- 1 =B ERD EHEL,

2. EHER

ER U 4 BETEL OIS TRE L 6 &
ETEZOWT, &4 0B THREShDEET
% Table 7 &R L7, B. vulgaris TWX, T vH14E
Xv £v v v (var. cicle) D% 8 RFEXFHEL 72,
FvH 4TI, FELE 10BEFEREL, Aco-
13, Aph-13, Aph-1°, Gdh-23, Gdh-2%, Got-2%,
Idh-1%, Idh-1°, Lap?, Lap®, Mdh-1°, Mdh-1°
Pgm-1*, Pgm-I3 3 X UF Px-1I'0t 15 &G F
BBREIhL, 78V Y UTRE, Aph-IP HNEES
Nizhoted, Do Aph-1, Pgm-I' B L O
Pom-1* BBEXHh, Fv 4414 LRTto1, B mar
itima TX, B. vulgaris TEE S hi Pom-1* K
TRCOFMIREF L HIETRER IR o0
Aph-1%, Aph-1*, Mdh-1', Mdh-1*> 3 X U'Mdh- 1*
BEE XN, —F, B macrocarba i3, B. vuigaris
X B. maritima T E X high i Got- 21,
Lap', Gdh-2', Pgm-1* BX O Px-2'%HL, h

LEEEELLRoN, BiZ, Px-2 3B ma
crocarpa THHFRH b, METRER XA T null
R-chote, 4 &4k B macrocarpa X Got-2° %8
L, 2B ERMERL - 7eh, Aco-1, Idh-1, Px-1
BIOPr-2 TR2EGRMEA KRR Y, —F
BhOSBETFETII~T nERM AR L, B
atriplicifolia ¥ X O B. patula TX, B. vulgaris A%
CBE I TXCONILER T B maritima
THROLH, FxOBEBOERIFED LR
ot FRRIC, B. adanensis TR\ TLEESh
oS BETF O % < 2 B maritima THRH LA
o3, ffE TR fcAph- 1t ® B. macrocarpa "4k
BN THote Got-2' & Gdh-2' %K L, B mar
itima & Rt o1z,

S5 E £

SEROTAYFA 21 EROBEHITLY, 68
FBETEXYRELL, ShbDOEETFES, Got-
2, Lap 35308 Gdh-2 0 F, GEEDBIGET L
1z B. macrocarpa & B. vuigaris DT A VT
Hw#EE& T, Got-2 Tt B macrocarpa BEF
25, Lap & Gdh-2 T3 B. vulgaris BfEFHBEIC
SEEL T,

BEECTEORE B, BEETRESKROK
ERICTRRSE L EOEREBEEN 76 VR
HIRED 2 v s BEBEOBHY IV EL 5, .
QURIOS and MCHALL® 13, AV A & 2 fERMERE

Table 7. The alleles at 10 enzyme-coding loci observed in six species of the section Befa.

B. vulgaris
locus Sugar Swiss B. maritima  B. macrocarpa B. atriplicifolia B. adanensis  B. patula
beet chard

Aco-1 L, 2 1,2 1, 2 22 2 2 2
Aph-1 3,5 1, 3 1,2 3 4 5 1145 1,35 4 1
Gdn-2 2,3 2 3 2, 3 14+3) 3 1 3
Got-2 2 2 2 1(2) 2 1 2
Idh-1 ,2 1,2 L2 1M 1, 2 1 1
Lap 2,3 23 2, 3 10+3) 2, 3 3 3
Mdh-1 3,5 3,5 1, 2,3 45 14+3) 3 3 3
Pgm-1 2,3 1,2 34 1,2 3 42+3) 1, 2 3 2 2, 3
Pr-1 L, 2 1,2 1, 2 1 1 1 1
Px-2 null  null null 1D null null null

Underlines show predominant alleles within each taxon.

Parentheses show the phenotypes found in a tetraploid accession of B. macrocarpa.



JI3R - Beta BD7 1 7 % 4 28R L ARFA LT A 333

BT, EERFOFERL b HEELSITHIL
N KBRS e RESLY A —dF o4 —F
BETFETHEL L, LHrLAEROESE, F, L
THREIhCEBEREN G, & oEpREcHRR
NTCHEBEERD LV IEBEAREROER L b
RINhHEEERRAY Thh, BEINWCEESH
PEFRFOSEMICL o TE LR ERE Lim Vv,
LULARELECHENT AL, RESEIB
macrocarpa & B, vulgaris DEORE < inEFEREE
RRLICEZELLRD,

B LT 6 BIETFEEF, Px-1 & Px-2 (335 < s
LTEY, A+ A2AFD=RF 5K R Clarkia
Franciscana D7 L = — ABIKEREED cBEE XK
ek 5 M ERGETEAYMR L, ZOmELST
WERYEODEE LT, Got-2 R BEFEL
4. 7% DB MCHEEL, 8 1 EHEBCTE L.
R BETEIFE I, Idh-1 3 17% D% 2 i cE
BL T B, MEFFEEETEER OB Rz
VTR STk s,

FAEL I 10 BETFEBIL, B. vulgaris THZ
Shic Pgm-I* R T XC oM E LT 2B
maritima THRD SN, Fi, B maritima ik
B. vuigaris THEEB IRk - 5 BONTEE

FHREEL, £8 - FRVERKRZ 74 V¥ 1 av

SARBCCLEBRCEBERERIFE L, R
12, B. atriplicifolia % B. patula TBE I hicTX
TORMIULRET M B. maritima TRDbhic, %
it U, B. macrocarpa Tit, B. maritima Ti38]
Brhith ot Got-2Y, Gdh-2°, Lap' 38X O Px
=20 e B N Te Aph-1', Mdh-1" % X O° Pgm-1*
D3R b, Beta HoHTH KRG EEINCHTILLT
2. BT, B adanensis T, BIEIhi%L OXt
SEBEF 0 B maritima THRD LN, B. ma-
crocarpa B RH 7c Got-2' & Gdh-2' &% K& |,
Beta B DT % B. macrocarpa & ELL Tw
7o

4 {245 B. macrocarpa V3 h >V TREE ST
% Beta fioF THME—DHRBERETH 52, AE
Ut 4 BRI, Aco-1, Idh-1, Pr-1 3 XU Px
-2 T 2 fE AR & A UXILBIEF 2R Lies, Aph
-1,Gdh-2,Lap,Mdh-18 X 0" Pgm-1 D 5 BEF
EETi~7 nHEKBALRL, 2 &8 B macrocar-
pa ERNIEXDRIETFC L, B. maritima T8
BIhENIBRGETER L, — BRI, BEREGT

