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Genetic resources are the reservoir of 
genetic information accumulated for genera
tions starting from outbreak of genetic diver
sity by various reasons and having survived 
against acute or chronic changes of evolution
ary pressure at various localities. They are 
indeed a precious heritage through history on 
the earth, and of immeasurable value for the 
future use. 

Rapid progress of farming practices espe
cially the spread of newly bred high-yielding 
varieties can easily cause 'genetic erosion' or 
loss of diversity of genetic resources scattered 
and adapted to each restricted niche for long 
years. Unless a special care is taken, this may 
result in serious losses which can never be 
recovered again. 

Importance of genetic resources in plant 
breeding is well accepted, and national as well 
as international plans for collection, preserva
tion or utilization are going on at present. 
For the efficient use of genetic resources, 
proper management of their information is 
inevitable. In searching for breeding materi
als, breeders are usually concerned with char
acteristics they want to incorporate into their 
new varieties. Retrieval of genetic resources 
by combination of several defined character 
values is very important for their efficient 
utilization . Storage of genetic resources with
out characteristic information is in fact in
sufficient for the future use. Easy retrieval, 
updating and analysis of their information 
guarantee the practical value of resource con
servation. Management of information is im
portant primarily in finding out appropriate 

materials from index serninum. Retrieval of 
strain name satisfying various conditions of 
characteristics is the basic requirement, but 
listing of other character values than those 
used for retrieval, or even statistical analysis 
of related character values or their mode of 
association in retrieved groups corresponding 
to the difference in some of the key characters 
is also of growing interestv,Jt>. 

Process of plant breeding can be interpreted 
as follows: beginning with the examination of 
genetic resource information in order to pick 
up breeding materials, evaluating them by field 
observation data, selecting limited number of 
them for crossing of some sort, raising their 
progeny and selecting by some elaborate crite
rion through generations, and, finally selected 
lines are evaluated under a proposed range of 
environment. Thus, starting from genetic re
sources, breeders manipulate gametes and/or 
zygotes based on the result of processing in
formation they have collected, in order to 
recombine the resources into a more desirable 
form ready for the use and record its char
acteristics as the information of newly estab
lished genetic resources. In all these processes 
of plant breeding, efficient management of 
genetic resource information is ultimately im
portant2,9>. An outline of present status con
cerning management of genetic resource in
formation in this country with regard to the 
organization and function, mainly of recent 
trend combined with computer use, will be 
presented. 
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Information of genetic resources 
and computerization 

Information of genetic resources has been 
utilized in plant breeding for long years. In 
old times it was perhaps compiled in a note
book of the breeder only for his personal use. 
Recently systematic collections or introduc
tions of genetic resources concentrated on 
special crop species are often carried out at 
research stations or universities and the 
nomenclature information with or without the 
resu lts of primary evalution have been com
piled in books. They contain ve1·y important 
information for p lant breeding, and therefore 
have been used quite intimately by breeders. 
They can be used efficiently when the number 
of included strains and evaluated character
istics are limited. However, when number of 
strains increases and subjects for the search 
become complicated, manual or visual retrieval 
from the printed list w ill become almost im
practicable. Worldwide t rend of the use of 
computerized data bases has been reported 
also in the field of genetic resource informa
t ion management-i i. 

In the Ministry of Agriculture, Forestry 
and Fisheries (MAFF) a special committee 
to study the info rmation management system 
for genetic resources ,vas organized in 1979, 
and a project aiming at the effic ient processing 
of genetic resource information by computer 
was init iated . With the part icipation of spe
cialists in univers ities, the general plan was 
firstly proposed, and planning and testing of 
p ractical examples of va1·ious crop species were 
started by the working group with members 
s hown in T able 1. Secretariat of Agriculture, 
Forestry, and Fisheries Research Council of 
MAFF is responsible fo1· promoting the com
mittee's activities, and breeders for each of 
important crop species or crop groups have 
been cooperating on the schedule shown in 
Fig. 1. The activities of the working group 
are centered for the moment on a few crop 
species with some fo rmer experience of related 
study. 

