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The microbial image database supports both culture
collection services and their users
Fukuhiro Yamasaki＊, Toyozo Sato, Tamaki Uehara-Ichiki and Masaru Takeya
Genetic Resources Center, National Agriculture and Food Research Organization (NARO)
2-1-2, Kannondai, Tsukuba, Ibaraki 305-8602, Japan
Although many microbial culture collections provide online catalogs, their limited image data do not provide sufficient
information about morphological features to enable choice of target strain. To improve this situation, NARO Genebank
has developed a relational database for images of colonies on culture plates including micrographs and the symptoms of
microbe-induced diseases. Newly created tables associated with existing passport data have made it possible to add an
image display function to the online catalog. A simple user interface retrieval system with a primary focus on the
images (https://www.gene.affrc.go.jp/?db_mc_e) has been launched to strengthen the access path from images to strains.
As of November 30, 2018, a total of 23,106 images of 9,669 strains are available. This database allowed users to search
target strains visually and could improve reliability of culture collection services by supporting visual inspection of
microbial strains to be distributed. Hence it would be an effective system for both culture collection services and their
users.
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INTRODUCTION

Microorganisms have been used in food
processing to extend the shelf life and increase the
nutritional and taste value since ancient times
(Caplice & Fitzgerald, 1999), but they have also been
shown to be an important biological resource for
global food security in studies of plant protection
from pathogens (Kang et al., 2006) and amelioration
of stress of agricultural crops caused by climate
change (Grover et al., 2011). Diversity is paramount
for maintaining genetic resources (Colwell, 1997), and
culture collections contribute greatly to the stable
preservation of important microorganisms. In
addition to collection and long-term storage, the
main responsibilities of culture collection services
include distribution of microorganisms (Kirsop, 1991)
and regular updating of their catalogs (World
Federation for Culture Collections, 2010). Although
the development of databases for microbial culture
collections has been slow as compared to the plant
seedbanks (National Research Council, 1993),
computerization of records has been realized as
recommended in the guidelines established by the
World Federation for Culture Collections, and many
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culture collection services provide online catalogs
(e.g., American Type Culture Collection, https://
www.atcc.org/; Biological Resource Center, National
Institute of Technology and Evaluation, http://www.
nbrc.nite.go.jp/NBRC2/NBRCDispSearchServlet; Japan
Collection of Microorganisms, http://jcm.brc.riken.jp/
ja/catalogue; Leibniz-Institut DSMZ - Deutsche
Sammlung von Mikroorganismen und Zellkulturen
GmbH, https://www.dsmz.de/catalogues/cataloguemicroorganisms.html; and Westerdi jk Fungal
Biodiversity Institute, http://www.westerdijkinstitute.
nl/Collections/DefaultInfo.aspx).
Online catalogs currently have been exhibited
very limited images, thus users have difficulty
obtaining information on the morphological characteristics of microbial strains in advance. Although
DNA sequences have been increasingly used for
microbe identification, morphological characteristics
are still important attributes for identifying
microbes, especially fungi. (Begerow et al., 2010;
Aoki, 2015).
The microbial image database would be beneficial
to both culture collection services and strain-users.
For culture collection services, storing images of
strains in the database would help them to prevent
or recover troubles such as contamination and quality deterioration by visual comparison. For users, it
would be convenient to select which strains were
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best to order, and confirm the received strains.
Therefore, we at NARO (National Agriculture and
Food Research Organization) Genebank, decided to
develop a new database to associate a microorganisms’ image with its passport data (basic description
of an accession) and publish it through the internet.
Here we describe the collection of microbial images,
the database design, and the development and usage
of the web retrieval system. We also recount the
advantages of the database over a conventional system that stores text only.
Fig. 1

