HOKKAIDO UNIVERSITY

Title Ehﬁwmétﬁﬁ@ﬁ@ﬁ@ﬁ%ﬁ%[%?é%@?%ﬁ%!(%ﬂﬁﬂﬁﬁﬁ%ﬁutﬁ%gwﬁﬁ
IDVWTOER)
Author (s) M, [ESR; TSUDA, Chikahiro; #)Il, ZE& fth
Citation LBERFERFEAICE, 7(1), 19-26
Issue Date 1969-06-30
Doc URL https://hdl. handle.net/2115/11783
Type departmental bulletin paper
File Information 7(1) p19-26. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




TAEoRBLH S OoMO A HBM
B cBl+ 25 EEMNHRE

(M BB R DV TR EDRIRIC D\ T DEE)

& HEE - MIE S
(B¥E THREDFHE

Studies on the negative genetic correlation between root
weight and sugar contents in sugar beets.

(The inference on the relationship between these characters on
the basis of mass-selection experiments)

Chikahiro Tsupa and Sadaji Hosokawa

(Laboratory of Industrial Crops, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)

Received December 27, 1968

1. #

FEDITTAEDRE L WS OO AOHBEBIR Y =L
L 2 BB L O i LT, SIEELELES
BROMEELHE T 5 72 D IC—BHOWEXIT o> T
%o ZOHMGIZREE IBLOWThh—FoRER
BILTHEE L, OB, EHROEBEOH ST
Tt - I B OB ES S OWEOBEIDT ML, %
OREICSWLTHE L, 3bicihicEsuwitiEnhic
RIBRY €T A = & =T OWTEREYINL, ThoMEE
DGR A FET 5 RIGOEHE Y B 5 e T DB X
5L LD TH %,

mi

M ETE

FOMA (1967) b7 1964, 1965 R Ui
HRBOZERCONT, £7 0 rbEEOREY
AT 5FRE, BEO BRIX (B5) 2R Lclidsy, -
REN2 #7003 3 WA THREL, Thbd Bp4HE
HERRE L, 1966 4E & 1967 i g & & b ICBRBE
L7,

B AT T - FoERIE 1964 SEES TS A 2 5 (dRfElAl),
KWS-E (IREH), MGM (fafte — +) THH, 19654
LA 25, KWS-E, A% 401 5 (53, S-26 (B8
B, TRARAN THD,

1I.

19

HIURTE 1L 1966 SEEEIY 1964 R EFEAEM O 2% v
TIK1REE, 7TEHREOHMESE L, 1HEORZ 75m,
BEREL 60X 30 cm DIRFEESSE L, 1K 25 %%
WD 2 Bk & RO B OMA IR To 2 EE o T
BELFES (BRIX) * & Lic, - CHAMEER
150 BERijA & 70 - 7o, 1967 SR 1, 1964 SFEEFIL 723
DD 5 H MGM #Zfg\ o d O & 1965 FEETER Licd
ORI THER LI, 1 7oy ME2BELD /D, 1
DEX108m, HHFEES0x30cm, €-CT1 7 ay b
2L 070k, Thi 4 BEREOHBERCH iz
D, IER, BEEOMRE R KO ML ORERE 2
BT DT, WEEFROEER T - 1,

HHERIEITROMY TH 5B, HER, 1966 5%, 4 A
30 [, 19674EfE5 H 2 |, INEER 1966 45510 B 22 A,
1967 FEE 10 A 24 H, JEEHIV TR 04EL 6-9-9 D{LR
MekEHA 10 7 — v dpre b 120ke, 5 Y A5G 25 ke R iRAE
A » TIFRIZ IR E LT HE 2 o, S A RA
%, BEERESTH L,

