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Fig. 1. The average zymograms of the Beta species.
O : Origin (+): Anode side (—): Cathode side
M %< [ 50%—74% [ | 25%—49% [ | <25%
a7 + A7 » & — € (APH) Vulgares i T4 4k b inz el Side R AV~A Y 2SI 5

TLOARD A v FRgEEEShc, 2OR Al5 A16,A17,
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FTHMEADA v T OB CIET 5 & EAVen
5712,

C()rollz'naeﬁﬁ TIRE T2 ARKD v PHRBE IR,
Vulgares fil i A6, A7, A8 A9, A10, A1l
A FPEEREERL, TRToB gL CEESh,
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Patellares §Ciy Vulgares i< Corollinac 8 C#
LItV NERRDORT, TOMBREGL S
VDL Dk ot (Table 1), A2, A4, A,
A9, A20 S TR S h, T DM A 20 MEREY
TETORTEEL I, Fi patellaris 3. procu-
mbens R webbiana ititvy A19EREIEL Tuiz,

AR—gF v g — ¥ (PX) Vulgares Bi Tit kT 144K
DAY FHRBE SR, TOAPURTTOETH
ELTWi, P2EP3RB—@ETE (PX-1) T, %
7o P5xth LT 5 R BRETE (PX-2)
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Table 1. The total number of isozyme bands within species, and the
mean number of isozyme bands per plant
Acid phosphatase Peroxidase Esterase
Species No. of No. of No. of No. of No. of No. of
N total bands N total bands N total bands
~_bands  per plant bands per plant bands per plant

vulgaris 8 14  7.30 (0.36) 8 8 379 (0.61) 7 10 584 (0.65)
maritima 7 14 7.8 (0.47) 7 10 381 (0.82) 13 553 (1.68)
atriplicifolia 1 13 8.12 1 3.50
patula 1 9 5.80 1 5 3.50
macrocarpa 2 10 7.58 (0.60) 2 3.94 (0.09)

2x 1 7.15 3.88

4x 1 8.00 4.00
macrorhiza 1 10 9.00 1 6 6.00 1 5 5.00
trigyna 3 18 9.63 (2.75) 3 11 6.91 (0.97) 3 14 5.69 (0.47)

4x 2 8.63 (3.01) 6.36 (0.20) 2 5.42 (0.11)

6x 1 11.64 8.02 1 6.22
corolliflora 3 17 9.16 (3.37) 10 6.01 (1.00) 3 14 4.78 (0.70)
lomatogona 4 18 9.60 (1.84) 10 7.07 (1.39) 4 11 4.51 (0.53)

2x 1 10.04 5.66 1 4.60

4x 3 9.79 (2.80) 7.42 (1.33) 3 4.48 (0.53)
patellaris 6 6.02 (0.58) 8, 372004 5 7 452 (0.36)
procumbens 3 413 (0.63) 3 6 3.42 (0.23) 3 6 372 (0.25)
webbiana 2 4.69 (0.09) 2 7 4.07 (0.10) 2 2.56 (0.28)

Figure in parenthesis is standard deviation.
N: Number of strains.
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DOWNP4, PY, PLOMEHEECH -7, %ic patellaris
B OEEAR® P12 ¥ EEE A L, procumbens R
webbiana & Rein -1z,

= RATF 5 —+ (EST) Vulgares HiCiz&k< 14 KD

SV FPEESh, TONEA~ETAREHEE B L
foo T OYutaME vulgaris DERRM S CTHE S h
7oy, maritima CIIERL, E4RE6 DX\ TR
BB R,

Corollinae i Tl 2T IS5 KD v FREE SR
t2o CONEG~E8 & EO~E1L MZRFRGMH %
W LTz, trigyna, corolliflora, lomatogona @ 3 fit.
L DAV VEER LIS, WThIERNER»E LS,
BB OE A v KR o le, —H macrorhiza
1L ES~E Ll oRpfisltshy, Thbo 3f&fR
>

Patellares FiCII2E T8 ARD v FAVBE IR,
C ORIMLE L 2R b, REFOBBIED bRy
st E9 & EMAREECHE SR, Thbriix,
patellaris 3 procumbens % webbiana TRBEIR
fon it EI3 R E 18 %, procumbens (TRiFE IO
E 15 S E CRE L TV,



WIS ety B2 : Beta RO 7 4 v F A &R & FHBItR 127

2. B DSV FROBR
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Table 2. Variance components (%) for mean
number of isozyme bands per plant,
estimated by the nested analysis
of variance

APH PX EST

Variance Component

Among sections 80.7 65.6 46.2
Among species
within Section

Among strains
within species 19.3 344 43.5

— — 10.3

Eh o fe (Table 2),
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Fig. 2. Scatter diagrams of the Beta species in the first and second eigen

vectors (Z1 and Z2) obtained from the principal component anal-

ysis (PCA).