SYSTEM IMPLEMENTATION

Image acquirement
In the early stages of the database construction,
we used photographs of colonies on culture plates
and fruiting bodies that were taken during periodic
inspection for quality control or during preparation
of pre-cultures for nucleotide sequence analysis of
preserved strains. These images were originally
accumulated as internal data in case abnormalities
were detected during the quality inspection or
sequence analysis suggested that a microbe had
been misidentified. Since May 2016, we have prepared photographs of both obverse and reverse
sides of the culture plates on the assumption that
the image database would be released to the public.
To obtain sharp and clear images that can be easily
compared between strains, the photographic apparatus was set in a dark place to minimize the effects
of ambient light and the flicker of fluorescent light,
and camera settings such as shutter speed, F number, ISO sensitivity, and white balance were fixed as
follows: shutter speed, 1/10 s; F stop, f/11; and ISO,
200 (Fig. 1). In addition, photographs of isolation
sources and disease symptoms taken during outdoor
exploration of plant pathogenic strains and pathogenicity tests have been added to the database since
April 2018.
Database schema
NARO Genebank uses MySQL as the relational
database management system for the web retrieval
system (Takeya et al., 2013). To associate the images with existing microbial data, a new set of tables
for storing image-related data was designed and
added to the database. In the table for storing
image information, fields such as original filename,
caption, file type (subject), width and height (number
of pixels), and shooting date (i.e., original date of the

Photographic apparatus and shooting environment. Since May 2016, photographs of
the culture plates are taken in a dark place
to minimize the effects of ambient light and
the flicker of fluorescent light. Camera settings are fixed as follows: shutter speed, 1/10
s; F stop, f/11; and ISO, 200. An 18% gray
card is used as a reference for exposure and
white balance.

image) were created. The relationship between this
table and strain information is one-to-zero or many
in principle. However, in the case of a photograph
of an isolation source, multiple strains might be contained in the one image, so an intermediate table
was created to cope with the many-to-many relationship. The image data were stored as binary objects
in the database instead of the file system to improve
manageability and security (Kratochvil, 2005). The
image data always has a one-to-one relationship with
its metadata such as original filename, but to ensure
high search speeds, the image data table was separated from the image information. A simplified entity-relationship diagram is shown in Fig. 2.
Registering images in the database
Because this database handles a large number of
images, registering the images manually is time-consuming and risks human error by data entry operators. Therefore, we have developed a batch insertion program to register images. This program
obtains essential information such as Strain ID,
image subject type, and caption by parsing the file
name of images; therefore, if the file names are
arranged based on a certain rule (e.g.,
MAFF307001sym_Quinoa_inoculation_8da.jpg), registration of a large number of images can be performed very easily. This method is effective
because researchers basically manage their images
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Fig. 2	Simplified entity-relationship diagram of the microbial images database. Because Strain_info and Image_info may have a many-tomany relationship in the case of a photograph of the isolation source, an
intermediate table (Strain_to_image) is created. The Image_data
always has a one-to-one relationship with Image_info, but to ensure a
high search speed, the Image_data is separated from Image_info.
Strain_info is a pre-joined (denormalized) table for the web retrieval
system and its data structure is different from the original. Note that
Filetype represents the subject type (e.g., disease symptom).

with filenames that explain the subject. For the
shooting date, if the DateTimeOriginal field of Exif
(Standard of the Camera & Imaging Products
Association, 2016) recorded by the digital camera is
available, the batch insertion program automatically
converts it into a form that can be stored in the
database.
Images on the world-wide web may be directly
accessed and displayed separately from descriptive
text. Embedding the scientific name or other text
information in an image would simplify the viewing
process, but would be irreversible and impair the
flexibility needed to cope with changing classification systems or microbe reidentification. Therefore
text synthesis is not performed in the image registration, but rather in the display process.

the strain to be provided visually.
In the search form, a filtering option to search
only strains with one or more images is added. The
search results list has also been modified so that
strains with image data can be distinguished in the
remarks column. In addition, when a search result
includes the strain with images, a link to the new
retrieval system described below is provided.

