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Table 1.0 Taxonomic positiond Masuda et al., 19840 of seven species used in this study

Order Family Subfamily Genus Species
Clupeiformes Clupeidae Dussumieriinae Etrumeus E. teres
oooo oooo oooooooo ooooooo pooooo
Spratelloidinae Spratelloides S. gracilis
gooooo ooooo oooo
Clupeinae Sardinops S. melanostictus
ooooo ooooo oooo
Sardinella S. zunasi
gooo gooo
Clupea C. pallasii
oooo ooo
Dorosomatinae Konosirus K. punctatus
gooooo ooooo oooo
Engraulididae Engraulis E. japonicus
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Table 2.0 Enzymes assayed in the present allozyme study

Enzyme E. C. No. Abbreviation Stain reference

Alcohol dehydrogenase A ADH Ayala et al.0 19720

o -glycerophosphate dehydrogenase 10h0h 08 o -GPDH Ayala et al.0 19720
Formaldehyde dehydrogenase 10p0 0 FDH Murphy et al.0 19900
Glucose-6-phosphate dehydrogenase 1010 THe G6PD Ayala et al.00 19740
Hexose-6-phospate dehydrogenase 101 The H6PD Matsuoka and Suzukil 19870
Hexanol dehydrogenase 10t HexDH Ayala et al.0 19720
Hydroxybutyrate dehydrogenase 100 08O HBDH Ayala et al.ll 19740
Isocitrate dehydrogenase 1tnrnrs2 ICDH Avyala et al.ll 19720
Lactate dehydrogenase 10 0p7 LDH Shaw and Prasad0 19700
Malate dehydrogenase 10hCh 87 MDH Shaw and Prasadl] 19700
Malic enzyme 1000 THo ME Avyala et al.ll 19720
Nothing dehydrogenase o — NDH Matsuoka et al.0J 19840
Octanol dehydrogenase 1010 73 ODH Ayala et al.00 19720
6-phosphogluconate dehydrogenase 1000 Tha 6-PGD Shaw and Prasadl 19700
Shikimate dehydrogenase 10000 0Ps5 SKDH Murphy et al.0 19900
Sorbitol dehydrogenase 100 Ch a4 SDH Shaw and Prasad0 197000
Succinate dehydrogenase 108Dt SUDH Murphy ez al.0 19900
Xanthine dehydrogenase 10prnB7 XDH Shaw and Prasadl] 19700
Superoxide dismutase 1015000 SOD Ayala et al.0 19720
Fumarase ALpCLCD FUM Shaw and Prasad0 19700
Glucose phoshate isomerase 50B0L0D GPI Shaw and Prasadd 19700
Hexokinase 2tytuth HK Shaw and Prasadl] 19700
Phosphoglucomutase 20760 PGM Shaw and Prasadl 19700
Aspartate aminotransferase 2060 AAT MarcusU 19770

Acid phosphatase 3MBR ACPH Ayala et al.00 19720
Alkaline phosphatase 3MMOBLL ALK Avyala et al.l0 19720
Peroxidase 10y PO Shaw and Prasadl 19700
Esterase 30 6 EST Shaw and PrasadU 19700
Amylase 3 AMY MarcusU 19770

Leucine aminopeptidase 3Mu1ty LAP Avyala et al.l0 19720
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Table 3.0 Electrophoretically detectable enzymes in Clupea pallasii

Enzyme Muscle Liver Intestine Enzyme Muscle Liver Intestine
G6PD o o O ADH o 0 o
HBDH u u U FDH u U u
LDH o O 0 o -GPDH | 0 O
NDH oo O O H6PD O ad O
ODH a O 0 HexDH O 0 0
6-PGD u oo U ICDH u U u
SOD oo o 0 SKDH O 0 O
AAT a O O SDH O ad O
ACPH a oo O SUDH ] 0 0
ALK u u U MDH u U u
EST | O d AMY O ad g
FUM g oo O HK a ad g
LAP O O O PO O 0 0
ME a O 0 PGI O O 0
PGM | oo d

00 : Enzymes which showed high activity.
O : Enzymes which were detected on the gel.
U : Enzymes which did not exhibit the active band.

Table 4.0 Enzymes and tissues examined in the present allozyme study

Enzyme Abbreviation Tissues
Lactate dehydrogenase LDH M
Nothing dehydrogenase NDH M
Octanol dehydrogenase ODH M
Superoxide dismutase SOD M
Aspartate aminotransferase AAT M
Esterase EST M
Malic enzyme ME M
Glucose-6-phoshate dehydrogenase G6PD L
Hydroxybutytrate dehydrogenase HBDH L
6-phoshogluconate dehydrogenase 6-PGD L
Acid phoshatase ACPH L
Fumarase FUM L
Phosphoglucomutase PGM L
Leucine aminopeptidase LAP |

MO Muscled LO LiverQd 10 Intestine
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Table 5.0 Allele frequencies at 19 genetic loci in the seven species of the order Clupeiformes
Locus Allele Et Sg Sm Sz Cp Kp Ej Locus Allele Et Sg Sm Sz Cp Kp Ej
LDH a 0.00 1.00 0.00 0.00 0.00 0.00 0.00 | AAT a 1.00 1.00 0.00 0.00 0.00 0.00 0.00
b 0.00 0.00 1.00 1.00 0.00 1.00 1.00 b 0.00 0.00 1.00 1.00 0.00 0.00 1.00
c 0.00 0.00 0.00 0.00 1.00 0.00 0.00 C 0.00 0.00 0.00 0.00 1.00 1.00 0.00
d 1.00 0.00 0.00 0.00 0.00 0.00 0.00| ACPH a 0.00 1.00 0.00 0.00 1.00 0.00 0.54
NDH-1 a 1.00 1.00 1.00 0.00 0.00 0.00 1.00 b 1.00 0.00 1.00 1.00 0.00 1.00 0.46
b 0.00 0.00 000 1.00 1.00 1.00 0.00 EST-1 a 046 000 075 1.00 0.00 1.00 0.54
NDH-2 a 1.00 0.00 1.00 0.00 0.00 1.00 1.00 b 0.00 1.00 0.00 0.00 0.00 0.00 0.00
b 0.00 0.00 000 1.00 1.00 0.00 0.00 c 054 000 025 0.00 1.00 0.00 0.46
c 0.00 1.00 0.00 0.00 0.00 0.00 0.00 EST-2 a 1.00 1.00 0.00 0.00 0.58 0.00 1.00
NDH-3 a 1.00 0.00 1.00 1.00 1.00 1.00 1.00 b 0.00 0.00 0.00 0.00 0.00 1.00 0.00
b 0.00 1.00 0.00 0.00 0.00 0.00 0.00 c 0.00 0.00 0.00 1.00 0.00 0.00 0.00
ODH a 1.00 1.00 0.00 1.00 0.00 1.00 0.00 d 0.00 0.00 1.00 0.00 0.42 0.00 0.00
b 0.00 0.00 0.00 0.00 1.00 0.00 1.00 EST-3 a 050 050 050 0.00 0.67 0.00 0.00
c 0.00 0.00 1.00 0.00 0.00 0.00 0.00 b 0.00 0.00 0.00 0.67 0.33 1.00 0.00
SOD a 0.00 0.00 1.00 0.00 0.00 0.00 1.00 c 050 050 050 0.33 0.00 0.00 1.00
b 1.00 1.00 0.00 1.00 1.00 1.00 0.00 FUM a 0.00 0.00 0.00 0.00 0.00 0.00 0.50
EST-4 a 0.00 0.00 0.00 0.00 050 1.00 0.00 b 0.00 0.00 0.00 0.00 0.00 0.50 0.50
b 0.00 1.00 0.00 0.00 0.00 0.00 1.00 c 1.00 100 0.00 1.00 0.00 0.00 0.00
c 0.00 0.00 0.00 1.00 050 0.00 0.00 d 0.00 0.00 0.00 0.00 1.00 0.50 0.00
d 1.00 0.00 1.00 0.00 0.00 0.00 0.00 e 0.00 0.00 1.00 0.00 0.00 0.00 0.00
ME a 0.00 0.00 0.00 0.00 1.00 1.00 0.00 PGM a 1.00 0.00 0.00 0.00 0.00 0.00 0.00
b 0.92 0.00 0.00 0.00 0.00 0.00 1.00 b 0.00 0.00 1.00 0.00 0.00 0.00 0.00
c 0.08 1.00 1.00 1.00 0.00 0.00 o0.00 C 0.00 0.00 0.00 1.00 0.00 0.00 0.00
G6PD a 1.00 1.00 0.00 0.00 1.00 0.00 0.00 d 0.00 1.00 0.00 0.00 1.00 0.00 1.00
b 0.00 0.00 100 1.00 0.00 1.00 1.00 e 0.00 0.00 0.00 0.00 0.00 1.00 0.00
HBDH a 0.00 000 100 0.00 0.00 100 100 | LAP a 1.00 0.00 0.00 0.00 0.00 0.00 0.04
b 1.00 1.00 0.00 1.00 1.00 0.00 0.00 b 0.00 1.00 1.00 1.00 0.00 1.00 0.00
6-PGD a 0.00 0.00 0.00 0.00 0.00 0.75 0.00 c 0.00 0.00 0.00 0.00 1.00 0.00 0.96
b 0.00 0.00 1.00 0.67 1.00 0.00 1.00
c 1.00 0.54 0.00 0.00 0.00 0.25 0.00
d 0.00 0.00 0.00 0.33 0.00 0.00 0.00
e 0.00 0.46 000 000 0.00 0.00 0.00

Alleles are correspondingly letters from® a”, this being the allele of the lowest mobility.

EtO Etrumeus teres, SgU

Spratelloides gracilis, Sm 0 Sardinops melanostictus, SzUO Sardinella zunasi, Cp O Clupea pallasii, Kp O Konosirus punctatus,

Ej O Engraulis japonicus

Table 6.0 Genetic variation in the seven species of the order Clupeiformes

Parameter Et Sg Sm Sz Cp Kp Ej Mean
No. of individuals examined 12 12 12 12 12 12 12 12
No. of alleles per locus 1.16 111 111 111 1.16 111 1.16 1.13
Proportion of polymorphic loci : PO OO 15.8 10.5 10.5 10.5 15.8 10.5 15.8 12.8
Expected average heterozygosity : Hexpl U 0 6.3 55 4.8 4.9 7.9 4.8 8.6 6.1

Et0 Etrumeus teres, SgU Spratelloides gracilis, SmU Sardinops melanostictus, SzU Sardinella zunasi, CpU Clupea pallasii,
Kp U Konosirus punctatus, Ej0 Engraulis japonicus
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Table 7.0 Average heterozygosity for glucose metabolizing enzymes (Group 1) and
non-glucose metabolizing enzymes (Group II) in the allozyme study
Average heterozygosityd O U

Species Group | Group 1l

Etrumeus teres 0 12.8

Spratelloides gracilis 0 111

Sardinops melanostictus 0 9.8

Sardinella zunasi 0 9.8

Clupea pallasii 0 15.9

Konosirus punctatus 10.0 4.2

Engraulis japonicus 10.0 12.0

Mean 2.9 10.8

Group | : FUM, G6PD, LDH, ME, PGM
Group Il : AAT, ACPH, EST, HBDH, LAP, NDH, ODH, 6-PGD, SOD
Table 8.0 Genetic identities) above diagonallland genetic distancesU below diagonalU

between seven species of the order Clupeiformes
U Species 1 2 3 4 5 6 7
10 Etrumeus teres0 000000 O 0.510 0.338 0.374 0.309 0.318 0.365
200 Spratelloides gracilis0 0 0 0O 0 0.673 d 0.194 0.342 0.334 0.174 0.285
30 Sardinops melanostictustd 0 0 0 0O 1.086 1.639 O 0.475 0.169 0.428 0.591
40 Sardinella zunasil O 0O O 0.984 1.073 0.745 O 0.359 0.535 0.339
50 Clupea pallasiill O 0 O 1.175 1.098 1.779 1.024 u 0.356 0.375
60 Konosirus punctatust 0 0 0O 0O 1.145 1.749 0.848 0.626 1.034 O 0.353
70 Engraulis japonicus0 0000000 1.008 1.254 0.525 1.083 0.981 1.042 o

Genetic identitiesd /0 and genetic distancesC DO were calculated by the method of Neill 197200

LT

N M

i L

1.