BHEERTHEZ LD, REREGER LY/
st EBEOBRBET X HNBNICE 3 5598870 L
fodis T, 454K B, macrocarpa IREVBERE TR
724, LA 2184 B. macrocarpa & Fh & 3R
5 AL AR2BETHELEELLRD, 4
54K B. macrocarpa 0¥, WHESHMHRAEL L 18
AONMPEERELTR TS L, ¥ ERHE
DNA OHIREFE S5, 2 & B. macrocarpa
ERELAIMBBEYET ALY RELNCE R
TwWb, ThbDOHESEL, 454 B macrocarpa
B2EERETHHZ EXEITET S,

B 4FE Beta BMEGOLEFEEE

SE1HT & El

BEO4EBEEOCHEITIL, BoSESEGEGEY
25 ETCEETH B, Bela OFABIIE I HE
A EST, SEERARF, #ENESh 5169
T Enb, ChEcEMOAHBEERETIaMRN
Wishotco

AE T3, Beta HiEROEEEEYH LI,
¥EREOBRE CESWC, BRoBRENEUEY
a5,

E28 FHEOTEHRELUVEFRYE

B. vulgaris SP 561001-0, B. macrocarpa ¥ L. O°
B. patula % Kk 8 £ U T B. vulgaris var. cicla [P8
¥EX], B. maritima 6 Ffiss X O B. atriplicifolia
LM UT 26 F, #REOTERIRMELAE L, 212,
B. macrocarpa ¥ X O'B. patula % F 8 & L T B.
vulgaris 38 & O B. maritima D& 2 R &5 L 1o
TP HBOBTREYHE L.

TEMRaMEE, =29 b v 7~ L BRETERR D
LD+ 58E (%) CHEL, FEED
b 2HoFH RO, —HEFRENER, BED
e b 15 EROBIER KN T IHREETOEEL L
TRDI, F, HEOTEHIEM G, THELESHED
7o b 5k, TR EEOFHETS S,

5 R

F,#8oEHmiat % Table8 iw/R L &z, B. vul-
garis SP561001-0 A B & L F, ¥&EX, B me;
crocarpa & DIEHERBRE, EELTEHREELRL
T2o ¥72, B. patula #H B & L F B OIEMIENE
X, SP561001-0 B E LB ERleeKT
Licds, BIEBIEETH - T. —H, B macrocarpa &
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Table 8. F; pollen fertility in interspecific hybrids of the section Beta.

Pollen fertility (%) of F, hybrids of the test crosses with

B. wvulgaris

. SP561001-0 B. patula B. macrocarpa

B. vulgaris SP561001-0 — 85.4 65.8
Seiyo Natsuna 95.0< 89.6 75.0

B. maritima WB35b 95.0< 86.8 73.9
WRB37 94.5 86.1 41.9
SP581103-0 95.0< 88.7 74.7
SP581105-0 95.0< 91.3 83.4
SP673000-0 93.7 88.0 69.7
SP733050-01 95.0< 77.9 75.5

B. atriplicifolia 95.0< 89.1 77.7

Table 9. F, seed fertility in interspecific hybrids of the section Befa.

Seed fertility (%) of F, hybrids with

B. patula B. macrocarpa
B. vulgaris SP561001-0 92.0 49.5
Seiyo Natsuna 85.6 48.9
B. maritima SP581103-0 91.5 45.5
SP673000-0 not examined 52.9
Mean 89.7 49.0

o Fy #8112, %< OFHTIERRM 2 80%%
WO TFETH - 1o
. B. macrocarpa % X U B. patula L&D F, 5

DRt % Table9 /R L7, B. patula & D
F, #6E2, SAHRRCEVCETRE LR L,
B. macrocarpa ¢ D F, #M i, ZHREFROL
WHERETABEIh, BTRELTH 9% ELETL
2o

B L BTRMEMN & & IET Lz B. macrocarpa
Lo F, #fEcouvw, REERTAR—0ERERA
ZERET 5 1B %, Fi(B. vulgaris SP 561001-0 X
B. macrocarpa) % Te¥rHl & L T B. vulgaris TK80-
-0 ~RLZH L B.F, EHTHRE Lz, T O
R, TERREME Wb e b L TETREDR
WEGSEE S K, Tthie i ETRETTh LR
Rig->ERCFERT 3 LE2 LR,

3 F, YERE
F#EIVThoTHEcbEREFT»RL, B
R RRIBPDLRIEh o T, RIZ, & F, B0

RHEZBEC LD F, BREERL, EEORKRLIE

WietE R RE L1
& ®

1. PNE/ESUBBEGEDIEE

B. vulgaris SP 561001-0 35 X O° B. patula % K 8
EUMRE &L OTHTI, §iE & B maritima 1 F
48 (WB35) oiu#r R, F, BEoBELZIcER
FERD b hish - fe, —H, B. maritima WB35X B.
vulgaris SP 561001-0 7 & OV B. macrocarpa % i
BElLAfiBLoRmETTAHE ) BTEEL K

(Table10), 7 ¥/ HAERZHEHECTREL D, B
macrocarpa & B. maritima %5E4F (SP 581103-0
& SP673000-0) DT I%RIGTH o 7o bs, £D
OTHETIZI. 4%~8.3% &, ERBETEREL
7o & EOWIRARE, 6.25% 1AL (Table 11),

B. vulgaris SP 561001-0 & DAz ckic 7 1 ¥
J B L Tc B. macrocarpa & B. maritima WB35
wonC, B REEEoHREY, Bics F, #E
MO LH##NR, F, (B. maritima WB35X B. vulgaris
SP561001-0) X F, (B. macrocarpa X B. vulgaris
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Table 10. F, segregation of chlorotic plants in the crosses in which each of B. vulgaris
SP561001-0, B. patula, and B. macrocarpa was used as a tester.

Test crosses with

§P5%li%76lﬁ B B. patula B. macrocarpa
B. vulgaris  SP561001-0 - - +
Seiyo Natsuna — - +
B. maritima WB35 + - +
WB37 — - +
SP581103-0 - - +
SP581105-0 — — -
SP673000-0 — - +
SP733050-01 — - not examined
B. atriplicifolia - - +

—: Not observed. + : Observed.

Table 11. Frequencies of chlorotic plants in F, populations and x? tests for fittness to the
segregation ratio of duplicate ressecive genes.

No. of No. of Goodness of fit
total chlorotic
plants plants x2for15:1
B. macrocarpa X B. vulgaris
SP561001-0 276 22 8.09%V 2.60 10% <p<25%
Seiyo Natsuna 240 18 7.5% 1.60 10%<p<25%
B. maritima WB35 X B. wvulgaris .
SP561001-0 375 31 8.3% 2.46 10% <p<25%
B. macrocarpa X B. maritima
WB37 352 19 5.4% 3.48 5% <p<10%
SP581103-0 467 4 0.9% 23.67 p<0.1%
SP673000-0 321 1 0.3% 19.41 p<0.1%
B. atriplicifolia X B. macrocarpa 921 31 3.4% 12.65 p<0.1%

it

). Frequency of chlorotic plants.