Improvement of online catalog
A screenshot of the Microorganism Search
System with integrated image data (https://www.
gene.affrc.go.jp/?db_mc_e) is shown in Fig. 3. By
clicking the 48-pixel square micro thumbnail displayed on the detailed information page for each
strain, users can check the corresponding high-resolution image with dynamically embedded strain ID
and scientific name. This online catalog has been
displayed essential information such as scientific
name and isolation source as well as relevant literature, sequence data, and plant disease information
(Takeya et al., 2011; Sato et al., 2013). The addition
of images allows the morphological information of

New retrieval system with a primary focus on the
images
Since the images that represent the morphological
characteristics of microorganisms not only complement the textual information but also can be the
landing contents, we developed the new retrieval
system with a primary focus on the images. The
user interface has been designed to be as simple as
possible. In contrast to the conventional
Microorganism Search System, the images are
placed in the main area of the search results, and
the text data is positioned as a supplement. On the
top page, sample images are randomly displayed
prior to a search being performed, so that the user
can see the kinds of images available at a glance.
The new system intentionally has only one input
search form in contrast to the conventional search
system, which provides multiple input forms such as
category, scientific name, and source. The query is
performed across multiple fields: for example,
“Pythium”,“Spore”, and“Strawberry”(or a combination thereof) are all valid search terms. In addi-
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Screenshot of the updated Microorganism Search System with integrated image data. The field of the
“Photo”was added to the existing scientific name, isolation source, literature, sequence data, and plant disease
information (a). By clicking a 48-pixel square micro thumbnail, users can view the corresponding high-resolution image with dynamically embedded strain ID and scientific name (see Fig. 5) in a modal window. In addition, when a search result includes strains that have images, a link to the new retrieval system with a primary
focus on the images is provided (b).

tion, if the search result using multiple terms is
empty, the system automatically switches from
AND search to OR search and tries again. This system is not suitable for searching with detailed conditions, but it has the advantage of being intuitive.
Screenshots of the microbial image database
newly developed in this study is shown in Figs. 4
and 5. Clicking on an image displayed in the search
results or top page allows users to view the corresponding high-resolution image together with essential information such as scientific name and isolation
source. It also provides a hyperlink to more detailed
strain information and more thumbnails including
other strains that are suggested to be highly relevant by strain ID or scientific name. This system is
available from our website (https://www.gene.affrc.
go.jp/?img_mc_e).

RESULTS AND DISCUSSION

Number of available images
As of November 30, 2018, a total of 23,106 images
of 9,669 microbial strains were available from the
NARO Genebank (Table 1). Among the various
microbial categories, fungi have the most comprehensive image data: approximately 58.4% of fungal
strains are published with one or more image. The
registration of plant virus images has just started in
March 2018, but already more than 10% of plant
viruses have an image of the disease symptom.
Considering that NARO Genebank conserves various plant pathogenic strains and that the microbial
images are interlinked to the Database of Plant
Diseases in Japan (https://www.gene.affrc.go.jp/?db_
pldis_e), our website is becoming a practical system
not only for researchers but also for plant protection
workers and farmers.
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Screenshots of the microbial image database newly developed in this study. On the top page, sample images
with strain ID and scientific name are randomly displayed to show the types of images contained in the database (Left). Keywords such as scientific name, isolation source, and image caption can be used as search conditions. The result of searching with“Japanese pear leaf”is shown in the figure on the right; the search results
contain mainly Colletotrichum spp. and Leptosphaerulina spp. isolated from leaf spot of Japanese pear. By clicking any image, the relevant details page is loaded.

Usage and future prospects
High-resolution images in the database have been
displayed 518,349 times during the period from June
28, 2016, when the service was launched, to the end
of November 2018; of these images, 7,995 were
directly accessed from the search engines Google
and Yahoo, which suggests that the microbial image
data may serve as landing content. There were also
237 instances where an image was accessed from an
“.ed.jp”domain assigned to a Japanese high school
or lower educational institution. In these instances,
the most common searches were“微生物画像”and
“びせいぶつがぞう”
, both of which mean“microbial
image”in Japanese, on Yahoo! Kids (https://kids.
yahoo.co.jp/), a portal site for children. If the captions of images can be made more descriptive in the
future, it is expected that the database could be
used more for educational purposes as a pictorial
guide for newcomers to microbial studies.
Thus, by developing the microbial image database
and publishing it on the world wide web, NARO
Genebank is able to provide information on the morphological features of strains to users. By adding a

