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Abstract

In this report, the genetic and biological characteristics of the Japanese quail exploited for en-
vironmental science were described.

The report bases on the study on the breeding of experimental animals for environmental sci-
ence research, which was carried out gt 1980-1985 in the NIES, as well as on the study on the ex-
ploiting of experimental animals which was supported by the Science and Technology Agency,
JAPAN, during 1982-1984. Hereupon, the latter was carried out in co—operation of the NIES,
Tohoku University, and Yamagata University.

This report consists of 6 papers and 1 appendix. The first paper reports the breeding process
ol the Japanese guails exploited for environmental studies, and the other are concerned with the
genetic and microbiological characteristics of the Japanese quails.

The outline of these papers are as follows ;

1) The selective breeding for high (Hz) and low (L») antibody titres to inactivated Newcas-
tle disease virus {NDV) vaceine was carried out over 35 generations using the Japanese quail. The
antibody titres to inactivated NDV (NDV-HI titre) between Hz and L lines were significantly
different from each other throughout 35 generations. The maximal divergence between these two
lines was obtained in the 24th generation.

As this selection process proceeded, the reproductive ability declined. Even at the 35th gen-
eration, the inbreeding depression was not so severe that it might be possible to advance their
genetic purification.

2)  As the genetic monitoring of mouse strains, the discriminant analysis of the mandible was
used recently. So, the modified discriminant analysis was applied for the identification of quail
strains (Hg and Lo quails).

From the results of the classification, the probability of right discrimination was more than
97% in the lines {Hz v.s. L» lines), and more than 92% in the generation (14-15th v.s. 18th). Since
the age difference was also discriminated, the same age animals were needed for this analysis.

3) To establish the microbiological monitoring technique, the germ-free quails were needed
at first. And it was possible to get them after only one exposure to formaldehyde ai the hatching.

4) Fxperimental animals such as mice, hamsters and Japanese quails were exposed to nit-
rogen dioxide (NOz). Among the 3 species, the Japanese quails showed the highest sensitivity to
NO: (20ppm) acute exposure, and the sensitivity of hamsters was higher than that of mice.

When the strain difference of the Japanese quails was examined, all strains of the quails were
very sensitive to NOg So the Japanese quail will be a useful experimental animal to study the
biological effect of NOz and to monitor the air pollutant gases in the environment.

5) Recently, the high resolution banding (HRB) technique has been exploited to examine the
human chromosome. The modified HRB technique was applied to the genetic monitoring of the

Japanese quail.




The chromosomes of the Japanese quial (2n = 78) was clearly defined inctuding the
micro-chromosomes by this method. And also, the polymorphism was detected in the 3rd, 4th and
Z chromosomes by C-banding. These results showed that this HRB technique was very effective to
monitor the genetic marker in the Japanese quail,

6) The biochemical genetic markers were monitoréd using the recent methods of elec-
trophoresis in the Japanese guail. And the genetic differences in the Hs and L2 quails were de-
tected in the bands of pre-alubumin and esterase-D types. Since these differences were useful for
discrinination of Hs and L2 quail, the genetic fixation will be possible in the selection process.

Based on these findings, it seems probable that discrimination in the genetic markers between
Hz and Ly quails will lead to definite genetic fixation by further selection process.

The chromosomal analysis including the HRB technique in the experimental animal was also
reported. See appendix.

Consequently, it was clarified that the Hy and L; quails are one of the most useful ex-
perimerital animals for the purpose of environmentai research, as they could be used for gas sensi-

tivity tests, chemical toxicity tests, disease Susceptibility tests, and so on.
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Abstract

The selective breeding for high {H,) and low (Lz) antibody titre to inactivated New-

castle disease virus (NDV) vaccine was carried out over 35 generations using the Japanese

quail (Cotwmiy cotumix japonica ),
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The antibody titres to inactivated NDV (NDV-H titre) of Hz and L; lines were signifi-
cantiy different from each other throughout 35 generations. The maximai divergence
between these two lines was obtained in the 24th generations, when the antibody titres
were 8.2 logs in Hy line and 0.8 logz in Ly line. As this selection process proceeded, the re-
productive traits such as hatchability, egg producibility, and egg weight declined, but the
viability was improved. Since the totat reproducibility in Hy or Lg line quails was nrot re-
duced so much as expected, the genetical purification will be advanced by the further selec-

tion of both Hy and L, quails.
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{ 1965. Commercial Colony of Japanese Quail in Aichi Prefc,, JAPAN J

1969. Lst Selection for High (H\} and Low (L.} NDV-HI Titres
4 at Tohoku Univ.

1975.9. Reciprocal Crosses 1975. Introduction of Gifu Line
|

X 12. Selected for Heavy and
(H, Gg XL Gg) * Light Body Weight

1975.12. 2od Selection for High and Low NDV-HI Titres
} at Tohoku Univ. (H,&Ls, Go-Gg)

¥

1980.4. Continecus Selection by the Same Parameter at NIES
{Hz&Lgz, G10-Gas)
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Fig. 1 Selective process of Hz and Ly lines
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Fig. 2 Comparison of average NDV-HI titres in Hz and L lines
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Table 1 Estimation of the heritability from co-variance analysis

EBHER BHE FEYE  SHEOEES

AL 13 19.44  E*+3D*+65*
LRSI 14 4.63  E-+3D
FEEkTE 56 10.07 E
HHEE ()
45

z P

K =tiprs 0%

s dAb

L. E+D+5 0.67

s _ 2(D+5)

D : Dam g3 K )

E : Environment (REEeEN)
*)
S : Sire (58 2 )
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Table 2 Comparison of body weight in Hz and Lz lines
Gene- Line Average Body Weight from Hatch to 9 Week {g)
ration (n) 0 1 2 3 4 5 6 7 8 9WK
H: (4] 6.1 16.6 35.2 57.9 80.1 96.4 101.7 111.9 110.8 108.7
Gz Ly (14)] 7.2 16.8 36.9 61.1 83.7 100.3 103.8 114.2 108.3 110.9
(La—¥g) | 1.1* 0.2 1.7 3.2 36 3.9 2.1 3.2 7.5 2.2
o H: (23)]| 6.6 16.4 33.4 55.9 77.5 90.8 90,2 96.8 57.6 9%.2
gcm L. (18)| 7.7 16.8 33.9 57.9 81.8 93.8 101.6 108.2 108.5 111.5
{Lz—Ha} | 1.1*** 0.4 0.5 2.0 4.3 3.0 G4 Y 11.4%** 10.9%** 12.3**F
H: (17)] 5.9 17.9 40.4 63.4 78.8 52.6 9.8 98.6 102.4 97.0
Gm Lz (23)] 6.4 18.6 40.5 65.0 79.0 97.9 102.9 105.2 110.8 109.5
(Le—Hz) | 0.5** 0.7 0.1 1.6 0.2 5.3% 6.9** 6.6 8.4 12.6%**
Hz (9)] 6.9 17.1 39.2 64.5 86.5 105.0 115.8 119.7 117.6 115.4
Gy Ly (10}] 7.t 18.2 40.1 17.5 92.5 113.4 125.5 132.6 131.2 134.3
- (Lz—H) | 0.2 1.1 0.9 3.0* 6.0%*  g.4* 9.7% 12.9* 3.6 18.9*
3 Hy (22)| 6.7 16.6 34.8 58.3 80.8 98.9 114.8 125.8 128.8 129.5
B Ga L (I2)| 7.5 17.4 35.4 60.1 86.7 106.6 127.7 136.6 1369 135.2
& {L-—Hz) | 0.8*** 0.8 0.6 1.8 5.9%*  7.7** 1297 10.8%** 8.1** 4.7
Hy (18} 5.9 18.9 40.8 65.4 82.2 99.6 116.1 7.0 120.6 128.9
Gm L» (21)| 6.8 2.7 43.8 69.5 85.2 107.5 128.4 125.1 130.9 141.5
(La—Hy) | 0.9%** 1.8 3.0 1.1 3.0 7.9%%  12.3%** g0t 10.3%*  12.6%*7
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Table 3 Incidence of the “YL” mutant plumage among offspring from each mating

JEER No HoOEHAGBETH) XEE S FoRZEERl BeEEs
. Sired X Dam® {(#) (33) YL B * {P)

] YL X L s - 0 : 25 -
{yl-y1)  (+-+) o
YL X YL 78 .0
2 13 78 —
(Gl-yl)  G1-yD) o W
3 Lo X Lo 99 219 57 162 A0 >.75
(+-y1)  {(+-yD I @)
L, X YL 80 . 87 29 >.75
4 ig 167
(++yD)  {yl-yD) m
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Quail Strain Identification by Means of Discriminant Analysis

Using Skeleton Measurement
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Recently, mouse strains were identified by the discriminant analysis on values mea-
sured at the 13 sites of the mandible. In this study, the Japanese quail two strains {H: and
Lz strains) were also identified by the modified discriminant analysis as follows:

1)Since the mandible of avian species was more simple than that of mammalian species,
the skeleton measurements of mandible {5 points), skull(3), femur(1), tibiotarsus(1), clavi-
cle{2), sternum (6 }were needed to analyze the Japanese quails of two strains.

2)From the results of the classification by means of diseriminant function, the probabil-
ity of right discrimination was 97% for male, and 100% for female in the Hz and Ly strains.

3)}When this classification.was applied to the distinction of selective generation in Hp and
L2 quails, the right discrimination was also obtained in the probabitily of 92% for male, and
of 95% for female.

4)In addition, the age difference of 8 and 24 weeks-old at the 18th generation was classi-
fied in the probability of 80% for male, and of 83% for female,

5) The positions of Hy and L, strains on 2-dimensional plane as determined by canonical
discriminant analysis were different from each another in order of the strain, generation.
and age.

Therefore, the modified discriminant analysis was useful to distinguish the Japanese-

quial strains, if the effects of generation and age were considered in the judgement.
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Fig. 1 Sites of skeletal measurements
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Table 1 Group means for skeletal measurement
(mm)
Group Variables ; Skull » Mandible ; Femur - Clavicle ; Sternum
Genera- Tibiotarsus

Sex Line tion{n) | Xy X2 X3 X4 Xs X% X Xg Xq X10 Xn Xiz Xi3  Xu Xis X X1z X8
Gu e+ 1s{11)| 22.06 15,52 14.77 22,68 14.54 6.25 15.24 16.52 37,06 45.77 21.25 10.21 21.36 6.27 13.46 19.43 13.71 24.74
Hy Gis(10) | 22,32 15.38 14.63 22.67 14.75 5.83 15.07 16.13 36.77 45.10 21.19 9.14 21.52 6.43 13.58 19.28 13.44 26.64
G1s(10) | 21.78 15.38 14.75 22.53 14.75 6.02 15,09 16.29 36.49 44,94 21,14 9.98 21.14 6.35 13.58 18,93 13.09 24.96

% Ave. | 22.0 15,4 14.7 22,6 14.7 6.0 15.1 16.3 36.8 45.3 21.2 9.8 21.3 6.4 13.5 19.2 13.4 25.4
= Gy - 15(11) [ 22,43 15.68 14.90 22.31 14.75 5.73 15.11 16.34 37.18 45.41 21.75 11.82 21.62 5.46 13.45 16.76 14.21 22.48
Lz Gyull1}121.78 15,76 14.88 22.08 14.73 6.04 15.20 16.30 36.70 45,26 21.%0 10.00 21.00 5.47 313.70 17.50 12.31 Z21.18
G3(10) [22.23 15.73 14.78 2216 14.54 5.96 15,38 156.51 36.88 45.58 21.46 11.95 21.39 5.66 13,98 18.23 12.81 21.08

Ave 122.1 15,7 14.8 @22 147 5% 152 16.4 37.0 45.4 21,7 11.2 21.3 5.5 13.6 17.5 13.1 21.9

