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Figure 1 High school students participate in authentic research projects. (A} Through a
project developed at the Human Genome Education Program at Stanford University, local high
school students participate in an experiment called DNA Snapshots—Peeking at your DNA.
Students use PCR to amplify DNA from their own cheek cells and examine human relatedness
through DNA similarities, in parallel to the process used te help locate lost children from the
“Dirty War” in Argentina. Through this compelling human story, students learn DNA basics
while exploring issues of privacy, family, and legal issues surrounding DNA typing and its uses.
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A New Era of Cancer Drugs
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ThermoFisher
BIO RAD SCIENTIFIC
T100™ Thermal Cycler '72304%'%):)0::](:'2 “AT L, 96-Well
800,000H ’ ’

F ""‘.\-I‘. i
1
V

® % .
/mlnipcr ) oyt a7 55 xmsen
oo Hokkaido System Science Co., Ltd.
miniPCR
Q 2
=B

PCR<A, DuxCycler 248,000




AL O 8
miniPCR  B%t miniPCR B+t

—o e e

M1 23M1 23 12 M

bp - ] =
200 >— @ — = » - -
100 —>— - - - —

7= T REDRE

PCR1&1E DNAET F DESKENI/ \2—>
1: 54 °C, 2:59 °C

L—21: 130bp, 2: 200bp, 3: 400bp

miniPCR#t vy 74 A+
https://www.minipcr.com/wp-content/uploads/miniPCR-iCycler-150507-M.OTO_contact-info.pdf
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- *() PCRIZIE _ . _
Srorgi R ERESHE 27— 3> (ISS) CPCRIZIE
- lan Goodfellow # 12
‘} (TN RKREDIAIVAEE) NASA JSC

Ebola Detection in
Makeni, Sierra Leone
2014

https://www.youtube.com/watch?v=hwok8eYXrDk 2016

http://www.minipcr.com/news/minipcr-ebola-crisis/  *
Astronaut Tim Peake =

&K E TPCRIEIE

Daniels family in Chicago
| vele i E4PCR
I A EER
]
TiaF, $650

their home DNA copier

http://www.minipcr.com/wp-content/uploads/minipcr-at-home.pdf
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Growing and Testing Roundup Ready Soybean Kit

Bl EFEnFHREBRZAFE-EE
-GM / nonGM XS O # 1%

FE/ENSDANIEHEEGMA NV B DB (A L/2ATE)

-DNAE# H EPCRIZEK HGMEZFDIEAN

minipcr

Onsta  vousno i B

National Science Teaching Association \ )
I . Bayer Crop Science

NSTAin LAT®

E&(2017)
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n other acEvItes you may conduct with e Material, wee done wnd in aocondace

MONSANTO AL S wit o kel and tegueey mepsbements, inchuing sy Feden, S Comty
Mumscgalsty or afher sestricioas.

Picase acknowledpe your xoeptance of these conditives by signng in the space provided bedom
e returning ose scanmed Copy 0 e vis emial.

Sincerely,
Valene Hanes
K12 STEM Engagement Lead
lzu-uutu-huu—oqmmur‘u—hm Vakere n Ny o g memanss (om
Soybean Kit
en Rogae
Diear . Confined Favwmment Crap Amcssment Platfonn Lead
& ! e
Prme Tcacher Narme (7t L] s
Subject to your scceptance of the comditions hsted below, Monsanto is pleased w0 give
you the followiag referenced matenal in Monsanto Crop Biotechnology: Growing and Testing .
T R Accepaed Tencher's Frest and Last Name Sigrature
*  Agppronimately 10 seod of glyphosate tolerant soybean; variety AYS23, (Evest 40-3.2,
OECD unique identifier: MON-04012-6) ‘hﬂ'd&:dnﬂﬂd_ Bl el =5

*  Approximately 10 seed of conventional soybean, vaniety AJS2$

*  Approvimately 10 soed of conventional soybean variety Willinms 82
e e ey e e GM#E  Non-GM7Z
Thes gaft i3 subyect 1o the following conditions:
X Chaldeen (amyone under 18 years obd) may only use the material subject 1o strict adubt

2 The Material may only be wsed for the purposes listed in the gusdebook and consissent
-ht-l-d-nqd“m-ihud-ﬂ-wbhm
material, s huding but not hessted W glyphosate, may anly e used commstent with those
prodiat’s label mstructions.

