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SUMMARY

Some major rice pests, such as the brown planthopper, migrate from the
East and South Asia by the low level jet stream (LLJet) while others are
overwintering within temperate area such as Korea and Japan (Sogawa 1997b),
then become main source of outbreaks and wide spreading according to
geographic and climate conditions. To prevent effectively these migratory pests
from spreading and outbreaks in Korean rice area, an intensive "international
pest surveillance system" is essential to predict their density changes and
distribution as well as how they spread out by geographically and where they
possibly outbreaks.

To organize the international pest surveillance system, the domain area of
the migratory pests should be identified first, then efficient surveillance data
exchange and management system should be established with some basic
analytical tools equipped. The two major analytical tools can be considered as
the boundary layer atmospheric model (Blayer) for understanding/predicting the
transport of the pests, and the geographic information system (GIS) for
predicting/analyzing the local density development after their migration. These
two models are incorporated into the database management system (PeMoS)
under the internet environment.

This paper discusses the four major components in the suggested
"international surveillance of long range migratory rice pests’ in Korea. These
are (1) the origin and gene flow of migratory rice planthoppers, (2) the use of
geographic information system (GIS), (3) boundary layer (Blayer) atmospheric
model to predict the air current which carries the migratory pests, and (4) the

internet pest surveillance database system (PeMoS).



The four components have been integrated into one comprehensive system
of pest surveillance to complete the "Pest Surveillance System on Internet”, the

final goal of this research project.

1. The origin and gene flow of migratory rice planthoppers

Many species of insects associated with cultivated rice do not over-winter
in Korea and Japan, but immigrate into these areas each year. To understand
better the origins of these immigrations as well as the geographic structure of
rice pests in Asian rice growing regions, we examined intraspecific variation in
two species of delphacid planthoppers, Nilaparvata lugens (Stdl) and Sogatella
furcifera Horvath.

We sequenced an 850 base pair region of mitochondrial DNA cytochrome
oxidase-l (CO-1) from a total of 71 individuals collected from 11 localities in
seven countries: Korea, Philippines, China, Bangladesh, Malaysia, Vietham, and
Thailand.

In N. lugens, three haplotypes were found and all populations sampled
shared a dominant haplotype. Localities in Korea contained two haplotypes and
localities in China and the Philippines contained three. However, in samples
from the Indochina peninsula we detected no variation either within or between
populations, consistent with a hypothesis of regular migration and gene flow.
These populations did not contain some haplotypes found in Korea, suggesting
they are not the source of yearly immigration into Korea and, by extension,
Japan. Populations from China did share haplotypes with Korea, which is
consistent the hypothesis that China is the source for yearly immigration into
Korea.

There was insufficient resolution to distinguish among populations in
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China. For N. lugens, the data suggest that populations south of the Red River
Valley in Vietnam experience regular mixing and are distinct from populations
to the north which contribute to yearly immigrations.

In S furcifera, there was less differentiation among populations. Two
haplotypes were found in all populations except Malaysia. The results for both
species are consistent with seasonal weather data and indicate that more

detailed analysis of DNA sequence data will be fruitful.

2. The use of geographic information system (GIS)

Although the temporal dynamics of insect populations take place within a
spatial context, population ecology tends to concentrate on the dynamics at
single locations (Johnson & Worobec, 1988). Much of the recent attention
given to large-scale spatial dynamics of insect populations has been related to
migration as a factor in synoptic pest studies (Taylor, 1986). However, it is
known that insect distributions and abundances can be greatly affected by loca
conditions (Song et al., 1982).

A recent technology for the anaysis of geographic variables can be
adopted to examine the spatial aspects of pest population dynamics. Large
scale movement and dispersal of insect pests may be investigated. GIS is an
information system designed to work with data referenced by spatial or
geographic coordinates (Star & Estes, 1990). Besides functioning as a database
system with specific capabilities for spatially-referenced data, a GIS can be
used to analyze data.

The geographical information systems of Arc/InfoTM and ArcviewTM were
used to establish a system which can display/monitor the spreading of long
range migratory pests and predict/identify the pest risk area by overlaying the
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map layers of pest densities and the spatial distribution of environment, such as
temperature.

The system established successfully predict/identify late season planthopper
damages by overlaying the early season migration and the temperature
conditions, especialy in September.

In conclusion, the potential of applying GIS to rice pest surveillance
system seemed to be very much promising. Besides its capability of
constructing a spatial data base, its uses for making pest predictions and for

management decisions were also well determined as useful.

3. Boundary layer (Blayer) atmospheric model

We developed and test the performance of an atmospheric numerical
model (Blayer) adapted to forecast the movement of migrant Brown and
White-Backed Planthopper (Nilaparvata lugens and Sogatella furcifera)
populations from China to Korea. The numerical model forecasts will be
incorporated as a component into an internet surveillance system operated in the
Republic of Korea

Comparison of model forecasts with trapping data indicates (i) that the
model is capable of successfully simulating the movement of planthoppers to
Korea, with demonstrable regional skill, (ii) the source region for early season
migrants is most likely south-eastern China (i.e, south of 25 N and east of
115 E), (iii) later season migrants may not necessarily originate from the
expanded northward region (south of 30 N) as suggested in the current
literature and (iv) the flight level of migrants may vary from 733 m altitude to
1960 m dtitude from one migration episode to another. Procedures for

converting meteorological rea-time forecast and analysis products (available
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from National Meteorological agencies) into a format suitable for driving Blayer
have been developed and trialed. These procedures are necessary for the
operational forecasting of planthopper migration and their development is

important for this component of the planned internet surveillance system.

4. The internet pest surveillance database system (PeMoS) and system
integration

Considering various data types and large data size in the current pest
surveillance system for the long range migratory insect pests, a new spatia
information management system should be considered. The integrated system
should express complex types of information, such as text, multimedia, and
other scientific data under the Internet environment.

We have developed the PeMoS (Pest Monitoring System) that is able to
manage the pest surveillance data collected from 152 pest monitoring stations in
Korea. The system of Blayer and GIS related to the pest surveillance were
integrated into an internet based comprehensive database management system to
facilitate information resources systematically organized and closely linked.

The three components of GIS, Blayer, and PeMoS, relevant to the
automated pest surveillance were integrated to complete the "Pest Surveillance

System on Internet", which is the final goal of this research project.

Keywords: pest surveillance, GIS, Blayer, PeMoS, database, internet, model,

information, forecasting, prediction, object relational.
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15 2000
(Paik 1972), “ ”
(Sogawa 1991).

, , )
(Uhm et al. 1988).

Red River

(Kisimoto 1976, Kisimoto & Sogawa 1995, Sogawa, 1997, Uhm, 1988, Ashina &
Tsrnoka, 1986).