ZECEE L ZisTaaaon o)

Fig. 1.0 Distribution of Nei's D values in this study. The sources of data are quoted
from the D values in Table 8. The shaded portions are the D values between

the two families, Clueidae and Engraulididae.

£ 20



8 ooooo

GENETIC DISTANCEU DU

15 1 0.5
\

\ \ \
7.5 5 2.5

DIVERGENCE TIMEO 70 7 0O 5% 10°D

Fig. 2.0 Molecular phylogenetic tree for the seven species of the order Clupeiformes.

Etrumeus teres0 000000

Spratelloides gracilis0U U 0 0 0

Clupea pallasiil O 0 O

Sardinella zunasill O 0 O

Konosirus punctatusU O 0 O O

Sardinops melanostictust) U 1 0 0

Engraulis japonicus0 0000000

00 % 10° Years

It was constructed from the

Nei's genetic distancell Nei, 197200 by using the UPGMA clustering method. The divergence time estimated
from the Nei's equationd Nei, 19750 using the genetic distance is also given in the phylogenetic tree.

0.195
——0 Etrumeus teres0 000000
0.279
0.478 |—||—|r—\r—\|—||—||—|DS ”d IDDDDD
0.025 Sy e prate olaes graciits
0521 51 Clupea pallasiild 0 00O
| 0.252
Sardinella zunasiOl U 0O 0O
0.062 |
0.374
B-HH Konosirus punctatust) U 0 00
0.165
032
ﬁ E B30 Sardinops melanostictus0 O O O O
0.292
0.20% .. .
O Engraulis japonicus0 0000000

Fig. 3.00 Molecular phylogenetic tree for seven species of the order Clupeiformes. This tree was constructed
from Nei'sU 19720 genetic distancel] DU by using NJ method. The tree was rooted at the midpoint
of longest branch. The values given to each branch are the estimate of branch length.

ooooodooboooopbOazre0O0oooooon
ooooodopbi1o001200000000 1000
gbooooooboobobobooooon

ooood

OTable sO0OOO0OO0O0O0pOOOUPGMAOOOOO
0000000000 Fig. 2000000000000
copmoboobObOOoOoOoooyobooOOOOoOooon

goboooooooooooooboooooooooDo
oobo0oooo0oooooooDbOoOooooOoooDo
gooooooooooobooooooooooDbo
gobooobooooboooooooooobooooon
goboooboooor0o0ooooocooooooonon
gobooobooooooooooocooooooonon
oo0o0ooo0o0o0000Frg. 20000000000
gobooooboooooooobooooooooooon



gooobooobooooooboo 9

goobooooooobooboboboboboboooo
0000000 Ooobooboobobobmog
gMmbooocgboomoooobbooooogoog
4s00000000000DO0O0OOODODO yODOO
gobooboobboobooboobobooboo
UobDO00b0o0n0 Table sUODOOOPpOOOONI
oo0ooooooooooogn Fig. 30000000
N OOooobooogooooboooooobooooobo
o0dupGMA O0OO0ODOOODODOOOODODOO
gobooboobobuooboobobooboobooo
gboboooooboobobobobooooogoo
ooooUOFig. 20 uPGMALD OO OOOOOOOO
gbooooooboobobobobooooogoo
gooo

gboooog

dddooooooooooon
ddddooooooooooooooooooooo
gofdoooooobobuooobouoobouoooobo
godooooooobooobuooobouooooboo
godoooooooboooboooobooooonboo
gofdoooboooobooobooooouoooonoo
goo0O000000000O0HueBY and LEwWONTINO
o6 0 0D0OO0ODODODODODODOOUOOODOOODOOO
gofdoooodooobooobooooooooonoo
gofdooooooobooooboooobooooonboo
dddoooooooooooboobooooooooon
dddoooooooooooobobooooboooooo
ddddooooooooooobobooooooooo
doddooooo 200ooboboboobO 200000
ddddoooooooooobooooooooooo
doddoooooooooooooooooooooo
dodddooooooooooooooooooooon
dodooooooooobobooboooooooao
ododooooooobooboooooooooooo
bbb oobbo0oUdUdUUddNer and
RoycHOUDHURYD 19740 O Neid 1978a0 O O O 0O O O
godooooooobuooobouooobouooooboo
gofdooooooobooobooooooooonoo
gofdoooboooobooobooooooooonboo
gofdooobooooboooooooooooonoo
gdoooobooooooooooboooooon
gofdoooodoobooooboooobooooonoo
gofdoooodoobooobooooooooonoo
dddooooooooooobobobooooooooon
doddooooooooooad
ddddoooooooooooobooooooooon
ddddooooooooooboboboooboooooon
ddddooooooooooboboooooooooon

gdooooboobooooboobooooboooo
godooooboooooobooboooobooog
gdooooboooooooboobooooboooo
godoooobooooooboobooooboooo
gdoooobooooooDoboooooobooog
odoo0oobo0obooooDbOooboooobooog
do0o0oooOooooooDboOooooobooog
0do0o0o0obOOo0oooOoobOoOooooooboooog
0do0o00o0obOOoOoooOoobOoOooooooboooog
goboooobooon
goooooboobooobobooboobobooboo
gooboboo0obbooo0obbuooobbbOwarDp
019770 GrRAurRD 19850 0 15 00 00000000O0O
goooooboobooooboobbooboboooo
gooboboboo0o s00obooboboboo
goooooobgo
gdooooboobooobobooboobob 1200
goooooboobooobobgo yOooooooD e O
gooo010000 000100000 bO00oog
godooooboonbn 19 0booboooobooog
godooooboooooobooboooobooog
gooooobo 200000 bOO0ObOOoOoobOoOoog
godoooobooooooDoboooooobooog
oo0oooooooooon
O0oo00ooOooo00OGroup 1000000000
OoooooOoooO0Groupll0DO0OO0O0DOOOOO
do0o0o0obOOoOoooOoobOoOoooooobooooo
DDDDDDDDDDDGroupIDGroup nooooo
gobobooboo0oo0ooobbbDbOlGILLESPIE and
LavcLEYU 197400 0000000000 DOO0ODOOO
ooo Group OOOOOOOOOOOOOOOOOO
OO000OGroup | OOOO 5000Group 1 OOOO
oubOoOobOoOobonoo

gooogd
gooooobbobobbobobobobbobobobooooo
pOobl00d00d0oobobobbbOOObODAHOODOOOOCOO
obobOpO00C0O0O0O0OOOODOOODOOOODOO
goboooobooboobbooboobb 99 0O
ugd s gboobooobooboobboobo
goboogoobooboobobooboobboobo
goboooobooboobobooboobobooobo
goooobboooooboobbobbdes ooy
gogboooobooboobobooboobobooobo
gobooooboobooobobuooboobobooobo
000019850
gboboooboooobooooqpOO0OO0O0000D0O0
goboboboboooooooboobobobooboo
gboboboboooooooobobobooboo
goooooobobboboooooooooooboo



10 ooooo

gboboooooboobobobobooooogoog
pUbOOO0O0 pPO10500000 PO 8O ODODOO P
U112 d00000o0FO0D0O000O0O0O00 HO
4800000 HOgeDUUDD HO61OUODOOO
OTable sl 0000000 DOO0O0OODOODOOO
Uobodg pOdsd2eui0qOs0OO0O0DOOOOO
goboo00bessO0OO0nooobooonDo
gobooboobobooboobbooboobooo
gobooboobobuooboobobooboobooo
OD0000000Ogene flow DOO0O0O00o0o0O0O0nd
0000000000000 GYLLENSTEND 198500 O O
goooobobooobobobooooobog 3000
ooooodooooono 00000000000

oooooooo0 HOe300000000 HO 42100

000000 HO 430000000000 HOOOO
0000000000000 D0O0D000000000
ooobbooboobboOn gene flow D0 OODOO
dooooooooooooon
00ooo0o0ooooooo000000000nooo0n
vdooodoooooooooooogooodon
vdooodooooooooooooaooodon
odooodoboooono HO4g0000000000
voboooooooodooooodgoodgoo HO
7900086000000 0OOOOODOOOOOON
ooooodoboooobooooooooooogon
ooooodoboooobooooooooooooon
coooodoboooobooooooooooooon
oooooooooooooon
Uo0u0AHOGroupl O Group 10O DODOOOOOOO0
O0000Group NOOO000OGroup 1 DO0O0O0OOO
O H00000000Table 7 DDOOOOO0O0DOO
Group 100000 Group 1 DODOODOOOODOOO
00000o00oO0oooo0oo00000000000000
Group | 00000O0D0O0O0DODOOODOOOOODO
00000000000000000000000A0
0oooo0oooooooo0000000000000
oboboooodbobDGroupnoooooonon
00oo0o0o0ooooooo0000000000000
vdooodoooooooooooogooodon
vdooodoboooobooooooogooodaon
DoooooooooooodoodGroup 10000
ooooodooooobooooooooooodaon
ooooodoboooobooooooooooogon
ooooodoboooobooooooooooogon
oo00ooo0b00dodKmimuadles3d 0O ooon
oooood

cooooooo
000000000000 NeO197200000000O0
OO0 /00000000 THorRPED 19820000000

gobooooy00oobooooobOooobooOooono
goboy/0Oos3s0ogs00nooobooobooon (o
035 0 0000000DL0ODLO0ODO0O0OD0O0O0Table
gl ooobooooooooobo
gbogobooooboooboboooobbobobog
oO/0 01690 05300000000 /0O 0.3470SD
Uolosbooboooobooboobboonog
godbooooboob egbOoO yobyO 0.2850
050100000000 /O 0.3850SD U 0.097 00O
od

goboooobgoooboboobob poooo
THorPEL 19820 00000000 O0O0O0OO0O00OOO
gooooooooobooooooobbbbbboo
OFig. 1 O00ooo000o0oooooooooooon
oobo0000eOO0O00Fg. 1 0DOOOMIOOOO
gooooocobooo poooboooooooooo
gooboboboooooooobooboboboo
ooooooooO0oooy0ooO0OOo0ooooon
gbooooooooobooboobooobooboobooboboboo
goboooobooboobbooboobboobo
gobboooboobobobbooboooboobd
gboboo000O0ONeD19720 000000000 pOO
goboooboboobbooobbooobbobooo
iogs0idoopooobobooboooooooooboon
godo pd2oe7OsSDO o7 nognoboonog
gdbooobobodbUOTable sOUDOOODOODOO
goboodono pdi120spdossdnoonog
gbooboooogesstoonoooooonoonooon
sboobooooooooooboooboooooonod
gooobgooo
ooooooooooog100000d eddonon
00ooooOno pOoees0sbU 0222000000
gbob0000g1ess0 000000000000 O00O0
goobobobooooooobooboboboboo
gooboboboooooooobooboboboo
OO0edOOO0OO0OO0OOOOOPOFIg.1000000O
oboooooooooboobo pooooooooo
O000000Frig. 1000000000000+
gogoboboboooobbb poobbooooobooo
goboog pgobotbbooboobbosobo
goboogobooboobboobooboboobo
gobooooboobooobbooboobboobo
gogboooobooboooobooboobobooobo
ogno

00oO000O0oooooooao

goddddddooooooooooooooooon
00000 pO0O00SNEATH and SokaLO 19730 0 O
Ooo0oO0oo0OdOupPGMA OOOO sarTou and NEI
187000 0000O0ONDOOO 20000000000



gooobooobooooooboo 11

coooooobooooooo 20000000000
b0 pooboboobobobooobobo
gobooboobbooboobboobooboo
gobooboobbooboobboobooboo
gobooboobboobooboboobooboo
gogobobobboooooobobooooobboo
gobooboobboobooboboobooboo
O0O00O00O0O0oO0o0OO0O0O0000OONE et al,
1983000000 upGMALOOOOOOOOOOO
gobooboobobuooboobobooboobooo
cooooN OOoooooooooooooooon
gobooobooobobooboobbOreood
gbooooooboobobobobooooogoo
oooooooodooooupGMA ODOOOODOO
0O N OOODO0O00ooo0ooooooodooodrg.
2000 Fig. s3Oooo0o0oooooooooon
gbooooooooboooboboo