SP561001-0) THE Lic, IZ7 4/ GREHZE
BHSEET (ch 8L U chy L RFRT 2) HE X h,
FoRGEE I HTEB TR THiE, B vul
garis SP561001-0 & Rk & O F, ¥R ORTHEE
Rkt d F, BRER, 6.255%07 1875
AR IND, TOKR, FEL 70 EEF 3ME
o7 MEESh, BEREBEREHEETO
MBECESE L (x2=0.48, df=1, 25%<p<
50%). L7tchis T, B. macrocarpa & B. maritima
WBS BRI m e v ABERTFHEEETHLE L
bR, ThEchch +.+, &F 5 &, B vulgaris
SP 5610001-0 D BET R IL ++ chuchy, L K E h

T2 —77, MBEOREFEI LG 3 R/ & O HRE
£ (Table10) & b, B. vuigaris [AHERE| & B.
maritima WB 37 12 SP 561001-0 & [& £ i +/+
chochy &, B. maritima SP 581105-0 & B. patula
1 Attt EHEEZI RIS,

TN OB %, B. macrocarpa 3 X U8 B.
patula &L OTHET, ENERELEEOKLL
7o 9BV EM 2 5 BE L 72 (Table 12), 8B kD —%
EEEERCRIE L 1ot £ 0  GERTEE TEL T,
BATEfkic > CiEmia e AE LI L 2 5, 1B
FOMEIX 10% K05 90% L L& THRL, §3EAE
&8I 3 B IE Tt oo 5B O MR B DB E M 1T
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Table 12. F, segregation of weak plants in the crosses of B. patula and B. macrocarpa with
the other species of the section Beta.
F, segregation of weak plants in the crosses with
B. patula B. macrocarpa
No. of No. of No. of No. of
total weak total weak
plants plants plants plants
B. vulgaris SP561001-0 213 0 0.0%Y 246 0 0.0%
Seiyo Natsuna 180 0 0.0% 212 0 0.0%
B. maritima WB35 249 19 7.6% not examined
WB37 not examined 215 7 3.3%
SP581103-0 433 3 0.7% 376 1 0.3%
SP673000-0 248 0 0.0% 180 0 0.0%
B. atriplicifolia 216 0 0.0% 302 16 5.3%

1). Frequency of weak plants

Table 13. Frequency distribution of pollen fertility in F, populations of the crosses of four

species with B. vulgaris SP561001-0Y.

Distribution of pollen fertility (%)

No. of

—90 —100 total plants

<1 -1 —-20 —-30 -4 -—50 —60 ~-70 -—80
B. maritima WB35 1 1 7 51 60
B. atriplicifolia 3 8 71 82
B. patula 6 3 3 4 5 7 3 9 19 31 39 129
B. macrocarpa 6 3 6 8 7 10 16 29 26 19 8 139

1). B. vulgaris SP561001-0 was used as common male parents.

Bdbhinho i,
2. F, {E¥ et

B. vulgaris SP561001-0 # 8 & L 1 4 F
HERFEOTHF, EFC BT 2TEM RO
Table 13 i&/R L 72, B. maritima WB35 & X UO'B.
atriplicifolia + SP 561001-0 D% T3, F, BfEo
%< DY 60% LI EOTRIERTR L, 50% KD ERMEE
HIIBEINIh - o, —H, B. macrocarpa B & U

B. patula & SP561001-0 O%3CI1Y, 524 TRE G
DI EEL, TEMTRE S 10% R OERRMEA S 90% L
LOEHE cEENCER LA, ¥, B ma
crocarpa & B. patula \¥ B. maritima 1 5 £ H

(WB35 & WB37) % B. atriplicifolia & DA
BTIHOTRESLTELTBEELTHEL
729,

B. macrocarpa 3 X O B. patula & B. vuigaris

Table 14. F, segregation of pollen fertility under different cytoplasms in the crosses of B.

vulgaris SP561001-0 with B. patula and B. macrocarpa.

Distribution of pollen fertility (%)

No. of

<1 —10 —20 —30 —40 —50 —60 —70 —80 —90 —100 total plants
B. patule X SP561001-0 2 2 2 1 1 2 1 2 5 11 9 38
SP561001-0 X B. patula 0 0 1 0 1 0 1 3 7 11 3 27
Kolmogorv-Smirnov test, D=0.172<D,,s=0.330, not significant.
B. macrocarpa X SP561001-0 6 3 6 8 7 100 16 29 26 19 139
SP561001-0 X B. macrocarpa 5 1 2 5 2 7 1 10 18 16 79

Kolmogorv-Smirnov test, D=0.165<D,0s=0.194, not significant.




FIES . Bela BDT7 A v ¥ A »5ER L RFEHLicBI+ 5P 337

SP 561001-0 & DA Ho\ T, RaEED F, 5B
CRETHREOHELBE L =(Table 14), B.
macrocarpa & B. vulgaris SP 561001-0 @ 3¢ # T
i, HRZHE S CEETREE ST TRE
SEEL, MRECIsERITDLREL >, —
#, B.patula & B. vulgaris SP 561001-0 O3ZH T
i, ARG feh - 7o b Do, SP 561001-0 @
MEATTRRLTREAIBEINT, FER
HEEOFE S B. patula DHIAE T i H~E 77
E, PRSI RERTE R EAY T,

BAEN & ®

Beta ioBMMEF, 5L OF, RO 5,
1 £ FMERE B. macrocarpa & B. vulgaris, B.
maritima 33 X U8 B. atriplicifolia DR F, ¥ o
BB B X UETOMHY TR, F, tficksi3s 7
¥/, BEEAR L UTRREGOSEED, /L
< VEHEHFMNERE B. patula L HE3EOMEF,
HRIZR T 2 BREECTRBEOSEIZD L

oo —7H, B. vulgaris, B. maritima ¥ X O° B. atri-

plicifolia DREIZIY, BiED 2 BEIOEELHEE LS
bR T7AE RSB LItORERE, —ELEE
BEEIEEIhich - foo —BICH BB O 4 fHiE
EOBREWR, ThbHLOBREBEHSLOBE ¥ Rkt
B = Lk, ERkokERE, B macrocarpa B
Beta HioF TR BEMCHLL T3 Z & &R
BT 5, LichisT, £EEEOENBERINED
T4 VAL 2 BEROBITERE—F Lo,