(Bui, 1991, Chen 1991, 1997)



DNA

(Jones et al, 1996, Simon et al, 1994, Hoshizaki, 1994, Neigel & Avise 1985, Demaya
et al 1990).

DNA

(Roderick, 1996, Simon et al., 1994).

DNA cytochrome oxidase

(Mun 1999, Simon 1994).
primer
DNA

intron

(Davies et al, 1999, Villablance et al 1998, Pollett & Roderick, 1996, Palumbi et al,
1991).

, DNA DNA

, MtDNA DNA

(Gene Flow)



1.
Kisimoto,
Sogawa, Cheng
95%
[ 2-1] 1997 7 Sample
/

Korea K okseong 36cN / 129¢E | BPH,WBPH Jul. 1997
Y eoncheon 35N / 126¢E | BPH,WBPH Jul. 1997
Gohung 35N / 126¢E | BPH,WBPH Jul. 1997
Cheju 33N / 126¢E | BPH,WBPH,RLRM | Jul.Aug 1997
Namhae BPH,WBPH,RLRM | Jul. 1997
Chinju 35N / 128¢E | BPH,WBPH,RLRM | Jul. Sep.1997

Indonesia | Deli Serdang 3N / 99cE | BPH,WBPH Feb. 1998
Karawang 6N / 107¢e | BPH,WBPH Jan. 1998.
Subang 6N / 107¢e | BPH,WBPH,RLRM | Jan. 1998
Indramayv BPH,WBPH,RLRM | Jan. 1998
Cirebon BPH,WBPH,RLRM | Mar. 1998

Vietnam Hanoi BPH,WBPH Dec. 1997
Mekong Delta BPH,WBPH Jul. 1997

China Jiangpo 32N / 117¢E | BPH,WBPH Jul. 1997
Angin 32N / 117¢E | BPH,WBPH Jul. 1997
Nanning 27cN / 112cE | BPH,WBPH,RLRM | Jul. 1997
changsa 22cN / 108cE | BPH,WBPH Jul. 1997

Thailand Pathum Thani BPH,WBPH Aug.1997
Bangkok 15cN / 100cE | BPH,WBPH,RLRM | Apr. 1997

Malaysia | Seberang Perak 4N / 100cE | BPH,WBPH,RLRM | Nor. 1997
Tanjong karang 3N / 100cE | BPH,WBPH,RLRM | Nor. 1997
Sungailintang 5N / 100E | BPH,WBPH,RLRM | Dec. 1997

Bangladsh | Penang 5N / 101cE | BPH,WBPH Aug. 1997
Sripur BPH,WBPH,RLRM | Oct. 1997
BRRI BPH,WBPH.RLRM | Oct. 1997
Gazipur BPH,WBPH,RLRM | Oct. 1997
Dacca 23N / 60cE | BPH,WBPH,RLRM | Aug. 1997

Philippines | Los Banos 16cN / 120cE | BPH 1983
Central Luzon 16 N / 122cE| BPH,WBPH,RLRM | Aug. 1997
North Quotabata) 6 <N / 125k | BPH,WBPH,RLRM | Aug. 1997




Xi-Jiang , Nanjing, Nanning, Changsa,
Hanoi Mekong Delta , Bangkok
Vientieng, Dacca
Alor Setar Penang , Java Sumatra ,

Munos Northern Quotabato

[ 2]
( : : )
1998 6 [ 2-2]
[ 2-2] 1998 ( )
WBPH 1998. 6. 14.
WBPH 1998. 6. 15.
WBPH 1998. 6. 21.
WBPH 1998. 6. 25.
BPH,WBPH 1998. 6. 26.
BPH,WBPH 1998. 6. 27. L
BPH,WBPH 1998. 6. 29.
BPH,WBPH 1998. 6. 29.
BPH,WBPH 1998. 7.
BPH,WBPH 1998. 7.
BPH,WBPH 1998. 7. 8.
BPH,WBPH 1998. 7. 10. 2
BPH,WBPH 1998. 7. 11.
BPH,WBPH 1998. 7. 12.
BPH,WBPH 1998. 7. 23.
BPH,WBPH 1998. 7. 23.
BPH,WBPH 1998. 7. 24. 3
BPH 1998. 7. 30.
BPH,WBPH 1998. 8. 1.




2. DNA PCR
. DNA
1) 95% 1.5ml E-Tube ddH20 5
2) Tube Lysis 200ul
3) 1ul  Proteinase  RNase 62
4) 13000rpm 3
5) phenol 200ul Phenol 13000rpm
10
6) tube Phenol/chroloform
13000rpm 10
7) tube chroloform
13000rpm 10
8) tube 3M 1/2
9) 95% 3 -20 10
10) 13000rpm 10
11) 70% 1.5ml
12) 13000rpm 10
13) ddH20 25ul DNA DNA
1/5 PCR
. PCR
PCR 2ul DNA  33ul  ddH20, 5ul 10x Taq polymerase
buffer, 5ul  8mM dNTP, 25ul  10uM primer , 0.12ul  Taq polymerase
PCR . Mitochondrial DNA 95 60 ,
48 30 , 72 45 35 , DNA 95



60 , 60 30 , 72 60 35 PCR
PCR GeneAmp PCR thermocycler (Perkin Elmer)

3. Cloning
. Cloning
Cloning  T-tailing pBluescript ligation , 42 heat-shock
E. coli transformation . PCR colony
primer PCR
PCR Gene Clean Kit (B10101)
DNA , cloning Quanturm Prep Kit plasmid DNA
20ul 20
50nm  DNA, 2.3pmol  Primer DyeDeoxy Terminator Cycle Sequencing
Kit (ABI) cycle sequencing . Cycle sequencing DNA
Sequencer (ABI 377, ABI 310) DNA
Sequencher 3.1
3
1. DNA
CO-1
, , Mitochondrial DNA(MtDNA)
Cytochrome Oxidase-1(CO-l) gene Sequencing
4
DNA PCR
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CO-1 . PCR
[ 2-1]

2-1] primer PCR agalose gel
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1)

( 2-2]), ( 2-3]), ( 2-4))

Coding MtDNA (DNA Sequence)