OFig. 2000 Fig. 300000000000000O
gbooboooooboobobobobooooogoog
000000000000 Masuda et al.019840 00
gobooboobbooboobboobooboo
gobooboobboobooboboobooboo
UoooooobbDbDDbDD0O0OTable 1000 0O OO0
WhiteheadU 19850 0 0 0000000 0O0O0O0O0ODODO
0D00oooooo0oodaoddthe subfamily
Dussumieriinael 0D 0D OO0 O0O0O0OOO0OODOOOO
000000000000 Whiteheadd 19850 00 0 O
goboobobooobooboboooboo
O000OFig. 2000000 7OO0O0O0O0OO0OO0OO

gooboboboooooooobooboboboo
goboooobooboobbooboobboobo
goboooobooboobbooboobboobo
go0b0o0o0bO000b0DO0OUOUOURomerd 1933
goboogoobooboobobooboobboobo
goboooobooboobobooboobbooobo
gogboooobooboooobobooboobobooobo
gogbooooboobooobobuoobooboboooo
gobooooboobooobobooboobobooobo
gobooooboobooboboobooboboooboo
gobbooobooboboboobobgdaesston
gboboboboooooooboobobobooboo
gooogo

goobobobooooooo
goobobobooooooobooboboboboo
gboobobobooooooooboboboboo
goboboboboooooooobooboboboo
gbobobobooooooobooog
goboooobooboobbooboobboobo
ooo0oo0o0o00oo0o0000000Fig. 40 aleld
goboooobooboobbooboobboobo
goboogoobooboobobooboobbooobo
gogbooooboobooobobooboobobooobo
gogboogoboobobooboobbooboon
gooooobooboobobooboobobooobo
goboooobooboooobobooboobobooobo
gogbooooboobo 20boobboobboobo
oooooooo0oooo0dOFrig. 40 plm oo O

Fig. 4.0 Mouth shapes in the two families, Clupeidae and Engraulidae. a0 typical Clupeidae, bU Sardinops
melanostictus, c¢U typical Engraulidae, dU Engraulis japonicus.



12 ooooo

gboboooooboobobobobooooogoog
gbobooooooooouobobobmooobooo
gobooboobbooboobboobooboo
gobooboobb20bO00bbOo0bOo0bOoo
gobooboobbooboobooobooboo
gobboooobooobbooobboobboo
gobooboobobooboobboobuoobooo
gobooboobbuooboobobooboobooo
gobooboobobuooboobobooboobooo
EEN
gboboooooboobobobobooooogoo
gboboooooboobobobobooooogoo
gboboooooboobobobobooooogoo
gbobooooobooboboboboooooogoo
gbobooooobooboboboboooooogoo
gbooooooboobobobobooooogoog
gbobooooobooboboboboooooogoog
gboboooooboobobobobooooogog
oooooon
gobooboobbooboobooobooboo
gobooboobbooboobboobooboo
gobooboobboobooboboobooboo
gobooboobboobooboboobooboo
gobooboobbooboobboobooboo
goboobooboooboo

O000OFig. 2000 Fig. 3000000000000
gobogboobbuooboobobooboobooo
gobooboobobuooboobobooboobooo
gboooooooboobobobobooooogoo
gboboooooboobobobobooooogoo
gooooboobooobbbbobboboooogo
gbooooooobooboboboboooooogoo
gboboooooooboboboboooooog g
gboboooooboobobobobooooogoog
gbobooooobooboboboboooooogoo
gooo

gooooooood

000 00198800 GREENMOOD et a/d 196600 00 0 O
gooobooooooooooooooooad
U Pholidphoriformes DO 00000000 oooood
gdoooooooooooooooooouooon
OD000000Fg. 200000000 zyoOoOnO
O0o00oo0ooooood10 30000000000
Oo00d0dz2e00 5000 000000O0O0O00O00O0OOO
O0o0oooooooooooooooooooon
dodoooooooooooboboooooooooo
ddddooooooooooboboboooboooobooo
00000o0ooooooboooobodgeo1maon
oob0dd2eoU 3go00boooboooboobooo

gooboboboooooooobooboboboo
goboooobooboobbooboobboobo
goboboooboobbooboobbo
goboooobooboobbooboobboobo
gogboooobooboobbooboobbooobo
gogboooobooboobobooboobobooobo
gogboogoobooboooboboobooboboobo
gogboooobooboobobooboobobooobo
goboooobooboobobooboobobooobog
gbobobobooooooobobobobooboo
gobobobobooooooobooboboboobooo
gbobobobooooooobooboboboobooo
gooogooooooooooooooooooo
gooooooooooooooooooooooo
goobobobooooooooboboboboo
gooboboboooooooobobobobooo
goobobobooooooooboboboboo
gobobobobooooooooboboboboo
gooboboboooooooobooboboboo
goboooobooboobbooboobboobo
goboooobooboobbooboobboobo
gogboooobooboobbooboobbooobo
gobogooboobboobooboboooboo

gooooo

gooddddooooooooooooooooboon
godboooobooboobobuooboobobooobo
gopobobobooobooobboooobooboboog
goboooobooboooboobooboboooo
goooooboobooooboobooboboooboo
goooooboobooooboobooboboooo
gdobooboobooooboobbooboboooog
gdoooobooboooobooboooboooo
gdoboooboobooooboobboooboooo
godoooobooboooobooboooobooog
oon

gl ooobooboboon
g oooboobobon
pgoodddddooooooooooooboooboon
pgoddddoooooooooo 207070000
godddddooooooooooooboooboon
oo oooooooooboooboon
goodddddoooooooooooooooboon
goodddddoooooooooooooooboon
goboboooboobobooboo
gooooobooboooboboobooboboobo
O 00 Etrumeus terest 10 O 0O 0O OO0 O O O
O Spratelloides gracilisO00 O 0 0 0 00 O O O

O Sardinops  melanosticrusd D0 O O 000 O O



gooobooobooooooboo 13

O Sardinella zunasitDO O O 000 O 00O Clupea
pallasiil D 0000 D 0000 Konosirus punctatus
gddooooooooobobbobobobbobooobooon
O Engraulis japonicus0 000 20 70 700000
goooogbooobbn oo 19 0ogoooo
oo oobogODbOOODOO0
HO480 860000000 HOAUOODODOOOODO
Jooooooooooooobbobooboboooooo
goooooood

O00O0ONeiD19720 00000000y 000 ooOO
gdopbooooboooououoobboboooo
dupGMALUDOOOODOOOONIOODODOODO200
oobooboobobuoobouo 2bo0bOoobooo
ooboobooboboobooboboobouobooo
odo@™moobobobboooboboboobbboo
oobooboobbo™oboobobooboooo
oobq400000000DO00O0OODOODO0ODOOO
oodbooooobooobbooboobbooobbooo
ooooobooobobooboooboobooooo
ddooooooooboboboboobbobobooboon
ggddooooooooobobobn
bbb uoooobbobob e g
2600 34000 00ODOODOOOO0O0O00O00OUUOOO
JoodooooooobbDebbObOODDO 5000
Jooooooooooooobobobooboboooooo
Jjdoooooooooooboboboboboboooooo
dodooooooooooobooooooooooo
0o0o0o0ooooooboooooooooooooo
EEN

ggooood

AYALA, F. J., POWELL, J. R., TRACEY, M. L., MOURAO, C.
A. and PERezsALAs S.0 197200 Enzyme variability in
the Drosophila willistoni group. 1V. Genetic variation
in natural populations of Drosophila willistoni. Genetics,
70 : 113-139.

AYALA, F. J., TRACEY, M. L., BARR, L. G., MCDONALD, J.
F. and PERezsaLAs, S.0 19740 Genetic variation in
natural populations of five Drosophila species and the
hypothesis of the selective neutrality of protein
polymorhisms. Genetics, 77 : 343-384.

BERG, L. S.00 19400 Classification of fishes, both recent and
fossil. Tran. Inst. Zool. Acad. Sci. URSS, Leningrad, 5 :
87-517.

BERTIN, L. and ARAMBOURG, C.U 1958 Super-ordre des
teleosteend] Teleosteil] in Traite de Zoologie, 13 : 2204 -
2500.

BLAXTER, J. H. S.019850 The herring : A successful
species ?  Can. J. Fish. Aqut. Sci., 42 : 21-30.

DAvis, B. J.0 19640 Disc electrophoresis-1l.  Method and
application to Human serum proteins. Ann. N. Y. Acad.
Sci., 121 : 404-427.

FARRIS, J. S.0 19720 Estimating phylogenetic trees from

distance matrices. Am. Nat., 106 : 645-668.

gobbodessd0booooooobboboooooon
00000bOo0bO0o0bOo0obOo soOoboooog
godoboooobooboooooboooooboodsa-
58.

GILLESPIE, J. H. and LANGLEY, C. H.O 19740A general model
to account for enzyme variotion in natural populations.
Genetics, 76 . 837-848.

GOSLINE, W. A.U 19600Contributions toward a classification
of modern isospondylous fishes. Bull. Brit. Mus. Nat.
Hist.O0 Zool.[ 6 : 325-365.

GRANDE, L.0J 19820 A rivision of the fossil genus Knightia,
with a description of a new genus from the green river
formation U Teleostei, Clupeidaell Amer. Mus. Novit.,
2728 : 1-34.

GRAUR, D. 00198500 Gene diversity in hymenoptera.
Evolution, 39 : 190-199.

GREENWOOD, P. H., ROSEN, D. E., WEITZMAN, S. H. and
MYERS, G. S.0 19660Phyletic studies of teleosten fishes,
with a provisional classification of living formes. Bull.
Amer. Mus. Nat. Hist., 131 : 339-456.

GYLLENSTEN, U.0 19850 The genetic structure of fish :
difference in the intraspecific distribution of biochemical
genetic variation between marine, anadromaus, and
freshwater species. J. fish. Biol., 26 : 691-699.

HaTL, D. L.O19870 00000000000 0CODOO

KIMURA, M. 019830 The Neutral Theory of Molecular
Evolution. Cambridge University Press, Cambridge.

000000000000 0000000000000119880
doodoooooooooooooooo

MATSUOKA, N., CHIBA, Y. and SaIToH, K. 019840
Biochemical evidence for the genetic differentiation
between two morphologically very similar species of
Neopell Lepidoptera, Satyridaellfrom Japan. Proc. Japan
Acad., 60 BO : 245-248.

MuRrcus, N. H.O 19770Genetic variation within and between
geographically separated populations of the sea-urchin,
Arbaia punctulata. Biol. Bull., 153 : 560-567.

MURPHY, R. W., SITES, J. W., BUTH, D. G. and HAUFLER,
C. H.0 19900 Protein | : Isozyme electrophoresis. In
Molecular SystematicsU Ed. by Hillis, D. M. and Moritz,
C.0 pp.45-126.

o000 oobooooboogoooon
oo

NEl, M. 019720 Genetic distance between populations.
Amer. Natur., 106 : 283-292.

NEl, M. and ROYCHOUDHURY, A. K. O 19740 Sampling
variances of heterozygosity and genetic distance.
Genetics, 76 : 379-390.

NEI, M.O 19750 Molecular Population Genetics and Evolution.
North-Holland, Amsterdam.

NEl, M.O 1978a0 Estimation of average heterozygosity and
genetic dictance from a small number of individuals.
Genetics, 89 : 583-590.

