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1. Introduction

 There are several experimental teaching 

protocols for high school students1-5, some of which 

were developed by us6-12. In genetic experiments 

designed for high school students, genetic privacy 

should be respected and human DNA samples 
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Second, the DM-domain gene on the Y chromosome (DMY) and DM-related transcription factor 1 

gene (DMRT1) were amplified by polymerase chain reaction (PCR). We designed primers to 

amplify the target genes that resulted in shorter fragments (DMY: 61 bp, DMRT1: 93 bp) and there-

fore required shorter PCR conditions (approximately 50 min) than those in a previous study 

(approximately 2 h). Finally, the PCR products were electrophoresed using polyacrylamide gels 

(5%–20%) for 7 min at 24 W. We chose polyacrylamide gels over agarose gels, because they have 

a higher resolving power for small DNA fragments (5–500 bp) than agarose gels (100–600,000 
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should not be used. We previously developed proto-

cols to determine the sex of medaka (Oryzias 

latipes)11,12 and adapted them here for use in high 

school teaching.

 The medaka, a teleost fish, is a popular model 

in biomedical research, particularly for elucidating 

sex differentiation and determination mechanisms. 

Sex in medaka is determined by the DM-domain 

gene on the Y chromosome (DMY)13-15, which is 

expressed exclusively in XY (male) embryos. The 

DMY gene encodes a putative protein of 267 amino 

acids, containing a DNA-binding domain called 

DM. The DM-related transcription factor 1 gene 

(DMRT1)14 is involved in a specific type of XY sex 

reversal. Recent studies suggest that medaka DMY 

was derived from DMRT1 through gene duplication15,16.

 Polymerase chain reaction (PCR) is a method 

for amplifying target DNAs. Using PCR, copies of 

very small amounts of DNA are exponentially 

amplified in numerous cycles of temperature change. 

PCR is now an important technique used in medical 

science and molecular biology.

 In this study, we developed an experimental 

teaching protocol comprising three simple steps for 

the rapid determination (<90 min) of the sex of 

medaka for high school students. 

2. Materials and Methods

 Medaka of the orange-red variety was used in 

this study. The medaka were anesthetized with 

FA100 (4-allyl-2-methoexphernol; DS Pharma 

Animal Health, Osaka, Japan) and their tail fins were 

dissected on ice. Each tail fin was homogenized in 

100 µL of phosphate-buffered saline (pH 7.0) using 

a Bio-masher III (Nippi, Tokyo, Japan), followed by 

centrifugation at 6200 ×g for 30 s. The target genes, 

DMY and DMRT1, were amplified from the homog-

enized samples by PCR. The amplif icat ion 

conditions were as follows: an initial denaturation 

step at 98°C for 2 min, followed by 30 cycles at 

98°C for 10 s, 55°C for 10 s, and 68°C for 10 s. Four 

PCR primers were designed to amplify DMY (acces-

sion no. AB071534), and DMRT1 (accession no. 

A Y 1 5 7 7 1 2 )  ( F 1 ,  5 ’ - C T G A C A T G A G C A -

AGGAGAAGCA-3’;  F2,  5’-AAACCTGCT- 

GAGCTC-3’;  R1,  5’-CAGCGGGAGCACT-

TGGGCA-3’; and R2, 5’-AAGCGCTTGTG-

GCCTTTCAGC-3’) (Fig. 1). The reaction mixture 

contained 9 µL of distilled water, 25 µL of 2× PCR 

buffer (KOD FX neo; TOYOBO, Osaka, Japan), 10 

µL of 2 mM dNTPs, 1.5 µL of 10 µM forward 

primer (F1 or F2), 1.5 µL of 10 µM reverse primer 

Fig. 1   Alignment of PCR primers with DMY and DMRT1 genes of medaka. Nucleotides that are 

conserved between the two genes are outlined. Four PCR primers were designed for amplifying the 

DMY and DMRT1 genes (F1, F2, R1, and R2).
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(R1 or R2), 1 µL of KOD FX neo DNA polymerase 

(1.0 U/µL,) and 2 µL of homogenized sample. The 

PCR products were electrophoresed using polyacryl-

amide gels (5%–20% polyacrylamide; C-PAGEL 

HR, ATTO, Tokyo, Japan) and the Compact 

PAGE-ACE machine (WSE-1010/25; ATTO, 

Tokyo, Japan) for 7 min at 24 W, with a 25-bp DNA 

ladder (FUJIFILM Wako Pure Chemical, Osaka, 

Japan). The DNA in the gels was stained with SYBR 

Safe DNA gel stain in 1× TAE (Thermo Fisher 

Scientific, Tokyo, Japan) for 2 min. Photographs 

were captured using Printgraph (ATTO, Tokyo, 

Japan). The PCR products of DMY and DMRT1 

were then purified and cloned into the PTZ19R 

vector (Thermo Fisher Scientific). After the transfor-

mation of these recombinants into Escherichia coli 

XLI-blue strain (NIPPON GENE, Tokyo, Japan) 

using the calcium chloride method, phasmid DNA 

was recovered and nucleotide sequences were deter-

mined using the Applied Biosystems 3730xl DNA 

analyzer (Thermo Fisher Scientific).