CAACATTTATTTTGATTTTTTGGTCACCCAGGAAGTTATACATCCTTATTCTTCCAGGATTTG
GATTAATTTCTCATATTATTATACAAGAAAGAGGAAAAAGGGAAACTTTCGGATCTATTGGAA
TAATTTATGCAATAATTGCCAATTGGAATTTTAGGTTTTATTGTTTGAGCTCACCATATTTACT
GTAGGTATAGATATTGATACCCGAGCCTATTTTACGTCAGCTACTATAATTATTGCGGTCCCC
ACCGGAATCAAAATTTTTAGATGATCGCAACAATTTACGGTTCCAAAATGAACTTTTCCCCCC
AAATAATTTGATCATTAGCATTCATTTTACTTTTTACTATTGGAGGATTAACAGGTGTAATAT
TATCAAATTCCTCAATTCATATTATTCTACATGATACCTATTATGTAGTGGCTCATTTTCACT
ATGTCCTTTCCATGGGAGCAGTATTCACCATTATCGCTAGATTTATCCATTGATACCCCTTAT
TTACAGGTAGAAACATAAATAATAAATGACTAAAAATTCAATTTTATTCCATATTTCTAGGAG
TAAATTTAACATTTTTTCCCCAACATTTTTTAGCATTAACTGGTATACCACCACGATACTCTG
ACTATCCAGATATATACACCCTGTGAAACCTTTTTTCTTCTATGGGTTCATTCATTTCCTTAA
TTAGAATTTTAATATTAATGT TTATTATATGAGAAAGATTAAGATTTAAACGAAAAATGGTGT
TTAAAACCAATCAACCTCAATCAATTGAATGAAAAATAAATTTACCCCCTAGAGAACACTCCT
TTAATCAAATTCCTATATTAATTAAGTTCTAATATCGCAGATTAGTGCATTGGAA

2-2] mitochondrial DNA CO-I1(Cytochrome Oxidase subunit-I)
CO-lI Sequence CO-l
, Case

- 12 -
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CO-lI Cytochrome
Oxidase Coding Gene

ACCCAGGAAGTTTATATCCTGATTCTCCCCGCATTTGGATTAATTTCCCATATCATTATACAA
CAAAGAGGTAAACGTGAAACCTTTGGATCAATTGGTATAATCTACGCCATACTAGCTATTGGA
ATCCTAGGATTTATCGTTTGAGCACACCATATATTTACAGTAGGAATAGATATTGATACACGA
GCGTACTTTACTTCAGCGACAATAATTATTGCTGTACCTACAGGAATTAAAATTTTTAGATGG
ATCGCCACCATTTACGCGATCAAAAATTAATTTTTCCCCCCAAATAATTTGGTCTATAGGATTC
ATTTTCGCTTTTTACAATTGGTGGTCTAACAGCAGTAATACTAGCAAACTCCTCAATCGATGTT
GTTCTTCATGATACCTACTATGTAGTTGCTCACTTTCACTATGTTTTGTCTATAGGAGCCGTT
TTTACAATTGTTGCCAGTTTCATCCACTGGTAACCAATTTTTACTGGAGTTGCCTTAAACAAT
AAATGACTAAAAATTCAATTTTTTTCTATATTTTTAGGAGTAAATTTAACATTTTTTCCGCAA
CATTTTCTAGGGCTTACAGGTATACCACGTCGATATTCTGATTACCCTGATATATACACCCTA
TGAAACTTAACGTCTTCAATCGGATCCATAATTTCATTAATTAGAATTTTACTATTAACATTT
ATTACTTGAGAAACATTAGTTTATAAACCAAAAATTCTTTTTAAAACAAATATAGCGCAATCT
TTAGAATGAAAAATAAATCTACCCCCGTCTGAACATGCATTTAATCAATCCCATTCTAGCAAG
TCCCNNCTTANTTATTTN

[ 2-3] mitochondrial DNA CO-1 (Cytochrome Oxidase subunit
)

Location

, , MmtDNA  CO-l gene

Sample

MmtDNA  CO-l gene
[ 23], 345 , 470 Site
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Variation-1
CACCCAGGAAGTTTATATTTTAATTTTACCAGGATTTCGTATAATTTCTCATATTATTTCTCAA
GAGAGAGGAAAAAAAGAAACTTTTGGATCACTAGCAATAATTTATGCTATAATAGCAATTGGTT
TATTAGCGTTTGTAGTATGAGCTCATCATATATTTACAGTTGGTATAGATATTGATACTCGAGC
TTATTTTACTTCAGCAACTATAATTATTGCTGTACCAACTGGAATTAAAATTTTTAGTTGATTA
GCAACTTTCCATGGTACACAAATTAATTATAGACCTTCAATTTTATGAAGATTAGGATTTGITT
TTTTATTTACTGTAGGAGGATTAACTGGAGTAATTTTAGCTAATTCATCAATTGATGTAGCTCT
TCATGATACTTATTATGTTGTTGCACATTTTCATTATGTTCTTTCTATAGGAGCAGTATTTGCA
ATTATAGCAGCATTTATTCATTGATATCCTTTATTTACAGGATTAACTCTTAATCCTTTTITTT
TAAAAATTCAATTCTTCACAATATTTATTGGAGTTAATTTAACTTTTTTTCCACAACATTTTTT
AGGATTAGCAGGAATACCTCGTCGTTATTCTGATTATCCAGATGCTTATATTTCATGAAATATT
ATTTCTTCATTAGCATCATATATTTCATTATTAGCAGTAATATTAATTTTAATTATTATTTCGAG
AATCAATAATTAATCAACGAATAATTTTATTTTCATTAAATCTATCATCTTCTATTGAATGATA
TCAAAATTTACCTCCAGCAGAACATTCATATAATGAACTTCCCAATTTTAAGAATTTCA

Variation-2
GAGGAAAAAAAGAAACTTTTGGTTCTTTAGGAATAATTTATGCTATAATAGCAATTGGTTTATT
AGGATTTGTTGTATGAGCTCATCATATATTTACAGTAGGTATAGATATTGATACTCGAGCTTAT
TTTACTTCAGCTACTATGATTATTGCTGTTCCAACTGGAATTAAAATTTTTAGTTGATTAGCAA
CTTTTCATGGAACACAAATTAATTATAGTCCTTCAATTTTATGAAGATTAGGATTTGTTTTITT
ATTTACTGTTGCGAGGATTAACTGGAGTAATTTTAGCTAATTCATCTATTGATGTTGCTCTTCAT
GATACTTATTATGTTGTTCGCTCATTTTCATTATGTTCTTTCTATAGGAGCAGTATTTGCAATTA
TAGCAGGTTTTATTCATTGATATCCTTTATTTACAGGATTAACTCTTAATCCTTTTTTCTTAAA
AATTCAATTTTTTACAATATTTATTGCGAGTTAATTTAACTTTTTTCCCCCAACATTTTTTAGGA
TTAGCAGGAATACCTCGTCGTTATTCTGATTATCCTGATGCTTATATTTCATGAAATATTATTT
CATCTTTAGGATCATATATTTCATTATTAGCAGTAATATTAATTTTAATTATTATTTGAGAATC
AATAATTAATCAACGAATAATTTTATTCTCATTAAATTTATCATCTTCTATTGAATGATACCAA
AATTTACCTCCACCAGAACATTCTTATAATCAACTACCCAATTTTAAGAATTTCA