H2ECTHRI X 512, Beta oS EINEE
ZX->TH%%, FORD-LLOYD and WILLIAMS®®
X, TRHBREME & MBI X b, B. vuigaris, B.
maritima 3 X ' B. patula A — B & h s
& LT, ¥ B macrocarpa % B. atriplicifolia %
FhFh ssp. maritima WOEREE L THEL 2,
L, BREIOEHEEERLUCT A V¥4 L2ER
DEWFEREIL £ b X, B macrocarpa % B.
patula 3% Fh, B. vulgaris, B. maritima ¥ L O
B. atriplicifolia L 3 RicnEL LT, —7F, BED
SERF—BOEBEL LCHETHI LHEYTH
55,

B. macrocarpa (¥ B. maritima 1 F & Bl 2 B,
atriplicifolia & BB B B T H 51218,
BUTTLER'® I E D@7 b, HPEREC
5%+ B B. macrocarpa % B. adanensis 1z & D 1

EETEE, SRAERYE TS B maritima %
EETAS LTS L I EHEL T, KETE
22 X - B. macrocarpa 3 X O B. patula & & D
HMoBELWAHEBEEDCHFLED, Beta HioBH LA
TR TiL7e, HTEMICE U & E &R RET 5,

BRI hIcABEEED S b, F, HR BRIk
TAE GEBO—TREERBEFZEC X VBT
&z, TORGTENT, BB L OB maritima &
WTERE L, B macrocarpa 3. B. maritima 1 %E 4
B WB35 LA UBIEFHETR LA, RAU 1 FE£E
@ B. maritima WB37 ® B. patula & 38755 T
feo TDXH N7 mr AREBETRHOSEED, &
o 1 EEERETHCS L LR L &
55,

BB EMMERRICEIIRESRL
SRR OR(GHEE

B1EY #& g

Beta fiosh T3 1 4 B macrocarpa (X EH
BEOBEERBLLPRL, ML 3EEN iR
TR T\Te, 1z, B macrocarpa L AfE & OERIHM
BF, R T o OBRERTECRE FHELTE
Hbhiz,

AZE-Ci¥, B. macrocarpa & B. vulgaris ¥ X U B.
maritima & DEBMER L # R0 BETF 58
DFENT R L VBREETFE 2R EMEEE L Ucfin
b, BEIWERESBEORELL W F, &R
HOBERE BT 5,

F28 RUSHHURORE I

B. wmacrocarpa & B. vulgaris SP 561001-0 ¥ X
U B. maritima SP 581103-0 & O3z F, (LUF, F,-
ABIUVF-B LT RIEHHRGLT, EERLE
MLED) BIUETFHR T, #EERELTHLE
+) & LT B. macrocarpa, B. vulgaris TK 80-2-0O
B & OB, maritima 2 3% (SP 673000-0 £ WB35)
WRLZH L 7« B/F, £ic>wnC, 2R CEE
LI SEERBIRTFHE L REEFOSELHEL 22

B. macrocarpa (TEFRMEETH BV Z & nb,
I DRBADOHEM R USHG, G vREL Bk,
¥ 72, B. macrocarpa LMFED F, #BELH M7 H
FREHELRT?2 o End, HERLTH#BF &
B, EREETOSMC L hHRTHFMABEE
ERLEHBEGHEEZINTELF-ALp")XB.
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Table 15.

B,F, segregation for a marker locus and five enzyme-coding loci in the male

backcrossing when F,-A (B. wvulgaris SP561001-0 X B. macrocarpa) was used as
common male parents and the parental species and B. maritima as female par-

ents.
R Got-2 Lap
Female parent
+/+ +/M 220D +/+  +/M x2Q:D +/+ +/M x2Q:D
B. wvulgaris TK80-2-O 29 40 1.75 32 37 0.36 35 34 0.01
B. maritima SP673000-0 82 170 30.73** 108 142 4.88* 152 100 10.73
B. maritima WB35 65 107 10.26** 67 134 8.01** 114 58 18.23
B. macrocarpa 21 45 8.73** 26 40 2.97 41 25 3.88
Total? 197(+) 362(M) 48.70** 233(+). 324(M) 14.87** 342(+) 217(M) 27.95**
x? for heterogeneity _ _ _
among female parents x*=2.11 x*=1.35 x°=4.90
Gdh-2 Aph-1 Px-2
Female parent
+/+ +/M  x2A:D  +/+ +/M x2Q:D +/+ +/M x2Q:D
B. wvulgaris TK80-2-O 40 27 2.52 40 29 1.75 38 31 0.71
B. maritima SP673000-0 162 81 27.00%* 113 127 0.82 116 136 1.59
B. wmaritima WB35 110 57 16.82** 50 60 0.91 101 71 5.23*
B. macrocarpa 42 24 4.91* 20 46 10.24** — — —
Total? 354(+) 189(M) 50.14** 223(+) 262QM) 3.14 255(+) 238(MD  0.59

x? for heterogeneity

2:
among female parents x*=1.11

2?=10.59* 27=6.94*

+ and M show the alleles from B. vulgaris or B. maritima, and B. macrocarpa, respectively.
1). Classified by the alleles derived from the F, hybrids.

*x  okk

, **. Significant at 5% and 1% levels, respectively.

vulgaris TK 80-2-O(Lap®*?) & F,-B(r/7)XB.
vulgaris SP 561001-0(R/R) =2\ THEL .,

BRRCTEOSEYEN T b, M
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AFEREENRD LIV &, ¥ -THEN B ma-
crocarpa TREBE I hich o tc Aph-12, Aph-1,
Gdh-2%, Gdh-2%, Got-2% Lap?, Lap® B8 XU FPx
2ml BRI F Ll L, MEAROBRETFEYX
MNeF+EEFEL, B macrocarpa BFRDOEEF
EMEBRF & L,

= R
1. B,F, o8

F-rA2%BOEHE & LB RE L% B,F,
5% Table 15 R Uiz 8B L b BER BB TFEE
1, Px-2 X B. vulgaris ¥ X U° B. maritima -C null
BTHolcZ &5, B macrocarpa ~DHEMER L
R TWL Bomacrocarpa BfnFreFl ~5 aFlipl
XAITEFT/EL Lo e,

RLZHCH B THOBE» b D i<,

R, Got-2, Lap 88XV Gdh-2 o B,F\ 7Bt B H
FoBOBBRAE L ABRR o1, DHER IS
3SEOF, HROBRE-KL, EHEHTHLR L
Got-2 T B. macvocarpa BIEZF BRI, Lap &
Gdh-2 TBI L, ¥ F, HRCEFE K
SEERIR U Aph-1 & Px-2 BT h, BFEO
BEC - TRESBEIRD DN, HiC Aph-1
T, B maritima 2 RIECRULZHL 2L EEE
T X BEAFED bt b, B. macrocarpa 3 X O° B.
vulgaris TK 80-2-O ~RELZH L L &, £hZh
DREFOBETGTFH1BRNCHBEL 70,

MR LMD B.F, 8%, ThborERL
WHDORER L & bz Tablel6 R L7, Fi-AXB.
vulgaris TK 80-2-0O Ti3, REEFEEXKR L T
DBREFECEELTE RDLh, EETER
Mot Aph-1 & Gdh-2 T B. vulgaris BEF
BRCSBUCEER LSO S BRR R
1co BHRIZ, F,-BXB. vulgaris SP 561001-0 T3,
FELSBEFEOTNTHERFHBCESL
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Table 16. B,F, segregation for a marker locus and five enzyme-coding loci in the female
backcrossing and reciprocal differences of segregations.