NEl, M. 0 1978b0 The theory of genetic distance and
evolution of human races. Jap. J. Human Genet., 23 :
341-369.

gooddqeooUu00ooobooooooono

gboobodobesiobgoooooooobobogon

RoOMER, A. S.0019810 The Vertebrate Story. 000000
00 in Japanesed

ROYCHOUDHURY, A. K., TATENO, Y., GRAUR, D., TAIIMA,



14 ooooo

F. and Saitou, N.0O 19910 Program for computing
average heterozygosity and Nei's genetic distance.
Program GD3.

SarTou, N.0 19950 Nj-package. A Macintosh program
package for the neighbor-joining method.

SAITou, N. and NeIl, M. 019870 The neighbor-joining
method : A new method for reconstructing phylogenetic
trees. Mol. Biol. Evol., 4 : 406—425.

SHAaw, C. R. and Prasap, R. 019700 Starch gel
electrophoresis of enzymes. A compilation of recipes.
Biochem. Genet., 4 : 297-320.

SNEATH, P. H. and SokAL, R. R. 019730 Numerical
Taxonomy. Freeman, San Francisco.

THORPE, J. P.0O 19820 The molecular clock hypothesis :
Biochemical evolution, genetic differentiation and
systematics. Ann. Rev. Ecol. Syst., 13 : 139-168.

0d000odooooddgqessi Do oooooooon
oo

WARD, R. D. 019770 Relationship between enzyme
heterozygosity and quarternary structure. Biochem.
Genet., 15 : 123-135.

WHITEHEAD, P. J. P. 019630 A contribution to the
classification of Clupeoid fishes. Ann. Mag. Nat. Hist.,
13-th Ser., 5 : 737-750.

WHITEHEAD, P. J. P.0 19850 Kong herring : his place
amongest the Clupeoids. Can. J. Fish. Aquat. Sci., 42 :
3-20.

ZUCKERKANDL, E. and PAuLING, L. 019620 Molecular
disease, evolution and genetic heterogeneity. In
Horizons in Geochemistry U Ed. by Kasha, M. and
Pullman, B.LJ pp. 189-225. Academic Press, New York.



gooobooobooooooboo 15

Phylogenetic relationships among seven fish species of the order
Clupeiformes inferred from allozyme variation

Tsuyoshi ASANUMA® and Norimasa MATSUOKA?

Y Department of Biology, Faculty of Science, Hirosaki University,
3 Bunkyo-cho, Hirosaki, Aomori 036-8561, Japan

2 Department of Biofunctional Science, Faculty of Agriculture & Life Science,
Hirosaki University, 3 Bunkyo-cho, Hirosaki, Aomori 036-8561, Japan

SUMMARY

00 The order Clupeiformes includes the seven common fish species in Japanese waters : Etrumens teres,
Spratelloides gracilis, Sardinops melanostictus, Sardinella zunasi, Clupea pallasii, Konosirus punctatus and
Engraulis japonicus,  The phylogenetic relationships and allozyme variation were studied in these seven
species from Japanese waters by electrophoretic analysis of 14 different enzymes.  From the allozyme
variation observed in 19 genetic loci scored, it was calculated that the average heterozygositiesl H valuesU
are in the range of 4.8-8.600, with a mean of 6.10. These H values were comparable to those of many
other fishes.  The molecular phylogenetic tree for the seven species which was constructed from Nei's
genetic distances indicated the following :0 10 Among seven species of the order Clupeiformes, the seven
species were divided into the two large clusters : one is the group of E. teres, S. gracilis and C. pallasii,
the other is the group of S. zunasi, K. punctatus, S. melanostictus and E. japonicus. 120 In the first cluster,
E. teres and S. gracilis are closely related to each other. 0 301In the second cluster, S. melanostictus is most
closely related to E. japonicus, and further the present molecular study also showed the close relationship
between S. zunasi and K. punctatusmus, 040 Clupea pallasii of the subfamily Clupeinae is the most
primitive and ancestral type of the seven species. These molecular results were discussed through the
comparison with other non-molecular evidence.

Bull. Fac. Agric. & Life Sci., Hirosaki Univ. No.4 : 1—15, 2001
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Fig. 3U Normal development of sea cucumber (Stichopus japonicus Selenka)

1, immature egg. 2, 1-cell (1st polar body).
7, 16-cell. 8, 32-cell. 9, 64-cell. 10, 128-cell.

3, 1-cell (2nd polar body).
11, 256-cell.

4, 2-cell. 5, 4-cell. 6, 8-cell.
12, late blastula. 13, hatching blastula. 14,

early gastrula. 15, 16, mid gastrula. 17, late gastrula. 180 20, early auricularia. 18, 2-day. 19, 20, 3-day.

210 27, mid auricularia.
7-day. 28, 29, late auricularia.
33, doliolaria. 34, doliolaria during metamorphosis.
archenteron. bt: buccal tentacle. dp: dorsal pore.

21, 22, 4-day. 23, 5-day. 24, 25, enlargement of larval spicule.
28, 9-day. 29, 1l-day. 29 O 32, late auricularia during metamorphosis.

35, pentactula.
eb: elastic ball. fe: follicular epithelium. gv: germinal

26, 6-day. 27,

36, late pentactula. an: anus. arch:

vesicle. hyd.c: hydrocoel. in: intestine. l.ent.c.: left enterocoel. o: mouth. os: oesophagus. pc: pore canal.
pt: primary tentacle. r.ent.c: right enterocoel. st: stomach. std: stomodaeum. sp: larval spicule. tf: tube

foot. 18, 19, 21, 23, 260U 30, ventral view. 20, 22, lateral view. 24, 25, dorsal view.

10 17, 180 22, 23 & 260 28, 290 32, same size.
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Table 2.0 The breeding conditions of sea cucumber larvae
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Normal development and artificial breeding of sea cucumber
O Stichopus japonicus Selenkall from Mutsu Bay

Wataru YosHIDA®, Atsushi TAMAI? Toshihiro YANAKA® and Sachiko ISHIDA!

Y Department of Biofunctional Science, Faculty of Agriculture and Life Science,
Hirosaki University, Hirosaki 036-8561, Japan
2 Aomori Fisheries Technology Center, Aomori 038-0052, Japan

SUMMARY

0 0O We indicated that the breeding season of Stichopus japonicus Selenka living in Mutsu Bay is from May
to August based on the analysis of several reports.  The adult sea cucumbers transferred from cool sea
waterld 100 O to warm sea waterU 200 O started ejaculation and spawning within an hour. In the artificial
induction, the best season may be during the end of May to the first ten days of June, because of the
large number of mature eggs were collected from an adult sea cucumber.  The number is about 3,000,000
eggs per individual. The normal development was as follows:O 10 blastula:d 13 hrs after fertilization
0 20gastrula:0 19-30 hrsOO 3CAuricularia: U 2-9 daystO 400 doliolaria; U 15-16 days[U 50 pentactula: [ 18-22
daystl ~ When sea cucumber larvae were bred in the condition added Chaetoceros gracilis and commercial
tropical fish foodd TetraMin” babyOat low densityd a larva/mlOin filtration sea water, they grew up into
juvenile sea cucumbers. In this paper we reported the table of the stages in the normal development
of sea cucumber, Stichopus japonicus Selenka under such conditions at 200 .

Bull. Fac. Agric. & Life Sci., Hirosaki Univ. No.4 : 16 —23, 2001
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Comparison of cell wall pectic polysaccharides in flesh extracted
with water and hot water from various fruits.

Wilawan KUMPOUN and Yoshie MOTOMURA

Laboratory of Phytoenergy

U Received for publication October 17, 20010

Introduction

O 0 The cell walls of fruit flesh are composed of a mixture of polysaccharides, e.g. pectic, hemicellulosic
and cellulosic polymers. It is important for cell wall structural studies that the cell wall components isolated
by enzymatic degradation and chemical extraction reflect the composition of the walll 601 In our laboratory,
alcohol insoluble solid] AlSUobtained from fruit flesh have been used extensively to investigate the structures
and functions of the polysaccharides from the cell walls. Pectic farctions are normaly extracted with water,
chilating reagent and hydrochloric acid, successivelyd 7001  Recently, as the chilating reagent, CDTAO 10,
11, 400or EDTALO 7, 90 heve been used for the extraction of pectic polymers, followed by Na2CO3. For
the extraction of hemicellulose, KOH was usedU 10, 11, 1, 7,4, 90 in many studies.

OO In the investigation of the enzymatic degradation and the function of cell wall pectic polymers, the
chilating reagent, hydrochloric acid or Na2CO3 remaining in the extracted solutions affected the following
reactions, even though dialysis had been carried out to remove them. To avoid such effects, in this study,
we attempted to compare the effect of the extraction with water and hot water, followed by the extraction
with EDTA and HCI, succesively.

0 O Pectins consist of uronic acids and neutral sugars. In fruit flesh, pentosel] arabinose, xylose, rhamnose
and fucosel and hexosel galactose, glucose and mannosel are inclused as the components of pectic and
hemicellulosic fractionsd 5L1 Because in pome fruits, stone fruits, and berries, the total amount of pentoses
is higher than that of hexosesU 50] in this study, uronic acid and pentose content was measured in pectic
fractions.

OO In addition, in this study, we attempted to determine if the amount and/or type of pectic polymers
solubilized from AIS were affected by the extrtaction temperature with water prior to the extarction with
EDTA and HCI.

Materials and Methods

Fruit materials

0 O Mature fruits grown at Fujisaki Farm, Hirosaki University; appled Malus pumila Mill. Var. domestica
Schneidl] Japanese aplicotl] Prunus mume Seib. E. Zicc.l] red raspberryl] Rubus idaeus L.L] gooseberryll Ribes
grossularia L. blackcurrantll Ribus nigrum L.0 and redcurrantd Ribus vulgare Lam.l} were harvested during
the commercial harvest period.

0 O Kiwifruitd Actinidia chinensis Planch.l] pineapplel] Ananas comosus Merr.L] papayall Carica papaya L.0J
melord Cucumis melo L.1 water melord Citrullus lanatus Matsum. et Nakaiavocaddd Persea americana Mill.gj
cherryU Prunus avium L.0J loquatd Eriobotrya japonica Lindl.L peachU Prunus percica Batsch var. vulgalis

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.4 : 24 — 30, 2001
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Table 1.0 Uronic acid and pentose contents in water and hot water soluble fractions Extracted from
alcohol insoluble solid in fleshl mg/g AISU

Family Fruit Water fraction Hot water fraction
Uronic Pentose  Total P/U+P] %0 Uronic Pentose  Total P/U+P] %0
Actinidiaseae Kiwifruit 117.8 41.0 158.8 25.8 155.6 60.7 216.4 28.1
Anacardiaceae Mango 225.8 64.1 289.9 22.1 263.7 57.5 321.2 17.9
Bromeliaseae Pineapple 14.2 10.8 25.0 43.2 37.6 48.4 86.0 56.3
Bombacaceae Durain 74.6 37.7 112.3 33.6 125.8 36.1 161.9 22.3
Caricaseae Papaya 233.9 77.9 311.8 25.0 272.6 70.9 343.5 20.6
Cucurbitaceae ~ Melon 107 54.8 161.8 33.9 175.5 79.1 254.6 311
Watermelon 48.2 69.0 117.2 58.9 97.4 62.5 159.9 39.1
Cuttiferae Mangosteen 86.5 34.5 121.0 28.5 177.2 68.1 245.4 27.8
Lauraceae Avocado 61.6 53.6 115.2 46.5 76.3 54.7 131.0 41.8
Rosaseae Appled Fuji0 86.1 60.8 146.9 41.4 210.7 105.1 315.9 33.3
Cherry 105.1 68.0 173.1 39.3 169.0 107.2 276.2 38.8
Japanese apricot 77.9 47.1 125.0 37.7 220.4 122.8 343.2 35.8
Loquat 80.1 42.7 122.8 34.8 128.6 57.7 186.3 31.0
Peach 145.8 49.9 195.7 25.5 234.1 74.1 308.3 24.0
Plum 101.5 64.73 166.3 38.9 247.6 111.9 359.5 311
Raspberry 38.6 17.0 55.6 30.6 60.6 27.2 87.8 31.0
Strawberry 114.6 61.8 176.3 35.0 252.5 90.0 3425 26.3
Rutaceae Orange 156.7 50.1 206.8 24.2 276.0 74.2 350.2 21.2
Sapindaceae Lychee 92.1 30.8 123.0 25.1 197.9 67.1 265.0 25.3
Rambutan 59.0 415 100.4 41.3 128.4 66.2 194.5 34.0
Saxifragaseae  Blackcurrant 90.6 22.7 113.3 20.1 118.8 33.6 152.5 221
Gooseberyy 140.2 64.1 204.3 314 252.7 854 338.1 25.3
Redcurrant 100.6 30.5 131.2 23.3 202.6 52.6 255.1 20.6
Vitaceae Grapell KyohoU 65.5 24.8 90.3 27.5 113.1 31.6 144.8 21.9
Grapeld Delawarl 84.6 30.9 1155 26.8 136.5 37.0 173.5 21.3

0 P/P+U<l Pentose/Uronic acidd Pentoselx 100

Maxim. plumO Prunus salicina Lindl.Ld strawberryU Fragaria x ananassa Duch.[] orangel Citrus sinensis
osbeckl lycheel Litchi chinensis Sonn.J and garpesU Vitis labrusca L.X Vitis vinifera L. cv. Delaware and
KyohoU were purchased through a market.