[ 2-4] mitochondrial DNA CO-1 (Cytochrome Oxidase subunit
] *
Sites
site 4 AC, AA, GA
Haplotype . , AC type 11

- 14 -



10

Haplotype , AA type , GA type
[ 2-3 CO-1 gene
o No. of Tested Haplotypes
Collection site o
Idividual A* C A* AR G* A*
Korea(Chinju) 4 1.000 - -
Korea(Cheju) 6 0.833 - 0.167
China(Nanjing) 8 0.875 0.125 -
China(Nanning) 4 0.500 0.250 0.250
China(Changsa) 4 0.750 - 0.250
Philippines(IRRI) 4 - - 1.000
Philippines -
(Central Luzon) 2 0.500 0-500
Philipines
5 0.600 - 0.4000
(North Quotabata)
Vietnam(M ekongdel ta) 6 1.000 - -
Malaysia(Malaysia) 4 1.000 - -
Thailand(Bangkok) 4 1.000 - -
Bangladesh(Dakka) 4 1.000 - -
Indonesia 4 1.000 - -
*The 345th variation site, *The 470th variation site
1
AC, AA, GA 3 Haplotype ,
(Nanjing) Bottle Neck

- 15 -
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[

2-4] CO-1 gene

. , No. of Tested Haplotypes
Collection site o
Idividual C* T*

Korea(Cheju) 6 0.667 0.333

(Goseong--'98) 4 1.000 -

(Sacheon--'98) 4 0.500 0.500

(Sacheon--'98) 4 1.000 -
China(Nanning) 5 0.800 0.200
Philippines

(Central Luzon) 4 0.750 0.250
Vietnam

(Mekongdelta) 4 0.750 0-250
Malaysia (Penang) 4 1.000 -
Bangladesh (Sripur) 4 0.750 0.250
Indonesia (Subang) 4 0.500 0.500

* The 372th variation site
372 site [ 2-4], C type
T type Haplotype 5
(C type ) type
, C type 75%
1 ( )1 H
5 mtDNA  CO-l gene I 25
, 800 3% 32 site

- 16 -



(Variation, [ 2-4] [ 25 )
A B

[ 25 CO-l gene

_ _ No. of Tested Variation Groups

Collection site \dividual
Ividua Group A Group B

Korea(Cheju) 8 1.00 -
China(Nanning) 4 1.00 -
Vietnam(M ekongdelta) 4 0.75 0.25
Malaysia(M alaysia) 4 0.75 0.25
Thailand(Bangkok) 4 0.50 0.50

The number present variation site

60 66 90 93 94 135 141 168 207 213 225 264 270 288 333 369

A: T GAACG A T A A A C T A A A
B: CATTT A T A T G T T A T T T

378 408 459 507 525 528 561 564 615 645 648 735 745 768 795 807
A: A A AT CCTAATA AT C T A T
B: T T T C T T C C T A T C T C T A

(Cnaphalocrosis  medinalis)
Marasmia patnalis, M. exigua, M. rularis 3
Sample
Marasmia 3
4% (
10% )s A B

- 17 -



. CO-1

[

flow)

Figuia 2. Macchandrial DA Ineguansas withn
populatons. Bea Tatle 1 ko locakbas.

2-5] Mitochondrial DNA CO-lI (Cytochrome Oxidase subunit I)

3
2-5] ,
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[ 2-6] MIDNA  CO-I

, Chi-Squre
Comparison N* HS KS HST KST ChiSg. p
A. N. lugens( )
All populations 13 0.18 (0.07) 0.35 0.579 0.564 44.8 0.002

N. of Red River, Vietnam 5 0.30 (0.10) 056 0.144 0.347 6.3 0.69
S. of Red River, Vietnam 5 0.00 (0.00) 0.00 0.000 0.000 00 10

B. S. furcfera( )

All populations 5 0.30 (0.08) 0.40 0.076 0.083 17 09
N. of Red River, Vietham 2 0.38 (0.06) 0.47 0.022 0.024 0.2 053
S. of Red River, Vietnam 2 019 (0.19) 025 0.143 0.143 09 040

N = number of populations; HS = average within-population haplotype diversity
KS = average within-population sequence diversity (weighted)

HST= haplotype differentiation among populations

KST = sequence differentiation among populations

Chi-Squre = test statistic calculated in usual way

p = probability determined by randomization

Sampling Site DNA

Chi-Squire ,
, <Bulletin of Entomological
Research>

[ 2-6]

Haplotype , Haplotype
0.2%

3 Haplotype ,

Haplotype  Origin
1
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(Nanning) 3 Haplotype , (Nanjing),

Bottle Neck

, , Sample

[ 2-6] A , B
(CNRRI) Dr. Sogawa(1995, 1997)
, Back Trejectory Analysis .| 2-6]
Sinario . , 1
(Guang Xi) (Guang Dong) ,
, , Red River Delta([ 2-6] A )

- 20 -



(Winter Spring Rice)

RAPD-PCR
Isozyme

Sogawa

Gene Flow

2. DNA

EPIC-PCR

SOD, EF, Actin,

primer  DNA
(
factor
actin primer
[ 2-8]
intron ,

Sogawa

, RFLP

, Haplotype

DNA

wingless primer

, EF primer  DNA

2-7]),
elongation factor
(I 2-9]) cloning
289bp actin

- 21 -

Origine

primer

2-4

intron

SOD

elongation



[ 2-7] EF actin primer PCR agarose

| ATTCACGAGACTGTCTACCAGTCAATCATGAAGTGCGACGTCACATCCGTAAGGACCTGTACGC
CAACACCCTCCTCTCAGGACGTACCACCATGTACCCACGCATCCCCGACCGCATGCAGAAGCAG
ATCACTGCCCTCGCCCCATCAACAATGAAGATCAAGATCATTGCCCCGCCCGAGACGAAGTACT
CCGTATGGATCGGAGGATCCATCCTCGCCTCCCTGTCCACCTTCCAACACATGTGCATCTCTAA
GCAGGAGT