L Female backcrossing Male backcrossing x? for
oc +/+ +/M 2D +/+ +/M x?(1:1)  heterogeneity
A: Fi-A X B. vulgaris TK80-2-O
R 38 69 8.98** 29 40 1.75 0.71
Got-2 44 55 1.22 32 37 0.36 0.06
Lap 58 53 0.23 35 34 0.01 0.04
Gdh-2 57 54 0.08 40 27 2.52 1.17
Aph-1 52 54 0.04 40 29 1.75 1.33
Px-2 61 50 1.09 38 31 0.71 0.00
B: F.-B X B. vulgaris SP561001-0
Got-2 40 34 0.49 34 62 8.17** 5.81*
Lap 44 40 0.19 65 38 7.08** 2.14
Gdh-2 43 36 0.62 69 28 17.33** 4.86*
Aph-1 40 44 0.19 65 34 9.71** 5.91*
Px-2 40 37 0.12 52 43 0.85 0.13

F,-A: F.(B. vuigaris SP561001-0 X B. macrocarpa)
F,-B: F\(B. macrocarpa > B. maritima SP581103-0)
*, **. Significant at 5% and 1% levels, respectively.

Table 17. Differential segregation between male and female backcrossings in B.F,
populations® of B. vulgaris SP561001-0 X B. macrocarpa.

No. of No. of plants x? for
Locus families /4 +/M 1:1 Heterogeneity
) among families

Got-2
Male backcrossing 6 333 319 0.30 33.52**
Female backcrossing 4 226 293 8.65* 1.64
x? for heterogeneity between male and female backcrossings, x?=6.55*

Lap
Male backcrossing 6 385 259 24.65** 7.10
Female backcrossing 4 255 268 0.32 6.18
x? for heterogeneity between male and female backcrossings, x?=14.03**

Gdh-2
Male backcrossing 4 407 97 190.67** 23.30**
Female backcrossing 2 104 97 0.24 2.37
x? for heterogeneity between male and female backcrossings, x*=48.37**

Aph-1
Male backcrossing 5 262 226 2.66 4.83
Female backcrossing - 3 210 185 1.58 2.83
x?2 for heterogeneity between male and female backcrossings, x?=0.03

Py-2
Male backcrossing 3 171 75 37.46%* 1.74
Female backcrossing 2 143 129 0.72 0.35

x? for heterogeneity between male and female backcrossings, x?=14.82*

1. B,F, plants being heterozygous for each locus were backcrossed as male and female parents to B.
vulgaris TK80-2-0, SP561001-0 and NK150.
* **. Significant at 5% and 1% levels, respectively.
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7o, HEMER LM Pr-2 2B 4 BETFER
RESWITD B, '
HETHE THE I h e R0 ER T, Fi-
AXB. vulgaris TK 80-2-O © B,F, # R ¢t H BD
b, Aph-1 2B < 4BIGTE D 582 KR
CHBIRt- 1 (Tablel?), #ic, Lap, Gdh-2
BIOPr-2 T3, WTh#ERLZT#C B ma
crocarpa BIEFHEL B Lich’, HRHRLZTH
TREFELRSEIBB I hic, Got-2 Tix, HHER
LT CHELRER AL L T BERTHRET
BELLY, BE4OFRIREIEALRL, iR
IUHMERLZ#ECThESWTLRESHESED
bLhitc,
2. 2REFHBE

FWEL I BRECTFERCIESEBERIRD L
hisvdy, Zhbo 2BEFH/EELEL MR
Eh O EN2EETFRHELEER -1 Fi-A
TIEWBE & L1 4BF, £ > B oM
YCHRELLER, 246 C5H4bEe0 2 #ETS

BT v A BETFEEHLENLOHMFLFRR
Rirot(Tablel8), 2 oD 5 b, Lap & Gdh-2,
Lap & Aph-13 X O Gdh-2 & Px-2 C L B. ma-
crocarpa B FH EHe, Lap & Px-2 TiX B
vulgaris BETFEEHEMN, Lap & Got-2 TIRFL
WEEFEEDE LapM & Got-2Y) ¥, ThEh
it D BIE T Ao I H~GBEID 5\ B o B
L, #i2, Lap DHEERMOBETEO S &5
<BIEL 7o,

Vv E AR 22BREFHIREL &< OREBETENS
EERBERTFOELZTUCHER LZHTHIRDL
7z (Table 19), R~ Got-2 BE#Ext & Gdh-2 D 2
BETSEZ, EERLEZHECTIRITH-Ld
bbby, ERRLZECIRECT oG
., Fi-AXB. vulgaris TK 80-2-O CiX@4d i, Fi-
BX B. vulgaris SP 561001-0 T/LAFCHEEL,
BEENLOMREERICR R 51,

38 BMRRETELTEHTRMECDEE

Table 18. Two-locus segregation in B,F, populations in which F;-A (B. vulgaris SP561001-
0 X B. macrocarpa) was used as common male parents and the parental species

and B. maritima as female parents.

Locus Pair No. of plants
Female parent Deviation? G value
A vs. B A*B* A*BY AMB* AMBM

Lap vs. Got-2 B. wvulgaris TK80-2-O 18 17 14 20 7 0.72

B. maritima SP673000-0 67 84 41 59 1 0.28
B. maritima WB35 53 60 14 44 23 8.57**

B. macrocarba 20 21 6 19 12 4.03*

Lap vs. Gdh-2 B. wvulgaris TK80-2-O 17 17 23 10 —13 2.66
B. mavritima SP673000-0 88 59 74 22 —23 7.91**

B. maritima WB35 69 40 41 17 5 0.92

B. macrocarba 28 13 14 11 12 0.98
Lap vs. Aph-1 B. wvulgaris TK80-2-O 15 20 25 9 —-21 6.64**
B. maritima SP673000-0 57 90 56 37 —52 10.49**

B. maritima WB35 33 41 17 19 -6 0.07

B. macrocarpa 13 28 7 18 — 4 0.10

Lap vs. Px-2 B. vulgaris TK80-2-O 23 12 15 19 15 3.21

B. maritima SP673000-0 76 76 40 60 20 2.42

B. maritima WB35 73 41 28 30 34 3.87*

Gdh-2 vs. Px-2  B. vulgaris TK80-2-0O 20 20 18 9 -9 1.80
B. maritima SP673000-0 67 95 47 34 —41 5.99*
B. mavritima WB35 56 54 41 16 —23 6.93**

1. Calculated by (A*B*+AMBM)—(A+*BM+AMB*).

LI

, **: Significant at 5% and 1% levels, respectively.