G- 15011) | 21,90 15.41 14.73 22.65 15.00 6.44 15.68 16.89 37.97 46.43 20,94 9.52 21.79 5.98 14.0¢ 19.22 13.51 24,00

H: Gis(11)|21.68 15.29 14.68 22.90 14.41 5.42 15.01 16.19 37.70 45.88 21.86 8.56 22.38 6.22 13.69 19.24 13.61 24.50
G1a{10) [ 22,04 15.31 14.58 22.81 14.64 5,90 15.18 16.18 37.70 42.80 21,31 9.32 22.49 6.25 13.80 19,91 13,91 25.38

%é‘ Ave | 21.8 153 14.7 22.8 14,7 5.9 15.3 16.4 37.8 450 21.4 9.1 22.2 6.2 13.8 18.5 13.5 24.6
[ Gy »15§5) {22.76 15.76 15.04 22.63 14.92 6.37 15.53 16.58 37.45 45.98 22.04 11.38 21.50 5.11 12.93 16.,5¢ 13.41 21.54
Lz Gis(10) | 21.97 15.68 14.78 22.39 14.64 5.92 15.20 16.41 37.22 46,15 22,28 10.09 22.30 .79 14.06 17,90 12.92 21.71
Gigl10) ( 22,15 1548 14.47 22,42 14.36 5.68 14.90 15.04 17.23 46.43 21,70 11.04 21.73 6.03 14.12 13.60 12.82 22.14

Ave. | 22.3 15.6 14.8 22,5 14.6 6.0 15.2 16.3 37.3 46.2 22,0 10.8 21.8 5.9 13,7 17.7 13.0 21.8
Mini. §21.68 15.29 14.63 22,08 14.54 5.42 14.90 15.04 36.49 42,80 20.94 8.5 21.00 5.41 12,93 16,50 12.31 21.18

Max. |22.76 15,76 15.04 2260 15.00 6.44 15.68 16.89 37.97 46.43 22,28 11.95 22.49 6.48 14,12 19.43 14.21 26.64

All ave. 22,09 15.533 14.75 22.52 14.67 5.96 15.22 16.36 37.20 45.48 21,57 10.25 21.68 5.92 13.70 18.46 13.28 23.44

Coefficient o) | 14 1.2 1.0 11 13 49 14 1.4 12 2.2 1.9 105 2.2 7.1 2.4 59 40 7.8

of variation

1) Gui. 1sh274 + 65888, Gkt 8 EES(AFER) & 2408 T R ) TORER.
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Table 2 Summary of classification analysis on the skeletal measurement

Sex Group Line Classification Probability Misclassification ratio
No. Generation {Age) (n) ratio MESD(%) Line Generation Age

1 Ga, 15(74.65W) {11)  11/11(100%)  58.8433.7 0 0 —

2 Ho Gu(BW) {10) 7/10{ 70%)  57.3135.2 0 1 3

= 3 Gis{24W) (10) 5/10( 50%)  70.1%30.6 1 3 5
Z 4 Gu, s(74.65W) (1) 9/11( 82%)  44.3£35.9 1 1 -
5 Lz Gie{8W) (11)  11/110100%)  74.7+21.6 0 0 ¢

6 G1a{24W) {10)  10/10{100%)  69.8+27.2 0 0 0

Total 53/63( 84%) 2/'63 5/63  8/41

1 Gua, 15{74.65W) (11)  10/11{ 91%)  52.1138.0 0 1 -

. 2 Hz Ge{8W) (11) 9/11{ $2%)  57.7+30.7 0 1 2
E 3 Gu(2aW) {10)  8/10( 80%)  71.2%32.1 0 0 2
e 4 Grg - 15(74 . 65W) (5) 4/5 ( 80%)  54.3+35.4 0 1 -
5 Lz Giel8W) (10) 7/10{ 70%)  57.9%15.2 0 0 3

6 Gia(24W) {10)  10/10{100%)  70.2130.1 0 0 0
Total {120)  48/57( 84%) 0/57 357 7/41

£ 3 MRUCERRTOHFGH (
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Table 3 Discriminant analysis between Hz and Ly lines different from the

‘generation and the age

Group Line ) Group No.
No. Generation (Age} 1 2 3 4 5 6
1 HpGpaas (FA-65wk) {11} 11 0 0 0 0 0
2 HaG1g (Bwk)} (10) 1™ 7 2% 0 0 0
¥ 3 HuGp(24wk) (10) 3 1% 5 o 1X 0
= 4 LoGrg15 (T4-65wk) (11 1 ¢ 0 9 14 0
5  LyGa(8wk) (11) 0 0 0 0 11 0
6 LaGa(24wk) {10) 0 0 0 0 0 10
1 HoGie15(74+65wk)  (11) 10 1% 0 0 0 0
2 HzGog {8WK) (11 - 9 1* 0 0 0
o 3 HGis(24wk) o o 2x 8 0 0 0
54 LGuneswk)  (5) 0 0 0 4 1~ 0
5 LeGis{8wh) {(10) 0 1} 0 0 7 3%
6 LiGg(24wk) (10) 0 0 ¢ 0 0 10
) Line error (3 2/63), &: Generation error ($6/63%3/57), X : Age error ( $8/41, £7/41)
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Table 4 Eigenvalue and contribution ratio of canonical diseriminant analy-
sis in the skeletal measurement

Canqnica] Sex  Eigenvalue Contribution Cumu_lauve
variate . contributin
ratio ratio
of % 3.508 0.535 0.535
](21) ? 4.983 0.683 0.683
u ) 1.402 0.214 0.749
%Zg) ¥ 0.918 0.126 0.809
3rd T 0.82% 0.126 0.875
(Z3) ¥ 0.662 0.091 0.900
(Males) .
Zy
fziLszst [':"‘HaGMds
o w18 @EW 0c w18 (Bw)

aadB i

(—
T 11T Z1

% (Cumutative contribution ratio; 75%)

(Females) 7.4
2

:H,G14.15 8:L,G14.15
o: . 18(8w 21 v 18 Bw)
M. (24w

Toe (24w

LHS

= Z,

-

{Cumxdative contribution ratio: 819%)

8

M 2 E#EHANCLS Z,-Z, ¥ N LoBRTEROME
Fig. 2 Positions of Hz' Lz lines of 2-dimensional plane Z,-Zz as determined

by canonical discriminant analysis
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Production of the Germ Free Quails and Their
Microbiological Monitoring
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SPEF X5 %METLHAMT, PRIBMOBREITRLLTLFE FEHWTY X508
RiLx A, FOE, YXIRFREEHATEE~NEATABIIEL LT LT
WKEBLAETDERMICIETI CLCL s TER Y X 2RI TEA I LD 5T,
SHBHE LT LI b, FERTIESEBEAN 18% LB (HERMHE0%) 12k
AT, FMEE (SEFEH52%) LT KD o7, 2O EDPSLEERVASD
BEMSEREY A7 ORFIPHATENV AT LT Fiol T RSN o & AR X
i, BREATFEENTHMELBOERERIENE, BLRROMEY A5 WHL L
LZAGORE TIIRITTH -7z, Ak, BIEBEACHR LBIGRY X7 O EH L E i
AR O 188 T CREETH - 0, FORERBEARI L7 ~10H
BLoEidgiooh, R+ BLIEHFTEL,

Abstract

To produce the Specific Pathogen Free Japanese guail, the germ-free procedures were
carried out using formaldehyde. It was possible to get the germ-iree quail after only one ex-
posure to formaldehyde at the hatching.

When this procedure was applied to two populations of the Japanese quail for examin-
ing the hatchability, the selected quails showed lower hatchability (18%) than the control
group {80%) and the hybrid quails (52%). Therefore, it may suggest that eggs from the
selected quails were more susceptible to formaldehyde than those of the hybrid quails.

‘The viability of hatching quails housed in germ—free isolator was high until the 12th

days of old in the both populations. Concerned with the selected quails, they were grown up

1. B QUSR58 £305 Huio L ddi/ eI 163 2
Engineering Division, the National Institute for Environment Studies. Onogawa 16-2, Tsukuba, Ibaraki 305
Japan.
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at the 18 weeks of old in the germ-free condition, and up to that time, there was no egg
production. However, the egg production was appeared after 7 to 10 days when the diet was

changed to nonsterilized one.
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Table I Supplied eggs and their fumigation by formaldehyde
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Table 2 Hatchability of the germ-free quatils and their microbiological
examination

EER 5 SIbm# I A BRI
BNl HMEREK  wEm ik TGC  PDA

fF1EE 0% { 0/44)  cer i e e e

#® Fo@EE 24% ( 4/17)  20~21H 0% ( 0/4) s e e
f ®Em3IMMA  18%(10/55) 17~19H  1009% (10/10) NEG*** NEG  NEG
F HamHE 18% ( 8/45) 17~19H 100%( 8/8) NEG NEG  NEG
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B oHBn 63% 17~198 9% e e e
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Table 4 Reproductive traits of the germ~free quails obtained
from the 4th experiment
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NO; Gas Sensitivity Test in the Japanese Quail
by Acute Exposure

EiEETY - gaEns=t . w3
Shinji TAKAHASHL!, Yuzo ITO! and Hiroshi TAKAHASHI!
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RABHEH AO—DTH D TRELEF (NO.) &, ZFHEBRHY (v, Nazy—,
AV EMRE L, NO RS PiHE Tk LT,

NQ; @ 20ppm BEIIN T ABEMIE, TR TR LS CEYETERR - #418 ~141F
B, SRiCALRY — ([[] I #50~T28E0) C, ~ v R o 7 (T2RRREIEL L4 TE),
KT, U X R (GHT R TNO, R A FERIC L CHE LR, REmER
HELDORFFEL & NOBEHEE M oo T/, 725 O NO, BEMIEMEENS D,
AT L NEONO BEMERT I LMot T/, TXFONO, I EE (4
~ 6 W) TIHE L, MRRICH - TRSFBRAE R I EFPh oz, &8, 3 2L
b NOz (ZH IR A R TR L AR 5 & L ATRIE S 17z,

IH L, YA ONO BN AHERBY (v A - LAY L 0E
LA BN E DG DT, BHEFR A A OB E LT, 7N, DEERER
HOREREME L, v XSHBHATHL LBbNh,

Abstract

Experimental animals such as mice, hamsters, and Japanese qualls were exposed to nit-
rogen dioxide (NOg), one of the air pollutant gases. to clarify the species difference of NO;
sensitivity using the acute gas exposure chambers.