0 O Mangol Mangifera indica L.00 duriand Durio zibethinus Murr. papayall Carica papaya L.L] mangosteen
O Garcinia mangostana L.J and rambutanU Nephelium lappaceum L.LJ were collected and extarcted in Chiang
Mai University of Thailand. These fruits were classified into thirteen families depending on plant taxonomy
O Table 10  Five replicates of each fruit were sampled and analysed individually, except small fruits, for
which about 30g of flesh were collected as one sample and five replicates were prepared.

Extraction and analysis of pectic substances

0 O Peel, seeds and core of the fruit were removed and flesh was stored 0 200 until the extraction was
carried out. Frozen flesh was extracted several times with 8000 methanol at 700. Alcohol extract and
residue was separated by filtration. In avocado and durian, the residue were extracted with acetone to
remove lipid0 200  The residue was lyophilized and pulverized after the dry weightU alcohol insoluble
solid: AISO was weighed.  The cell wall pectic substances in AIS of flesh were extracted with water
0200, 2Hx 3 timesU or hot waterll 1000, 2hx 3 timestd  Uronic acid and pentose contents in water and
hot water fractions were determined with the m-hydroxydiphenyl methodU 30 and orcinol methodU 80]
respectively.

0 0O Six kinds of fruitd mango, durian, papaya, apple, Japanese apricot, and strawberryUdwere selected from
these 25 fruits and the residues of water or hot water fractions were extracted successively with EDTA
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0200, 2hx 3 timesUand 0.05m HCH 850, 1hx 3 timest] Uronic acid and pentose contents in these fractions
were determined as above.

Gel permeation chromatography

0 O Water or hot water fractions from AIS was applied to a Cellulofine GCL-2000-m column( 18% 400 mmO
equibrated with 0.10 NaCl.  Elution was caried out with 0.10 NaCl, at the flow rate of 0.3ml/min.
The eluate was fractionated every 3ml.  Uronic acid and pentose contents in each eluted fraction were
determined as above.

Results and Discussions

1 0 Uronic acid and pentose contents in water and hot water soluble fractions.

0O O Uronic acid content in hot water fractions were higher than those in water fraction in all 24 kinds
of fruitsU Table 100  The differences in the uronic acid content between water and hot water fractions
were apparently bigger in apple, Japanese aplicot, plum, strawberry, lychee and gooseberry.

0 O Pentose contents in the hot water fractions were comparatively higher than those in the water fractions
in most fruits, with the exception of kiwifruit, pineapple and blackcurrant. The differences in the pentose
contents between water and hot water fractions were comparatively bigger in pineapple, mangosteen, apple,
Japanese aplicot, plum and gooseberry. No relationship was found between the taxonomical classification
and uronic or pentoses contents in water and hot water fractions.

0 O These results showed that hot water was more effective than water insolubilizing pectic polysaccharides.

20 Uronic acid and pentose contents in water or hot water, EDTA and HCI fractions.

0 0 As hot water fraction included much more pectic polymers than water fractiont Table 10 uronic acid
and pentoses contents in EDTA and HCI fractions were determined, using six kinds of fruitd Table 20
The data of uronic acid and pentose contents in waterd C-WSPU and hot waterl H-WSPU farctions in
Table 2 were same as those in Table 1.

O0In EDTA fraction after the extraction with waterl] C-ESPL] uronic acid content in most fruits except
Japanese aplicot was higher than after the extraction with hot waterld H-ESPLl  But pentose content in

Table 2.0 Uronic acid and pentose contents in water or hot water, EDTA and HCI soluble fractions
from alcohol insoluble solidd mg/g AISO

Content Fruit Water fraction Hot water fraction
C-WSP C-ESP C-HCP  Total H-WSP H-ESP H-HCP  Total
Uronic acid Mango 225.8 42.2 30.7 298.6 263.7 24.7 7.4 295.8
Durian 74.6 17.7 33.1 125.4 125.8 13.6 11.1 150.5
Papaya 233.9 103.8 20.6 358.4 272.6 715 5.0 349.2
Avocado 61.6 10.8 6.7 79.1 76.3 8.7 2.7 87.7
Apple 86.1 57.3 84.0 227.5 210.7 44.4 30.7 285.9
Japanese apricot 77.9 24.4 179.3 281.6 220.4 40.0 23.3 283.7
Strawberry 114.6 81.6 68.4 264.6 252.5 58.6 20.6 331.7
Pentose Mango 64.1 13.2 17.0 84.3 57.5 6.2 7.2 70.9
Durian 37.7 15 14.7 53.9 36.1 1.7 6.1 44.0
Papaya 77.9 8.5 9.8 96.2 70.9 9.3 4.1 84.2
Avocado 53.6 5.9 334 92.9 54.7 7.9 16.1 78.8
Apple 60.8 4.0 92.8 157.7 105.1 7.4 21.0 133.6
Japanese apricot 47.1 9.5 129.4 186.0 122.8 194 17.7 159.9

Strawberry 61.8 115 35.7 109.1 90.0 6.0 11.6 107.6
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Table 3.0 Percent distribution of uronic acd and pentoses to water or hot water, EDTA and HCI
soluble fractionsd %0

Component Fruit Water fraction Hot water fraction
C-WSP C-ESP C-HCP H-WSP H-ESP H-HCP

Uronic acid Mango 75.6 141 10.3 89.1 8.4 25
Durian 59.5 14.1 26.4 83.6 9.0 7.4
Papaya 65.3 29.0 5.8 78.1 20.5 14
Apple 37.8 25.2 36.9 73.7 15.5 10.7
Japanese apricot 27.7 8.7 63.7 7.7 14.1 8.2
Strawberry 43.3 30.9 25.9 76.1 17.7 6.2

Pentose Mango 68.0 14.0 18.0 81.1 8.8 10.1
Durian 70.0 2.8 27.2 82.1 3.9 14.0
Papaya 81.0 8.8 10.2 84.2 11.0 4.8
Apple 38.6 2.5 58.9 78.7 5.6 15.7
Japanese apricot 25.3 5.1 69.6 76.8 12.1 11.1
Strawberry 56.7 10.6 32.8 83.6 5.6 10.8

C-ESP was higher than in H-ESP only in strawberry and mango.

00O In hydrochloric acid soluble fraction after the extraction with hot water and EDTAU H-HCPQ both
uronic acid and pentose contents were remarkably lower than in the fraction after the extraction with water
and EDTAU C-HCPL

U O Total amounts of uronic acidd H-TotalC in hot waterd H-WSP EDTALO H-ESPU and HCIC H-HCPU
farctions were distinctly higher than the total amountd C-Totall of waterd C-WSPL] EDTAO C-ESPU and
HCIO C-HCPO soluble fractions, in all 6 fruits. Similarly, total amount of pentosesl] H-Totallin hot water
0 H-WSPL EDTAU H-ESPU and HCIO HCPU fractions were lower than the total amount of themd C-Totalll
in water,J C-WSP EDTAU C-ECPU and HCIU C-HCPU fractions.

0 0O These results showed that by the extraction with water at high temperature, the polymers including
more uronate in C-HCP could be solubilized, resulting in the increase of pectic polymers in hot water fraction
0 H-wsPL

30 Percent distributions of uronic acid and pentose in each extracted fraction.

0 O Among the extracted components, percentages of uronic acid and pentoses in H-WSP were remarkably
higher than in C-WSP, while the percentage of hydrochloric acid soluble component in H-HCP was lower
than that in C-HCPO Table 30

0O In usual procedures for the extraction of pectic substances, polymers soluble in hydrochloric acid are
extacted by heating at 850, after the extraction with water and EDTA. From the results shown in Tables
2 and 3, it is conceivable that the polymers in HCI fractionl] C-HCPU could include two groups of polymers,
which are hot water soluble fraction and hot HCI soluble fraction.

4 Relative ratio of uronic acid and pentose in each fraction.

0 O Pectic compounds were constituted with uronate polymers as the main chain, rhamnose are inserted
in the uronate polymers, and neutral sugars attached to the rhamnose residue, forming the side chain in
the pectin molecules. Every pectic polymer includes uronic acidd and/or its derivativesJand neutral sugars
in different ratio, by fruit species, stage of growth, maturation and ripening.  The ratio of uronic acid
and neutral sugars in each pectic fraction could be a clue to investigate the type of pectic polymers.
Based on this idea, the percentage of pentose in the amount of uronic acid and pentose was calculated
and expressed as the pentose ratiol Table 4L
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Table 4.0 Relative ratio of pentose to the amount of uronic acid and pentose in each fraction %0

Fruit Water fraction Hot water fraction
C-WSP C-ESP C-HCP Total H-WSP H-ESP H-HCP  Total
Mango 22.1 23.8 35.7 24.0 17.9 20.1 49.3 19.3
Durian 33.6 7.9 30.7 30.1 22.3 11.3 35.7 22.6
Papaya 25.0 7.6 32.1 21.2 20.6 115 44.8 194
Apple 41.4 6.5 525 40.9 33.3 14.3 40.6 31.8
Japanese apricot 37.7 28.0 41.9 39.8 35.8 32.7 43.1 36.0
Strawberry 35.0 124 34.3 29.2 26.3 9.3 36.1 24.5

0 O Pentose ratio in C-WSP and H-HCP were higher than in H-WSP and in C-HCP, respectively, in most
fruits.  Among C-ESP and H-ESP, no difference was detected.

0 0O Compared to Table 1, pentose ratios of C-WSP and H-WSP from 24 kinds of fruits showed similar
tendencies. Between the pentose ratio in C-WSP and H-WSP, significant] 0.010 Odifference in the statistical
analysis was detectedd Table 10

OO0 It is conceivable that by heating water with AIS at the first step of the extarction, pectic polymers
with comparatively higher amount of uronate can be solubilized.

50 Distribution of molecular size in water and hot water soluble fractions.

0 O The profile of gel permeation chromatography construcrted by uronic acid contentd Fig. 10was roughly
similar.  One peak was detected in both of C-WSP and H-WSP, in all fruit. In both of C-WSP and
H-WSP soluble fractions, most of the polymers were eluted in the fractions 12-30, but the elution profile
of H-WSP seemed to sift to low molecules compared with C-WSP.

00O In pentose, the elution profiles were different shape by fruits species.  This result showed that the
neutral sugar side chains of pectic polymers were different by fruit. The elution profiles of H-WSP indicated
that the polymers with smaller size were included compered with those in C-WSP. In all fruits, the profiles
seemed to include two peakes more or less, and the retantion volume of the former peak was corresponded
to that of uronic acid. However, we could not know whether the pentoses were linked to the uronate
polymer or not.

O O From these results, H-WSP can be used for the investigtion on the enzymatic degradation and on the
function of the pectic polymers from plant cell wall, because it has the advantage of not requiring removal
of the chilating reagent and HCI from the extracted solutions.