As regards to the computer use, i\IAFF has 
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Table 1. List of varticir>ants of the project team 
fol· developing genetic resource infor
mation management system in MA FF 

Organizat ion 

Coordinator Liaison and Coordination Division of 
AFF Research Council Secretariat 

Univ. of Tokyo, Lab. of Biometrics 
Technical 
advisors Computing Centre for Res. in AFF 

(CCRAFF) 

.Members Nat. Inst. Agricultural Sciences 
Div. of Genetics 
Div. of Statistical Research 

Cent ral Agricultural Experiment Sta· 
tion (Rice, Wheat, Barley) 
Hokkaido N. A . E . S. (Sugar beet) 
Tohoku N . A. E. S. (Soy bean) 
Hokuriku N.A.E .S. (Rice) 
National Grassland Research Institute 
(Forage crops) 
Fruit Tree Research Station (Fruit 
tree) 
Vegetable and Ornamental Crops Re· 
search Station (Vegetable, Flower) 
National Research Institutee of Tea 
(Tea tree) 
Sericultural Experiment Sta tion (Mui· 
berry tree) 

A FF: Agriculture, F orestry, and Fisheries. 
N.A.E.S.: National Agricul tural Experiment 
Station. 

the Computing Cent re for Research in Agri
culture, Forestry and Fisheries (CCRAFF ) at 
Ts ukuba, with its central computer, ACOS 
800 II with 4 MB core memory. It acts as 
the center of the on-line network system as 
shown in F ig. 2, having five A class trans
lating stations with a card reader and a line 
p rinter which enables local remote batch use, 
and with display terminal for time-sharing 
use at the station and also with the com
munication contl'ol uni t which accepts and 
t ransfers local telephone call from time
sharing terminals at nearby research stations 
to the center . B class translating station 
with all capabilities except communication 
control fac ility as that of A class station is 
now established at three research stations in 
Kanto District and to be furnished in several 
other research stations year by year. 
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Fig. 1. System development plan of informa
tion management for plant genetic 
resources in MAFF. 

DBMS: Data base management 
system. 

Thrnugh the activities of the committee and 
also supported by personal interest of some 
breeders, a dozen data bases composed of 
varieties 01· strains of each crop such as rice, 

0 Regional translation system 
A,C2 class terminal 

Q B,C2 Class terminal 
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77 

soy bean, barley or others have been created 
in CCRAFF mainly for the search of breeding 
materials. Items are ranging from 800 to 
over 10,000, and descriptors are from 30 to 75 
including agronomic characteristics and some
times pedigree information, too. 

Data base management systems 

A data base management system EXIS, 
specially designed for the use of information 
retrieval and analysis of genetic resources at 
the University of Colorado, was introduced 
into Japan and adapted to the current operat
ing system ACOS-6 of the CCRAFF. Numeri
cal data, coded data and also word data like 
names can be processed in selecting descriJJtor 
options according to the detail of data struc
ture. It has its own macro commands in nat
ural English expression such as READ 
DAT A BANK, HOW MANY ITEMS 
WITH .... , or PRINT . . . . FOR WITH .... , 
for the convenient management of data. EXIS 
includes EXIR, a retrieval system, RPG, a 
report paper generator, MI NIT AB, an ele
mentary statistical analyzer and NTSYS, a 
multivariate classificatory package program 
(Fig. 3). The data base is firstly created by 

Sapporo 

Fig. 2. On-line network of computer system in MAFF 



78 

r I 

LJ 
Source data 

li'eatiou OJ' t'<>rrecrlrm 

11 EXIR u 
Uerrh' r(J/ 

u RPG u 

I 
8 

IMINITAB, 
NTSYS, 

or ot hers 

! 
Results 

ol' 