Among the 3 species, the Japanese quails showed highest sensitivity to NO; {(20ppm}
acute exposure (mean survival time is about 8-14h) |, and hamster was higher than mice.
The strain difference of Japanese quaits were found by NO» acute exposure, though it is not
so clear as the species difference. And also, there were sex difference and age effects in the
NO; sensitivity in the Japanese quail, That is, female quail was more sensitive to NOz acute

exposure than male one, and young quail {4-6 weeks of age) was more resistant than the

1. ELNLHERFSERT  $#TSE F305 Hlto Emi g 163 2
Engineering Division, the National Institute for Environmental Studies. Onogawa 16-2, Tsukuba, Tharaki
305 Japan.
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mature one.
Since the Japanese quail was very sensitive to NOj, it will be a useful experimental
animal to study the biological effect of NO; and monitor the air pollutant gases in environ-

mental science.
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Fig. 1 Species difference of survival time to NOz (20ppm, 10 days)
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Fig. 2 Average survival time of 7 strains of the Japanese quail after
NOy{ 20ppm, 24h)exposure
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old after NOz (20ppm, 24h) exposure
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Table 1

sure {20ppm, 1,3 or 10 days)

NO; (20ppm ) B 12 L HFETMHE (7 X 5

Organ weights of the Japanese quails and hamsters after NO;z expo-

CNAR S - ) DRAGRER

5 X F{Hy » Ly 3 (BAE [ g}
£ B RER MR Bt O BF O [ L &
i E : BHEH Lung Liver Kidney Spleen Heart
R AR) i C:xElE M £ SD M + SD M £ SD M £ SD M + SD
2 13 E:.6 1.46 + 0.18%* 2.71 + 0.08 1.06 + 0.27 0.03 £ 0.01 1.18 + 0.19*
FEB L C.6 1.08 + 0.16 3.48 + 0.84 1.13 + 0.23 0.03 + 0.01 0.95 + 0.06
(10A /) 2 13 E:§ 1.64 £ 0.21*%* 5.15 + 0.67 1.40 £ 0.31 0.05 + 0.02 1.13 + 0,13
C:6 1.13 £ 0.16 6.15 + 0.66 1.7 + 0.26 0.05 + 0.02 1.04 + 0.1
SEER 3 T 450 E (8 1.54 + 0.23 3.03 £ 0.42 0.03 + 0.00 1.02 + 0.16
(18R ? 4~50 E:77 1.62 £ 0.23 5.27 £ 1.16 0.04 = 0.01 1.05 + 0.18
2y 5A K — (Silian &)
2 21 E:3 3.08 £ 0.38%* 7.34 + 1.94 1.45 + 0.30 0.32 + 0.18 0.54 = 0.12
Ehk 1 c:2 0.68 + 0.00 5.16 + 0.01 0.32 = 0.14 0.31 + 0.23
(10H FI) PR E:4 4.01 £ 0.53*** 5.76 = 0.86 1.37 = 0.06 0.14 £ 0.03*** 0.55 £ 0.06
C.4 0.94 + 0.21 7.38 £ 1.68 1.56 + 0.22 0.45 + 0.08
2 15 E:9 1.94 + 0.12 5.87 + 0.84 1.02 = 0.08 0.07 + 0.03 0.39 + 0.03
24 E:9 2.24 £ 0.29™** 6.60 £ 1.12*** 1.11 = 0.11*  0.08 £+ 0.02*** 0.43 + 0.05
HER 2 C:9 0,99 + 0.12 9.59 + 1.46 1.24 + 0.12 0.15 + 0.02 0.39 = 0.03
(3 88 2 15 E:§ 2.53 + 0.54 8.82 £ 2.03 1.30 + 0.18 0.22 + 0.14 0.48 + 0.08
4 E.b 2.96 + 0.39%**11.07 + 2.20 1.61 £ 0.33 0.19 + 0.02 0.60 £ 0.06***
C.5 0.94 + 0.09 9.82 + 1.62 1.52 £ 0.22 0.33 £ 0.12 0.14 £ 0.05
* I p<0.05 ** L P<0.01 ** I PL0.001 (Evs C)
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Fig. 4 (1) Change of stem-bronchus and its surrounds after NOs exposure
(20ppm, 3 days)
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Fig. 4 (2) Change of parabronchiand respiratory tubules after NOs exposure
(20ppm, 3 days)
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Polymorphism of Japanese Quail’s Chromosomes Stained
by the High Resolution Banding (HRB) Technique
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Abstract
Recently, the High resolution banding (HRB) technique has been exploited to examine
the human chromosome abnormality. In this study, the HRB technique was applied to the
study of chromosomes in the Japanese quail (Cotumix coturmix japonica). The results are as
follows :
1) The various early mitotic stage cells appeared after the incubation of the quails lym-
phocytes at 39.5 + 0,5%C, which was rather high temperature.
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2) The sex chromosomes of Z and W ranked 4th and 6-8th in size. Since the W chromo-
some stained deeply by C-banding, the identification of quail's sex became easy.

3) The first 25 pairs of the larger microchromosomes could be identified on the basis of
HRB technique. And also, the first 15 pairs of the chromosomes were clearly banded by the
trypsin treatment.

4) The polymorphism was detected in the 3rd, 4th and Z chromosomes, Especially, that
of Z chromosome by C-banding was so clear that it might be possible to use it for the gene-

tic monitoring of the Japanese quail.
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Fig. 1 EB treated chromosomes of the Japanese quail
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Genetic Analysis of the Protein Polymorphism in 3 Strains
of the Japanese Quail
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Abstract

The biochemical genetic markers were monitored using the recent methods of elec-
trophoresis in 3 straing (H,. Ly, and WE strains) of the Japanese quail { Coturnix cotumix
japonica ), The results are as follows:

1) By means of the improved slab disk electrophoresis, prealbumin was divided into 5
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types, and the gene frequencies were significantly different from each other between Hy and
L; lines. The soluble protein extracted from pancreas was devided into mare than 30 bands,
however, the strain difference concerned with banding palterns was not found definitely.
And also, there was no strain difference in amylase isozyme types, though it was typed to 2
loci.

2) Esterase-D in the erythrocytes was clearly divided into 2 genes by means of the im-
proved starch gel electrophoresis, The gene frequencies were significantly different from
each other between Hy and L3 strains.

3} Serum transferrin was detected between pH. 4 and 6 by means of isoelectric focusing.

However, there was no genetic different patterns among these 3 strains.
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FD I FH(Hg, Lo, WERNIEALAKE, wInd LD 2 /ETIRERTE -,

He & Ly ZRTOEs-D @R THEL, 3HU(GH.Cis.Gallohl o THAE L/ HRE+E 2
IR L7zo He RCIEEs-D! O BIEFHIEN R {, LR TR Es-Dy OBEFHENTWE WS
K, IMAEEL TS SR,

3, 3 EBEABRAREEFR)ICLIE(LFNESREFOE=42Y Y

PASHFEDF T ¥ A7 20 2 (Tf) &, IEF ETid pH4 ~ 6 OFIIHRINT 2.2 L 45T & 7295,
bz ooz, T2, /A 71258 —-YUBLGSIE, BOUBOME S HELT
EWAH AT L L00, BHRZEIZEDLN L, -T2,
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Pa-1 asA A0 A/ A/A A0 0/0 A/Q Q/0 A/Q A/O A/ A/Q

Z o/ 0/0 O/0 A0 OO0 YO 0/0 A0 A/O A/O A0 A/

3 A/B B/B A/B A/B A/B A/B B/B B/B B/B B/B A/B B/B

Sample No. 1 2 3 4 5 6 7 8 Sl) 10 11 1]2
z | L ]
(7 X5 %4%) (Lz) (Hz) (WE)

B 1 253774 A7BRARBEICE2ME 7 LT N7 I DRENE
Fig. 1 Electrophotogram of serum prealbumin in the Japanese quail by
Slab-disc electrophoresis
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Table 1 Strain differences of pre-alubumin 1 (A; and Oy) gene frequencies
in the Japanese quail

Strain No. of Samples Genotypes Gene frequencies
A/Ar Ay OOy qAy qOy
Hz 32 "5 12 15 .34 .66
(16)* (37) (47} +.06 £.06
L: 24 12 11 1 .73 .27
(50}  {46) (4) +.06 £.06
WE 31 1 11 16 .31 .69
(13)  {35) (52) +.06 +.06

yrw

£ 2 FMIRABETLRAFS—¥D(Es-D' RUEs-D? JMIETFHEIS
B AT RAKE
Table 2 Strain differences of erythrocyte esterase-D (Es-D' and Es-DF)

gene frequencies in the Japanese quail.

. i Phenotypes Gene frequencies
Strain  Generation No. of Samples 1 = 2 T -
Es-Iy Es-D Es-ID EsD Es Iy
Gis 27 15 9 3 .72 .28
(56)* (33) (D .06 £.06
s Gis 10 2 1 1 .85 .15
(80) (10} (0O +.08 +£.08
Gas 26 14 12 0 77 .23
(54)  (46) {(0) .06 .06
Gis 34 8 10 16 .38 .62
(2ay (29 (47) .06  £.06
L, Gis 10 0 2 2 .10 .90
0y (200 (80) +.07  +.07
Gz 21 3 9 9 .36 .64
{14)  (43)  (43) +.07 +.07
WE Ga 28 14 5 9 .59 41
(s50) (18}  (32) +.07 .07
*{ }.%
4 £ B

Somes, Jr 1, v X T OBEHIIES(Genetic marker (2 DWTRBM L, ¥ /97 HEET 26 &,
FOBOBEEBRBICHY T DU HE LTV, T4, AR, 7X5305 w05y




B X5 3RMETO S L0 BERII W ORIZZE MR

BERIIDWTZINITOREL T LS, EHEHLETI0E) OEUENHLEHETL TV a,

5 Ry REME, BERBRAREL TS D E, RIZHE AL B B CRBIE I
BETEIGEAENL LR ECOEBNT, Tz E=7 ) VI HENCHIA AL LS
ot 9 AT THERBEANES, HRMICHRRESNTERD, YA - 7 Mol
PR DG, FAZTRUERBELTS 1/3REICE LT 5T A,

YAFE, BEOESEYE LTHERMICOETENDL L9 5T ELD, BIGHFILILE
NTHY, BRIl BEL ShTnb, SAIOBEFENE=F ) > FIHH Lo X5 (H,
L, WED3R) i, BEMNAIIRLEATEND, 725 COEFMESERET OMTILE
BEELIHNL,

S EOAALEWIEREIET 04, ERRBENTED ) HLTOPAGERE, O F v 7oy
Nk, @IEF AW TUT o725 MROFRTHARRTAHAZ LICL Y, X DEHLkEES
BAHZLEWTE, $hbb, OTE/Ny 77 —RICP)A-TMEEZEATLIIEICL LT, &
EORF I O4EE, REfeom E, kEIROBEI{LASER S Wiz, @ CIEEER O Hopkinson B D /¥ 5
77— 2 KEELF ) AR EE(PHEINCEX A T Eic kb, BEHLKEIEIES L,

SO L TR LATAREZOFET T XTO3AKM(H,, L, WER)D Y 22 Y
ERMOGHICERA L2 EICED, L7073 vE(Pa)E T A7 5 -V D(Es-D)ITHHE %
FHMETRWET I EDTEL,

TINET, YAFOTLTNT I LZELTIE, Lucotte & Kaminski' ' OGS H Y, BEE
FMFETLTAT I il A8 G oMb & LTwh, MAE, KEXKVT2ULT
I MY VERKREEER AT, MEFL TN I D 4BOR 1 RIS B OZIZE-S CEEE
RAAZONDEL, SHICHERSYRMESLTATI Y TROHMICHUTE, ZOHD 24K
ERERTHELTVD, & 2AT, 4EOYITMBETL 7T I »id 5 KIZ58 3 h{pa-1~
Pa-5), HEROME LIS 1HE ot TPl BBV CIRBRLEFER(A, - O
RBnwiZsh, v XoRHEMH 3L L RB)OBREFHEZY ) VB THLE LS o7
SRIIEEOMBE L7732 » CORGEOILBETLE L LIZ, Pa-l OBEENETHEL
L, HLVEBEEERE UTBRT 2 4EN D D,

RS, TAFFT—ED(EsDIFAv—BROF 1y BTHY, HHTEETICL IR
ENBTEHHEES TV, K4 5212, Hopkinson 5OHED (7o Ty Nz L v,
VAT OERME RS L D 3(F, Fr, SIKAPITELILEFHBELTD, —F, ¥
A5 OFMEH YA 51, ZHhTT2 (F,S) OFHEE SN TV A (Manwell & Baker'®, 1§
N6 SEOHES, 7 X5 RIMRAD Es-D B 2 0 O#ET(Es-D!, Es-DD)DRT,
NUADERGECRDOENLh oz, ThbE, ¥ X5 OMRMEKO Es-D i, HEROMER
D2 oMBIETIRIDVERINTWELERbID, 2B, EsD' & Es-D* DR, v X5 AH
HMTHLMIEROHDLILELY, 7 XF5DOREEMNES ) Y FITHTH DI LD o7,




