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Abstract - The medaka species is used as a model animal throughout the world. As an experimental 
animal, it is similar to zebrafi sh but has important distinguishing features. As it lives in the temperate 
zone, medaka spawning is infl uenced by photoperiods and circadian rhythms. Medaka can adapt to 
lower temperatures in winter and higher temperatures in summer. Adaptation to high salinity has also 
been observed. Medaka research has been supported by important biological resources hosted by the 
National Bio-Resource Project (NBRP) since 2002. NBRP Medaka is a central repository of medaka 
resources that provides the research community with fi sh, cDNA/BAC/fosmid materials, hatching 
enzyme, useful databases and, more recently, a TILLING library for mutant screening and a genome 
editing platform based on CRISPR-Cas9. NBRP Medaka continues to support the medaka research 
community by enhancing productivity, continuity and reproducibility.  
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1. Common and unique futures of medaka as model 
animal 
Medaka serves as an alternative model that is both comparable 
and complementary to zebrafi sh (Table 1) (Wittbrodt et al., 
2002). The two fi sh species have many similar features, 
such as a short generation time, established tools for 
embryonic manipulations, genome resources (high-density 
genetic map and draft genome sequence), transgenic 
technology and genome editing methods such as TALENs 
and CRISPR-Cas9 (Kawahara et al., 2015). Recent 
progress in medaka genetics and genomics tools has been 
reviewed by Kirchmaier et al. (2015). The generation time 
of medaka is 6 to 10 weeks, depending on feeding conditions
such as the frequency of feeding and space for rearing. 
Medaka is a daily spawner and lays 10 to 30 eggs/day, 
resulting in 70-210 eggs/week, which is similar to zebrafi sh 
fecundity (Naruse et al., 1994). The breeding strategy of 
medaka is quite different from other model fi shes, such as 
zebrafi sh and stickleback. As medaka is native to the 
temperate zone, the maturation of oocytes is strongly 
infl uenced by day and night length (Koger et al., 1999). 
Medaka is a long-day animal, and a daytime period >13.5 
hours is essential for LH/FSH release through GnRH 
secretion (Urasaki, 1975) (Awaji and Hanyu, 1988). Even 
at higher temperatures (greater than 20 °C), a shorter 
period of daylight (≤13 hours) inhibits oocyte maturation 
and breeding is arrested (Awaji and Hanyu, 1988). 

Regional variations in the critical period of day length have 
also been reported (Sawara and Egami, 1977). Oocyte 
maturation is also strictly controlled by the circadian 
rhythm during the breeding season (Iwamatsu, 1978) (Ueda 
and Oishi, 1982). Thus, the day/night cycle must be fi xed 
to obtain eggs at a fi xed time. Alternatively, the timing of 
oocyte maturation can be controlled by changing the start 
and end times of the daylight period. Medaka can adapt to 
a low temperature (4 °C) in winter and a high temperature 
(37 °C or higher) in summer. Adaptation to a lower 
temperature occurs even in embryos, and embryonic 
development can thus be reversibly controlled by a 
temperature shift from 25 °C to 4 °C (Sampetrean et al., 
2009; Valdez et al., 2005). The relationship between 
temperature and the rate of development at each stage is 
illustrated in Figure 1. Medaka also displays tolerance to 
high-salinity conditions (Inoue and Takei, 2002). Medaka 
can survive direct transfer from freshwater to 1/2 sea water. 
After acclimatization in half seawater for five days, 
medaka can survive in seawater (Ogoshi et al., 2012) (Kang 
et al., 2008). In addition to Oryzias latipes, O. dancena
(previously named O. melastigma) and O. javanicus are 
actively used to study seawater adaptation (Kang et al., 
2008; 2013) and marine ecotoxicology (Imai et al., 2007). 
O. javanicus lives in mangrove swamps from Thailand to 
Indonesia and thus it is a marine fi sh; its life cycle can only 
be completed in seawater. O. dancena lives in both 
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freshwater and seawater from the east coast of India to 
Malaysia (Yusof et al., 2012), and its life cycle can be 
completed in freshwater and seawater (Inoue and Takei, 

2003). Medaka and its relatives provide a unique opportu-
nity to analyze the mechanisms of adaptation to various 
environments.  