Fig. 3. System flow diagram of EXIS 

EXIR, defining necessary descriptors in liter
al, nominal or numerical option using source 
data of constituent items punched in cards. 
Selected items which satisfy the given com
plex conditions indicated by a query or com
bination of logical expressions are cou nted, 
and descriptor states of the indicated descrip
tors of the items responding to the above 
query are printed according to the given 
commands. If necessary, data retrieved by 
EXIR can be transfel'l'ed by the interface 
program through work file facility for further 
analyses. A statistical package program 
named ST ATP AC 6 is also available for 
analyses of retrieved data using special inter
face program. When the user is interested in 
his proper way of handling retrieved data, he 
can s tore them into his own permanent file 
by appropriate Job Control Language for his 
late use. 

In this paper we discuss mainly on the use 
of EXIS, but several other data base manage-
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ment systems are in operation among us now. 
SaitoO) established a data base management 
system SERIS for silkworm breeding project. 
Annual performance reports are processed by 
this system and past breeding records are 
available for retrieval and analysis by breed
ers. Ootsuka3J reported a data base manage
ment system BIRS-T, named after Breeders' 
Information Retrieval System for family Tree 
reference. It is based on the T AXIR ac
cesioner theory and is equipped with facilities 
specific to breeding, like family tree drawing 
and printing of agronomic character values 
paired with those of the standard variety. 

Information management in the 
germplasm seed storage 

Management of genetic resources of main 
seed crops for agriculture is officially taken 
over by the Germplasm Seed Storage Center 
(GSSC) which belongs to the Division of 
Genetics, National Institute of Agricultural 
Sciences (NIAS ), as far as research activities 
in MAFF are concerned. 

Routine passage of crop seeds for conserva
tion as genetic resources, those of new varie
ties or strai ns harvested at breeding stations 
as well as introduced or collected by breeders 
or researchers, is outlined in Fig. 4. Mostly 
they are evaluated as to important agronomic 
characters at each stations, but sometimes 
data are insufficient for compilation as genetic 
resource information. Systematic data record
ing with standardization of descriptors and 
descriptor states is necessary and has been 
discussed for several crop species recently. 

In Fig. 5 process of seed acceptance is 
shown with several di1·ectories compiled at the 
time of reception. The data base is up-dated 
by the information contained in the card of 
special format attached to the in-coming seed 
lots, and some classified lists of varieties in 
order of accession number, in alphabetical 
order of variety 11ames, on harvested year or 
location and so on are printed. Some of these 
lists are used conveniently at the time of 
seed distl'ibution, ge1·minability test or seed 
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Fig. 4. Flow chart for 1>reservation and utilization of the 
germplasm seed in MAFF 

----flow of information 
................... flow of seed 

multiplication. 
Steps of action to be taken in reply to the 

seed request from breeders or researchers are 
shown in Fig. 6. The data base is refened at 
this time, too. After shipment, the data base 
is corrected and lists of statistics showing the 

Seed acc.cptancc 

Codini; of vnricty 

Updating che number or accepted 
varieties of each rcsponsib1e station 

----- Registering V<.tricty code number on each 
cro1> 

Acccssion•numbcring ----- Registering v:1ricly .icccssion 1\untbcr on 
of variety each cro1• ._ ___________ __... 

,__s_to_,._,&_• ....... 1-------- Regiskring storage. address or distribu· 
tion ;ind rejln•cmt1ion seed 
Ut)dating i,wcntory 
L3bcl 1>rinti11g for samples and oont:1incr 

F ig. 5. Function of GSSC (1) Seed 
acceptance 

mode of seed distribution is obtained when 
necessary. 

The data base for the management of 
Germplasm Seed Storage has also been created 
i11 CCRAFF, separately for each crop species 
with several thousand accessions for the mo-

Seed rcq11c,s1 

Check for availability 

Listing s torage address 

Taking o ut seeds 

List ing variety names for invoic~ 

Updating storage file 

Fig. 6. Function of GSSC (2) Seed 
distribution 
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ment. Altogether it will cover more than 
thirty thousand accessions in the storage and 
will be open to every breeders or researchers 
in l\!IAFF for on-line reference. 