3. Results and Discussion

 The medaka has an XX/XY sex-determination 

system13-15. The Y-linked sex-determination gene 

DMY  i s  a  dupl icate  of  the autosomal  gene 

DMRT115,16. As the nucleotide sequence similarity 

between DMY and DMRT1 in medaka is very high, 

several PCR primers can be used to amplify both 

genes. To distinguish DMY  and DMRT1 ,  we 

designed primers of different fragment sizes. Male 

medaka possesses DMY and DMRT1, while the 

female medaka  only possesses DMRT1. By PCR 

amplification of these genes with the designed 

p r imers ,  ma le  and  female  medaka  can  be 

distinguished. 

 Primers F1, F2, R1, and R2 were designed to 

amplify both DMY and DMRT (Fig. 1). The PCR 

products resulting from the four possible primer 

combinations (F1 and R1, F1 and R2, F2 and R1, 

and F2 and R2) were estimated to be 61, 106, 82, 

and 127 bp, respectively, for DMY. DMRT1 was 

estimated to be 93, 138, 114, and 159 bp, respec-

tively. In lanes 1 and 2, containing PCR products 

obtained using primers (F2 and R2), DMY (127 bp) 

was unclear and DMRT1 (159 bp) formed a weak 

band. In lanes 3 and 4 containing PCR products 

obtained using primers F2 and R1, DMY (82 bp) 

formed a weak band or was unclear, and DMRT1 

(114 bp) formed a weak band; nonspecific gene 

bands (approximately 140, 150, 160, 240, 270 and 

300 bp) were also found. In lanes 5 and 6 containing 

PCR products obtained using primers F1 and R2, 

DMY (106 bp) and DMRT1 (138 bp) were clearly 

identified. In lanes 7 and 8 containing PCR products 

obtained using primers F1 and R1, DMY (61 bp) and 

DMRT1 (93 bp) were clearly identified (Fig. 2). 

Teaching materials for understanding DNA in high 

school should be simple and rapid. The experiment 

should preferably be completed within 100 min (a 

2-h lesson). Short DNA fragments were amplified 

more rapidly than long fragments because the 

annealing time required depends on the size of the 

amplified DNA, with shorter annealing times for 

shorter DNA fragments. Therefore, the F1 and R1 

primer combination was optimal because of the short 

size of the fragments produced from DMY (61 bp) 

and DMRT1 (93 bp). The PCR products were elec-

trophoresed by polyacrylamide gel electrophoresis 

(PAGE) for 7 min at 24 W. We chose polyacrylamide 

gels, over agarose gels, because polyacrylamide gels 

have a higher resolving power for small fragments 

of DNA (5–500 bp) than agarose gels (100–600,000 

bp). The sex of young medaka is not distinguishable 

based on its appearance. The DMY fragment was 61 

bp and the DMRT1 fragment was 93 bp for male 

medaka (Fig. 3, lanes 1, 3, and 5). The DMRT1 frag-

ment was 93 bp for females (Fig. 3, lanes 2, 4, and 

6). Therefore, the samples in lanes 1, 3, and 5 were 

estimated to be from young male medaka fish. The 

samples in lanes 2, 4, and 6 were estimated to be 

from young female medaka fish. The findings were 

confirmed by observing these fish in the adult stage. 

Thus, this method can be used to accurately identify 

the sex of young medaka.

 In genetic experiments designed for high school 

students, genetic privacy should be respected and 

human DNA should not be used. We developed a 

protocol to rapidly determine the sex of medaka (O. 
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latipes). The primers (F1 and R1) were designed to 

amplify fragments in a shorter time (approximately 

50 min) than previous methods (approximately 2 

h)12-13. This method is simple and rapid and can be 

completed within 90 min because the amplified PCR 

products are shorter.

 In conclusion, we have developed an experi-

mental teaching material for high school students. 

This method is easy, simple, and rapid (<90 min). 

This method can be applied for effective teaching in 

high school lessons because the chapters about DNA 

and RNA are included in the model core curriculum 

for pharmacy education17—chapters C6(2): funda-

mentals of biomolecules and C6(4): fundamentals of 

genetics. The model core curriculum for pharmacy 

education plays a major role in ensuring that pools 

of pharmacists and pharmaceutical researchers are 

available by improving the quality of pharmacy 

education offered and meeting social responsibilities 

to uphold the highest standards for their qualifica-

tion. This developed method is an important 

analytical technique for pharmacists because they 

need to correctly understand case report forms 

containing the treatment of DNA and RNA. The 

principle of this study relates to the chapters, natu-

rally occurring polymers ,  in chemistry and 

expression of genetic information, in biology for 

high school.

Fig. 2   Polyacrylamide gel electrophoresis patterns produced using different primer 

pairs to amplify DMY and DMRT1 in medaka. The arrows(▷) indicate PCR 

products of target genes. The circles (○)indicate those of nonspecific genes.

Fig. 3   Identification of genetic sex of young medaka using the F1 and R1 primers to amplify DMY and 

DMRT1. Only males carry DMY. Lane M contains a 25-bp DNA ladder, lanes 1, 3, and 5 contain 

samples from male medaka, and lanes 2, 4, and 6 contain samples from female medaka. 
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