Table 1. Comparison of charactors between zebrafi sh and medaka.

Character Zebrafi sh Medaka

Generation time 12 weeks 6-10 weeks

Sex determination ZZ-ZW (not identifi ed) XX-XY (DMY/DMRT1Yb gene )

Eegg envelope Soft Hard

Fecundity 100-200 eggs / week 10-30 eggs /day

Chromosome numbers 25 pairs 24 pairs

Genome size 1700Mbp 800Mbp

Number of inbred lines 3 13

SNP rate among strains 1% 4%

High density genetic map Aavailable Available

Genome analysis Finished Finished

Transgenic  technology Well established Well established

Upper and lower survival temp. 35-20℃ 37-4 ℃

ES like cells Not available Available

Upper and lower salinity range No data Survive in the half sea-water 

Sperm cryopreservation Well established Well established 

Gene and/or enhancer trap method Well established Available

Reverse  genetic approach Genome editing /TILLING Genome editing/TILLING 

 
Figure 1. Time required to reach different developmental stages at different temperatures. The left ordinate axis indicates 
the time needed to reach the developmental stage in hours and days. The right ordinate axis shows the developmental 
stages according to Matui’s developmental staging series (Yamamoto, 1975) and Iwamatsu’s developmental staging 
(Iwamatsu, 1994; 2004). The abscissa indicates temperature in degrees Celsius. Modifi ed from MEDAKA (KILLIFISF) 
Biology and Strains (Yamamoto, 1975). 
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2. National BioResource Project Medaka (NBRP 
Medaka) 
NBRP was launched by MEXT in 2002 to support the 
research community in Japan as well as other countries, 
and the project is now in its third term. NBRP Medaka 
(https://www.shigen.nig.ac.jp/medaka/) is a central 
repository of medaka resources such as transgenic lines, 
mutants, inbred lines, wild stocks and related species and 
cDNA/BAC/fosmid clones. NBRP provides three requestable
resources (medaka strains, cDNA/BAC/fosmid clones and 
hatching enzyme). Each resource can be ordered online 
using a shopping cart system. The provision of inbred lines, 
congenic/consomic lines and related medaka species are 
unique to NBRP Medaka. There are 300,000 full-length 
cDNA and EST clones available, as well as 55,000 BACs 
and 230,000 fosmid clones providing 20x coverage of the 
genome. BAC/fosmid resources are useful for establishing 
transgenic fi sh by in vivo homologous recombination. The 
hatching enzyme, which can digest the hard medaka
chorion (egg envelope), enables embryonic manipulations 
such as chimera formation and somite transplantation. In 
addition to these resources, NBRP Medaka provides 
several databases. There are atlases of the brain and 
vascular system at embryonic stages 24 to 30 and in the 
adult (https://www.shigen.nig.ac.jp/medaka/medaka_
atlas/). A phylogenetic tree (http://www.actioforma.net/
nibb/medaka/index.html) that describes the relationships 
of wild medaka populations and closely related species. A 
physical map of the genome is provided in a browser 
(http://viewer.shigen.info/medakavw/mapview/) that can 
display the genomic positions of the cDNA/BAC/fosmid 
clones. This database is useful for identifying clones that 
contain a gene of interest as identifi ed by a BLAST search 
(http://viewer.shigen.info/cgi-bin/blast/blast.cgi). It is also 
possible to search for CRISPR target sites with micro-
homology, with links to CCTOP-CRISPR/Cas9 target 