[ 2-8] Nilaparvata bakeri actin

[ 2-9] wingless primer PCR agarose

- 22 -



Wingless primer PCR ,

378bp wingless [ 2-10].
wilngless site , wingless
intron
DNA

Nilaparvata lugens
TCGTGCACGCTGAAGACCTGTTCGATGCGACTGCCGAACCTGCGTCCCGTGEGCGACAGCCT
CAACCACCGCCTTCCACGGCGCCTCACGEGTGATCCTCGGCAACGCCCGGCAGCTCACGEGTCA
ACGCCGCGCACGAACACATACAACTTCCAGCTGAAGCCCTACAACCCCGAGCACAAGLCCGLCC
GGACCCAAGCACCTCCTCTACCTGGAGTCGTCGCCCCGCTTCTGCCAGCGCAACCCGCGCCT
TGGCATCCACCGCACCCACCGTCGCCACTGCAACGACACCTCCATCGCCCTCGACGECTGCG
ACCTCATGTCTTGTGCGCGTGECTACCCCACTCAGGAGGTGCTCGTCACCGAGCGATCTCAC
TGCACATTCCACTGGTGCGCGCA

N. bakeri

TCGTGCACGCTGAAGACGTGTTGGATGCGACTGCCGAACCTGCGTCCGGTGEGCGACAGCCT
CAACGACCCCTTCGACGGCGCCTCACGECTGATCGTCCGCAACGCCGGCAGCTCACGEGTCA
ATGCCGGAACCAACACATACAACTTCCAGCTGAAGCCCTACAACCCAGAGCACAAGCCGCCC
GGACCCAAGCACCTCCTCTACCTGGAGTCGTCACCCGGCTTCTGCCAGCGCAACCCGCGCCT
TGGCATCCACGCGACCCACGGTCGCCACTGCAACGACACCTCCATCGGCGTCGACGGCTGCG
ACCTCATGTCTTGTGCGCGTGCCTACCCGACTCAGCAGGTGCTCGTCACCGAGCGATCTCAC
TGCACATTCCACTGGTGCGCGCA

Sogatella furcifera

TCGTGCACGCTGAAGACGTGTTGGATGCGGCTGCCCAACCCGTGTCCGGTGEGCGACAGCCT
CAACGAACCCTTCGACGGTGCCTCACGTGTCATCCTGCGCAACGCCGGCAGCACACACGTCA
ACGCGAGCGGCAAGAACCCCTACAACTTCCAGTTGAAGCCCTACAACCCGCGAGCACAAGCCG
CCCCGACCCAAGGACCTCGTCTACCTGCAGTCGTCGCCTCCCTTCTGCGAGCGCAACCCGCG
ATTCCGCATCCAGCGCACGCACGGCCGCCAGTGCAACGACACGTCCATCGGCGTCGACGGCT
GCGACCTGATGTGCTCCGCGCCTGECTACCGCACGCAGGAGGTGCTTGTCACCGAGCCCTGT
CACTGCACATTCCACTGGTGCCCGCA

[

2-10] Wingless

- 23 -

actin



Co-1 850bp
base
haplotype
hapl otype
hapl otype
Red River
Haplotype , Haplotype
0.2%
3 Haplotype
Haplotype  Origin
Co-1 820bp
base haplotype
CO-1 800

, DNA DNA

base

3 haplotype

base

Sample

4% 32



site

A B
(Cnaphalocrosis medinalis) ,
Marasmia patnalis, M. exigua, M. rularis 3
Sample
Marasmia 3
4% (
10% ),
A B (
3 )1
4. EPIC-PCR DNA intron
, SOD, EF PCR exon
actin  wingless primer exon ,
289%p  378bp exon Intron
5. wingless base
DNA
Nilaparvata Sogatella 3
Nileparvata
, , Sogawa(1995)
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2000

- 26 -

(toal)

(gene flow)



3 GIS Spatial Database
Dispersion Model

(Geographical Information System: GIS)

(Song 1995).
(Database)

GIS
GIS , (spatial

information or data)
, GIS (locations) (referencing
information)

GIS GIS Arc/Infolv
(ESRI, 1992)”

GIS

- 27 -



, GIS

' , GIS

Spatial GIS Database

, Internet
(system) (component) GIS
2
1. Software Spatial data
GIS Software ESRI (Environmental System
Research Institute, Inc) Arc/InfoT™M Arc/View 1V
Software IBRD
Domain , (Municipal
Boundary) Spatial data ESRI Arc
WorldTv
Base Map
(200,000:1, Digital Map) 13 , 90m

- 28 -



Digital Elevation Model(DEM)

Vector data

database
2. Base map

(Domain area)

CD- ROM

3. Model

GIS map layer overlay

map layer

homepage(www .rda.go.kr)

V ector

domain

Vector

- 29 -

Data

Municipal Boundary

Arc WorldTM Database
51

, DEM

(Song 1992, 1995)



1. GIS (base map)
(Domain) Municipal
Boundary Arc WorldTV Vector Map
Domain , 30 Digital Elevation M odel
Arc/Info System . [
3-1]

[ 3-1] C ) ()
GIS (base map)
(2 )
( )
( ) 152

- 30 -



monitoring base map

vector map ([ 3-2]), elevation map ([ 3-3]), slope map ([ 3-4])

County Vectors

Al#" 737 VECTER %}E

ianize Reference
System

Bead XY Coordinates

Organize SPANS
Vector Files

Translate,” Build
Internal Vectors

[ 3-2] Municipal Boundary Vector Data
(Domain)

[ 3- 3] Digital Elevation Model(DEM)

- 31 -



Raster Image
Elevation

[ 3-4] GIS Digitizing : DEM
Layer Layer

vector elevation base map

base map(| 3-5]) Blayer( 4

[ 3- 5] Blayer
(base map).

- 32 -



2. GIS

System .,

(Time Delay)

System

Simulation Distributed Time Delay

(Manetsch 1976; Manetsch & Park 1978).

Interpolation

( 3-6]) map layer([tm_p1], [tm_p2],

) map layer([bph_p1], [bph_p2] )
([BPH]) Song  (1993)

- 33 -



(Song, 1993, [ 3-7]).

E([BPH]) = T ([bphl_pl], [tm_pl], [tm_p2], - - [tm_p3])
where

[BPH]= Brown planthopper distribution layer in September
[bphl_pl]= Distribution layer of early immigration

[tm_pl]= Temperature layer-1 after immigration
[tm_p2]= Temperature layer-2 after immigration

[tm_p5]= Temperature layer-5 after immigration

3-7] GIS

B BPH Model3 - Add Flight Act.
based on Temp.
in Period-5

) Y oEP @

3-§] GIS Model (1990 )

GIS Model 1990

model
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(I 3-6] Year-Total ).