1L # 2

a. BIRYER: £ 1Ei 1964, 1965 FEOHERMD
MR BRIX OEME (X, V), EAMEERZE (ox
oy) AR, 52FITIEMEAR, REEAOHPE

DFHE (X, Y7), Th & R RERA Tl - fo B e



20 AR ELMLRE RTE H1F

Table 1. Mean values and standard deviations of root weight and BRIX
in each source population
Source population Year No. oglsr?tsserved ROOtszfzht (g) Bl;)i (5?7)
Do-Nyu No. 2 1964 200 ! 932312 20.424:1.170
1965 218 926 + 469 18.03 +1.406
KWS-E 1964 200 1,110 + 366 19.79+£1.332
1965 210 1,073 +435 17.42 +1.564
S-26 1965 200 724 + 357 21.05+1.170
Hon-Tku No. 401 1965 219 694 + 309 20.59 +1.445
MGM 1964 200 1,356 = 469 12.43+1.439
Table 2. Mean values in each group of selected individuals, and its
selection differential in standard deviation unit
No. of Root weight (g) BRIX (%)
Population | Selected for | Ye lected|  Mean | Seiection g Selection
opulatio clecte T ar Selarcltz ia differential Lean differential
P (X)) (7z) (Y/) (Zy)
Do-Nyu No. 2 | Root weight | 1964 | 11 1,527 1£1.907 (19.60) (—0.651)
Root weight 1965 19 1,859 +2.037 (16.67) {—0.967)
Sucrose 1964 7 ( 7500 | (—0583) 21.54 +0.890
Sucrose 1965 15 { 617) (—0.675) 20.15 +1.508
KWS-E Root weight 1964 15 1,673 +1.538 (19.19) (—0.450)
Root weight | 1965 19 1,860 +1.809 (15.87) (—0.991)
Sucrose 1964 10 ( 945) {—0.451) 21.20 -+1.059
Sucrose 1965 18 { 753) {(—0.730) 19.59 +1.387
S-26 Root weight | 1965 | 19 1,414 +1.927 (19.72) (—1.137)
Sucrose 1965 21 ( 556) (—0.446) 22.56 +1.291
Hon-Tku Root weight 1965 15 1,332 +2.065 (18.80) (—1.234)
No. 401 Sucrose 1965 16 { 476) (~0.706) 22.83 +1.594
MGM Root weight | 1964 16 2,040 11.458 (11.24) (—0.827)
Sucrose 1964 17 (1,085 (—0570) |  14.26 +1.272

1} Figures in parenthesis were obtained on the basis of indirectly selected character.

(ix, i) TRL T
COFEROBE, HEMD T oy sHOENE LY -
oz & CMEEFNOEN D, MEOREREL LT
PR AR R, —EOREREY b > TRETHZ L
1383, POWERS (1957) @M1 X 5\ 3@ % Unit
block selection D> T, K7L oy PTEICE
EDER R LIl % 1964 4Rk 3 lifk, 1965 4Efr
i3 2B B T ENFROIEI ORI L, L
2L, EROEBEDKR L 7t - A DBESEEL, V¥
DHSEERNT, TR, SR CHEMRE < —F LT
Wi,

B 3 I HRAABUE I b1 B B R & BSERT D 1

B, ZOEERA (P=095) #RLi, AETID L,
RERERE 21T 0 LEROFRH (R) 1L KWS-E &, #
A 250 1964 EEEREHA (R-4) 0 1967 FEEOER %
B & 2 THETWC BB REDOME R LT, ¥
7o R-4 (BA 2%8) 4 24EH Ot 817 =28 g T4
FOPIE 72027 g 1 LTHEILE . £12 R R
O EEBK O KR E B Tnh o fo BRIX DML CHR
HLTWAB,

BEG OV GEE Lo B 0 B () EA2 %D
S5 HERNI D £ T D DI TRES LA E R
R, Inb S HEOREL, KWS-E, %% 401
BV TRHALDIET LT 500D bR 5D



B - I

TAEORE L ESF oM OGO HBEMERCET 2 EMEOmeE 2

KL, B OHEFTIFA EELERI D, HH-
FFOBMNEDLND, I EICEA 25D S-4 B
2 LERI DI TEL 774+ 26 g T R-4 13RI L 2%,
LM U CAHBREMERL 7o O 2MHCHER X
ha,

SHEMOFSEY 100 & L, EHHAOFSEO M
ROEEERTEEAEDL 5D, ZORNBIRE

oW LcB At KWS-E 2B\ T 10 % L4 -
ORBFEDOTEMMN LS, I - TES VKT D /e
DA LT B, —TTHEG B E1T s - o BBy, &
A 25D S5 HRE 3% LA oS B ins B b s
BEMETDEHE LY - 7201k KWS-E L AH 401 2 ¢
Hotoo Ticbb I OEBROEECIL, BECOWTE
LB ETL, COERHROFECHEY L, %1

Table 3. Mean and its confidence interval (P=0.95) obtained from progeny tests
Population Test year Strain Nlo . of Root weight BrIx
plants
(g) (%)

Do-Nyu No. 2 1966 Cb 124 77542 18.25£0.14
R-4 127 938+ 52 16.80+0.21

S-4 124 865+ 46 18.74+0.14

1967 C 226 655 43 18.33 £0.17

R-4 218 689 + 38 1754+0.19

R-5 213 744 + 45 17.05+0.17

S-4 232 685+ 35 18.89+£0.15

S-5 215 660 -+ 37 18.45+0.19

KWS-E 1966 C 139 903 +51 1712+ 042
R-4 159 942 + 49 17.08 +0.54

S-4 160 800 =41 17.84 +0.23

1967 C 196 747 +34 16.04 +0.17

R-4 150 740 + 43 15.80+0.18

R-5 133 722+ 42 15.79£0.18

S-4 213 724+ 31 17.55+0.13

S-5 207 654 + 32 18.57 +0.16

S-26 1967 C 184 582+ 32 20.74+0.16
R-5 148 654 + 45 20.43+0.16

S-5 203 590+ 35 21.63+0.14

Hon-Iku No. 401 1967 C 230 48319 21.11+0.16
R-5 221 566 =31 20.34+0.18

S-5 214 409 +18 21.63+0.14

MGM 1966 C 148 1,113 58 11.32+0.16
R-4 152 1,307 + 69 10.57 +0.18

S-4 155 1,108 +59 12.09+0.17

1) C; Source population as control, R; Selected for high root weight, S; Selected for high