Summary

0 0O Using 24 kinds of fruits, in the procedure for the extraction of pectic polymers from alcohol insoluble
solid] AISOin fruit flesh, amount and type of pectic substances in water and hot water extracts were compared.
Amount of uronate and pentose contents in hot water fraction were apparently higher than those in water
fraction, in all fruits analyzed in this study. Using six kinds of fruit, after the extraction with water or
hot water, pectic polymers were extarcted with EDTA and HCI successively. In HCI fraction after hot
water extraction, amounts of uronate and pentose contents were apparently lower than in the fraction after
the extraction with water.  The percentage of pentose in the amount of uronic acid and pentose were
higher in the water fractions than in the hot water fractions. From these results, by heating with water
in the first step of extraction, polymers included much more uronate were solubilized compared with water
extraction. A part of pectic polymers in HCI fractiond after the extraction with water and EDTAL] seemes
to be solubilized by heating during extraction. Hot water fraction from AIS can be used for the investigations
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Fig. 10 Profiles gel permiation chromatography of water and hot water fractions, determined by uronic

acid and pentose contents.
—0—0 Water fraction,0 O —8%—0 Hot water fraction.

of the enzymatic degradation and the function of the pectic polymers with the advantage of not requiring
to removal of the chilating reagent and HCI from the extracted solutions.
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Introduction

O O Aspergillus spp. are widely spread plant pathogens. In several kinds of fruit, especially in apple and
peach, aspergillus rot is one of the postharvest desease in fruit, but the infection mechanism is not known.
The degradation of cell walls by pathogens is significant in primary infection and afterinfection, and plays
an important role in the advancement of mycelium into the host plant and the appearance of symptoms
0110  Studies on the fruit softening in this field often have dealt with the enzymological and molecular
biologocal investigations.

O O Plant cell walls are mainly composed of polysaccharides, e. g. pectic and hemicellulosic polymers, cellulose
and phenolic polymers such as lignin.  Phytopathogens can infect the host plant by degrading the cell
wall components and invading the tissues and cells. Concerning the relationship between the pathogenicity
of fungus and cell degrading enzymes, reports have been made on pectinasest 30 cellulasest 110 and
some glycosidasest 3, 1100 which can degrade cell wall polysaccharides. But the results showed that
the pathogenicity was not always proportional to the enzyme activity. Although cell wall polysaccharides
include different components and their linkages are also various, there have been few studies from the
viewpoint of the variation of polysaccharides.

O O For the extraction of pectic polyUers in plant cell walls, water, EDTA or CDTA, HCI or Na2CO3
were used generallyld 601 In a previous paperld 400 we analysed the pectic components in water and hot
water extracts of cell wall pectic polysaccharides with the objection to obtaine the substrate, which does
not include chemical reagents as above, for the enzyme reaction. It was found that the hot water extract
included most of the pectic componentst except pectic polymers soluble in chilating reagentsU of cell wall
polysaccharides in fruit flesh, which is consists maily of primary cell wall.

U U Several reports suggested that the pectinase, cellulase and some B -glycosidase could be involved in
the pathogenicity of this fungus. Prectically, pectinase produced by this fungus have been saparated and
used for the clarification of fuit juice industrially. It is one of the important enzymes to develop the aspergillus
rot on some fruits, resulting in the fruit softening and collapse of the flesh tissue by degrading cell wall
pectic polymers.

U O In this report, we compared the degrading activity of pectinase from Aspergillus niger on the hot water
extract from various fruits. The objection of this study was to show that the difference in pathogenisity
by pectinase could be caused by the components of host plant, from the viewpoint of the difference in
the substrate polysaccharides.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.4 : 31 —36, 2001
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Materials and Methods

Fruit materials

0 O Mature fruits grown at Fujisaki Farm, Hirosaki University; apple, Japanese apricot, raspberry, gooseberry,
blackcurrant, and redcurrant; were harvested during the commercial harvest period.

0 O Kiwifruit, pineapple, melon watermelon avocado, cherry, loquat, peach plum, strawberry, orange, lychee,
and two cultivars of grapes were purchased hrough market.

0 O MangoU immature and maturel] durian, papayall immature and maturel] mangosteen, and rambutan
were collected and extracted with 80U methanol at Chiang Mai University, Thailand.

0 O Five replications of fruits were sampled and analysed individually. For the sampling of small fruits,
about 30g of flesh were collected as one sample and five replicates were prepared.

Enzyme

U O Pectinase SS, saparated from the culture broth of the incubation of Aspergillus niger, and partially purified
enzyme was supplied by Yakult Reagent Industry Co. Ltd.  This enzymeis for the clerification of fruit
juice in the industrial production. It included mainly pectinase, but some glycosidases were alo included.

Extraction and analysis of pectic substances

0 0O Peel, seeds and core of the fruit were removed and flesh was stored U 200 until the extraction was
carried out. Frozen flesh was extracted several times with 8000 methanol at 7000, alcohol insoluble residue
was collected. The alcohol insoluble residues of the fruits collected in Thailand were carried to Hirosaki
University, and analysed thereafter. In avocado and durian, the residue was then extracted with acetone
to remove lipids. The residue was liophylized and pulverized after dry weight was measuredU alcohol
insoluble solid: AISO  The cell wall pactic substances in AIS of flesh were extracted with hot water
01000, 2hx 3 timestl  Uronic acid and pentose contents were determined with the m-hydroxydiphenyl
methodU 100 and orcinol methodO 50 respectively.

Enzyme reaction

00 A part of hot water extract of AIS, acetate bufferl pH 4.50 and 0.010 Pectinase SSU dissolved in the
same bufferd were mixed and incubated at 300 for 2 hrs. Reaction was terminated by heating at 100
0 for 10 min, the mixture was centrifuged and the supernatant was used for the analysis. Acetate buffer
was added instead of Pectinase SS solution to the control mixture.

Gel permeation chromatography

O O After uronic acid contents of the reaction mixture with or without pectinase SS were determined, a
part of the reaction mixture including about 150-200 mg of uronic acid was applied to a Cellulofine GCL-2000-m
U Seilalaglu Corporation, Tokyo, JapanU columnl 18% 400 mmU equibrated with 0.10 NaCIO 700 Elution
was carried out with 0.10 NaCl isoclatically, at a flow rate of 0.3ml/min.  The eluate was fractionated
every 3ml.  Uronic acid and pentose contents in each eluted fraction were determined as above.

Results and Discussion

0 O Uronic acid and pentose contents in hot water extract
00 In the previous paper, the results of the determination of uronic acid and pentose in AIS base were
reported0 400  In this experiment, similar results were obtainedU data are not shown(
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2[1 Degradation of pectic polymers estimated by molecular size in each fruit

0 O Total recoveries of uronic acid and pentose eluted from the cellulofine column were various by fruits,
between 31-930 in uronic acid, and between 19-630 in pentose. In comparison of uronic acid and pentose
in each fruit, total recoveries were always higher in uronic acid than pentose. This result may suggest
that acidic sugars can be eluted comparatively easily.

00 In many fruits, decrease in molecular size of pectic and/or hemicellulosic polymers during ripening
has been reportedd 8, 1000  From the profiles of gel permeation chromatography, molecular size of the
pectic polymers shifted to the comparatively smaller molecules by the incubation with Pectinase SS in most
fruits, in both determinations by uronic acid and pentosel Table 100  Great shifts by enzyme treatment
were obserbed in appled Fig. 1l alT] Japanese apricotl Fig. I blI] and mangol immature and maturel
Little shift was shown in avocado, durian, grape, kiwifruit, loquat, lychee, melonU Fig. U1 d(T] papaya

Table 1.0 Classification of fruits by degree of shift of peaks in profiles
by gel permiation chromatography

Shifted over 5 fractions Shifted 2-4 fractions Not shifted
Apple Blackcurrant Avocado
Japanese aplicot Gooseberry Durian
Mango Cherry Grapes
Mangosteen Kiwifruit
Peach Loquat
Pineapple Lychee
Plum Melon
Raspberry Papaya
Redcurrant Rambutan
Strauberry
Watermelon
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O immature and maturelland rambutan. The other shift were between those two groupsU Profiles of cherry
were shown in Fig. U clll In Fig. 1, the profiles of the examples in these three groups; apple, Japanese
apricot, cherry and melon were shown.

0 0O The various degree of degradation of pectic polymers by the incubation with Pectinase SS in different
fruits suggest that the different rate of decrease in the molecular size could be caused by the difference
in substrate polymers.

O O 1t is known that apple and peach were damaged easily through the infection of Aspergillus spp., showing
the symptoms of aspergillus rot. In peach, however, the rate of degradation by treatment with this enzyme
was not so severe. Cell wall components may affect on the enzyme acivity, or the other factors could
be involved in the development of the symptoms.

30 Effect of maturity of fruit on the degradation of pectic polysaccharides

0 0 The possible factors affecting to the degradation of cell wall polysaccharides include species] 2L cultivar,
maturity, ripeningt 9, 13, 140 texture, and cell wall ccomponents and their compositiond 2, 6, 12L]  To
check the differences in maturity, the profiles of immature and mature fruits of mango and papaya were
comparedd Fig. 200  Profiles of both immature and mature mangoes shifted greatly to the low molecular
sidel] Fig. 2a, 2blJ while in papayas both showed little shift. =~ The results suggested that the easiness
of the degardation of pectic components soluble in hot water seemed to be affected very little by maturity.
Components, compositiont] 1200 and linkages of them in fruit fleshC 700 were considered to be specific by
plant species. In our experiment with apple fruit, however, the maturity was an important factors affecting
the softening of flesh by this enzymel unpublishedd  On the difference between apple and these fruits,
we presumed that the changes in the texture of the flesh during maturation and ripening could be important.
0 O For the investigation of the susceptitity of fruits to fungus, both of the enzymes derived from the fungus
and characteristics of cell wall polysacchrides specific in each fruit species should be involved.
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Fig. 20 Profiles of gel permiation chromatography of immature and mature fruits of mango and papaya.
Uronic acid and pentose were measured in each fraction.
O : Incubated without pectinase,d O X : Incubated with pectinase
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Summary

0 O Aspergillus rot is one of the postharvest deseases caused by infection of Aspergillus spp.  Susceptibility
of the cell wall pectic compounds soluble in hot water to the pectinase derived from Aspergillus niger was
surveyed using 24 kinds of fruits. Degree of the degradation of cell wall pectic polymers was estimated
by the shift of the peaks in the profiles of gel permeation chromatography. In apple, Japanese apricot
and mango, pectic polysaccharides were degraded greatly with great shifts of the peakes, while in avocado,
durian, grapes, kiwifruit, loguat, lychee, melon, papaya and rambutan, little shift was detected. The shift
in other fruits were between those. In mango and papaya, the effect of pectinase treatment in immature
and mature fruits were compared. Regardless of maturity, peaks in the profiles of mango shifted greatly,
while in papaya the shift were small.  The relationship between specificity of structure of cell wall
polysaccharides by fruit species and susceptibility to pectinase was discussed with the reference to the
factors affecting it.
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Basic Studies on Storage of Agricultural Products
Using Storage Room Cooled by Snow

Shingo NAKAMURA and Kyoichi OSADA

Laboratory of Food Science

SUMMARY

00 The aim of this study is to establish the storage room of agricultural products cooled by snow.
The changes of physical properties and nutrition ingredient of stored vegetables in each storage room were
compared after Chinese cabbages, cabbages, Japanese radishes, carrots, tomatoes, and spinets were stored
in the storage room of cooled by snow or the electric refrigerator.  Significant differences in moisture
and temperature between the two storage systems were not observed. The hardness of cabbages and
Japanese radish among examined vegetables tended to be held in the storage room cooled by snow.
The decrease of the moisture level of Japanese cabbages, cabbages and carrot was slightly inhibited in
the storage room of cooled by snow. The vitamin C level of Japanese radishes and tomatoes tended
to be held in the storage room cooled by snow compared to the electric refrigerator. The sugar levels
of Japanese cabbages, cabbages, and Japanese radishes was same in the two storage systems. Lycopene
and B -carotene levels were higher in tomatoes stored in the storage room of cooled by snow than in those
stored in electric refrigerator, however, B -carotene level of carrots stored in the storage room cooled by
snow was lower than that stored in the electric refrigerator. Thus, the uncommon problem was not observed
in storage of vegetables using the storage room cooled by snow, although the changes of physical properties
and nutrition ingredient in vegetables stored in each storage systems were slightly different.  Therefore,
the storage room of agricultural products cooled by snow may be available in an area of high snowfall.