AR - EAETEE] - TR B

LIAnT, TVREES v HERIIow T, FELOVR, TR TRELTREEE
L7z, ™ X5 Tld, Watanabe & Wakasugi'® 25TV lg7 3 5 “E@iﬁ{ﬁ%@g(ﬂ'ﬁiﬂfﬁ?‘ a, b)
RHELTED, "X 9RENHI DL 1 RKICBVTOAERRORET (b )OFFELROE
HELTWD, AL, BRAFOYXFEMEREL, FAM(a )P ERE(b )L VIR
SV E(b OFETHEEE0.07) MR LT 5,

ANy X7 OTVETEHTS 2 B30 RUEDY v — 74Ny Filghizns, S8
WEXNDEMLE Y sy — V&R LT, SBEEERISHEORBEERICL VHLHMIITSE
AHEELDH, £, FAOF L FAMCBWTET I T EOERERE, TVERPME L 52
Hhikdo?,

[EFECLBME N7y A7) W(THOEHRRET/ 15325 —ERBOYREMET L2
A, B RHETERIBO LN LD o7, Itob' i, MFOTIEE 24K(B, CHIMHILT
VWhAS, SliipH4 ~ 6 DEIC 2RO FRERGICHRT L 2 EDTE

IOEAC, ThODBREBEE, YX70REFMNESY )V ILAENTHLE I L0
7oo B840, Pal EEsDidHa Bl Ly ROZRKMAINIHER L2 EPHDP LR 0T, O
BB LTEREFOAE{LE#DHDL L) ICEIERE L, RIZHI VY IF -V a Y ORSLEE
FRTL2FETL L,

7, HCFREREE T, MR (Linkage map) 2/ER 2B, B CERHLRID
BUBE 3 (Genetic marker) & 2B 2 L £, 4, ABELY X FHEAILONWT, ¥F { ORIEN
ZRTRESLIEPEEL L - T B LEDLID,
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EERRIRT, BEAS—HPHEEE S OEMTH Y, RHESCERIIBVWTLER L OB
EREL TR NER GV, fliid, Bl—0THE LD 220RE - 1AM IE IR
HEH2 % 34—Ya yeRITABHIZARYOLEEZ R WHILTHE, b LEGHI Y
Ih=Ya AL SERBDEHVARRT - S T NTEEII R D, 2512, KERIIE
CULEER, BA»SOEXRLMEATH D, TR0, KR OMREEL U081
DF 2y P2 THL-OIGRENE=F ) I7HRNEE LS,
COEBHHORENT =4 > VIR SR BREN Y —H — i, BRSO CERRY
HRETE, LI TEIAMNBROLWIENETINL, HAE, AR A0 L LTHE
HENTWLRRIEHNESY ) Y 7O OORMEHEEEENEYE L 2MERII s hE, 207
NVOFEEEZE S ENHE L LTER, BET A VFS A, AEESHRE S L, —H, %
CORBFEMIZE DR SATWAENERE LT, BHH AE THEOBREIFAZ
NTwa, 72, BEDFOMOBENE ¥ 7L LT, EETHI P2 r FY 7 DNA
BRI DNA 7 14 > — 7)) ¥ MELFIRERD23 5,

COLHE, REFTRENES) Y XIHBETARAP R SN L I I SN, BED
RAEAOGEFECODOTHACI LD TLATEE, BHThE v,

ZFLT, "A72B0CEEABOBENE 7Y Y XICERH S N RIZHER (Cenetic
marker) & LT EEEOFH OO WTHR~<E Edic, BEoRaEOBREEICON
TIRHT 5,

1 REAHEOER

REALE, BIRPHROARSREOBRIGEEMAE TR RIBNOMROWET, —ED
MERF BT 5 BIZTHERSATWS, L hOREEA20=46 THEME XY B, LB XXETHL
S EHFEE LD, 19564 (Tiio & Levan)ThAI E¥E2 b &, RAKOIEOKEILE
BELWbODHE, TROOMBIZIE, TVveF ik, ERIEMEE, SRESRE Sk
W DO MMBE LY RARITOND,

1950 S ARG D B @R O RER I, MBS HOBEA LB OMGDH % FVTiTb T za,
HHLTRIEZBLENHEETH -7, &2 A, MBEEHMOMEE, oo e+
S, ERAREOMS - R, 0FERoAKL ¢ M(AmER) 268 L LA ROBED
R, SO T0OEMAOMEL OSRSEC L DH LV BRI R OMRE R X, Rk,
REEMIZEELTE S,

EEAHRDEICEWT, ¢ b ORBEOMILHRIZESE(Cyogenetics IHTFZEA# L (BB LT
THY), BRoBMOMHCL LT 6T, M, ROFIELREOME, MEOmEL:
BAORENREOME, HETO~» Ery, REfOnydns, adofiiiEnmgy,

— 69 —



EREOMO L ERELERDEE R OB iTbh T 5,

2 WhaaNcHkREHR

e ERMECHRETEIAON, BESMBDAICHRONTHE, 2Rt PROMYITH
ghit ko rovF AL D, AEERBICL - TEDA N TEL VO TH L,
ZOWED, FEROWHI L8000 EREILEH LEREORES L L, RLFORPE
ORENEY £ 212250, MlESHEODPHTSEL, | DOMBSEI S ROERTHEE T
W% 1 EE LT, Mz T SRR 16~ Th 555 HRUI(ME
Mitotic phase)id 1 ~ 2 B E LN & B E VM TR T §2. #0700, PEEEROERE
Bl TR RHOFA LA M e L TR 08NS 5,

FRIRE ORBARELBIRT L0010, — M QEKOMIEE, @ FHMROEN, @ X
Ly )dM(AMBR)OEZEOVTRLAOFEEH VD, REAEE, 1 H OS50 E (Sex
Chromosome, {EFLETIX T XY - $ (XX, BETET 122§ 12wk, By OEREHE
(Autosome) £ DI & 5, —FIZIFAFO X e bEm & <, ¥ Qef /g ik
DD IR THDZ LWL, £/, BEOZEARIXEAFLIAL (ARTH), Wi
NG R B T A 2 EAE

REfll, TORZILEHEOFEETETI O, W2rDOBEFRVLER TV S, AN
R R (B ¢ Arm ratio, L/S)d 5 Wi E4 Q@A AEROE S ORGE R 5B
Centromere index ) I2HOWTSBIHET L &0 TEL, 7, ROEOHIHRESE, X
BEEIATFECLOLEEE( V)OR IO T2 & REBHEOEIRTETZEIENL,
BRIARTEROADEOET SR U2 d D FEABE(NF | Nombre Fondamentale) & Uivy, %
BN U RS L OB 2 O NF ML (AVL LS,

E¥LREORBAERRUTREE, FhEERTsM 0 LnisTch—ETh Y, HTERH
TRELIEEZV, 7L, RFEAEHYSOHEHORBERIZOWTE, #HIFZOXDTOWN
H W L ARG AR (Micro chromosome ) D38k 4 < TF4E L, BB ORX2EMBET OB TEIAH
HTHL, ARTEOBREI LB NSO FOREVEBICLI - TREWLIBETERN
(Karyotype} & v\, R RS ~5 2 & BHEGH &R, RREoii~Hz 24 558100,
o lc gtk e aKic AL, Skof( a3, BEEORE, W% Fh
OFE) B S RIERE R 1 HFORMELT, £ 74 477 A(ldiogran) & fERY .,

g RO, EHRECEL T, BERSHE P TRE 1966, /¥ RE 0 1971-1975) TR
Han, H—WHFHD, T, WDDOEH (Y, v Y, ¥F TF, v, a3, v
HFENIDWTIE, 1976EOERSE() -7 7, EEDTHROHON TS, LAL, EEA
FAREOEREOEENIIT>VTIE, T AERNZR—7% SN TORG, F% - KEAD
HOREFELF2OREI—-FEL T b4, HMEGRAEOEE P ROEREOSTICEERED



FLHPRETRIRTILREBENE L, FEMLaTIC DRk BV 5,

3 REHOREM(EEER)OREHERLLTONE

fn bt s LT, REREEFELOBIZL > TEATH ), REIZAPDL T
Fl— O R 2 350 2 EFBEITONRAE, L L, Bkt le ORaid Ao THERIZHA
hE, AELRERY LTS RVWEREORAKOEAE(EEER)FHL I LMWFh-TE, 2
N EEEOREL LV, ZOREOTNCOMRORAFRICI—HIZBIES K, REAORES
(Blzif, B rOYifk)e, REfkbnC-Ny FBMOEECKES, HHWIEQ-/v> Fik
I BB ERIEL LTHESN S, ZOREMORBHMOKE S, EENICEL
LTvib,

e Eo RN, B EE (Polymorphism) & WL A EEBHWLNR TV A, /4, 0
B s okt AR EAANEERROE L V), TRODEEROREAY—H -3,
Bl 2 ¥ FAMEIRI - CRIZT A2 2 LM TE D, /3L ) Av: 5 Tw A 7RMMERE,
WLIER, BRI EOBEHE S &S IKELT OIEBE, BTFESSIIEHT A LHRET
s

C-HaeiEifr ) &, MHEAGRGAMIZREREHORISIIEAIZDOCNDIEETHH 5. Fl
I, TUART 5 bORKTC- 1 FILLDRERBE(NT OO F v )EBN- Y FUIT
WA (NOR)IZE gprfafhv—F — M ST b, TRiL, F A7 EBEREMELOE
CHB BT OGRFERE LT, EROBRLEERAONEIIML, REARORBELHMTSH
HIEERLTVA,

4 BEORa{FE0RR

BIE, #IR LT 86008700 AN ORFASEF L Tw5, LA L, TOBEFREESNT
v BRI, 500~560H(#16 %)L TH L, —, EILBUIHS000TEN ) B 30 %A1 ABEICH
BHEBTHD, Thb5, EFLAOHREICILA, BREOBMOMEARNT L ODRIKTH b,

BEODNA B, BIFL 920, $220RRE ABEPWERI D 2R DSl
SO 72 ) O3 (Haploid ) DNA 5Hid, 1.7~2.3pg TH %,

BHofakiL, HEMNA BB A Macrochromosome ) & 3545 { /RIS (R (A
fafk : Micrachromosome) & D SN TV 5, KEBREKOE S 2 &51T5H L, &N T0~80%
BLERRSAS, S o, EREOBEEEE £ CMTwh, LaL, Bk, BEE iR
TMHEGC R B RSV ORiE, S{RBTHL, £7:, BN E LI ED X 2RET,
EDfd N, FOIXICLTEEDOHERFIES L TWwL200AHTHL,

EBRORBEEFTRCRID MR Y EBETHE, £1UE, KDL LAHFHLPLT
Hh, DMEOREEIRDTIEL, EARELTLIHHIIELLWI EFEL, @ EIO



RAa DB KEORBIROTISHEDRAALY, RO EO RN T TR T2 H D,
QNROREREEN oDV TR TEELRAEORENTE LW EAH L, @SR
e BN OY (RAROTERY, 3, TILE)YRAELMETITESEYS D,
BESEOEEEO MR E LT, 204B0E (BBl LA EoBs2n=
M~BThHD 2n=80AFbE ), T/, REGfEL PREEELrLD L, 16K DRE
Bt fh &l 64323 ) /DRI AR % £ S O AAE {, Lad, KEIGREE L N gs kodl &
SEADL RV EARRONT WS, 5517, TORBEELMEEICI S THHLTE, BHER
DRBEEHEDG - F37 =2 () 7Y P REIC L) BB i BT A3 L SR A28
LTnEIEA, —RHMCEEShTwa, 261, BEOREMAICE, 1EFELCbLE-T
G-y ¥y — AR TIRGE SR TV ASIOHE SN T, BEOZ Eds, BEIR,
DNaA ot ls o £ 5L, EFIGELELE L8R RTHLEEDN
Tud,