sugar contents -4; selected in 1964, -5;

selected in 1965.

Table 4. Relative changes caused by selection in root weight and BRIX
in comparison with the source population
Progeny
Population Selected in Selected for root weight |[Selected for sucrose content

Root weight Brix Root weight Brix

Do-Nyu No. 2 19641 +13.8 —6.1 + 84 + 29
1965 +13.6 —7.0 + 0.1 + 0.7

KWS-E 19641 + 5.2 —04 — 7.2 + 68
1965 — 33 —16 —124 +15.8

S-26 1965 +124 —1.5 + 1.4 + 43
Hon-Iku No. 401 1965 +17.2 —37 — 53 + 39
MGM 1964 +17.4 —6.6 — 04 + 6.8

1) Mean of 2 years’ data.
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Table 5. Genetic gain in standard deviation unit and realized heritabilityD
Root weight | BRIX

Population Year | Strain Genztgxgaln 2 Wy Genethcygam PN s
Do-Nyu No. 2 1966 | R-4 | 0653 | 342 | o | (—L651) | (253.2)| ;0q7
S-4 | (+0.363) = : 10558 627 -
s R e e |G| s

R-5 | 40419 | 206 (—1169) | (120.8)
S-5 | (+0.018) ] 131 010 73 | OLb

KWS-E 1966 | R4 | +0.116 75 (—0032) | ( 7.3
S-4 | (—0305) | (676) | 21| ‘o500 | s73 | 426

1967 | R-4 | —0029 — (—0.195) | (448
S—4 | (—0094) | (209 | 33 (+1229 199 | 970

R-5 | —0102 = ~0195) | { 20.4)
S5 | (—0381) | (51.8) | 49 | ‘12050 | 1482 | 1361

S-26 1967 | R-5 | 40327 | 170 (—0.288) | (25.3)
S5 | (+0028) o M4 Tig908 | 703 | B19
Hon-Tku No. 401 | 1967 | R-5 | +0580 | 281 | ,, 0 | (=0517) | (419 | -
S5 | (—0633) | (89.7) : 10682 440 :
MGM 1966 | R4 | 0468 | 325 | e | (—~0486) | (588)| o4
S-4 | (—0067) | (18) : +0.962 756 :

1) h4=4G.}i., h%=(4Gp—4G))fip—ir, where 4Gp denotes the direct response, 4Gy indirect
one, 7p direct selection differencial, ¢r indirect one.
2) TFigures in parenthesis is obtained from the indirect selection.
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Table 6. Genetic correlation between root weight and BRIX calculated
from the selection response

Tgll)
Population Strain Year Selected for Selected for 7,
root weight sugar
Do-Nyu No. 2 R-4 1966 —0.930
R-4 1967 —1.432
R-5 1967 —0.912
KWS-E R-4 1966 —0.247
} —0.378
S-4 1966 —0.477
S-4 1967 —0.183
S-5 1967 —0.468
S-26 R-5 1967 —0.664
Hon-Tku No. 401 R-5 1967 —0.819 .
} —0.910
S-5 1967 —0.830
MGM R-5 1967 —0.754
} —0.269
S-5 1967 —0.180
4Gy hp enc

N ey Nl where D stands for the directly selected character, I for the indi-

rectly selected one and C for control population.
2 rg,= 4Grx 4Gy
: 4Gpx = 4Gpy’
for progeny selected for BRIX percentage (FALCONER, 1960).

where X stands for progeny selected for root weight, and Y

Table 7. Soluble dry matter per plant (Root weight X BRIX) (g)

Population 3::; Control ~ R-4 R-5 S-4 S-5 F value
Do-nyu No. 2 1966 | 140 (100) 156 (111) 161 (115) 4.530%
1967 | 120 (100) 121 (101) 127 (106) 129 (108) 120 (100) 2.238
KWS-E 1966 | 155 (100) 161 (104) 143 ( 92) 8.062%+
1967 | 120 (100) 119 (99) 115 ( 96) 127 (106) 122 (101) ns.
S-26 1967 | 120 (100) 135 (113) 127 (106) 3.076
Hon-Tku No. 401 | 1967 | 102 (100) 116 (114) 89 (87) | 13.800%
MGM 1966 | 126 (100) 137 (109) 134 (106) 2.962