GIS (PeM oS
database, 5 )

Blayer( 4 )

GIS

3. GIS ( )

1996 1999 ,
, 1997 1998
4 GIS
, (Blayer )

- Spatial Dispersion M odel

“ Internet (PeMo0S)” component
( )
1996 . 1997
1998
, (1999 )
1997 1998 GIS point data
interpolation [ 3- 9] , , -
, 1998 1997
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Y

Chisim
Adminim
i FE0e o Dam_bed

=8

Ei
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1997 , 1998

1996 (] 3-10))

3-12))

GIS

1999 (|

interpolation: (

3-13])

, 1997

1998 ([

S r
g .
SR ke
i ks
P
A i

3-10] 1996
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ki

| W
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Fasusppa®”

3-11] 1997

—~

BB g dbpsib i e TR 10

3-12] 1998

[ T TREFE PR oS SO (1)

. Binln

2

|
j};‘l‘ll!l?'
Fzeuspun®

3-13] 1999

37 -




4
) (1996 ) (1997
1998 )
GIS (2 )
2 199 ( ) 1997 ( )
overlay [ 3- 14]
( )
9 (
) , 9
(1996 ) , 1997
:u"'.
[ 3-14] 1996 ( ) 1997 ()
( )
( ) , simulation

PeMoS( 5 6 )
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Internet (system)

(component) GIS

, digitized data
base map

population dynamic model

GIS model
, 1996- 1998 (9
GIS PeM oS Blayer
«C )
simulation ,
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1
1
(1988), Sogawa(1995)
1000km
6-7 (Bei-Yu Front)
[ 4-1]
©)
, ®
( )
[ 4-1]

(Sogawa, 1995).
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3
(Boundary Layer: Blayer) (Sogawa
1995).
Watanabe (1990)
back trejectory analysis

, back trejectory

(Boundary Layer Atmospheric Model: Blayer)

Simulation
(Turner 1993), lowa
/ (Turner 1998).
, (Transport)
, Blayer
- - - M echanism )
GIS Model( 3 ), PeMoS( 5 ) (integration, 6
) Internet , )
2
1. Boundary Layer Atmospheric Model (Blayer)
Blayer Model
(anelastic

hydrostatic set of equations)

- 41 -



o0A/ot+V. A=0KoAoz+ F

L A ( L L
) , F « ) /

: ()

aX/ot+ V. X=0KxdXonoz+ S+ - (Kd ¥
, term , (advection), ,
/ H
, Blayer simulation
2. Simulation
Blayer simulation simulation
@ simulation 5 , domain grid 0.5 degree ,
® GIS( 3 )
® domain 91x71 100 145
10 45 ( 4-2]),

® 2200m 24 node 850hpa
® grid data (USAs National Center

- 42 -
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Environmental Prediction, NCEP)

; i .-'ﬁ -|JI 5
"‘_‘-L_h__--'—"f /;'_-:.Y:]r\“' {?(’"‘
._‘a—) ,_.--"f ., S :" y
w: . 'J;‘ i -? W\ T 'r"‘ f
\"B.J.-:;-_r iy r \ 3 e I
rf I‘:__,...p" -”."'a—"'.r c __1-_'"",
\ S UF
\ J
=
b
’ 5 o e
| | - '!_‘:;
Ti% fmﬂ* -—
bl il
‘& TR
B
* i " -
i ;"] o g
A b Lyl
CONTOUR. FROM 50 TO 4080 BY 250
[ 4-2] ( ) Simulation
Grid
simulation
©) 9
Cheng (personal information) ,
® 51
®
® 500m
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3. Simulation

Simulation series , @ (1997 2
)  Blayer validation
grid data 1987 1988 (episode)
simulation , ®
data 1997 1999 6-7
180 simulation
series simulation NCAR graphic
, series  simulation graphic software
GIS  utility
3
1. 1987-88 model validation
Blayer validation
grid data 1987 1988
(episode) simulation ,
1988 6
vl 4-3] 1998 6
51

, (Back Trgjectory Analysis)
[ 4-4] :
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A B
L
C D
[ 4-3) Blayer A
); B:6 3 1
27 ; C 39
51 (
)
Blayer
[ 4-5] 7 36
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= e
o R
e i o
A B
[ 4-4] Blayer 1988 6 1
(A) (B). (1960m AGL at 02 UTC, 6 June
1998)
fe T
L £d
o
B D
[ 4-5] Blayer 1987 7 3 60
(A, : 733mAGL, : 1350mAGL, : 1960mAGL)
2 5 back trejectory.
6 ) T )
Back Trgjectory [ 4-6] (ow
A ) 1987 1988
simulation
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[ _
[ 4-6]
ow ), A ).
1
Monitoring Region-1: , Region-2:
, Region-3: , Region-4: , Region-5: 5
, 1987 1, 3 5 3 , 6
, 1 -8 1, 35 , 1
2 ( 4-7]).
Blayer ow
[ 4-7] Simulation ,
60 , Blayer Simulation 6 13
, 48
, 13 1 3
1 48
60
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Reglom 1

—— 1 O
—— 1 A
Trap!
Day
Hegion 3
10003
RlE
109 s [l O
—=— 3 A
g 10 Trapd
1 % + & *
oA = - e - -
LR BB R R R S
Uy
Region 3
1oaon
1000
100 —— 15 O
il S Ay
o Traps
1
o -
LY
[ 4-7] 1987 6 1
Blayer . Region 1:
; Region 3: ; Region 5: . (
, : ow
, A
).
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7
1, 3, 5 7
ow
( )
A
A
, OW
Blayer
2. Blayer Workstation
Blayer Model 1987-88
validation
PeMoS( 5 )

(IP:203.255.3.155)"
Workstation

C++, PASCAL, FORTRAN77, FORTRAN90

agribio Source Code

NIWA

model

- 49 -

Blayer Simulation ,

, Simulation
A
, 7 2 3
7 1 13-15
Simulation )
A )
data
“Internet Pest Surveillance System”

" agribio.gsnu.ac.kr

Compiler (C,

)  Public Domain

, Simulation

6

data



data simulation

(post run analysis) PeM oS
Eorean Metegrological Agency
Analysis and Forecasts off IDENTIFICATIM

BE0 hPa heights, temperature, and winds,
925 temperature.

Surfisce pressure,

Present, +12,+24,+ 36, +48

SOURCE REG

L

T

[nterpolation Routines

l

Topography daiz
'|"|1I!||1||-.||-.|§_l,i|_'u| ilat
Flanthopper source 1

BLAYER

L

Fost-run Analvsis

[ 4-8] Blayer Model

6
[ 48]
, (KMA)
Interpolation Program ,
Post Analysis 3
Arc/View
KMA 40Km
, Simulation

145

"TPEMOS:
Graphical Disy

PeM oS
integration
Blayer

( 2

PeMoS( 5 )
GIS software Arc/Info
Data Grid Blayer Domain

10 18

142

- B0 -



3. Blayer Simulation (Domain)

(1995)
[ )
Gene Flow
Simulation (Domain)
[ 4-9]
domain
domain
1987 7 34
Simulation [ 4-10] [ 4-11]
(1
4-10])) 48
(1 4-11), - Drifting

- B1 -



Simulation ,

[ 4-10] domain 1987 7 2 . : 733m
AGL, : 1350m AGL, : 1960m AGL
%
[ 4-11] domain 1987 7 3 . : 733m

AGL, : 1350m AGL, : 1960m AGL.
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[ 4-12] domain 1987 7 4 : 733m

AGL, : 1350m AGL, : 1960m AGL.