5 REAROPBEOREE
KEAHOBREAOEBECE, OF @88 @%L oo, @, ©4A%KK A%
LEAHEE STV R, FHEDGE LR A RELHFEE, REGTORSBHICAFTE
5L, BEBAOYSMY AW IEREROBESTELIETH L,

HAETE, ELL Y MIAMEN L 58RI L ABENENE L - TE TV, EFLE,
CONHEEUR L, REAHOROERE L DTFOERTIT» T b,

5.1 VL /ABROSEEE

KL g ) MOFFFEIZE, ROUCCTH HE(MBMAREE) L, )8Rl LUOEET L)
EEFH L. BROKHEE, FFIEETHLOT, &Ml YY) » /s8Ry S8 LLHENIE
BLLTL,

AR SETAHECR, h 7o, EE RESRLENSLE, JIT, MR
CHRYHLRTW B REFELEIIOWTHRNS,

# )

o1 LA 400 (Conray 400) 1 66.8W/V %
Ficoll{ Pharmaciatt)
(FEO )

1) & 5% 3 66.8% Conray 400 %5 R DDA THRL, 33.4% Conray 400 BT 5.
2) 9% Ficoll R K% ER T %o
3} %\ T Conray 400-Ficoll # LT ORECEET 5,

33.4% Conray 400 10%



9%  Ficoll D2UE
(F )
1) 2~3m DKL & AMEA) SHREFHT I TR %,
2) IMiE% RPMI 1640 ¥ C 2 f5I2# T %,
3Y Conray 400-Ficoll #E#E 3 M ERIZ 2) DMK % HE T 5,
4} EiRTI550 rpm 0B T4,
5 EITEOLELOML £ 5 +RPMIGAORE W OB
6) U ERBAED L, FOBEHLVAY » vFICEL, RPMI1640 8T 3 Bk > (&
LR T B X 1600 rpm 5 TR, HE 12Z0rpm THEFMET D).
7) WL REIIAHIRL, )RR ERT S,

5, 2 HR33HEY (Mitotic index) DRLERMFIZONT

BROMRBSEHE 5 Mitotic index) DB LR DV T, BE {OBRHE LTy
By, BMIEROLEEEIIDWTIE, PHA(Phytohemagglutinin, 4 >4 ¥ & £ D), ConA,
PWM(Poke Weed Mitogen)} # PLERIBE & L TR TE 5, UL, PHA BIRFRMNICEHR
OFMIKICEEFOELEI T, AMROGREMEST D, 2D/, ConA, PWME L%
BiIROGE LB E L LTH TS v, BEOBI L - T, BBOTEMBEA L - T
WBIENEZOND, i, FRNFREOMESFEETHY, BOELTwHEMA-A—®
Oy MILo THMRSEOBEEIIRILEET 5,

RIHBRETH LA, BERGEDREILETHh, BTETIRTETLRTLER
BB LRV EIEOMBIRTCTEHRLE LT LT SWAEENTH LY, BEOEAE,
INEDLRRECRNCHHBILAFNL 0, b ERABIIL T, ChEDSELTTH
FEOMBSROFEFEWIEIELONS,

FThbbh, ThThoBOoMRERORS YEREL, SRR T RO - 0F - 8%
REL EDFEEERET LTV LENDH S,

5. 3 SxIELPBECLIPEEORE

BB EORESLEEZTHOREEOFRELTIZ &G, BLE) 2HEORGEIHFEL
TVBHHEAPRE THETHL, #2C, 3$STLTRILENTELY, To—20, B
PHNT A4 ORAEFODNA GRS RL 52 EEMALTH-73 Y v OMY 240
W ERPLPEBRFATLL) EVI I ETH o722, LA LI OHER, EBRBEATHTH -
fofetd, ERICRE TSRV, & 3—20HER, 2 TRl L5 8 (Chromosome band-
ing techniques) T A,

MRS BRI Ot th % RIE TR L, Bedhy B ko L E 88/ S FSEROT T AT




EHREEER, ZC LD, B A RaAFESOREIITTE (, REAOREEEHE (Structural
abnormal ) 2R (Variant) OMH L THE & 2o fre TOHWMMERIT 170441 CIERS
s, BEIZBWTL ST 8 20 RE0EAMIRE ST,

ZITH, BRAAEMLEQ-, G-, C-, R-1y FOEFEREIIOWTENL, Qixd+2 )
¥ (Quinacrine} , G i ¥ 4 W (Giemsa) , C I~ F 0 # 0 < F ~ (Constitutive hetero-
chromatin) , R \X L HE(Reverse ) 2 ML T b, 28, G-y FoEfFo-EBE%HABL,
C-RRLEFOMDIFT LTI L TEETH 2, 2720, HEVIBL TV REETE, Z
DRy FOEPLL RSB TERVAD, IV eF VUEBEY K CTL AT EOR
HRMEZESEL, MEVEAETUR L H AR RERP B LD,

5. 3.1 Q-nrF&
FAUYyROEREFIIBTAFF 2 <2 F — F(Quinacrine mustard)H AW F -
1) T 1AL A F#E (Quinacrine dihydrochloride) # W T ik b x T2 Hikr Q-6 5%
(Q-staining method ) & W\, BEBAMEET CHHBT 2B RTIHSEQ /30 F LA,
Q-/3y FilCit, RafisFah/ sy Fy -y R1L, HRARBEDORZELZ T TlEL L,
Hoioizr, EREAEOITPRIELTETHL, EREADI B LT 71X, Yid
WA R L, FORMENEETH L, LY §EREE, BEHOES LT
BOTH L CRBME(Y-sawFr )2 LTROONE, L LENDL, &7y, 5275,
Ty, uw, B, THFNBEVTRFOLIARBREAMER IR TV RV,
B, Q- FOSGSRBEEIC L 2R3, BBREEROME L v L% ( (Rt
LI AAECLEHBAOMOFECERRNHARBICR LA LIILE), T/ ENR2ENTE L
BENFRNDOT, @Gy » ¥ B2 IEUETHL,
(B .
1) ¥ F VX {Macllvaine ) SEB | 7 L X EE11.19g& ) YT F M)y A(127kHH)33.46¢
REBK 1LIEDT,

2) ¥+ 7 ) rewAy— FREHEQMEBERRK) 3 F 20 w2y - %, EFKIZZS
mg/ml &R B EHICEPL, 1 ~3miFORELT, BEERET L, AT
50 pg/mi W20 B £ Y IR B,

F ®

BEADERIY, BRERFETHARERBETLELELTLLIVS, ERE18COVWERLT
Yett 2T o o HB L VR EF LT,

1) = F NN CREBIC 1 SER T,

2) QM BB T10~20 FHERTRET 5,

3) KEKRTE®ED .




4y #30HMEZAICIRT,
5) v F NANLIEMET2 AT
6) FRFTEAN-H I AEH, EOLEERERVGELY, #EETE,

5. 3. 2 G-I\vF#&

et AR R IREEEP TR L 20, PO TY 0y o R CHIRIEL T,
FLHFW) vEBEHERCEFR TR T2 RETHE, BHELOTEDTH B HASC
(Acetic-Saline-Giemsa)F R F ) 7Y IR FENLZLOTH L, b 72 B HRIIEROE
EEZIE T b Y 73 i TR % T AU S B

G-/32 FiZQ-/3r FEKBSMICHIEL, G-RAkTiEv Yy FEQ-FEETHIHMLS,
LaL, @QA-1Ny FEORy Ry — iy s —FTHAEILE, QQ-Hih 340 et
HFEOKAEENEONRL 2 L, @UEEMBEILETLEVWI L, RELL ZOFEN—EH 2
SRETH D,

(fE S
1) P07y vl MBS EORICHERNT 2RO R )7 01 1 250)00 0.25 % Bk E IR
ELT, SRETOMEL THBRIES 5o ERARD, ) CEEBRME N (pH6.8) T 10 fE5IoH
05,
2) FLHE  pH6.8 M) /BRI 1/100M) CHBDFLAFEBE( AN 25 M) % 5 %IF
RMLUCTERT 3,
F m|
1) RS H(20T)I2 30~ 45 B TR T,
2) KEATE®E)
3} T0% 7 v — Wiz EERE T,
4) F APFEIZANT 5 SRR T 5,
(HER)

R FL ORI ITERIEA L, LA LH—EOREIILTE L, RIEF—EL,
BIFAG-230 VERNSTEL, FMEHRT L, 30~ EFEOMBRN TRELE/ N/ FAtTE
LYHII MY AL rBELEET A,

274 FOUBEICEL - Th, RERMARLD, ERLAEERE, ZRCETLHING,
VT HERBIEHHEMANTE S, G-y FULBLAASLWERIBO L, T4, Bk
&R (G RN T LSRR EENR L), MiELhREol> Ty 7o
YROITALEND L, e, AEL M) Y o AHE, REEORBORERD, N AT
HEINLhoth, REATHEASETIORBIIHEZELLSEL I LPHLOTEENY
BEThHb,



5. 3, 3 C-AUFERMBRMRBEATOIOTFCREE

PR L 7 Uh )R NaOH L idBalOH ) ) CRILE L T bR TINA L, F24
TR 5L, BEHREETEE (Constitutive heterochromatin ) A5 R IZHBE S, fhoik
aEi L AYREE LR (R A,

C-730 Fit, £ DS, BEARVIIHE L5, BLORBEORERINROLT
HHEETHL D, SO UHG-/3y FERVTWEWTC-/30 FiEERLAZIE I ALV,
EZAT, BEOC-AY FOREE, ZFLEICHE L BalOH), OMBREM 8 L1~ 3
), SORAMREEETAMIT)EI T {BRBINLZENE L,

(ERsH)

1) 0.2N®HCI

2) 5 %®BalOH)z - $H0

3) 2 XSSCH#(0.3M D NaCl, 0.03M D& T 2BV — & DAKEH)

4) 5 %OF LW (% AR K THR)

(F )

1) 0.2N D HC % EikT 1 iR 35

2y BOKM LR, BRARTHED,

3) Ba{OH): DKBHIZA0CT 1 ~3HHBH CORBEBORSIZL-TC- FOR

bRAFPRL ST D),

4) KHEK, DWTHERKTEHE T

5) 2 XSSCTH0T 1 ALY %,

6) B RBKTHET,

7) FAWHTS SHEEET S,

(BEA]

Zh ey A7 OftkE C- 1y FERTRET L L, Wiktibdehiliksng, £/, ¥
A5~ 27 b yEb ZREhORBERTRORT 5,

HB, vASORGBEFTC- Y FETHLBHLAER, 2oruvd Yot sh
BAE SRR (R )N Y, SEHEMERIC R T & ATREMED DS B,

5. 3, 4 R-INUKE

R-2¥y FEEER, G-HRELEDFHNY — 2R FIET, REMEERY pHE.5D)) >
BB (STC NS 5~ 2 MR L Th o F A, 750 Vvt by J(A0) e b THRET D
EWbhs,

T OREHEE, REAOKBERVRELOT, JOXFVEE T ROEEEOSHIE
SATRVy, PR, EBESLT LS B oo 2oAY, Bofid BrdU(5-Bromodeoxy Uridine) o)



BIALER 2% ¢ AO X1 Hoechst 33258 e 2 AV D Z S IC L D, BEFLERIFLND LD
Bolz, MEBFLFREL, KABEKTMEETHILLTE S,

FHR-MNVFR, IASTA LR raeel v AR YOERRE L EEEEOZERD
THHH SR, CRODHAMEIDNAEEND G(F7 =) C(¥ b r) MR
AT A0 TH b,

T2 BrdU-AQ @i~ D,

({8 %)

1) AOHE © 1/30M Y U BRE# (pH7.0) TAO(T 7 V¥ ¥ 4 L ¥ ¥)0.5~2.0mg/100mi &

LT,

2) = F AR
F m|)

1) B LY 2 BRICHEET 5 6 ~ 8RNI, BrdU(R#RIE 100~200 ¢/ml) 2R 5o

T7, EEL~1GEMATIC I+ 3 FISIE(GEE ORI, 0.06%)%MR %,

2) BEH, BRESEITIXEREIILY, EREERT A,

3) ADTLO~20 Mgt 5,

4) WAKTRSHE I .