P : Beta B 7 4 V¥4 2R & BB+ 5 H5e 341

Table 19. Two-locus segreagtion for a linked pair, R and Got-2, and Gdh-2.

Locus pairs No. of plants

Deviation? G value
A vs B A*B*  A*BM  AMB*  AMBM
A:F,—A X B. vulgaris TK80-2-O
R vs. Gdh-2 Female backcrossing 15 23 41 28 —21 3.87*
Male backcrossing 18 11 22 16 1 0.18
B:F,-B X B. vulgaris SP561001-0
Got-2 vs. Gdh-2 Female backcrossing 26 13 12 18 19 4.81*
Male backcrossing 23 43 8 18 —10 0.14

1). See Table 18.

F,-A: Fi(B. vulgaris SP561001-0 X B. macrocarba)
F,-B: F.(B. macrocarpa X B. maritima SP581103-0)
* . Significant at 5% level.

Table 20. Segregation for the partial-sterile plants in the backcrossed progeny between B.
vulgaris and B. macrocarpa

Distribution of pollen fertility (%) No. of Frequency

Generation —10 —20 —30 —40 —50 —60 —70 —80 —90 —100 Ps F  OfFS
B, (B. macrocarpa, MB) 1 4 1 1 5 11 24 6 27 2 50.9%
B, (B. vuigaris, MB) . 1 2 3 8 8 7 21 24 26 48.0%
B, (B. vulgaris, FB) 1 2 1 5 4 10 4 7 8 28 14 66.7%

x? for heterogeneity between resiprocal crossings, x?=3.24
B,(B. vulgaris, MB, 4 families) 1 2 7 8§ 14 21 9 114 56 122 31.5%
B.(B. vuligaris, FB, 3 families) 1 3 10 20 16 17 54 57 69 45.2%

x? for heterogeneity between resiprocal crossings, x*=6.00**

"PS and F show partial-stertile plants and fertile plants, respectively.
Parentheses show the direction and kind of backcrossing, and the number of families tested.
MB : male-backcrossing FB: female-backcrossing

** . Significant at 19 level.

BEIWCREFBOFERO—> & L TEEREER
FRELTEB RN & OBHEY, F,-A% B ma-
crocarpa 3 X U B. vulgaris TK80-2-O ~FE L &
#1L7- B,F, 3 X OB, F, £HCEH L1,

& ®

B.F. % X UBF R oTEWmetto 45 B %
Table 20 IR L 7eo RLAZHED TR 9 7 8
SABEEITREL 1o, TEBRREOSE LT, A
FRCESRRTD - 7odd, BE LRI g RE
BREE IR 5 T, TERTAME A 85% Kk ik
Mo, TG EERT B L, BF T, B ma-
crocarpa 3 X O' B. vulgaris TK 80-2-O D\~ T h
~RLEHLICEE T, BERLAH 0% D
BAHAREEI BRI h, —7, TK80-2-0 ~o

HEME R LS T3, S ANFRER O BB AR L
TR~ 67% EWIN L7, B, o RaEEY
TK 80-2-0 R LA# L B,F, £Hlick\v T3,
WA AFeBEE O SRE IHEMR U e~ R L
THTEL, TR VHRTHBTER
Vlﬁ frotee
BEZECTREMORRABGEECRER Y 2 &
ELHRR, BEL A 5BIEFES, Lap & Gdh-2
CHEMR U TEE LRETIMER A ZED LN
7o (Table21), Lap T %, B. macrocarpa 5 O
TK80-2-0 DV Fh~BLEZHLLBETL~T
r A REEFEE EL, BRETENIERT S
TRMEET & 0B#EITRE X R, —F Gdh-2
T, TK802-ONRELRX¥EL LB HF DL B
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Table 21. x? test of heterogeneity for the frequency of the partial-sterile plants between
genotypes at Lap and Gdh-2 in the backcrossed progeny between B. macrocarpa

and B. vulgaris

Heterozygote(M/ +)

_ Homozygote(M/M or +/+) 2° for
Locus Generation .
PS F  PS(%) PS F PS(y%) heterogeneity
Lap
B, (B. macrocarpa, MB) 5 10 33.3 22 16 57.9 2.46
B, (B. vulgaris, MB) 9 18 33.3 15 8 65.2 4.99*
B, (B. vulgaris, FB) 16 9 64.0 12 5 70.6 0.20
x? for heterogeneity between resiprocal crossings, x?=5.33
B.(B. vulgaris, MB, 4 families) 15 94 13.8 41 28 59.4 40.85**
B.(B. vulgaris, FB, 3 families) 24 39 38.1 33 30 52.3 2.60
x? for heterogeneity between resiprocal crossings, x*=17.34**
Gdh-2
B, (B. macrocarpa, MB) 8 7 53.3 19 19 50.0 0.05
B, (B. wvuigaris, MB) 20 13 60.0 4 13 23.5 6.18**
B.(B. vulgaris, FB) 13 4 76.5 14 11 56.0 1.85
x° for heterogeneity between resiprocal crossings, x2=11.36**
B.(B. vuigaris, MB, 3 families) 45 100 31.0 3 25 10.7 4.82*
B.(B. vulgaris, FB, 2 families) 16 20 44 .4 12 19 38.7 0.23

x? for heterogeneity between resiprocal crossings, x2=32.91**

M and + show the alleles from B. macrocarpa and B. vulgaris, respectively.
Parentheses show the direction and kind of backcrossing, and the number of families tested.