4. Blayer 1997-99

1978-88 validation ,

Blayer Model

model simulation

[ 4-14] (GIS) Blayer
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1997 1999
FTP site , GIS Blayer
( 4-14)).
. 1997-99
Blayer Model 1997 1999 3 6
7 simulation ( 180 ,1 10 , 1800
simulation), 152
[ 4-1] 1997 1998 (episodes)
1997 1998
BPH light BPH Light
Process | Daic rap Process Date irap
number number
| Jung 20 | | June 16 |
2 June 24 [§ 2 June 22 17
3 Julv 14 30 3 June 26 45
4 July 13 70
180 simulation [ 4-1] 1997
1998 7

*ﬁé,;

TRl L T g .‘-.. =L ¥
= } . e ] v
2 A I T B T
H 8 P e R o
ks 3 T s o T i |

i
P

i
i
-L

[ 4-15] 1997 6 23
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[ 4-16] 1998 7 13 (

48 ).
, 7 episode 1997 6 24

( 4-15]) 1998 7 13 ( 4-16)) Blayer
M odel

6 20 4 episode

. 1997-99

Blayer
1997 -99 3 simulation
6 [ 4-17](1997

), [ 4-18](1998 ), [ 4-19](1999 ) , 1997 1

998 Blayer Model
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Comparison of predicted pest number and WBPH ligr
in June, 1997
Date
§00 100
_ 500 80
E 400 60
g 300
g 200 s
100 24
0 0
[ 4-17] 1997 6 Blayer

Cemparison of predicted pest number and BPH light t
in June, 1998

Obug number
—_ — bJ
g8 8 8§

g

[ 4-18] 1998 6 Blayer
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1999

[

Comparision of predicted pest number and BPH light
fram june to July in 1939

EEEEEEE—E%Q%E
Iidd8ddedLigg
4-19] 1999 6 Blayer
.| 4-19] 1999 Blayer
1997 98
Blayer
1999
Blayer Model
(Transport)
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, GIS Model, PeMoS

, Boundary Layer

Model  1987-88
system  PeMoS GIS
system
data
Model
( )
Blayer Model

152

o - - M echanism
Internet
data
simulation
Blayer Model
episode
1997 1999 3
, 1997 1998 -
, 1999 Model
, Model
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(1

(2000

(3

GIS

- B9 -

(PeMoS)

(

(GIS)

26K m),



(Blayer: Boundary Layer Model) (4 ).

GIS
, Blayer
PeM oS
PeM oS
PeM oS ,
. PeMoS
(1)
, (2) , (3) : PeM 0S
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, PeMoS 9

DBMS Illustra /
3
, , , , List- Server,
7 /
[llustra DBMS DB
Web ,
/ Illustra DBMS

24e Web server

E o B g s | el et
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Illustra DBMS

[ 5 1]
W eb , DBMS, ,
, , , List- Server,
2.
[ 5 2]
7 /
Illustra DBMS

, CGI(Common Gateway Interface), JAVA
[ 5-2]

[ 5-2]

Illustra DBMS
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fipplication Page
|
= |

WUebExplode

[ 5-2]

ID PASSWORD

DBMS , ' ,
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GUI
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GUI

[ 54
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GUI
1.
ID PASSWORD
Ol 5- 5]
Username and Password Hequired
Entar usarmamea for PL LAB, In GEMNUL ot agribio:
Hsar Mama: [aue=t
Password: [s~xaxs
| =15 | Canceal |
[ 5-9]
2.

[ 5- 6]
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List of Available Data Locations
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Statistics of Daily Pest Surveillance Data

Sewsintier for Light Trep Bent

[ 5- 24] ( )

“A. Provincial Statistics for Light Trap Pest”
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1

IDENTIFICATION DIVISION.
PROGRAM- ID. TESTOL
ENVIRONMENT DIVISION.
CONFIGURATION SECTION.
SOURCE- COMPUTER. IBM-PC.
OBJECT - COMPUTER. IBM- PC.
INPUT-OUTPUT SECTION.

FILE- CONTROL.
SELECT IN-F ASSIGN TO INPUT, 'YECHALO2MAS'

ORGANIZATION IS LINE SEQUENTIAL.
SELECT OUT-F ASSIGN TO PRINT, 'sick1.OUT".

DATA DIVISION.
FILE SECTION.

FD IN-F LABEL RECORD IS STANDARD.

01 IN-R.
03 A PIC 9(1).
03B PIC 9(2).
03C PIC X(2).
03D PIC 9(3).
03E PIC X(2).
03F PIC X(2).
03G PIC X(8).
031 PIC X(36).
03 H OCCURS 96 PIC X(6).

FD OUT-F LABEL RECORD IS STANDARD.

01 OUT-R.
03 Al PIC X(1).
03 X1 PIC X(1).
03 D1 PIC X(3).
03 X4 PIC X(1).
03 B1 PIC 9(4).
03 X2 PIC X(1).
03 E1 PIC X(2).
03 X5 PIC X(1).
03 F1 PIC X(2).
03 X3 PIC X(1).
03 C1 PIC X(2).

* 03 X6 PIC X(1).



03 H1 OCCURS 96 PIC X(7).
03 X1 PIC X(1).

WORKING- STORAGE SECTION.
01 Il PIC 9(3) VALUE ZERO.

01 JJ PIC 9(3) VALUE ZERO.
01 KK PIC 9(3) VALUE 1.

01 LL PIC 9(3) VALUE ZERO.
01 TEMP.

03 TEMP1 PIC 9(1).

03 TEMP2 PIC 9(1).

03 TEMP3 PIC 9(1).

03 TEMP4 PIC 9(1).

03 TEMP5 PIC 9(1).

03 TEMP6 PIC 9(1).

01 TEMP-R.

03 TEMP-R1 PIC X(1) VALUE '['.

03 TEMP-R2 PIC X(1).

03 TEMP-R3 PIC X(1).

03 TEMP-R4 PIC X(1).

03 TEMP-R5 PIC X(1).

03 TEMP-R6 PIC X(1).

03 TEMP-R7 PIC X(1).
PROCEDURE DIVISION.
GAJA-RTN.

OPEN  INPUT  IN-F.