5) THRANVEREH TR K, TDIIANS-HI R e D,

§) £ABHERVIY, LBLGET=F 27T v s —CAEH U TRIT 2
(BEX)

T HFR LA CEREL, MESEHLLTOWOT, | HOBRFE-AMEMATERELTELE
EMOERICHA b, BrdUOIY AL, REKOESHIELTIOTEET S, T/,
BRSO Y AR UERIRER X gL, CoREEIILY), BHCI (S5, BrdU
MBS A2 B L G-y FOHETE 5,

5. 3,5 N-2t-KiE

efr ik O TR 5 ( Nucleolar organizing region) Z 4558 A0 IC Besb i A R E LCN-N -
FEAH Y, R, WEEKEEC L DRRE(Ag-As)ER Al EFEREOS VT E LTH
Hantwnb,

()

1) Agi © 50%W/V AgNO; iR

2) Asifl: V% Sml DFESAICES L, 35 NHLOH(pHIZ~13) 2 5,

3) BUEHE  BERET P ) A TR LA 3 %k~ ) Y EMAZPHS ~ 6 & F D

F B’

1) Agli® A5 4 FEICHTL, #-F7 280135,



2) 50~60C T 15 EIZEMIRT 5,

3) Kk LTERET 5,

4) Asifi% 4, HFHRL 4EERELKELTBOWTL, #1532 EhiTh,

5) MM THRBOKESY F v 2 LS, CEESARBOII L 2 ATRIGR LD,
FLFHE TR, Kt BT,

6) WEDT NIV ) - XTHAE, Fo—Li2#T,

7) otk HAL, WET 5,

5. 3. 6 T-nrbE
BB AR ORREN Terminal ) F HH B DI T -3y FiERH B,
(EAEHE)
1} 1/10M ) »Bedg i (pH7.0).
2) ADFE: 1/30M ") R (pH 7.0) T 1 mg/100m! (AR,
(F &
1) EREHE) o) ©3mliSHERKMm £z, STCITNRL, B LFER3
ml %A, 100m &5, ZOBHETIIATA FE S ~305HELT, Wi b,
2) KEFICEET S, ik, TAIT- L CHERIC AOTHERE L THRET L (A0 #E
BB FHFFLFREE N TS I AL LB ),

5. 3. 7 SCE(Sister Chromatid Exchange, ffit{rasHd3r) %

SCEE, @kt @t fOmit b HiEThLb, Jhid, MEOMWIHEICBraU 2N 5 &,
DNA B ORETHEMEE LCHNATREDT, FEEETEITARESHOD B Brdy
TRNAATIMERN AT LA MEROTHLZEE2FARTLLOTH L,

I, EREOERCHRAT AP/ THELANEb o TEHESE L Th, O & 5
OFTII L THRUNTAEIENTEDL, TOBRS ¥ ML E 5 55 # (Sister chromatid
ex-change, WL T SCE)&\vvy, ZORERIGE & U CHUEH, L3 HE, 74 VAERSORK
BEREOREARET B - EATE B, B, HIURZITE CBEOKERI 3B b h
HEITHoTETVS,

Wik EDO RO OREEE, ROLBENTHS, BrdUDFEET C2EGHTEE, ]
ROREHELHET D 2 FORBGED S 5, 1 FiLBrdU ¥ & F 2> DNA BEEREF ) 7%
h, B0 3EROBRESEEBdU T EUDNAIE L L, #2C, ZODNASPOBdUEED
ERHALUTHET S, $4bb, WHOHEE G BrdU 2 AAFENFLAFRECHEL,
FHOH T OESE, BB T s, R, RSRT ZHESELIENFRYTH Y,
BrdU RO ¥ 4 3 ¥ A BEEL 4 5,




()

1) ~FZ b (Hoechst) 33258 ! FEEAT I mg/mi # & L, BEMIZAK, HECEET S,
2) w7 LN iR (pH 8.2)

3) 2 XSSC ik
)

4) BrdU il (B AT lmg/ml & L, A ¥ 7I 274 0% — Tl BLEiZih, &

BERT TR T %0
(F @/

1) 853 25my 42 BrdU @ #( L mg/m! )& 50 w1 IR, 2 pg/mi D¥EH 2R L, 5538 % B
T 5,

2} 34B¥RfR, 10, 0/ml DTN 3 4 F10 4 l/mi %50 ptifL, TR T, 28FRHIKEES
T B

3) BeBREREER L, ~F A F33258 (1 mg/mi i 2 FE KT 20 5 I2H ) T 15 51 Hefo
HAkTEVT 5,

4) =2 LN EER(pH8.2)IZRA T4 FEBL, AR bIZH S~ 7 I ATEY, &%
Kapxlpwizd b, v2FL7HT » A —THT L,
5) 0CKMB L7k y ML= b5 74 VEBBETL) LICEY, SanlErsT
Ty T4 F4AETS~10FHEHT B,
6) MN— I AERE, KiEE2.5% FLFWTI0~20 Rt L, Kk BETTH,
(BEA)
SRR OENMRL, SCEOERELZLOTHEERIIEIY 6L, AV 7V IET
. 7, BEEBMEPQRERE LT, FAVRELD AOEEREO IO T2 N
¥ 525,

5. 3. 8 FPG(Fluorescence Plus Giemsa) ik

BraU(R RS 50~ 100 mg/mi J 2 MA K FHP C—EMMA v Fa—- T2 &, B3
K LTEDORMATDONADHERET > TV EHOHSF 1V UL L TBrdU 21034
o £2T, AORAF A PIZETHRET L E, BrdU 2 HORSRERIE LB, T4
TV I BT B,

BRI E 02tk 2XSSCHTA v FaX—bL, FAFRETHEDT L, ZOrik
H#id, BrdU P CoEREFMA S FORBICEE 25, 2, R- N7 FEFTTH54,
WEALEBL O 7 BEBTRTIC BraU(300 pg/mi) %30T 2 & L v,

LLFIZ Perry & Wolff (1974 © New Giemsa method for the differential staining of sister chro-
matids. Nature, 251, 156-158) D% R~ 5,



({7 )
1) ~% 2 133258 L BiA A KT 0.5 pg/ml &4 B,
2) 2 XSSC #Fif4 A,
3) 3%F AW ) ERETpHE.8 T 5,
(F |
1} ~F A b 33258 T 12 405t 5,
2) KR NR—HF T 2% 24 BREL A,
3) AN=HFAESL, 60TIZHNE L7 2 XSSC I 2 BT,
4) Kiktk, 3 % ¥ LFHETONHRET B,

5. 3. 9 SHES4(High resolution banding technique)

BRI LVFiEE LT, SFEE S 34 (High resolution banding technique, W LT HRB )
PHEEN TS, WETTOG /1Y Fikk, HEOEROEAESRIOHTH B,
ZONEE, TREBOEA TSR ORERY G- FIETHRETLLOT, 12
PICEL O FEBRIT B ENTE, EOHFETEFMERTAE B 23> F O REASTT
ML h o7,

fEsid, ROGOIGEEIG T, MIBSRMY, Wtz e MELTY, LAL, &
JESFHE TR, SEOEBEMEIZIE, v FOBSE2EROFRDOEL X T3Y olkaik)icR
HHNDSAY FOROEETEHLT(300/5 FHEA 60037 FEIXERIND).,

BRES R, TA VT T CERSEE, BrdU MR, BMbrs Uy sk &
bha,

UFIRLF 2 Az nTili~s,

(fEfAa#)

1} B{bx# 7 A(EB : Ethidium Bromide)

2) 4% FALYHR

(F |\
1) PHA &ML TV > /32K % 70RERIRERE L, 100g/ml ORILLF V7 5 % 0.05 pg/ml @
Tk X FE#ERiEEnT A,

2) 35U, 2HFRIEEE LR, BEOFETCREMEREAS,

3) FLFRTSHTMPETHEL M) 7L VLR LRICHRELIES AL 0,
(BEA]

RALLF Yy 2 X BT REES, RREEETLEE L2VWoTHETH D, EBAEI
£ 0 G b MBIZ AT T ORBRDER A S H DT, Rl F-FMOMROE SA
BB T %, CoOMECREAEBENIRVOTEWIE LD I EHE(, Wil T (EE



BEILRT L0080 TEETH L, BIZIE, Yunnis DFEE, 274 Fx 30 EHT, €y b
OEExR75~0em LT, 274 FORBICH LTEAK XD L) LKFLRLADS, 3
BTLTVA, $72, 294 F25T4 /- LTTFOHRLTEW:Y, BREBOHTAT A
FRER SRS LAV EWNIBE LD,

d, EBIEBY CVWETH ), HVRWICEEILETH D,

5, 3. 10 —Ei&%(Double staining technique)

B, FIERLAEME LT, DNALEETLARFEOEEN ERRNICEST AT LF)
ML Rt dkdd o,

¥FHrNrvRY—F, AFA 33258, DAPIL FOMGEEH LV IEH LI R A
DNA M ORFREOH L BELPEDE(A - THFERM T L2V A YA L VA, AF LY
V=, Ar0Fyr, ZLVINSLF Ly b, $-G-CHEEME LT IF /{2 D)%
AT I LD, BEELONY FELOMRBEIELIENTEL,

5. 3. 11 G-H5 G-/ FADEES®% (Serial G-and C-band staining technique)

C-mv FEIZE AR EEROR TR, RETHL, F2C, PDIIG-Nr FEfmL, #
DFRIZC-NY FORB LTI RECEETE S, Thbb, A54 F2G-o3r FECREL,
BULZERIIODWTERSHRITCHELTE L, 0k, S0%EMBICAT 1 FEEHBEE L, Kit
BICC-NY FIEEBT I LI L 5T, HRERAEORE & RO T BHENICRETE L,

5. 4 MEesOrE

—HHIECHONTWAEEARR, FOMEEHEOEESL (MO TWEOT, ik
e oI TEL, Lo, FiiE, BE o0 BEOENOKIEL & Tmn T
B 2T 3T, EAPURBETHL0ED 2 E0H b,

HIE, BEOENLS00~550 R VSR TWED, & LHEEOHE L Twvlviiail,
DTFoLyimd kv,

INETOEHOFEAOMAL D, ZHEEAERE(2~6FHOKES)THD, T4W
HREARITENL DR 6 ~10FHOKES)THLIEFHORTVWE, TIT, KTfMAf
BT OEARER P ERE T 5, HRAESFEEZ2IOWETE, TXTORBMEINIC L
TLEIN, AFREW)THNESTHDL ) LERTE L, Ko, THEMHET L2628
HBOC-y FETOWRBEROFRELITHIZ L b, 2750, Btk o T, 43 Lo5gkeE
AATKELEANBITHD IR nw &, $7- 2 EWOBRREIIEROER 2w D (5
Fau, LT, B4R, T3 )¥bhosl, C-8y FEFHAWTL WHREMAH)I~F1
PO F sy OBEERILVED(F =T 4 )P o/ N T IO TCHERIVETH L,