new retrieval system with a primary focus on the
images, passport data and morphological data can be
linked to each other, allowing users to search target
strains visually. Currently, the number of stored
images exceeds 26,000 including unreleased strains
and we will successively release them to the public.
In the future, we will increase the amount of micrograph data and develop an identification support
system that can compare user-uploaded images to
images stored in this database.
As a culture collection service, we also benefit
from the microbial image database because it
increases the efficiency of visual inspection before
distribution of microbial strains thereby improving
quality control. In addition, the access path from
the search engine has been strengthened, so visits
from new users are expected. In this way, the construction and publication of the microbial image
database is important for both the users of microorganisms and culture collection services, and it is
expected to contribute substantially to research into
microorganisms and related fields.
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On the details page of the microbial image database, high-resolution images can be viewed together with
basic passport data and a hyperlink to more detailed strain information. Since strain ID and scientific
name at the top of the image are dynamically synthesized, essential information can be retained in cases where
the image is displayed independently via search engine or direct URL access, and even when the scientific
name of the strain is changed, the output image is automatically corrected simply by updating the passport
data. This page also has a function that enlarges the area where the cursor is located. Other thumbnails that
are suggested to be highly relevant by strain ID or scientific name are also displayed below the image. In this
example, a micrograph and photographs of colonies on plates of MAFF 305786 and additional images of MAFF
305975 and 306032 isolated from peach and jack fruit are displayed.
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Number of images available from NARO Genebank as of November 30, 2018
No. of images

Category
Fungus
Colletotrichum
Fusarium
Pestalotiopsis
Pythium
Rhizoctonia
Pseudocercospora
Passalora
Alternaria
Botrytis
Phomopsis
Plant virus
Yeast
Bacterium
Actinomycete
Bacteriophage

No. of strains
16,447
1,219
1,886
465
673
440
315
345
244
279
271
398
496
6,383
243
56

Micrograph

Culture plate

Disease
symptoms
(macrograph)

3,717
856
31
146
422
4
37
41
92
69
98
0
12
0
1
0

18,140
2,376
1,690
666
88
635
559
447
381
380
345
0
18
1
0
2

1,145
248
15
30
18
11
28
0
17
12
40
59
4
3
4
0

ACKNOWLEDGEMENTS

We thank Dr. Shigeru Kaneko, Ms. Hiromi
Nakajima, Ms. Kyoko Yabunaka, Ms. Katsue Shitogi,
and Ms. Chieko Kanazawa for taking photographs of
microorganisms, Ms. Kotomi Yoshimura and Ms.
Yukari Kobayashi for supporting arrangement of
image files, and Dr. Takayuki Aoki, Dr. Hiroyuki
Sawada, and Dr. Toshirou Nagai for reviewing this
manuscript and giving helpful comments.

REFERENCES

Aoki, T. 2015. Taxonomy, species concept and
systematics of the genus Fusarium: Progress,
current status and problems to be solved. Jpn. J.
Mycol. 56: 49-67 (in Japanese with English
summary).
Begerow, D., Nilsson, H., Unterseher, M. & Maier, W.
2010. Current state and perspectives of fungal
DNA barcoding and rapid identification
procedures. Appl. Microbiol. Biotechnol. 87(1):
99-108.
C a p l i c e , E . & F i t z g e r a l d , G . F . 1999. F o o d
fermentations: role of microorganisms in food
production and preservation. Int. J. Food
Microbiol. 50(1-2): 131-149.
C o l w e l l , R . R . 1997. M i c r o b i a l d i v e r s i t y : t h e
importance of exploration and conservation. J. Ind.
Microbiol. Biotechnol. 18(5): 302-307.
Grover, M., Ali, S.Z., Sandhya, V., Rasul, A. &
Venkateswarlu, B. 2011. Role of microorganisms in

No. of strains
with image(s)

Percentage
of strains
with
image(s)