MB: male-backcrossing

vulgaris BET + B CAREEI BRICOBEL,
FHIER T AT RMRET & OBEIVRE &
Ric, Lovl, WEETE: L, HEERLLHET
AR RET & OEEBFR T TR » 1,

EAE B ®

B. macrocarpa L MO HER T, BELL
SEERRRTEL REGFEOT N TRE B
BERHbhl, B FoEEOTEL, BRMER
RETLELEBREXh, ThzTtedBEERR
&13,58,65.68,70)’ Eéwﬁ%ﬁﬁhaﬁ), &%ﬁ%ss,ee,%) 35
IO = OBRMEM R ven 2 OTH
TR 0 X 5 et L RBEOBEEER CFEET
LB EPHEINT V5, FLETHLMCLILL
51z, B. macrocarba & Belg S5 fhifE O BEIZ 136 4
BAETEBEENFET S, Tibb, F, B8ORS
IVHETRBITRTH Y, F, tRciz7are s n
SEELT, L LAECHE LR LTIt
WMEFNS 5L 6 BRICES § CREHRIRAD S

FB: female-backcrossing
* **. Significant at 5% and 1% lavels, respectively.

h, RIhEREFBEOS L, F, #EORB
FHEGLBETEROBETE L LEELLRD,
RUZHEMROBRIZF 5B, F, ¥E2TEHEH
HVCEIETERELTRIEZMT ORIV KELR
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SEBEORRE L LT, TEM R0 Sk
&5 % X OTER L R OME A i X 5K
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FRITZ D, MERBRETEOS S, Lap T
BIREINWCRESENF, #EOIER TR EE
FERULAEE2bRD, Fi, FHEEETEERE



%R . Beta BDT 1 v ¥ 1 2BR L RS LB+ 585 343
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DHEFERTHDTIRRL, TREFCEGHBIE
WHBRE LI AR THBEELL LS, B
ki - L CHVCERRRTEORGITI, B
—DEBEE TR ERO4EREE YT 58
EF @) PEVESHL, BcoBRERTENE
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ek, BRI LRSS T o RIEREL LT,
¥ —B G F E O XL E A T [ o AR FE fipeaneseero
2, BERCETIOHERGT I 2 BRETEMOME

H{ER9415758,59.69,9090) pigf b X W T & 7o, RUKHE
HRTEEIhLET v 2k 2RETTHIT, &
EBoBRS IR THEBEEENR s REA bl
BT 58K 0BEFIETEdBZ &, ¥, B
macrocarpa LAURED ¥ 7 A DEAIZERFIO & e
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B6E EETEOFLOREHIE

E1E M E
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b PRI M EBRTET 58, RIFARET C
BFUREXELERYBRT A EEETH 5, B
maritima DEBEFEIBACER L, BELFE 125
B3 1 5E4R L HFEEM S L OBECER YL
ETEREERYEL, 2FEEYTHHT VA
ZRWTh, EKREREOKDLC 1 EERHIEE
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B. vulgaris SP561001-0 Z3EBOEE Lk B
maritima 1 T3R5 (WB35), B. atriplicifolia, B.
patula 3 X U8 B. macrocarpa & DXHF, £H, 7
& O B. macrocarpa L #hE - BETECER 2 LEE
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ERIRHRAL 2.
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7o 9 A LA, BEMGOHE LBEEYHAEL .

b5 S

1 EF4%# & B. vulgaris SP 561001-0 © F,
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Table 22. F, segregation of annual habit in the crosses of B. vuigaris SP561001-0 with four

species of the section Beta.

R/—- r/r Total x? for
. Heterogeneity
)
F B R F B R F B R 31! between groups
B. maritima WB35 65 14 25 27 4 4 92 18 28 1.63 2.25
B. atriplicifolia 59 23 27 2 86 25 0.43 5.51*
B. patula 132 20 3 50 6 2 182 26 5 57.87** 0.41
B. macrocarpa 82 5 3 58 3 140 6 6 35.93** 0.22

1) Tested against 3:1 for the bolting plants and the non-bolting plants.

F: Flowering plants
* *x

. significant at 5% and 1% levels, respectively.

TEEE E RSB0 = ¥y FMEKINIZITI | 1 KO8
L, 1E£BI—NOoBHEET IR I AT
7o B. maritima WB35 & SP 561001-0 @ 3% 4 T
i, WS - BTEEE L €y MESIIIL, HEL
T BTECE b e o e BHEADEE L, MEEED
SEIERTHBCES L, BIEEAEE
A1 (x*=5.11, p<6%) AEEALL, Li
Mo T, B. maritima WB35 O 1 £t
CEBTOBETFHELEL, “hbn) b—/ik

B: Bolting plants without flower buds

R : Rossete plants.

B ST 2 BB F LT TR, B patula
8 X O B. macrocarpa & OFTHTIE, B2 &L 0%
izt~ m ¥y MEGOHEER, ThEh 2.3%%
I3 9%EELIET LI, EleihbOTHT
v, EEIEIFER L fabs - e MU BETE L 7@
7, ERIFEL MU MBE LEBETEL 7@
iz s, £FEEHCM:EFTHOSEREMTS -
e

FvHA0 1 FEBRI—NOBEEETETF B

Table 23. G test of heterogeneity for the frequency of flowering plants among genotypes at
five enzyme-coding loci in F, populations of the crosses of B. macrocarpa with B.
vulgaris SP561001-0 and B. maritima SP581103-0.

Enzyme genotype

G value for
Locus M/M M/+ +/+ heterogeneity
F N F N F N among groups
B. macrocarpa X B. vulgaris SP561001-0
Got-2 52 0 69 7 21 3 8.23*
Lap 10 0 66 3 66 7 2.55
Gdh-2 10 0 86 4 40 6 3.96
Aph-1 46 2 63 4 33 4 1.38
Px-2v 111 3 31 7 9.05**
B. macrocarpa X B. maritima SP581103-0
Got-2 58 19 89 37 20 9 0.68
Lap 29 7 95 30 43 28 6.64*
Gdh-2 6 3 97 37 64 25 0.13
Aph-1 50 17 83 34 34 14 0.33
Py-2v 137 42 30 23 8.52**

1) Tested between M/— and +/+ because Px-2 was not expressed in B. vulgaris and B. maritima.

F: Flowering plants N: Non-flowering plants
*, **: Significant at 5% and 1% levels, respectively.
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Table 24. Test of significance for the difference in the lowest node with a seed ball” on a
central stem between the R/— and #/7 in the crosses of B. wvulgaris SP561001-0

with four species of the section Beta.

R/— v/r
I;\)Il:nfsf Mean SD I;)II(;'HS Sf Mean SD ¢ value
B. maritima WB35 50 13.5 4.9 22 10.9 2.9 2.31*
B. atriplicifolia 58 12.5 3.4 26 1.1 1.9 1.96
B. patula 103 13.7 5.3 40 11.0 4.2 2.89**
B. macrocarpa 76 6.3 3.4 63 4.2 2.0 4.32**

1). Presented by the number of nodes.
*, **: significant at 59 and 1% levels, respectively.

FTEXN, RBETELE 15.5% 0HH % ficHEEL
TWBS, 22T, ThoBFEEORT5 1 F4#
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maritima WB35 8 X W B. atriplicifolia &
SP 561001-0 33T, BABHKROBRETFO A
B (r/r) THEE (R/~-) cH~BEEEFE N
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Summary

It has long been recognized that conventional and

intensive breeding would eventually result in the

exhaustion of genetic resources in cultivated plants.