Bull. Fac. Agric. & Life Sci., Hirosaki Univ. No.4 : 37 —41, 2001
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Table 1.10 Some stages of mechanization for fruit harvestingU predictionl]
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Table 1.20 An example of use conditions and required performance on visual
00000 sensing system for apple harvesting.
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Fig. 2.10 Measurement method by binocular stereo vision.
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Table 2.10 Each target performance of use conditions for the trial vision system.
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Fig. 2.200 Components of a trial stereo vision system.
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Fig. 2.30 Camera head of the trial vision system.
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Table 2.20 Specifications on main components of the trial vision system.

Oi10ccpbbooboooooon

oooobooobo

oooo 000ML-3100 000 EVI-3100

oooo /3" 000000000 ccpooooonOon
oooo 768 HIx 400 v O 380 OO

oooo NTSCOOOycOOOOoooos-000000
ooao 8000000590 47.2mm0UFD 1.40

oooooooooooooooooooon

oooooo 04430000 5800000
ooooo 60900000000 20000
oooooo 10mmO00000@09ommd 0000
gooo VvBSO1o0vppOdOOO75QO0000000000
0oooooog O0460TVOOOODOO350TVOOO
000oooog 6 0IxOF14050IREO OO
oooooooon TTLOOODO0O0O0000000MO00000000
SIND 46dBO000O00O00O0 280001/600 1/10,0000 O
nooooooooo DC 60 9VvO 2.8WLII 49x 51x% 100mmU 210g
0000000000 VISCAIRS232c0 0000000000000
02000000000PCOO0 ooooooooog
0 O NEC PC-9821-CS02
000 PCOOOO O Type 1102V Port

ooooo 640 48000 320> 2400 160> 120
ooo0oo0o0dooooOn0 RGB 24bitd YUV 4020200

gzbobooboooo

gboooboooo

0 o NEC-9821Lal3
CPUU RAM Intel Pentium 133 MhzO 48 MB
oS Windows 950 00000000000 0O-vB5CCE-O
MS-DOSOOOOVISCAOOOOO-Turbo C-00
ooooooon IDE 1.3GB
0400000000 oooooooon
ooooo 3000 2500 2000 150mmO0 00000
goooo 00 02302300 0960 9600
oooooo VISCA NetworkDOOOOOOOOOO
0500000000 ooooooooo
ooooog 000000000000 OONIOFFOOOODODODO
O O oooooo 12V

230000000000

Table 2.30 Specification of the laser range meter.
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Fig. 2.70 Performance characteristics of a pan-tilterd the
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Fig. 3.190 Composite process and the results obtained on thé Fuji' variety of apples.
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Fig. 4.60 Procedure of image processing for considering
0000 restraints of false images.
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0 0000bOa schematic figure on causative positions of
0000 false images.
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Fig. 6.100 Measurement principle of three dimensional shapes
0000 on an object.
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Fig. 6.20 Relationship between distance by disparity and
0000 distance resolution.
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Fig. 6.30 An example of pairs of images on a Rubic-Cube
0000 specimen.
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Fig. 6.60 Results of composite image processing:0 all color
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Fig. 6.1200 Examples of drawing lines at a digital image.
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Fig. 6.130 Procedure of image processing.
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00000 elements.
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00000 images.
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Fig. 6.160 Results of detection on line slope.
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Fig. 6.180 Estimation of radius curvature and central angle.
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Fig. 6.190 An example of image processing on apple
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Fig. 6.200 An illustration of an objective point and fixed
00000 points.
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Fig. 6.210 An illustration of a pattern structure of action.
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Table 6.20 Specification of an experimental manipulator.
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Studies on Development of Stereo Vision System Necessary
for Mechanization of Apple Fruits Harvesting

Teruo TAKAHASHI

Laboratory of Regional and Environmental Planning

SUMMARY

00O An apple harvesting machine must have the ability to discriminate an apple from its surroundings,
to know the apple’s relative location, and to measure the coordinate values of three dimensions at the base
point of the harvesting machine. Binocular stereo vision is an available measuring method to obtain such
3-D information at an outdoor field. However, it is very difficult to apply this system to an automated
machine because practical solutions to the correspondence problem of stereopsis have not been found.
0 0 The purpose of this study is to establish a practical measurement method of binocular stereo vision
for obtaining 3-D information regarding fruit and their surroundings, and to develop a stereo vision
measurement system that can be applied to the mechanization of automatic fruit harvesting. Four main
subjects are addressed in this study:0 all the mechanical characteristics of distance measurement using a
binocular stereo vision system,U b0 the establishment of a new principle for distance measurement in the
developed vision system,l cO the analysis of and solution to the correspondence problem, andC dO how
the main factors of input images influence accuracy of measurement.  Moreover, the application of this
study method was considered in regard to measuring fruit shape and in regard to controlling the location
of a manipulator for harvesting.

00110 A trial system of binocular stereo vision

0 O Measurement using binocular stereo vision is achieved by processing a set of images obtained by two
cameras. The trial stereo vision system for this study consisted of two CCD color video cameras, a note-type
personal computer, a PC card for video capture, a camera table that allows pan and tilt, and changeover
switching box for input images. The cameras had a CCD surface of 380,000 pixels, and a NTSC-type
signal output.  Their operation was controlled by the computer.

0 O When automatically harvesting fruit in an orchard, it is necessary to search and discriminate individual
fruit by processing a set of images. Therefore, the cameras were equipped with a pan-tilt mechanism,
a zoom mechanism, and a mechanism for their control in order to take photographs of an individual fruit
with a desirable size at a central position through the trial system.  Operation of the cameras’ control
mechanism was carried out using the computer manually or automatically by means of a program with
a VISCA network through an RS-232C interface.

0 0O Accuracy of distance measurement on the trial system is influenced by characteristics of taking
photographs and distance performance at each camera lens system, and the condition of an optical system
of stereo vision. The whole system’s accuracy will fall rapidly even if there is a small error on the optical
stereo system, with the flaws appearing even more significantly at long distances. Therefore, calibration
of the trial system’s hardware was carefully carried out in the following ways :

0 O First, the characteristic of left and right cameras were examined individually in regard to their distance
and zoom values. By performing regression analysis on the results, these relations and factors were
determined : a revision equation of lens aberration, a relationship between the cameras’ focal lengths and
focus distances, a relationship between zoom value and focal length, an equation for the center of a virtual
lens, and a scale factor of monitor size in regard to the size of the camera images. Next, distance equations
of the optical stereo system were calibrated using the results of both cameras. The results showed a
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distance error in the range of 2% at a distance of 1m to 4.5m.

0 [0 20 Development of a measurement method by composing left and rights images

O O A conventional principle involved in measuring distance using binocular stereo vision is to fix an single
object from a left and right viewpoint, and to calculate distance based on triangulation principle. If the
object cannot be made to correspond to both left and right images, the distance between it and the viewer
cannot be calculated. In general, Marr's three restrictions and an epipolar constraint are used for solving
the correspondence problem, but they insufficient.

U0 In the present study, a new principle of measurement using binocular stereo vision was established
in light of optical physics in regard to stereo vision and optic nerve physiology and psychology.

00 The principle is based on the fact that when a set of left and right images overlaps at each cross
section of space in the direction of depth, an object’s image becomes clear if the object intersects their
sections.  Namely, a cross section of a search space in the direction of depth is determined by gazing,
and a composite image of left and right images is made on the section. If clarity was detected on the
section, and an object exists on it, then information regarding its position and distance is obtained.
00O A composite image was made and arranged using a method that alternatively selected its even lines
of the left image and odd lines of the right image, respectively. If the left and right images of an object
overlapped well, then the color difference between the horizontal lines becomes minimum, and the clarity
of a color composite image increases. As the difference between the position of the left image and that
of the right image increases, color differences of the horizontal lines increase, and the clarity of the composite
image decreases.

00 An index of clarity on each pixel of a composite image is described by variance of the three primary
colors, RGB values. The variance is represented for the color difference in the vertical direction, and
the value of the variance reaches a minimum where the color difference is smallest. But the value decreases
if the overlapped area was large or the shape was similar with other small areas.  Therefore, average
variance of RGB values from pixels in the eight directions was used to compare large areas.

U 0 The basic characteristics of this new method was examined in terms of focal length, distance for taking
photographs, a range of calculation on the average variance, disparity interval, and on object width, by
using red circle plates. The results showed that when a calculation range of average variance was made
regarding the total width of an object, a composite color image and a depth image were suitably obtained
under a variety conditions. Moreover, an experiment to verify the method on objects resembling red apples
was carried out in an orchard during harvesting season. The results showed that the distance error was
in the range of 4% at a distance of 2.2m, and confirmed that the distance of ripe apples can be measured
using this new method.

0 [ 30 Analysis of and solution to the correspondence problem

U U Images which create the correspondence problem or similar image features such as a row of similar
fruits, overlapped fruits, and an occluded or transformed image hidden by leaves and branches are frequently
found in fruit images taken in apple orchards. The solution to or a measure against the problem is to
apply the method of binocular stereo vision to such images.

00 The principle of measurement in this case is to compose a central image of left and right images
at each cross section by disparity, and to detect a clear image in it.  Then, the occurrence of the
correspondence problem will be restricted because correspondence error is reduced. However, the type
of images produced by conventional TV cameras is different from the principle mentioned above, and takes
a whole space as an image. Therefore, clear but false images appear frequently owing to error of
correspondence in images affected by the correspondence problem, even if the principle of this study is
applied. It is necessary to establish a suitable correspondence of cross sections by disparity, and to take
corrective measures for restricting the appearance of false images.
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U U As a typical image produced by the correspondence problem in this study, i.e., the appearance of false
images and their characteristics, were examined in the case of two circular plates which were on the same
epipolar line and had the same color and shape. In this case, a method of composing the same half side
of visual fields was attempted as a measure to make the cross sections by disparity correspond and to
restrict a false image. In this method, the left side of an image is constructed from a left half side of
the left image and from the left half side of the right image. Another side of the image is constructed
from the right half side of the left image and from the right half side of the right image. This form
is analogous to the intersection of optic nerves, an optic chiasma, in the human visual system.

U O The results verified that the relative position between an object and a viewer and that the correspondence
of cross sections of left and right images by disparity was also suitable. The composition of the same
side of visual fields restricted the appearance of false images, because the average of variant of RGB values
in false images was larger than that in true images. Namely, the false images appeared at the edge
of common fields on the same side of visual fields or outside them.

U O Experiments on a row of four circle plates and an image of fruits hidden by leaves were performed.
The results showed that the method mentioned above was effective in creating suitable correspondence
of cross sections by disparity, and in restricting false images. = Moreover, this method was applied to
16 pairs of images in a single row and 12 pairs of images of overlapping fruit which were taken in apple
orchard.  The results showed that suitable correspondence of cross sections of disparity were 90% in
the images placed in a row and 80% in the images of overlapping fruits at a level within two disparity
intervals, while the error of distance measurement was about 5% in relation to the composition on the
same side of the visual fields.

U [0 40 Influence of the conditions of input images on measurement accuracy

00 A special characteristic of the present measurement method of stereo vision lies in its ability to
simultaneously obtain the image and depth of a color composite.  Therefore, it is expected that accurate
3-D information regarding fruit and its surroundings is obtainable. However, images taken outdoors by
a video camera are influenced by factors such as natural light and photograph.  Thus, it is necessary
to clarify the influence of these factors on the measurement accuracy of the method described in this study.
U U The factors contributing to measurement errors were considered.  Thereafter, the relations between
the illuminant, fruits, and the photograph were investigated, and their on measurement accuracy were analyzed
on the images taken under various conditions in apple orchards.