EhYIIC

B Ok, REEORERE ORI AL FETH D, LALEAS, HEHTE
BOBENOEE VbR MRETREE VTS, MHMLORKCERE, B, $A17% L,
WK B2 = & 2% L FRE R D,

L7zhtn T, REBRESL LTEORBIRENRO N o8 T, “HEETERT
BT EEEAHLD, HEICHESE SR ERLAANLVE STV A,

BUE, ReEOHICBI 50 Y a — 5 ORMASREITES, REAOR SO, X S
DIWVB R, B ROET E ORI, 777 4 » 7 FRG CEAMMTRATE2 L)1 ko
TETHWA,

IDEHI, REAMOBLFGTLS Y XY OFEO—2ELT, REEDRBIEOSH I
FRBThHDEELLND, 10089 LREBKOFHE, $HETITERIL TN LR
BRBY, 0TI H L\ SR OWR R O 5 1RO BRI L &
5T < o

— 82 —
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WEXSEROMEE BT 2T - - IQiS4, SHEF SRR E (181

Studies on chironomid midges of the Tama River. {1981}

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a wiater survey

(FENLREET 22V HHOMR

~—%38 FYWoR#ETEHaniT V2R Y HEHOrthocladiinee SHONR &,

TORH[OTRKBRELOHEFRCLH>VT

~—HAHl FHENOZHOPEBTREBEAABEEDO ST LER)

BB 2ERELEFEORERIG Y 2 EROTIR - -5, SSEE B3

WA, (1952)

AAGERYHOH - LUCHESHERoE KIS 2 B M+ 2 ERAOKFFE - — 355

SERE RBIBRFI. (198D)

RETF+ "L IRMEAFZ-EHRBIEVBACERGORE - —RERGD I

B ARMAEZRGELMEEREEOME (7 + - FRFN1) — - [ENFEE %5

WP S, (1982)

ERMEOFRBEEASEBRROMA - - AREH L AFUHBEO Y a v~

a ¥ — —EFISSEE AR EmE. (1982)

BIFERoBBI - FEFEOMRB M T 2 N --IRF055FE #HRHEHE. (1982)

REmL 0 oSSR EROFE ¢ 2 B&BITHA. (1982)

REZHCLEBERORME =5 ¥ » X TRl 4 20K - —@f15s, S6ER $RIH

FHE. (1982)

REREHEO v 2 7 AR XBENOMR 2B 5B, (1982)

Preparation, analysis and certification of PGND SEDIMENT certified reference

material. {1982)

(RESESSEMEEIoRAE, 2 RUFERIEHE)

REFLoBBHR-FEFEOMRB T ATE - — BINFE SHRNRES. (1982)

REFEYBOR—-RUEHSHEROEE T 2 ERICMYT 2 RN — - i@seE

BE Sy RUBEIUEes. (1983)

THERBOHR & FECT AR (1983)

BERoWERUCHAGECNT 5 ERNTRE. (1983)

Studies on chironomid midges of the Tama River. (1983}

Part 5. An observation on the distribution of Chironominae along the main
stream in June with description of 15 new species,

Part 6. Description of species of the subfamily Orthocladiinae recovered from
the main stream in the June survey.

Part 7. Additional species collected in winter from the main stream.

(BENLRET L2 Y A HOWRE

— B AREBES I VIEOSHCHT L6 HAoRABERKE L 2 2 ) v EH

CRT s 5 HHES0E

-—FeHl FEAMIDE ACRBshiz a2V AERoFER2WT

—~WTH ERFZFILIBRMYEnAaAR ) FHOZRICOVT)

REY TF 4 ¥ - X BRLKE-EHRBMILMBRLEERGOHA - - REXADR

BHARAFE ISR EERBIEOW R (7 + — v FEIR 2) — — EFS4ER 450

R PEHE. (1983)

HRERY, SHERLSY, 2RSSO BERERCRITREE LS LT IHR

— —BHFO53~S5F [ HRITINE AHE. (1983)

HHREFEY, SRS, FLRFTOLEEERCRIFTHY LBt 20T

— —BH¥O054, SIEEE RFBIAAME 1 40 (1983)

HHEEY, SHRTHRLEY, EBRS oL BERRCRETHE LG MY sHR

— —WAS4, SSEEE HBIEHITME B2 oM. (1983

KESAAOEEEH cMS 2 v 2 7 & B, (1983)

RiEHER OSBRI FETFEOMB M 50— — WFISTHERE SHIFFHESE. (1984)

BEKEOEARHE AT 3BT (1) - - Ry WORARTRORT LFM-— -

IEEOSS~STARE fRUTRoTE S, (1984)
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LAERBRIMILFEOWIE - —Hinss~51E8 H3MEES. (1984)
BEXKEoBREAWECMTZBAHR (V) - B HOARRCEI(HEEROE
B {b & EEFA— —BIs5~SUER HRHRHES. (1984)
ExigoESX a8tk 2 85WE (V) - -Br H0oZERIEARZOE - —
FAFIS5~5TEERE S5 BIRT . (1984)

ferkik o BasH ALk g4 22 &R (VI) — - ST L — —Bss~s18HEE
BB s e, (1984)

B BERE(ASIERETIEEWHR (VD — - B #icB i 2 BXEBILE T OB LY
% — —HBFIS5~ STEERF 5BIBTC LS. (1984)

BREOBRRAYL T 2R AW (W) - — SRS — — BHS~31EE SNE
WHE. (1984)

RIEBAMCLIBROEHNE =9 Y v YTt s 9Ex — — MHSS~5TEE 5
MREESHES. (1984)
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a4V v EEBEOME - -ASPIeBd 2H5BILaYoLBILRIGEEOHE
— — AR5~ ST HAIP e G 1 43 M). (1984)
RAKR-EREAN-BERENBE R EERGORR - — iy n 7o v okt

WX — - BRENSS~STEER RHIBIA WA (38 2 2W). (1984)

RILKE-ZERB{EY-BRARCMBELERCOTRRE - - REAIDC B 3585 =
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3 5r1). (1984 ‘

FHEMMMEL L ZAREEROMCE L EHARCET 2% — —BS6~S3ERE

R R R4 (1984)
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HERIRROEMEE 8T 5T — — IS4~ S6EE SRPREAHE. (1984)

Studies on effects of air pollutant mixtures on plants— —Part 1. (1984)

(HEASARROBEMCRFTES--H12M

Studies on effects of air pollutant mixtures on plants— —Part 2. (1984)
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BEToFENE IR L 5 AR W 4 2 BROT R — — 54~ 56FE &5

REEWE. (133

BROTERTE £ ORBEICINT 5 B0~ — IBH5S6~51ER SIBIRME. (1984)

THEHOEFRBIBR G 2EWNT. (1984)

Studies on ¢hironomid midges in lakes of the Nikko Nationa] Park.{1984)

Part 1. Ecological studies on chironomids in lakes of the Nikke MNational Park.

Part II. Taxonomical and worphological studies on the chironomid species
collected from lakes in the Nikko National Park.
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&. (1985

BHER GO A0 AR CEIREEEOMR MY 2HE. RERE-t0EX

FEERGT R — TS 9 E R SRR HE. (1984)

Limnological and environmental studies of elements in the sediment of Lake

Biwa. (1985)

(EEHEREPO R ICMT 2 BEKER CRE{CENTT)

A study on the behavior of monoterpens in the atmosphere. (1985)

(KEME/ 7o~y OEEHBT 585 :

REBEROBRIN- FEFEOMRICIE S 2K — ~WIIssERE SRR ME. (1989

HEERBRESCRATAEE ORIOMBE. (1985

Studies on the method for long term environmental menitoring— —Research report

in 1980-1982. (1985) :

(RESEKEIC L 2 FEROBEMNE =5 Y » FFiE T 585)

Wiic kit MRt A (bicld a5 gs— —BERST/S8EE FRITIsTE . (1985)
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O XGRBS LR 5 WA — — NS~ 58ERE HRUFHlE. (1985)

Studies on chironomid midges of some lakes In Japan. {1985)
(HEo#Boaz ) holER)

SEEEREERL X RREERETHOBR T U - —BMIT~SuERE 30
FROHSE. (1985)

Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters. (1985}
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GC/MS 27 FLDEEY AT LT S, (1986)
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WHERC L OANOHMBEHESCFEI RISKEOWRCET IMAL. RiglEHE-EM

Pl 276 —MHNNEE HBRHRME. (1986)

Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing

(1986)

(LANDSATUE— by iy yicd 38 » MOKEHD

Fiata bR B ZERRECLYTOREER LT - - HKRELLEA

1007 4 — b 408 & KR HEMTEG~OBNE D&l L LT, (1986)

Economic analysis of man's utilization of environmental rescurces in ‘aquatic

environments and national park regions. (1386)
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T4 o MR AR HHR. (1986)

FROTER T ORBEECET 2 HA(1) — - Blss~SyEE HIMTELEHE
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Bt L o ERERMT IR SMA (M) - - KRR UEEIC L SKEOHFE-

—BAfOsa~ S9OSR B HRBIFFE IS, (1986) !
EHRALBEL X AKERBEET B EME(N) - - DR LRI ER L RN
OFRZE &I — — T0F158~S9ER S RI 238, (1986)

HELDBIC L 2KREEROP {E L REAE T 2R — — s ~58EE

BRI S, (1986)
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1025 MRESEATHEETCM T 2 TR, (1986)
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Studies on chironomid midges in lakes of the Akan Mational Park. (1987}

(b EmEE Y ARO#Mic B 222 Y HHEHOBIRE)

Mt b bl 2k EHTROBE. (1087)
FERRNEEWDIC S 2 SHFEGE S ER T D85, (1987)
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Application of X-ray photoelectron spectroscopy to the study of silicate

minerais. (1987}
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BHF058~61EERE SR RURIRO LG, (1988)
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F1155 HRBLBEC L 2RKERE 85T — - BRSBLBELIEA L AoKE- &
Wik b S MR R MR — — Hfle0~61 R FRBFHEE. (1988)

EI19S HARBCEIEC X 2 KERECHET 28 A4WR 0D - —BRBLY 2 7 A OFRELHE - -
FRFNG0~61FE FHAMRAE. (1928)

1209 (E.%ﬁ;{tmﬁ&c:ct57}<H&%t:§§#5%ém%(m HRFOS8~6IEEEE 5Bl AMAHE.
1988

#1212 Studies on the chironomid midges of lakes in Southren Hokkaido. (1988)
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Report of Special Research Project of the National Institute for Environmental Studies:

No.

No.

1# Man activity and aquatic environment—with special references to Lake
Kasumigaura— Progress report in 1976. (1977}

2% Studies on evaluation and amelicration of air pollution by plants—Progress
report in 1976-1977. (1978}

Research Report from the National Institute for Environmental Studies®:

% No.
No

Ne.

Ko.

* No.,

3 No.

No.

Na,
* No.,
No
No.

No
% No.
No.
% No.
No.
% No.

#No

No.

No.
No.

No

No.