In sugar beet, B. vulgaris L., one of the main field

crops in Hokkaido, most of the desirable traits for
its yield improvement have been found mainly by
selection within the species. The wild relatives are
thus expected to be genetic sources for sugar beets.

The effective utilization of the wild germ plasm

should be based on the extensive information on the

taxonomy and phylogeny in the genus.

Species relationships in the genus Befz have been

discussed through various aspects such as crossing

affinity, morphology, karyotype, and reproductive
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barriers. Although each of these approaches has
provided valuable information, there are still sev-
eral problems left to be solved.

In this study, the author examined the isozyme
variation in this genus, and discussed the
phylogenetic relationships based on isozymic data
and also on reproductive barriers found among
species. In addition, the genetic bases for species
differences were discussed based on the results of
the linkage analysis using enzyme-coding loci as
chromosome markers.

1. Isozyme variation in the section Beta

The variation in nine enzyme systems, aconitase,
acid phosphatase, glutamate-oxaloacetic tran-
saminase, glutamate dehydrogenase, isocitric dehy-
drogenase, leucine aminopeptidase, malate dehy-
drogenase, phosphoglucomutase, and peroxidase,
were examined.

The six enzyme-coding loci, Aph-1, Got-2, Gdh-
2, Lap, Px-1 and Px-2, were identified from the
genetic analysis for electrophoretic variants in five
enzyme systems, acid phosphatase, glutamate-
oxaloacetic transaminase, glutamate dehydrogenase,
leucine aminopeptidase, and peroxidase. Out of
them, Px-1 and Px-2 were found tightly linked
with each other, and formed a compound locus.
The other loci inherited independéhtly, of which
Got-2 was linked with a recombination value of 14.
7% to R locus for red hypocotyl-color which
belongs to the first linkage group.

As to the ten enzyme-coding loci assayed, B. vul-
garis, B. maritima and B. atriplicifolia had most of
alleles in common, and showed a high genetic iden-
tity with one another. On the other hand, B. ma-
crocarpa had many unique alleles which were not
detected or at least were rare in the former three
species, suggesting that B. macrocarpa may be the
most different species in the section Befa. B.

adanensis, while only slightly different from B. vul-

garis, B. maritima and B. atriplicifolia, was the most
similar to B. macrocarpa in the section.

A tetraploid cytotype of B. macrocarpa showed
heterozygous phenotypes at five enzyme-coding loci
which were observed in the diploid hybrids between
B. macrocarpa and B. vulgaris. This accession had
both of the alleles which were predominant in each
of the diploid B. macrocarpa and B. vwlgaris. In
general, polyploid species additively express is-
ozymes observed in their diploid parents because of

their codominant expression. The hybrid
phenotype found in the tetraploid B. macrocarpa
may suggest that it has evolved through amphidi-
ploidization.

2. Reproductive barriers in the section Beta

Reproductive barriers were examined in the inter-
specific F, and F, generations. The barriers obser-
ved were the partial sterility of pollen and seed in
F, hybrids, and chlorosis, weakness and sterility in
F, generation. All these barriers existed between
B. macrocarpa and B. vulgaris, B. maritima and B.
atriplicifolia, whereas no reproductive barrier was
recognized among the latter three species, except
for F, segregation of the chlorosis in a cross
between B. vulgaris and B. maritima. In addition,
B. patula gave weak and sterile segregants in the
crosses with these three species. These results may
suggest polyphyletic differentiation of the annual
species in the section Beta.

Of the barriers, the F, chlorosis was partly
controlled by duplicate recessive genes, ch, and ch,.
The chlorosis genotype was polymorphic among the
species and also within B. maritima.

3. Distorted segregation and genetic basis of
reproductive barriers

Genetic segregation of the R and the five
enzyme- coding loci, Aph-1, Got-2, Gdh-2, Lap
and Pr-2, in the backcrossed progeny of the cros-
ses between B. macrocapa and B. vulgaris or B. mar-
itima were examined. Transmission of the B.ma-
crocarpa alleles into the progeny was strongly
dependent on whether F, hybrids were used as male
or female parents in the backcross. Distorted seg-
regations occurred in most of the markers when F,
hybrids were used as male parents ; consistent devi-
ations from the expected 1:1 ratio resulted from an
excess of the B. macrocarpa alleles for a linked pair,
R-Got- 2, and a deficiency of the alleles for Lap
and Gdh- 2. Anomalous segregation also occurred
for Aph-1 and Px-2, depending on parental strains
used in the backcross. In contrast to these results,
the expected Mendelian ratio was observed in all
the markers except R when F, hybrids were used
as female parents.

Because of the lowering of the pollen and seed
fertilities in the F, hybrids and no zygotic lethality
after germination in the backcrossed progeny, the
aberrant ratios appeared to arise from a linkage of
the markers with genetic factors affecting
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gametogenesis, pollen functions and embryo devel-
opment in the hybrids. Of the markers, Lap was
found to be linked to a gametophytic gene respon-
sible for the abortion of part of the pollen grains.

In addition to the distorted monogenic ratio, two-
locus segregation often deviated from the expected
ratios from random association of the alleles. It
was thus suggested that the causal factors of distor-
tions might have complex multi-factorial and
multi- chromosomal genetic origins.

4. Genetic basis for the differetiation of growth
habit among species

The genetic basis of annual and early-flowering
habit of B. macrocarpa was analyzed with the five
enzyme-coding loci as chromosome markers in the
crosses with B, vulgaris and a perennial accession of
B. maritima. The annual habit was found to be
controlled by at least two or three pairs of genes
proximal to Got-2, Lap and Px-2. Of these, the
effects of the genes linked to Got-2 and Lap differ-
ed between the crosses examined, suggesting the
existence of a gene interaction with the genetic
background. In addition, a major factor affecting
the early-flowering habit of B. macrocarpa was as-

sociated with the chromosome marked by Got-2.

The annual habit of B. atriplicifolia was controlled
by a single dominant gene linked to the R locus.
The annual habit of an annual accession of B. mar-
itima was controlled by at least two pairs of genes,
one of which was linked to the R as well. Thus,
these two species, together with B. macrocerpa, had
the same or a similar gene for the annuality at the
first linkage group. Further, the annual accession
of B. maritima and B. patula had a gene responsible
for the early-flowering habit proximal to the R, as
B. macrocarpa did. These were not the homoeologous
genes originated from a common ancestral gene,
and might result from a paralell mutation because
these annual species were considered to have
evolved polyphyletically.

Based on the results obtained in this study, the
phylogeney of the section Befa and the genetic bases
of the speciation and character evolution were dis-
cussed. In addition, the usefulness of enzyme-cod-
ing loci as chromosome markers was emphasized
for the breeding and genetic research in sugar beet
and its wild relatives.