U O From the results, the brightness of the fruit images was proportional to the illumination of the fruit
surface depending on automatic function of exposure except in backlight conditions, and was more than
9000 35%0] even if the illumination of the fruit was less than one kix.  Under the backlight condition,
when the sky was lighter and clearer, the brightness of fruit decreased more rapidly, and was less than
90, though the illumination of fruit was from 6 to 10 kix. The average errors of distance measurement
ranged from 03 to 0% under conditions of direct and scattered sunlight.

U O In characterizing the average variation of RGB values, the type of change of V-U types accounted
for 75%, while the N type accounted for 15 to 20%. The minimum level of most types was that from
200 to 1000, and was 70%. The type showing the greatest] difference between measured distance and
practical distance was the one with a 02 to 1 on disparity interval, and its rate was more than 90%.
U O From the results of all images U a total of 186 pairs of images; 144 pairs of Fuji’ and 42 pairs of
Orin’, a range of application of the trial system on red and yellow-green apples was that the brightness
was more than 90, and the rate of overlap was within 0.5, and the width of fruit images was more than
16 pixels ot Fuji’ and 26 pixels ot Orin’. In the above-mentioned range of application, the errors of
distance measurement were U4 to 2% within a distance of 1.2 to 3.5m, and 07 to 0% for a distance
of over 3.5m.
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0 [ 500 Application of stereo vision to measurement of 3-D shape and position] control

OOt was also considered how the method used in this study can be applied for measurement of 3-D
shape of an individual fruit grasped by a picking hand, and how to use 3-D visual information obtained
by the stereo vision system for position control of a manipulator utilizing a picking hand.

O OIn regard to the measurement of a 3-D shape, the results of experiments on a Rubic’s-cube and a
red apple showed that color composite images and depth images were satisfactory when the distribution
of RGB values from low to high was wide, showing a depth error of within 5%. However, significant
error occurred if there were similar RGB densities on the left and right sides of an image. These results
showed that the method used in this study is applicable for measuring 3-D shapes when the gradation
of brightness or color density is large. The criteria for calculating the range of the average RGB variant
and clarity index should be improved for measurements of false correspondence.

U O In general, perception of the shape of an individual fruit or branch is obtained by examining the shape’s
contour, and the time required for image processing is relatively long. For high speed processing, a method
that uses patterns on a small segment of line drawn digitally was considered. The drawn line form was
represented by a pattern unit of 3 by 3 pixels. When 162 line element patterns and 110 angle cell patterns
were defined, the precision involved in detecting a shape element was a line of about 5 degrees in inclination
in over 20 pixels, and was 5 degrees in the tangent angle of an arc whose radius was more than 30 pixels,
and was 10% in the radius of curvature with a central angle of over 80 degrees. The results on images
of fruit showed approximate values regarding the angles of the contours. It is important to reduce noise
in images and to perform efficient binary processing in order for this method to be used in a practical
setting.

U O The control of a manipulator to allow a picking hand to approach an individual fruit requires the inverse
calculation of the manipulator’s joints at the action angles. Yet such a calculation might delay real time
control. It was then considered by numerical simulation that an algorithm did not require an inverse
calculation, but used both visual coordinates obtained by stereo vision and basic patterns of action at given
points.  In the practical use of the algorithm, it is necessary to decide given points, their interval, and
the number based on the characteristics of action patterns among the given points in order to hold the
approach a level of precision within the tolerance level.

0 [ 60 Conclusion

O O 1t was verified using hardware that a method of binocular stereo vision had sufficient ability to measure
distance for the purpose of obtaining 3-D information for the mechanical harvesting of fruits. For specifying
this method’s performance, it is important to determine the factors and the relationships of distance error
of both the left and right cameras, to detect and revise the cross angle of the optic lines between the left
and right cameras, and to ensure that each pixel corresponds between left and right images.

U O The difference between the principle of binocular stereo vision utilized in this study and the conventional
method is that the range of space searched for correspondence is restricted to cross sections of a distance
by disparity depending upon a line of sight. Namely, constraint of space on a common visual field of
the left and right cameras was considered in addition to epipolar constraint.  Therefore, distance can be
initially calculated even if the correspondence of the left and right images is not achieved completely.
However, in the method of image acquisition using conventional TV cameras, it is impossible to take and
record images of the same cross section by left and right cameras simultaneously. Thus, distance errors
might occur because differences between cross sections showing disparity between the left and right images
creates false images during processing.  Moreover, the conditions of gaze distance and disparity interval
have an influence on the processing time and appearance of false images.

0 O From the standpoint of this study, the correspondence problem of binocular stereo vision is encountered
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when the difference between cross sections showing disparity between the left and right images occurs
frequently.  Therefore, find a solution to the problem will be difficult using conventional TV cameras.
However, it was possible to judge the correspondence of cross sections showing disparity between the
left and right images by comparing the amount of specific color at the same side of left and right images.
Moreover, composition using the same side of the images made it possible to measure distance without
the appearance of false images. This method will be available as a next step in arriving at a solution
to the correspondence problem. The relations between the distribution of the specific color of an object
and the processing range should be considered, because the color distribution influences the amount of
specific color on the same side of left and right images.

U U The accuracy of this method for measuring distance in an apple orchard was sufficient for the purpose
of harvesting fruit, if the conditions of input images were within the application range mentioned above.
A specific function is required for the camera to detect and revise the influence of backlight because this
method cannot process images in strong backlight.

0 O Lastly, this study introduced and applied a new principle using binocular stereo vision for use in automatic
fruit harvesting in an apple orchard, and proposed guidelines and basic materials to develop a stereo vision
system. The areas remaining to be addressed in regard to the system’s practical application include the
following : improvement of a clarity index of clearness and the criterion to determine line of sight distance
and disparity interval on the software side, a multi-processor system for high speed processing, the
improvement of image resolution, and simplification of the camera control mechanism on the hardware side.

Bull. Fac. Agric. & Life Sci., Hirosaki Univ. No.4 : 42 —108, 2001
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The nuclear fuel recycling business and the economic background
of the fishermen of Rokkasho Village

Kenji AKIMOTO, Kensaku KANDA

Laboratory of Regional Resource Management

SUMMARY

0 [0 Rokkasho Village is located in Kamikita-gun, Aomori Prefecture.
agricultural and other development policies for the area repeatedly failed.
in land acquisition, which was labeled then a gigantic development program.
definition of responsibility for this plan was shrouded in ambiguity.
the economic and social basis of the life in the rural communities affected.

In the period after World War 11,
The only real growth came
From the beginning, the
What resulted was an erosion of
In 1985, Rokkasho Village

accepted the construction of dangerous nuclear facilities, which it claimed would serve as a remedy for
the development company which had incurred a large amount of debt because of its land acquisitions.
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This construction project also serves as a reminder of the Japan’s unstable and ill-defined atomic energy
policy.

0 0 The themes of this report are the following:U 10T he fishermen of Rokkasho Village were in a difficult
situation at the time due to fisheries compensation for harbor construction, which was part of the Mutuogawra
development plan of 1970 and the assessment on the sea for the construction of a nuclear fuel recycling
facility in 1986.  Clarifying this economic background is the first theme of this report.0 2C0The second
theme of this report is to examine the problem as to when the cooperative of the fishermen decided.

U O At the time of the assessment on the sea for the construction of nuclear fuel recycling facility, the
small-scale fishermen and the fishery laborer to the large-scale fishery proprietor were opposed.  Most
of the large-scale fishery proprietors were in a difficult situation because of the decrease in the production
of the fishery. Also, most of the owners of the ships which make offing fishery a primary concern have
little interest regarding the sea on the coast. They demanded cooperation money for the assessment and
agreed to the implementation of the assessment on the sea for the construction of nuclear fuel recycling
facility. As for the small-scale fishery proprietor, the income from the industry increased and the dependence
of the fishery was declining. However, the dependence to the sea on the coast had a big misgiving regarding
the construction of the nuclear fuel recycling facility and opposed the implementation of the assessment
on the sea for the construction of nuclear fuel recycling facility. As for the fishery laborer, the opportunity
for work by other industries increased.  Therefore, they opposed any implementation of the assessment
on the sea for the construction of nuclear fuel recycling facility which did not include fishery compensation.
Assessment on the sea was implemented after the majority of the trustees of the cooperative of the fishermen
agreed to the implementation of the assessment on the sea for the construction of nuclear fuel recycling
facility and also Aomori Prefecture intervened in the cooperative of the fishermen.

00 The nuclear corporation paid the conference which cooperates with the assessment and Tomari
cooperative of the fishermen 361,200,000 yen for the assessment.  This amount of money was a small
sum when compared with the compensation of the fishery for the construction of the nuclear corporation,
which could reduce the cost of the construction of nuclear fuel recycling facility. The nuclear fuel recycling
facility was attractive to Aomori Prefecture, presupposing that the right of the fishery on the coast became
extinct already. Aomori Prefecture intervened in the unreasonableness in the cooperative of the Tomari
fishermen and prevented Mutuogawra development plan’s collapsing from such a process.

00 The fishermen in the area are varied. The various fishermen who have differences such as the way
of the fishery and the size of the wherry, the sea where they fish, the dependence of their fishery are forming
the cooperative of the fishermen.  Actually, the area habitants who don’'t fish usually become members
of the cooperative of the fishermen.  They participate in the decision of the association like any other
member. In the decision of the cooperative of the fishermen, the most important bill is to be related with
the right of the fishery on the sea on the coast. It is about whether or not it exchanges the right of
the fishery for the compensation and whether or not the compensation sum is proper for it and also how
it makes the distribution of the compensation it. As for the decision of the cooperative of the fishermen,
the difficulty is that the arrangement must be formed in the groups which consist of various fishermen
with different stake. Therefore, there is possibility to try to determine in the un-democratic way to reach
the arrangement which suited the request of them if the cooperative executive of the fishermen undergoes
the influence of the specific member in the cooperative strongly.

Bull. Fac. Agric. & Life Sci., Hirosaki Univ. No. 4 : 109 — 123, 2001
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Characteristics and Management Problems of Slaughterhouses in Aomori Prefecture

Masami IzuMIYA

Laboratory of Regional Resource Management

SUMMARY

OO In Aomori Prefecture agriculture rice and apples are the main produce. However, there is a difference
between each zone in the prefecture. The productivity of Livestock is high in the Kennan Area, which
lies on the Pacific Ocean side of the prefecture. Therefore, it is thought that the livestock industry greatly
influences Aomori Prefecture agriculture.

0 0O The slaughtering process is indispensable in making meat a commodity. The slaughterhouses, which
process livestock, have been rapidly reorganized. “ The Slaughterhouse Law” was revised to prevent food
poisoning caused by contaminated meat in 1996. This revision was promoted by a case of food poisoning
by E.coli O-157. For this revision, the slaughterhouses need to achieve of a high standard in the short
term.  And each slaughterhouse requires a huge investment in capital.

U U The characteristics and the management problems of the slaughterhouses in Aomori Prefecture are
clarified in this paper.

00 As a result of the research, the following two points were clarified as characteristics of slaughterhouse
management in Aomori Prefecture.

0 O First, for the slaughterhouses in Aomori Prefecture, the ratio of pigs is high and the ratio of dairy
cattle is high. However the most of the beef cattle is carried outside the prefecture while lived. Therefore,
the ratio slaughtered at the slaughterhouses in Aomori prefecture is lower than the other livestock.

0 O Secondly, after the 90's the number slaughtered decreased in Aomori prefecture. However, in some
slaughterhouses, the slaughtered number decreased. In the number of livestock slaughtered, the differences
among slaughterhouses are formed. This means the collecting of livestock competition is fierce among
slaughterhouses.

0 0O The cause of the management problems in the slaughterhouses is; that while the numbers slaughtered
livestock decrease, revenue and expenditure deteriorate.  And," The Slaughterhouse Law” is revised in
such a situation and, as a result, it is necessary to increase the investment capital. This too is the main
management problem.

Bull. Fac. Agric. & Life Sci., Hirosaki Univ. No.4 : 124 — 130, 2001
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