8 A comparative study of adults and immature stages of nine Japanese species of
ithe genus Chironomus{Diptera, Chironomidae}. (1378}

4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1977. (1978}

5% Studies on the photooxidation products of the alkylbsnzens-nitrogen oxides
?yste?, and on their effects on cultured cells—Research report in 1976-1977.
1978

6% Man activity and aquatic¢ environment—with special references to Lake
Kasumigaura— Progress report in 1977-1978. {1979

T A morphological study of adults and immature stages of 20 Japanese species of
the family Chironomidae(Diptera}. (1979)

8% Studies on the biclogical effects of single and combined exposure of air
pollutants—Research report in 1977-1978. (1979)

9% Smog chamber studies on photochenical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1978.{1979)

10% Studies on evaluation and amelioration of air pollution by planis—Progress
repert in 1976-1978. {1979

11 Studies on the effects of air pollytants on plants and mechanisms of
phytotoxicity. (1980)

12 Multielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing comouter-controlled instrumentation. (1980)

13 Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sewzge water
Part 2. Description of 20 species of Chironominae recovered from a tributary

14% Studies on the effects of organic wastes on the soil ecosystem— Progress
repoTt in 1978-1979. (1950}

15% Studies con the biclogical effects of single and combined exposure of air
pollutants— Research report in 1978, {{980)

16% Hemote measurement of air pollution by a mobile laser radar. (1380)

17# Influence of buoyancy on fluid motions and transport processes— Meteorological
characteristics and atmospheric diffusion phenomena in the coastal region—
Progress report in 1978-1979.{(1980)

18 Prepa?atiog, analysis and certification of PEPPERBUSH standard reference mate-
rial. (1980

19% Comprehensive studies on the eutreophication of fresh-water areas—Lake current
of Kasumigaura{Nishiura)—1978-1979, {1381)

20% Comprehensive studies on the eutrephication of fresh-water areas—Geomorpho-
logical and hydrometeorological characteristics of Kasumigaura watershed as
related to the Jake environment—1878-1974. (1981)

21#% Comprehensive studies on the eutrophication of fresh-water areas—Variation
of pollutant load by influent rivers to Lake Kasumigaura— 1978~1979. (1981)

22% Comprehensive studies on the eutrophication of fresh-water areas—Structure of
ecosystem and standing c¢rops in Lake Kasumigaura— 1978-1970. (1981)

23% Comprehensive studies on the eutrophication of fresh-water areas—Applica-
bility of trophic state indices for lakes—1978-1979. (1981}

24% Comprehensive studies on the eutrophication of fresh-water areas— Quantitative
analysis of eutrophication effects on main utilization of lake water resources
—1978-1979, (1981)

25% Comprehensive studies on the eutrophication of fresh-water areas—Growth
characteristies of Blue-Green Algae, Myerocystis—1978-1979. (1981)

" Starting with Report No. 3, the series title was changed.
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No.

No.

# No.

#No.
% No.

No

No.

# No.

No.
¥ No.

# No.
No.
.§§No.
No.
e,
% No.

#*No.

No.

No.
* No.
* No.

No.
No.

¥ No,

¥ No.

35
36%

Comprehensive studies on the eutrophication of fresh-water areas-
Determination of argal growth potential by algal assay procedure—1978-1976.
(1981)

Comprehensive studies on the eutrophication of fresh-water areas—Summary of
researches—1978-1979. (1981)

Studies on effects of air pollutant mixtures on plants—Progress report in
1979-1980. {1981)

Studies on chironomid midges of the Tama River. {(1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey

Eutrophication and red tides in the coastal marine environment — Progress
report in 1979-1980. {1982)

Studies on the biclogical effects of single and combined exposure cof air
pollutants—Research report in 1980, (1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen
oxides system—Progress report in 1979—Research on the photochemical
secondary pollutants formation mechanism in the environmental atmosphere
{Part 1).(1982)

Meteorological characteristics and atmospheric diffusion phenomena in the
coastal region—Simulation of atmospheric motions and diffusion processes —
Progress report in 1980. (1982)

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1980. {1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)
Studies on the method for long term environmental monitoring—Progress report
in 1980-1981. (1982)

Study on supporting technology for systems analysis of environmental policy
— The Evaluation Labolatory of Man-Environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMERT certified reference
material. (1982)

The development and evaluaticn of remote measurement methods for environmental
pecllution—Researeh report in 1931, {1983

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1981.(1983)

Statistical studies on metheds of measurement and evaluation of chemical

“eondition of soil—with special reference to heavy metals—. (1983)

4 7%

48%
4 9%

S1#

Experimetal studies on the physical properties of mud and the characteristics
of mud transportation. (1$83)

Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chircnominae along the main
stream in June, with description of 15 nev species.

Part 6. Description of species of the subfamily Orthcladiinae recovered from
the main stream in the June survey

Part T. Additional species collected in winter from the main stream.

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1979 —Research on the photochemical secondary
pollutants formation mechanism in the environmental atomosphere{Part 2).{(1983)
Studies on the effect of organic wastes on the soil ecosystem—Outlines of
special research project—1978-1980. {1983}

Studies on the effect of organic wastes on the soil ecosystem— Research report
in 1979-1980, Part 1.{198%)

Studies on the effect of organic wastes on the soil ecosystem— Research report
in 1979-1980, Part 2.{(1983)

Study on optimal allocation of water quality monitoring points. (1983)

The development and evaluation of remote measurement method for environmental
pollution—Research report in 1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters—Estimation
of input loading of Lake Xasumigaura—1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters—The func-
tion of the ecosystem and significance of sediment in nutrient cycle in Lake
Kasumigaura— 1980-1982. (1984}
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¥ No.
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% No.
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¥ No,
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No.
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5%

53¢

54%

58%
594

60+

75

76
TT#

T3

Comprehensive studies on the eutrophication control of freshwaters—Enclosure

experiments for restoration of highly eutrophic¢ shallow Lake Kasumigaura— 1980~
1982, (1984)

Comprehensive studies on the egtrophication control of freshwaters— Seasonal

?hanges of the biomass of fishes and crustacia in Lake Kasumigaura— 1980-1982
1984)

Comprehensive studies on the eutrophication control of freshwaters—Modeling
the eutrophication of Lake Kasumigaura—1980-1982, (1984)

Comprehensive studies on the eutrophication control of freshwaters—Measures

for eutrophication control—1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Butrophic-

ation in Lake Yuncko--1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Summary

of researches—1980-1982. (1984)

Studies on the method for long term environmental monitoring — Outlines of

special research project in 1980-1982. {1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Photochemical ozone formation studied by the evacuable smog

chamber— Atmospheric photooxidation mechanisms of selected organic compounds
—Research report in 1980-1982. Part 1. (1984)

Studies on photochemical *reactions of hydrocarbon-nitrogen oxides—sulfur

oxides system—Formation mechanisms of photochemical aerozol —Research report

in 1980-1982, Part 2. {1984}

Studies on photochemical rteactions of hydrocarbon-nitrogen oxides—sulfur

oxides system — Research on the photochemical secondary pollutants formation

mechanism in  the environmental atmosphere(Part 1} —Research report in 1950-

1982, Part 3. {1984)

Effects of toxic substances on aquatic ecosystems — Progress report in 1980-

1983, {1984

Eutrophication and red tides in the coastal marine environment —Progress

report in 1981. {1984)

Studies on effects of air pollutant mixtures on plants—Final report in [879-

1981. (1984}

Studies on effects of air pollutant mixtures on plants—~Part 1. (1984}

Studies on effects of air pollutant mixtures con plants—Part Z. (1984}

Studies on unfavourable effects on human body regarding to several toxic

materials in the environment, using epidemiclegical and analytical techniques—

Project researeh veport in 1979-1931. (1984}

Studies on the environmental effeets of the application of sewage siudge to

soil— Research report in 1981-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research

report. {1984)

Studies on chironomid midges in lakes of the Nikko National Park

Part |.Ecological studies on chironomids in lakes of the Nikko Naticnal Park

Part Il.Taxonomical and morphological studies en the chironcmid species

collected from lakes in the Nikko National Park. (1984}

Analysis on distributions of remnant snowpack and snow pateh vegetation by

remcte sensing. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Research on the photochemical secondary pollutants formation

mechanism in the environmental atmosphere — Research report in 1680-1982,

Part 4.{1385)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-seifur

oxides system—Final report in 1980-1982. (1985)

A comprehensive study on the development of indices system for urban and

suburban environmental quality-—~Environmental indices—Basic notion and forma-

tion. (1984} '

Limnological ard environmental studies of elements in the sediment of Lake

Biwa, (1985)

A study on the behavior of monhoterpens in the atmosphere. {1985)

The development and evaluation of remote measurement methods for environmental

pollution—Researeh report in 1983, {1985)

Study on residents’ role in conserving the living environment. (1985)
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No.
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8%

B6¥
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Studies on the method for long term environmental monitoring—Research report

in 1980-1982, {1985)

Modeling of red tide blooms in the coastal sea—Research report in 1982-1983.
{1985)

4 studies on effects of implementing environmental impact assessment procedure
—V¥ith particular reference to implementation by local governments, {1985)

Studies on the role of vegetation as a sink of air poilutants— Research report

in 1982-1983. (1985)

Studies on chironomid midges of some lakes in Japan. {1985)

A comprehensive study on the development of assessment techniques for health

effects due to environmental heavy metal exposure—~Final report in 1982-1984

{1985)

Studies on the rate constants of free radical reactions and related spectro-

scopic and thermochemical parameters. (1385)

A novel retrieval system for identifications of Unknown mass spectra. (1985)

Analysis of the photochemical secondary pollutants and their toxicity on

caltured cells—Research report in 1978-1983, (19886}

A comprehensive study on the development of indices systems for urban and

suburban environmental quality 11 —Environmental indices—Applications and

systems. (1986)

Teasu;ing the water quality of Lake Kasumigaura by LANDSAT remote sensing
1386

National trust mcvement in Japanese nature conservation — Trustworthy or
illusion?(1986)

Economic analysis of man's utilization of environmental resources in aquatic

environments and national park regions. (1986)

Studies on the growth and decomposition of water-bloom of Microcyctis. (1986)

Studies on the environmertal effects of the application of sewage ,sludge to

soil(t} —Research report and papers(Part 1)in 1983-1984. (1986)

Studies on the environmental effects of the application of sewage sludge to

- $011( 1) —Research report and papers{Part 2}in 1983-1984 (1488)

. 96+#

97+

LG 1*

102+#
193%

104

195#%

L 106%

Comprehensive studies on effective use of natural ecosystems for water quality
management{ | ) —Drainage and flowing down of pollutant load— Research report
in 1983-1984. (1986}

Comprehensive studies on effective use of natural ecosystems for water guality

management{ )l } —Structure and function of the ecosystems of littoral zone -
Research report in 1983-1984. (1986)

Comprehensive studies on effective use of natural ecosystems for water quality

management (1) —Self-purification in stream and soil —Research report (n [983-
19584, {19385}

Comprehensive studies on effective use of natural ecosystems for water quality

management (IV) —Development and application of wastewater treatment technolo-
gies utilizing self-purification ability— Rescarch report in 1983-1984, (1986)

%ffec;s of toxic substances on aquatic ecosystems—Final report in {981-1884
1986

Studies on the methods for long-term monitoring of environmental pollutants in
the background regions—Development of highly sensitive and selective analyt-
ical methods for measurement of pollutants in the background regions—Progress
report in 1983-1985. {19886)

Experimental studies on the effects of gaseous air pollutants in combination
on animals. {1986)

4 review on studies of the global scale air quality perturbation. (1985)

Technological assessment of electric vehicle from the environmental protection
viewpoint. {1987}

Studies on chironomid midges in lakes of the A¥an National Park. (1987)

Part |.Distribution of chironomid larvae in Lake Akan, Lake Panke and Lake
Kussyaro.

Part 1. Chironomid midges collected on the shore of lakes in the Akan National
Park, Hokkaido(Diptera, Chironomidae}

Formulation of the dynamie behavior of water and solites leaching through the
field soil. {1987)

Appraised landscape and thier environmental ¥alue in Tsukuba Science City
{1987)
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1074
108+
109%
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111
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113#
L14%
115%

116%

117+

118%

119%

120%

121
122

123%

124

Studies on remote sensing for spatial and temporal analysis of environment —

Research report in 1934-1985. (1987)

Studies on the role of vegetation as a sink of air pollutants—Final report in

1982-1985. (198T)

Studies on environmental information system for regional environmental

evaluation. {1387}
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