Information management in GSSC is now 
partly in operation by the use of data bases. 
Printing of several classified lists of acces
sions convenient for the review of present 
collection and for design of the new introduc
tion or expedition, data analysis of germina
bility test and supervising of inventory for 
multiplication or rejuvenation are the exam
ples of the activity. 

We are now introducing a new computer 
into GSSC for more efficient information 
management, and after its establishment most 
of the hitherto manual handling of info1·ma
t ion such as those concerning germinability 
test or actions concerning seed multiplication 
are to be supervised by computerized data 
bases in near future. 

Use of EXIS in genetic resource 
information management 
The old and newly developed two-rowed 

barley strains preserved at Kyushu National 

Table 2. Badey 

Descriptors Option 
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Agricultural Experiment Station were defined 
using 34 descriptors such as variety name, 
origin, mother name, culm length, panicle 
length, grain size, spring habit and so on 
(Table 2). Breeding materials were extracted 
by the queries formulating necessary condi
tions as to agronomic characters, and ex
amined closely. Correlations among agronomic 
characters were determined for groups differ
ent in heading date as shown in Table 3. 
Character associations including culm length 
or panicle length were rather different be
tween groups, indicating the multi-dimension
al disposition of these two groups different in 
maturity. This is important in selecting 
breeding materials and ct·ossi ng combination 
appropriate for the breeding purposes. Cor
relations among agronomic characters were 
also determined for several groups different 
in their' origin, and compared each other to 
see the geographical effect on the feature of 
character combinations among the collection 
and their relative importance as breeding 
materials. 

Making subdivisions of data corresponding 
to the difference of any (combination of) 
characters are not always easy in usual way 

data base 

l NUMBER ORDER FROM l TO 2000 
2 VARIETY NAME TEXT < 32 letters 
3 ORIGIN COUNTRY NAME < IOO cases 
4 ORIGIN PREFECTURE CODEZ HOKKAIDO (01), AOMORI (02) .......... ............... ..... 

KAGOSHIMA (46), OKINAWA (47) 

8 MOTHER NAME TEXT < 24 letters 

20 CULM LENGTH ORDER FROM O TO 1000 BY l IN CM 

21 PANICLE LENGTH ORDER FROM O TO 50.0 BY 0.1 IN CM 

2·s GRAIN SIZE ORDER FROM l TO 10 BY 1 

34 SPRlNG HABIT ORDER FROM 1 TO 99 BY 1 

34 descriptors and 849 items. 
Investigated and published at Kyuslrn National Agricultural Experiment Station. 



Table 3. Reti,ieved results: difference of charncte1· values and their association 
between early and late variet ies 

Late varieties 
Early varieties 

c, C2 c. 
mean s.d. plant days to clum 

type heading length 

mean 2.29 18.6 84.3 
s.d. 1.20 3.25 11.3 
c, 3.39 1.12 0.39** - 0.10 
C2 39.4 1.88 0.13 0.14 
c. 87.2 8.01 0.24 - 0.14 
Cs 10.3 1.99 0.02 -0.06 0.17 
Cs 2.23 0.762 0.05 0.03 -0.33* 
C,2 47.7 4.40 0.21 -0 .04 0.35* 

plant type : p1·ostrate 1, erect 5 
days to heading: number of days from Ap1·il 1 to heading 
culm length: cm 
panicle length: cm 
grain size : large 1, small 5 
1000 grain weight: g 

* · significant at 5% level 
significant at 1 % level 

Cs 
panicle 
length 

8.30 
1.34 

-0.06 
0.25* 
0.24* 

0.13 
-0.21 

Cs 
grain 
size 

2.23 
0.805 
0.02 
0.08 

- 0.04 
- 0.04 

-0. 75** 
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C12 
1000 grain 
weight 