online prediction (http://crispr.cos.uni-heidelberg.de/index.
html) (Stemmer et al., 2015); these features are helpful for 
creating gene knock-outs by genome editing. Exp VD 
(http://www.shigen.nig.ac.jp/medaka_vd_cgi-bin/main.
pl?name=medaka_091023_ex10&type=c) shows the 
expression profi le of each gene across 11 cDNA libraries 
and is used in a full-length cDNA sequencing project. This 
application can be used to identify genes with similar 
expression patterns. The Medaka Book and Laboratory 
Manual provides several experimental protocols, such as 
sperm cryopreservation and artifi cial insemination, and 
describes the husbandry of see-through medaka, which can 
be raised on paramecia (https://www.youtube.com/
watch?v=hNvHPSnbxHM) (https://www.shigen.nig.ac.jp/
medaka/download/strain/150205_Chisada_ver2_Breed-
ing_for_See-through_medaka.pdf). Screening for mutants 
using a TILLING library is also described (https://www.
shigen.nig.ac.jp/medaka/strain/aboutTilling.jsp), and a 
TALEN assembly protocol is provided (https://www.
shigen.nig.ac.jp/medaka/download/TALEN_protocol.pdf).  

3. Support for visiting researchers 
NBRP Medaka provides laboratory facilities for screening 
the TILLING library, constructing sgRNA plasmids and 
microinjecting sgRNA and Cas9 into embryos (Fig. 2). 
Users are able to work in the NBRP Medaka facility as 
visiting researchers. The National Institute for Basic 
Biology has individual collaborative research projects 
(http://www.nibb.ac.jp/en/collabo/collabo.html) that are 
collaborations between researchers from other institutions 
and the professors, associate professors and assistant
professors of NIBB. These projects are established and 
conducted on a case-by-case basis. NIBB can cover travel 
and accommodation costs for researchers within Japan who 
submit successful applications for support. 

Figure 2. Fish facility (left) and microinjection apparatus (right) for visiting researchers in NBRP Medaka. Users have 
access to their own fi sh racks during their stay at NIBB. Fish caretakers and lab technicians assist with screening of the 
TILLING library, constructing sgRNA plasmids for CRISPR-Cas9 genome editing and microinjecting eggs.  



R & KKiyoshi Naruse et al34

Acknowledgments 
We thank all members of NBRP Medaka at NIBB and 
Niigata University. We are also grateful to Dr. Okamoto in 
the RIKEN Brain Science Institute and Dr. Akashi in 
Miyazaki University for backup of the cryopreserved sperm 
samples and cDNA/BAC/fosmid clones, respectively. 
NBRP Medaka is supported by AMED Japan.  
 
References 
Awaji, M. and Hanyu, I. 1988. Effects of water temperature 

and photoperiod on the beginning of spawning sea-
son in the orange-red type medaka: Reproductive 
biology. Zoological Science 5, 1059-1064. 

Imai, S., Koyama, J. and Fujii, K. 2007. Effects of estrone 
on full life cycle of Java medaka (Oryzias javanicus), 
a new marine test fi sh. Environmental Toxicology 
and Chemistry 26, 726-731. 

Inoue, K. and Takei, Y. 2002. Diverse adaptability in 
Oryzias species to high environmental salinity. Zoo-
logical Science 19, 727-734. 

Inoue, K. and Takei, Y. 2003. Asian medaka fi shes offer 
new models for studying mechanisms of seawater 
adaptation. Comparative Biochemistry and Physiol-
ogy Part B: Biochemistry and Molecular Biology 
136, 635-645. 

Iwamatsu, T. 1978. Studies on oocyte maturation of the 
medaka, Oryzias latipes. VI. Relationship between 
the circadian cycle of oocyte maturation and activ-
ity of the pituitary gland. Journal of Experimental 
Zoology 206, 355-363. 

Iwamatsu, T. 1994. Stages of normal development in the 
medaka Oryzias latipes. Zoological Science 11, 825-
839. 

Iwamatsu, T. 2004. Stages of normal development in the 
medaka Oryzias latipes. Mechanisms of Develop-
ment 121, 605-618. 

Kang, C.-K., Tsai, S.-C., Lee, T.-H. and Hwang, P.-P. 2008. 
Differential expression of branchial Na+/K+-ATPase 
of two medaka species, Oryzias latipes and Oryzias 
dancena, with different salinity tolerances accli-
mated to fresh water, brackish water and seawater. 
Comparative Biochemistry and Physiology Part A: 
Molecular & Integrative Physiology 151, 566-575.