BRYra s s 20 CHEBICE 3L 7 T AL -5
WokE% Fig. 3 wRlie, PX TD macrorhiza %
WX, HiROBEIA—7 IR —EEhic, LirL?
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Vulgares ficiy, ©HEEITI APHRSIOPX L
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Wi D 7 5 A X —EBR L, MERLYALERSS
WOFERMNL Y, macrocarpa <2 patula Dl & Ris
5o LR S Rz (Fig. 4),

Corollinae fiCit. trigyna & corolliflora D& 12
BEREA B b /N & <, lomatogna N BT & PR
ST, ¥R 3EREFUERGIMOBER»SLLC
NWo@EHo¥ A €73 k@B obhi (Fig. 5), —
¥ macrorhiza 2 PX T DEiO 75 A% - & Fh
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BEREA R LT,
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Fig. 4. Scatter diagram of 16 strains in the sec-
tion Vulgares in the first and second eigen
vectors (Z1 and Z2) obtained from the
PCA applied to both acid phosphatase
and peroxidase average zymograms. The
accumulative contribution to the total
variance is 46.0 percent.

Patellares i T3 patellaris », procumbens =
webbiana TIXBEINKWH e v F&4 L (Fig.
1), 3B &b 12 HME T procumbens & webbiana DI
TN L, WRE & patellaris DTk & » - 1 (Fig. 3),
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Fig. 5. Scatter diagram of 11 strains in the sec-
tion Corollinae in the first and second
eigen vectors (Z1 and Z 2) obtained from
the PCA for three enzymes. The accu-
mulative contribution to the total variance
is 39.7 percent.
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DML, FR—fEEEC W CH BT &
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FHET®O RT7 + A7 5 73V 25 —Eiin T
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FHE (PX-1 & PX-2) wHRLER TR Y, ZORKER
& DML TR+ PX-2 D P51 macrocarpa TD &
Wb hic, o T PX-2 it macrocarpa OGS4k
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DR T PX-1BOJRTEEIC L » THE LR DEE
bhp, MBI FARCERTERIE L0088
ARSI X AT AL LT 0%, RIETEEC
LB BETROERLBE SR cEES b5 v FERD
FEFBTIERO—2 L EbR 3,

EHOE v BHEOBHic X 3 Multiple
bands DWW, 1 XD 7 + A7 » £ — 2, =
FOAR—FF Y E -t T ATy I VAT
— W), RF DA —F kLR ) v IR KRR
W R ETHO R TV 5, FiIC b= P RRT P TRE
ficBaY-3 2 AEHERT OLREI/BE ST 525, 3
LI SERDON, B 7 4+ A7 » & — Tt Vulgares
fiie Corollinae B Multiple bands 23 Xz,
Lin L EORBERTHB A« D~ v ML e AR
B AL, B8 Xhic Multiple bands % [A] $k
A7 EWEO BN CENT 5 & Bbhs, —F
Patellares #i T3 Multiple bands 3SR, *
DEGHERED I TR D 2 EXRRE I N,

ReoT, EHEELD Sy PR ASRBERT, il
DHFA £ 7T LA LRIE T e BRI &,
BYERIETH R 2 V-2 7 B RS o B i 5 RIBH
b 452 %L X5,

HI O BBBARI VTR, BRI L BRETS
B3 LA G, Patellares BinsRbEETHD &
XhTE, LBLFA TS5 208LMIIERC T -
i, PX R EST Tt Vulgares §i & Corollinac
fiof©, APH it Vulgapes it Patellares Fiod
WTED o, 0 & 5 RBRMOTR—5, Lok
SR A & 75 2L 2 DEROBYE Ui
B THDEFENT B EB LB RhD, JHEHEL
YO BRI EFE CO I EA L e s, Bk
BRI A\ S P R Ol E T o R R e T 5
i, SAETEOEM I RNESE L v L A5
ETEOVI F et OERO/N X7 BR O FIH
BEELVTHA S,