9,609
1,127
819
369
327
296
276
248
207
192
189
40
16
2
1
1

58.4%
92.5%
43.4%
79.4%
48.6%
67.3%
87.6%
71.9%
84.8%
68.8%
69.7%
10.1%
3.2%
0.0%
0.4%
1.8%

adaptation of agriculture crops to abiotic stresses.
World J. Microbiol. Biotechnol. 27(5): 1231-1240.
Kang, S., Blair, J.E., Geiser, D.M., Khang, C.H., Park,
S.Y., Gahegan, M., O’Donnell, K., Luster, D.G., Kim,
S.H., Ivors, K.L., Lee, Y.H., Lee, Y.W., Grünwald,
N.J., Martin, F.M., Coffey, M.D., Veeraraghavan, N.
& Makalowska, I. 2006. Plant pathogen culture
collections: it takes a village to preserve these
resources vital to the advancement of agricultural
security and plant pathology. Phytopathology
96(9): 920-925.
K i r s o p , B . E . 1991. S e r v i c e c o l l e c t i o n s : T h e i r
functions, In Kirsop, B.E. & Doyle, A. (eds.),
Maintenance of Microorganisms and Cultured
Cells, second edition. p. 5-20, Academic Press,
London.
Kratochvil, M. 2005. The Move to Store Images in
the Database. https://web.archive.org/
web/20170916025448/https://www.oracle.com/
technetwork/database/database-technologies/
multimedia/overview/why-images-indatabase-1-134712.pdf. (archived by the Internet
Archive Wayback Machine, accessed July 1, 2019)
National Research Council 1993. Managing Global
Genetic Resources: Agricultural Crop Issues and
Policies, The National Academies Press,
Washington DC.
Sato, T., Yamasaki, F. & Takeya, M. 2013. The
common name database of plant diseases in Japan,
ever improved. Shokubutsu Boeki (Plant Prot.)

─ 57 ─

The microbial image database

Yamasaki et al.

67(1): 39-43 (in Japanese).
Standard of the Camera & Imaging Products
Association 2016. Exchangeable image file format
for digital still cameras: Exif Version 2.31. http://
w w w . c i p a . j p / s t d / d o c u m e n t s / e / D C -008Translation-2016-E.pdf. (accessed November 7,
2018)
Takeya, M., Yamasaki, F., Uzuhashi, S., Aoki, T.,
Sawada, H., Nagai, T., Tomioka, K., Tomooka, N.,
Sato, T. & Kawase, M. 2011. NIASGBdb: NIAS
Genebank databases for genetic resources and
plant disease information. Nucleic Acids Res.

39(Database issue): D1108-D1113.
Takeya, M., Yamasaki, F., Hattori, S., Oyanagi, C.,
Chibana, T. & Tomooka, N. 2013. Genebank datamanagement software incorporating seed-viability
test results. Plant Genet. Resour. 11(3): 217-220.
World Federation for Culture Collections 2010.
World Federation for Culture Collections
Guidelines for the Establishment and Operation of
Collections of Cultures of Microorganisms, third
edition. http://www.wfcc.info/guidelines/.
(accessed October 12, 2018)

カルチャーコレクションとその利用者の双方に貢献する微生物画像データベース
山﨑福容，佐藤豊三，一木（植原）珠樹，竹谷

勝

国立研究開発法人農業・食品産業技術総合研究機構遺伝資源センター
多くの微生物株において，形態的特徴は重要な要素の一つである．現在，オンラインカタログを提供しているカルチャー
コレクションは数多くあるが，画像データに関しては依然として充実しているとはいえない状況にある．そこで，農業生物
資源ジーンバンクでは培養した微生物の画像や顕微鏡写真，病徴写真などをデータベース化し，WWW を通しての公開を進
めている（https://www.gene.affrc.go.jp/?img_mc）
．2018 年 11 月末の時点で，9,669 株に由来する計 23,106 点の画像データ
が閲覧可能であり，これによって利用者は形態的特徴から微生物株を探すことができるようになった．画像データベースは
配布前検査における培養結果の視覚的な確認などコレクションの品質管理にも活用可能であり，微生物株の利用側・配布側
の双方にとって有意義なシステムである．
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