49.0 
5.51 

- 0.03 
0.08 

-0 .21 
-0.12 
-0.30* 

of data handling. By data base technique it 
is quite easy and, in using EXIS, retrieved 
data groups are simply transfened to the 

succeeding analysis with ample choice of 
statistical methods available.1 > 

Another example is the reference of parent-

KINKJ I 5 •••••••••: 
:-NORIN22 ••••••••• 

KlNKl9 ••••• ••••• : : 
:-OOU 224 ... ......... : 

MORITAWASE"•" : : 
!-NORIN J . ........ : 

RIKUU 132 •••••••; . 
CINI300zu ...... . : 

;- SASANISHIKI• • 

!- NORIN8 .. •••••••• 
ASAHI • ••••• ...... : : 

~ SASASIIIGURE••••••: 
KAMENOO •••••••• : 

!-TOOiiOKU 24••••; 
ASAHI ............ : 

-TOYONISHIKI 
KINK! I S ....... . .. 

:-NORIN 22• .. • •••• : 
KINK! 9 .......... : : 

!-YAMASENISHIKI••••: 
MORITAWASE ..... : ! 

;- NORIN, ......... : • 
RIKUU 132 .... ... : 

!-OOU 239 ... .... 
SHIN)YU 2 ... .... . 

;- FUTABA •• .... •••; 
TAKANEASAHI .. : 

:-FUJISAKA 5 ..... ... . : 
AIKOKU .... ,...... : 

:- ZENSEKIWASE ••• 
???????? • ••• •••••• : 

Fig. 7. Genealogical tree of a rice variety TOYONISHII~I, by 
extended EXIR 
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offspring relationship of rice varieties. Over 
600 recommended rice varieties are defined 
with their old strain names before registra
tion, mother name, father 11ame, and some 
other breeding records. Parents of any variety 
are retrieved and varieties having the same 
parent or parental combination are listed 
interactively. Genealogical tree of any variety 
can be drawn also from this data base using 
EXIR with additional function newly devel
oped by one of the present authors (Fig. 7 ) .0 > 

Use of EXIS in analysis of 
adaptability 
Tall fescue strains improved at the Hokkai

do National Agricultural Experiment Station 
were tested over 18 locations throughout 
Japan for 1 t9 3 years. Their forage produc
tion was me~sured by clipping and weighing 
1 to 11 times per year, depending on strain 
and location. Climatic variables such as tern-
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perature or day length were also recorded. 
These data were compiled as a data base for 
35 descriptors like test location, strain name, 
year of stand, clipping number, clipping date, 
dry matter weight, mean temperature, amount 
of precipitation and so on as 2065 items.SJ 
For the analysis of adaptability many subsets 
of data, i.e., subgroups of environments and/or 
strains, are often subjected to the same type 
of analysis. Also several different types of 
multivariate statistical methods are applied 
to the same data set. Not only one character 
such as yield but also several other characters, 
or sometimes, climatic variables are included 
in the analysis. For this way of data handling 
use of data base system is quite efficient.10> 

Wide adaptability of the variety Yamanami 
through Mainland Japan, and specific adapta
bility of another variety Hokuryo to Hokkaido 
were ascertained as indicated in Table 4. 
Differences in climatic response especially to 
accumulated temperature or day length among 

Table 4. Regression analysis of dry matter yield on site mean for three regions 

Hokkaido 
North central Southern Japan Japan 

Strain 
D.m. yield Regr. D.m. yield Regr. D.m. yield Regr. 

kg/a coef. kg/a coef. kg/a coef. 