Kang, C.-K., Yang, W.-K., Lin, S.-T., Liu, C.-C., Lin, H.-
M., Chen, H.-H., Cheng, C.-W., Lee, T.-H. and 
Hwang, P.-P. 2013. The acute and regulatory phases 
of time-course changes in gill mitochondrion-rich 
cells of seawater-acclimated medaka (Oryzias dan-
cena) when exposed to hypoosmotic environments. 
Comparative Biochemistry and Physiology Part A: 
Molecular & Integrative Physiology 164, 181-191. 

Kawahara, A., Yabe, T., Ansai, S., Takada, S. and Kinos-
hita, M. 2015. Genome editing in zebrafi sh and 
medaka. Targeted genome editing using site-specif-
ic nucleases, pp119-131. Springer. 

Kirchmaier, S., Naruse, K., Wittbrodt, J. and Loosli, F. 
2015. The genomic and genetic toolbox of the teleost 
medaka (Oryzias latipes). Genetics 199, 905-918. 

Koger, C., Teh, S. and Hinton, D. 1999. Variations of light 
and temperature regimes and resulting effects on 
reproductive parameters in medaka (Oryzias latipes). 
Biology of Reproduction 61, 1287-1293. 

Naruse, K., Sakaizumi, M. and Shima, A. 1994. Medaka 
as a model organism for research in experimental 
biology. The Fish Biology Journal Medaka 6, 47-52. 

Ogoshi, M., Kato, K., Takahashi, H., Ikeuchi, T., Abe, T. 
and Sakamoto, T. 2012. Growth, energetics and the 
cortisol-hepatic glucocorticoid receptor axis of 
medaka (Oryzias latipes) in various salinities. Gen-
eral and Comparative Endocrinology 178, 175-179. 

Sampetrean, O., Iida, S.-I., Makino, S., Matsuzaki, Y., 
Ohno, K. and Saya, H. 2009. Reversible whole-or-
ganism cell cycle arrest in a living vertebrate. Cell 
Cycle 8, 620-627. 

Sawara, Y. and Egami, N. 1977. Note on the differences in 
the response of the gonad to the photoperiod among 
populations of Oryzias latipes collected in different 
localities. Annotationes zoologicae japonenses 50, 
147-150. 

Stemmer, M., Thumberger, T., del Sol Keyer, M., Wittbrodt, 
J. and Mateo, J. L. 2015. CCTop: An intuitive, fl ex-
ible and reliable CRISPR/Cas9 target prediction tool. 
PLOS ONE (in press). 

Ueda, M. and Oishi, T. 1982. Circadian oviposition rhythm 
and locomotor activity in the medaka, Oryzias lat-
ipes. Biological Rhythm Research 13, 97-104. 

Urasaki, H. 1975. The role of pineal and eyes in the pho-
toperiodic effect on the gonad of the medaka, Oryzias 
latipes. Chronobiologia 3, 228-234. 

Valdez, D. M., Miyamoto, A., Hara, T., Edashige, K. and 
Kasai, M. 2005. Sensitivity to chilling of medaka 
(Oryzias latipes) embryos at various developmental 
stages. Theriogenology 64, 112-122. 

Wittbrodt, J., Shima, A. and Schartl, M. 2002. Medaka-a 
model organism from the far East. Nature Reviews 
Genetics 3, 53-64. 

Yamamoto, T. 1975. Medaka (killifish): Biology and 
Strains. Yugakusha. 

Yusof, S., Ismail, A., Koito, T., Kinoshita, M. and Inoue, 
K. 2012. Occurrence of two closely related rice-
fi shes, Javanese medaka (Oryzias javanicus) and 
Indian medaka (O. dancena) at sites with different 
salinity in Peninsular Malaysia. Environmental Biol-
ogy of Fishes 93, 43-49. 

 