OPEN  OUTPUT OUT-F.

READ-RTN.
READ IN-F AT END GO TO END-RTN.
IF A NOT = 0 THEN GO TO READ-RTN.

IF d = 001 THEN MOVE "010" to di.
IF d = 002 THEN MOVE "020" to di.
IF d = 128 THEN MOVE "030" to di.
/1

IF d = 162 THEN MOVE "E82" to d1.
IF d = 163 THEN MOVE "E83" to d1.
IF d = 166 THEN MOVE "E84" to d1.
MOVE A TO Al
MOVE " TO X1.



/1

ADD B 1900 GIVING B1.

MOVE
MOVE
MOVE
MOVE

MOVE
MOVE
MOVE
MOVE
MOVE

MOVE

MOVE

MOVE

LOOP- RTN.

PERFORM

VARYING Il FROM 1 BY 1 UNTIL Il

blank
LOOP- 3.

LOOP- 4.

LOOP- END.
DISPLAY
WRITE
GO TO

END-RTN.

B TO BL
T TO X2
C TO CL
T TO X3
D TO DL
T TO X4
E TO EL
" TO X5,
F TO FL
" TO X6
G TO GL

ZERO TO JJ.

LOOP-3 THRU LOOP-4

MOVE H(ll) TO TEMP.
IF TEMP1 = SPACE THEN MOVE

MOVE TEMP1L TO TEMP-R2

IF TEMP2 = SPACE THEN MOVE

MOVE TEMP2 TO TEMP-R3.

IF TEMP3 = SPACE THEN MOVE

MOVE TEMP3 TO TEMP-R4.

IF TEMP4 = SPACE THEN MOVE

MOVE TEMP4 TO TEMP-RS5.

IF TEMP5 = SPACE THEN MOVE

MOVE TEMP5 TO TEMP-R6.

IF TEMP6 = SPACE THEN MOVE

MOVE TEMP6 TO TEMP-R7.

MOVE TEMP-R TO Hi(ll).

OUT-R.
OuUT-R.
READ-RTN.

Q

TO TEMP1.

TO TEMP2.

TO TEMP3.

TO TEMPA4.

TO TEMPS.

TO TEMPG.



CLOSE IN-F  OUT-F.

STOP RUN.
2 2 )
/1 2

IDENTIFICATION DIVISION.
PROGRAM- ID. TESTOL
ENVIRONMENT DIVISION.
CONFIGURATION SECTION.
SOURCE- COMPUTER. IBM-PC.
OBJECT - COMPUTER. IBM- PC.
INPUT-OUTPUT SECT ION.

FILE- CONTROL.
SELECT in-F ASSIGN TO INPUT, 'sick1.OUT'
ORGANIZATION IS LINE SEQUENTIAL.
SELECT out-F ASSIGN TO PRINT, 'sick2.0UT".
DATA DIVISION.
FILE SECTION.

FD out-F LABEL RECORD IS STANDARD.

112
01 out-R.
03 A1 PIC X(18).
03 DATA11.
05 N1 PIC X(5).
05 BO1 PIC X(14).
05 DO1 PIC X(14).
05 N2 PIC X(5).
05 B22 PIC X(14).
05 D22 PIC X(14).
05 N3 PIC X(5).
05 B33 PIC X(14).
05 D33 PIC X(14).
05 N4 PIC X(5).
05 B44 PIC X(14).
05 D44 PIC X(14).
05 N5 PIC X(5).
05 B55 PIC X(14).
05 D55 PIC X(14).
05 N6 PIC X(5).
05 B66 PIC X(14).
05 D66 PIC X(14).
05 N7 PIC X(5).
05 B77 PIC X(14).
05 D77 PIC X(14).



FD

01

05 N8 PIC X(5).
05 B88 PIC X(14).
05 D88 PIC X(14).
05 N9 PIC X(5).
05 B99 PIC X(14).
05 D99 PIC X(14).
05 N10 PIC X(6).
05 B100 PIC X(14).
05 D100 PIC X(14).
05 N11 PIC X(6).
05 B110 PIC X(14).
05 D110 PIC X(14).
05 N12 PIC X(6).
05 B120 PIC X(14).
05 D120 PIC X(14).
05 N13 PIC X(6).
05 B130 PIC X(14).
05 D130 PIC X(14).
05 N14 PIC X(6).
05 B140 PIC X(14).
05 D140 PIC X(14).
05 N15 PIC X(6).
05 B150 PIC X(14).
05 D150 PIC X(14).
05 N16 PIC X(6).
05 B160 PIC X(14).
05 D160 PIC X(14).
05 N17 PIC X(6).
05 B170 PIC X(14).
05 D170 PIC X(14).
05 N18 PIC X(6).
05 B180 PIC X(14).
05 D180 PIC X(14).

in-

(

in-R.

03 A PIC X(18).

03 DATA2.
05 Bl PIC X(14).
05 C1 PIC X(7).
05 D1 PIC X(14).
05 E1 PIC X(7).
05 B2 PIC X(14).
05 C2 PIC X(7).
05 D2 PIC X(14).
05 E2 PIC X(7).
05 B3 PIC X(14).

F LABEL RECORD IS STANDARD.
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05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05

C3
D3
E3
B4
C4
D4
E4
BS
C5
D5
ES
B6
C6
D6
E6
B7
C7
D7
E7
B8
C8
D8
E8
B9
C9
D9
E9
B10
C10
D10
E10
B11
Cc11
D11
E11
B12
C12
D12
E12
B13
C13
D13
E13
B14
C14
D14
E14
B15

PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).

PIC X(7).

PIC X(14).
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05 Ci15
05 D15
05 EI15
05 B16
05 Ci16
05 D16
05 EI16
PROCEDURE

GAJA-RTN.

PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
PIC X(14).
PIC X(7).
DIVISION.

OPEN INPUT in-F.
OPEN OUTPUT  out-F.

READ-RTN.

READ in-F AT END GO TO END-RTN.

/1

MOVE
/1
MOVE
MOVE
MOVE
/1
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
LOOP- END.
DISPLAY
WRITE
GO TO
END-RTN.
CLOSE
STOP RUN.
DBM
Illustra DBMS
DBMS

'sickl]' TO N1

/1

'sick18]" TO N18.

A TO Al
Bl TO BO1L

B16 TO BI160.
D16 TO D160.

* 000000|000000]'
* 000000|000000]'
* 000000|000000]'
* 000000|000000]'

out- R.
out- R.

READ-RTN.

IN-F  OUT-F.

S (

TO
TO
TO
TO

3

"MICOPY"

B170.
D170.
B180.
D180.

/1
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