Hokuryo 31.0 1.24 26.7 1.28 17.6 1.09 

Yamanami 27.5 .881 27 .6 .761 18.3 .749 
Hokkai-No. 3 28.7 .947 27.5 1.02 16.6 1.10 
Hokkai-No. 4 28.2 .915 28.1 1.07 19.4 1.09 
Hokkai-No. 5 29 .3 1.15 23.8 1.07 15.2 1.17 
Kentucky·31 25.0 .736 25.4 .808 16.0 .806 

Table 5. Regression analysis of dry matter yield on climatic conditions 

D.m. Partial regr. coef. Mult 

Strain 
yield Gr. Acc. Day corr. 
kg/a days temp. length coef. 

Hokuryo 23.50 .518** - .0148** 4.07** .626** 
Yamanami 23.05 .360** -. 0108** 1.88** .508** 
Hokkai No. 3 23.92 .420** -.0099** 2.15** .558** 
Hokkal No. 4 23.79 .424** - .0100** 2.46** .559** 

Kentucky 31 20.84 .326** - .0098** 1.69* .490** 

reg. ss.: reg r. smn of squares, Acc. temp.: acc,unulated temperature 
Gr. days: No. of growing days 

* · significant at 5 % level 
,:,* : significant at 1% level 

% of reg. ss. 

Gr Acc. Day 
days temp. length 

69.0 9.5 21.5 
70.3 17 .1 12.7 
81.7 7.8 10.4 
80.8 6.7 12.5 
71.3 16.3 12.5 



bred strains were revealed by regression ana
lyses (Table 5). Stepwise regression analysis 
of dry matter yield on 8 environmental vari
ables for the test period in 3 regions of Japan 
indicated resemblance and difference among 
strains within and between regions. Relative 
contribution of dry matter yield into several 
largest principal components extracted from 
climatic records and performance data clearly 
indicated the difference in physiological re
sponse among these strains to climatic con
ditions. Hokuryo and Yamanami were regis
tered by MAFF as new high-yielding varieties 
adaptable to Hokkaido or south-western Main
land, respectively, mainly for grazing heifers 
and beef cattle, and seed multiplication has 
been initiated. Results of these analyses are 
useful and important for fu1'ther breeding in 
accumulating basic information as well as for 
evaluation of candidate strains. 

In the rice breeding project 13 breeding 
stations distributed all over Japan has been 
developing new varieties aiming at various 
breeding purposes inherent to the localities. 
Finally selected candidate strains from these 
stations are delivered to the prefectural test
ing stations in the proposed area of diffusion 
to evaluate their adaptability. The data of 
this test, called as the 'Test for Deciding 
Varieties for Recommendation', are very pre
cious but seemingly have not fully been 
utilized yet. It is proposed to create data bases 
by BIRS-T for printing the annual report very 
efficiently and also by EXIS for further anal
ysis starting from this year. 

As to the activities on genetic resource in
formation management outside of l\IAFF, 
Sugawara, Tateno and Sakamoto•> reported 
that The Institute of Physical and Chemical 
Research has been engaged in research and 
development of data bases of micro-organisms, 
plant, algae, animal and plant tissue culture, 
and newly established information system will 
serve for scientists with bibliographical and 
characteristic data of these laboratory or
ganisms. 

Future scope 
EXIS can be used in several other ways by 
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the help of some devices in job setting and 
attached FORTRAN programs. Family tree 
drawing, data transformation or addition of 
new descriptors based on the manipulation of 
already existing descriptors and so on are 
being devised by one of the authors.O> Simpler 
steps to refer another data base by the re
trieved results of one data base is also under 
way. A study group presided by Professor 
K. Saio of the University of Tokyo has been 
constructing a prototype of relational data 
base management system SIRA/GR especially 
designed for the more efficient use of informa
tion to help progress of plant breeding pro
jects12>. Fo1· other stages of plant breeding, 
such as planning for selection procedure 
through gene1·ations, for instance, the appro
priate use of data base by the conversational 
mode through computer terminals on the la
boratory desk may be helpful in examining 
available data, reflecting possible choices and 
deciding which way to take. Wide use of data 
base technique in plant breeding making the 
best use of genetic resource information 
seems to be more and more important in 
future . 
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