1} Figures in parenthesis represents the relative values compared with the control population.
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Table 8. Variances and covariance within population (1967)

Population Control R-4 R-5 S-4 S-5 F value
= Do-Nyu No. 2 0.0373 0.0307 0.0356 0.0257 0.0273 ok
o0
'g KWS-E 0.0269 0.0253 0.0283 0.0219 0.0243 *x
5 S5-26 0.0299 0.0429 0.0362 *ok
& | HonTku No. 401 0.0188 0.0359 0.0180 »x

Do-Nyu No. 2 1.2629 1.6203 1.2885 0.9539 1.2885 *x
o] KWS-E 1.4726 0.9164 1.2159 0.9890 1.4632 K
:4
[as] S-26 1.1613 0.9618 1.0931 ok
Hon-Tku No. 401 1.4791 1.8134 1.1051 ok
g Do-Nyn No. 2 —0.0845 —0.0547 —0.0634 —0.0427 —0.0714
.g KWS-E —0.0729 —0.0482 —0.0443 —0.0449 —0.0478
L]
E S-26 —0.0879 —0.1117 —0.1292
© Hon-Tku No. 401 —0.0564 —0.1127 —0.0343
1) F-test was evaluated between the largest and smallest variances within variety.

2) Variance of root weight was calculated based on the data transformed into logarithm.
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Table 9. Degree of pleiotropic effect (Pq) estimated from the difference in
variances and covariance between strains
. . . . Significance o -
Strain with | Strain with g . Significance of
Population larger smaller cigf)etralgieg ﬁ? difference in BRIX pen
variance variance variance variance
Do-Nyu No. 2 Control S-4 *k * —0.696
R-4 S-4 1.8, ok —0.207
R-5 S-4 * % —0.361
S-5 S-4 n.s. ok —0.703
KWS-E Control S-4 n.s. *¥ —0.571
S-5 S-4 ns. ok —0.086
R-5 S-4 * n.s. +0.158
Hon-Tku No. 401 R-5 Control *x *k —0.743
R-5 S-5 *k ok —0.695
Control S-5 ns. HE —0.129
W;—- W,
1 2 , where W denotes covariance, V variance, subscript « stands

1) pe=

N (Va, =V, ) (Vy,— Vy)

for root weight, ¥ for BRIX degree and figures for strains.
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Summary

The authors are engaged in the investigation of
the genetic cause responsible for the negative rela-
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tionship between root weight and sugar content
which prevents the simultaneous improvement in
the both characters of sugar beets. The present
paper describes the inference on this problem on
the basis of the results of mass-selections which
were practiced for either one of the two characters
from the following varieties and a sib-mated line:
Do-NYU No. 2 (so-called “Normal type” variety),
KWS-E (“Yield type” variety), HON-IKU No. 401
(“Sugar type” variety), S-26 (Sib-mated line of “Sugar
type”} and MGM (Fodder beet variety).

The progenies selected for high root weight show-
ed the decrease in the sugar contents irrespective
of the effect of selection for root weight, but the
rate of decrease was different among the source
populations. The progenies of HON-IKU No. 401
and KWS-E selected for high sucrose contents
showed the significant decrease in root weight, but
such a tendency was not observed in some other
progenies, although their BRIX degree significantly
increased. Furthermore, the progeny of DoO-Nvyu
No. 2 selected for high sucrose contents in 1964
showed the significant increase not only in BRIX
degree but in root weight {Table 3).

Generally speaking, the negative genetic correla-
tions between these two characters estimated on the
basis of selection response were higher in progenies

selected for high root weight than in progenies

selected for high sucrose contents. The “Sugar
type” varieties provided the higher negative coeffi-
cients of the genetic correlation and the within-
strain correlation than the “Yield type” varieties did
(Table 6).

The genetic parameter representing the degree of
pleiotropic effect of genes concerned (SAKAI and
SUZUKI 1964) were able to be estimated from the
significant variation of variances and covariance
which was caused by selection, and the values were
different from population to population.

These results suggest that the intensity of the
negative relationship between root yield and sugar
contents depends on the respective genotype as
well as on the environment. If the genetic correla-
tion between the characters were ruled by such
a simple cause as the pleiotropic effect of a single
gene-system concerned, we could expect to obtain
the high values of the genetic correlation and the
degree of pleiotropic effect, which would be constant
among the populations. Therefore, another cause
such as linkage of different gene-systems might be
also responsible for this negative genetic relationship.
These results also demonstrate that the simultaneous
improvement in these characters up to a certain
level will be possible where proper selection is

employed.