— I TR T 0 % Y PR ORERIZE B IR
NEL, FA =TT A0SR FECEER N v FORFE
v FEEOERCFRL TG,

Vulgares i TX, macrocarpa & patula 7 vulgaris,
maritima, atriplicifolia O 3% & ThZThRins ¥4
TS5 AHMR U, ¥ 5EEE 6 BB TRECOOMAIR
oY, macrocarpa PMBRE LU Ric s T LAYERS
ShTeB, o o ORI HEE RS S T
bo, LHIERLMESE DI BN, macrocarpa &

vulgaris, maritima, atriplicifolia O Fy 5k
URLF, Tosra v, §EELURREEOS BN,
F 1 patula & Zhb 3EOMICEERLAREO S EER
Robhdd, 74 V94 05 h RO
fEEDBEE & —3% L, macrocarpa it Vulgares Bioorh
THRLERTH D &, ¥ patula 1 vulgaris, mari-
tima ¥ L8 atriplicifolia L R2RIcb EHBLBRS,
Corollinae §iTx macrorhiza H* trigyna, corol-
liflora, lomatogoan © 3fEERIL DA £ 77 2 %R
Lz, macrorhiza 375874 F7ae<tn 3 AT
YRF LR D, Thd & oM TEIARERT,
FA TS5 LGHOBRR RS ORE—FKL, ma
crovhiza NZDEDOHFTLROIEFRTHHZ & TR
Ltz macrorhiza ¥ 2x lomatogona t3Li = OfFi
DEPEED 7/ s EMERIIh T w519, Lh
L macrorhiza WHRP e A —AF v 4 —-ED P11 1%
BRLUIEEAECRBE IR, Toyr ) st5RE
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corolliflora, lomatogona @ 3 BT H \NCEELIL 7ov A
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& trigyna % corolliflora ORIy {LDERD BTz,
lomatogona VIEEVD gk O OWRET trigyna LB
fth, FLMEOLHE, WA THEY), T,
lomatogona 3. trigyna = corolliflora &30P %
ThHEFELbNA, T 6x trigyna 11 2x lomato-
gona & corolliflora DY 2 {5E L #E %2 LTV 572D,
SWROYA ST ARIBRED BN TH N
RSB RT, 6x trigyna RZRLD Y ahbED
W2 THD 2 e TREIBORI 51,
Patellares 5 TiY, procumbens k& webblana H3%
LIy A €77 £%R L, WREOEEHEERE R
REAERIME' & —3 Lo, —Tf patellaris 132, 3 OfF
BRI Y FEFL, Chb 256/ &Rt o Tz,
SR TH D patellaris TIPS BEMCHANE Ly
1 g a T 5%, i 4x valgaris L O
Fy T 14~18 Ko IL{li B4 1B Ihs 2 &7 7,
CoIBHULI Y s EBFTHE2 HBEETH B
WAEN -, FA TS T LG MO RO S, patellaris
DED 256D ¥ 7 sz, ThEixRicsr s
L2EHTHE2EHETH D Z LATFE S,
TDXIETA VA 2ERONTY Beta JEfEE O
BERBERE Y 2T 5 ETESTH S, '
SHET A VA aoRfafk~ =0 — L LCOFBRS
O CHD LR T %, T Y ARENTh, Vul
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Summary

In order to clarify the species relationships in
the genus Beta, the isozyme variation for peroxi-
dase, acid phoshatase and esterase was examined
in 12 species belonging to the section Vulgares,
Corollinac and Patellares. The results obtained
are as follows.

1. Three sections, Vulgares, Corollinae and
Patellares had their own average zymograms, and
differed to one another. This was thus in agre-
ement with reproductive barriers and differentia-
tion for morphological and other physiological
traits among these sections. Species of different

also differed
isozyme bands observed per plants, suggesting

sections in the mean number of
the genetic differentiation on the number of loci

coding enzymes andfor the posttranscriptional
modification.

2. In the section Vulgares, vulgaris, maritima
and atriplicifolia had the similar average zymo-
grams, whereas macrocarpa and patula differed
from the former three species, and to each other
in some species specific bands.

3. In the section Corollinae, trigyna, corolliflora
bands

macrorhiza had different

and lomatogona had most of Iisozyme

in common, whereas
average zymograms from the former species, sug-
gesting that it is most divergent species in this
section. Further, the result of the principla com-
ponent analysis showed that lomatogona formed

a distinct group from trigyna and corolliflora.
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4. In the section Patellares, procumbens and
webbiana showed the similar average zymograms
to each other, indicating a close relationship be-

tween them. In contrast, patellaris was different

from procumbens and webbiana in some spscies-
specific bands. Thus patellaris apperead to be a
partial alloploid with a distinct genome from ist
related diploid species.