2 mmmw—uun—uqumumqn
petents, and w0 Boosse under those patents s grasted beyond the specific sample
nupplied 1f the Material contains enhanced trats swbyect 10 pasents oo wade secrets, mo
ﬂuﬂuwh.-h“‘“hﬂh-d.
“h&m“hhmh

3 You must dispose of the Material Monsasso has © you (s luding test Material and
“uhoddn_::gln“hd




5ibn7ier7/ LDNAZ B R AT

Science
Technology

PAPLE

o=
22 49%
111111

W

??????

Mathematics

0=0.375, q=0.625
PV92 PCR +/+ p==0.14 (0.25)

/informatics kit /- 2Pd = 0.47(0.29)
e -/- g° = 0.39 (0.50)
STEMZ Hardy-Weinberg® ;% &Il
X2 ERTE
x4 ) N TR 40
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PV92 PCR/informatics kit
(K16 PV92O0—A XD AluEdslid A Z &

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

(bp)

o gl -

500 —— e — — — — — —— — — — —

200

100
— Aly —

—_ REEBH (+4) 1 L—> 2,9, 16

—{ Aly — _

—— ANTOEEK (+/-): L—24,6,10,13,18, 19, 20

REERGAK (/) :L—23,5,7,11,12, 14,17

AENEND L DAINESIFEA (FHED) ZREZRHTES,
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pGLOF Y I, ERREE . KEHEIZKYHRRHAEINT-,
- Z{MEPCREEDE RIZKYECFBEBITMNERIZEST=,

SEEH

1.

Oto M, Ono M & Kamada H “Gene literacy education in Japan —Fostering
public understanding through practice of hands-on laboratory activities in high
schools.” Plant Biotechnol 23: 339-346 (2006)

CENIER, AR EF, KEBER, NFEZIEFEMENT /LB FRITEERD

TR EERERIESHIZTOWWTORET 1 EYMHEE49(2):90-107(2009)

KRER TREICET2EREMNGEGRFHEQ £AXMFHABE(INSTA) L

KEIDEGREZRELEM INATT V= (BRNAFHITBEERE)
24(1) 60-78 (2016)

. KEeE® 7/ LBERICRITIZUTSV—HE I EREBRERES -5F 44(2): 147-153(2021)
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J—RIJUEFEE2020 Y/ LIRE

SED/—NIMEFEIX. T/ LREDEIANZGF L (CRSPR/Cas9) #RFE SN

= ox=J7—-F R T4 CKEUC Berkeley: EDQO A ETX=aT)L- vl
INU T4 IS A& (Max Planck Institute: ZD A¥) IZiEE=FE L=, ZDRF, CRISPRELD
|t SNT-DNAESIZH R NT-BROAHFRMEE~DHFLHYELT -,

g/ LRERMNIE. 7/ LDNAD EEGNEIZEEZ ANTY ., Bl FZIEHEIZE
ATEHHIM FHDORTERR. EOFRE. RIDABEEGEDHARIZFEDHLI, E
RSN TWSEDEHYET , KETIEFHEIOFT VAL RBZESE (COVID-19) D
BEERERICBICHASINTLET,



7/ Li#wmE (Genome-editing)

> ROV €
o0 amQpem
’1 DSB (DNA —ASHtTHA)
o w1 1R A
/\T“ﬁ”m““ (ﬁ{n%%ﬂ#ﬁxi%ﬁ)
EREETERBA "= =
-%- *‘“’”/I \
ENREFD) vITI R ;L
oo TR =
CRISPRZF 1= IXTALENA?, ﬁwgnmwf?;ajﬁtzf
5L EDYEEESMEYIMT S, T

UITICRYBEFERIELZY. BIDELEFEEATHIENTEHHEIN
https://www.cosmobio.co.jp/support/technology/a/crispr-talen.asp &Y%
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Cc 8 bicinteractive.org/classroom-resources/crispr-cas-9-mechanism-applications

@\" Espafiol \’Q
hhm Bi o] l nteractive Classroom Resources  Planning Tools  Profe

CRISPR-Cas9 Mechanism &

¥ Web Assets (ZIP) 115 MB

Applications —

" later; B4-bit (ZIP) 423 MB
Z Launch Interactive

4 Desktop App - Windows 7 or
later, 64-bit (ZIF) 422 MB
Topic Level & 105 App - iPad and iPhene
Biochemistry & Molecular Biology High School — General (Link) 251 MB
- DNA & BNA High School — AP/IB
- Biotechnology College
Related Science News
Genetics Used In Sei % & ciii e 4
' i ) ] cience Says: Gene editing widely used in
- Gene Expression & Regulation : i
: P: g 4 Biolnteractive Playlists range of research
- Genetic Disease —
Favorited By Chinese researcher claims first gene-edited
Resource Type ® 50 Users babies
Interactive Media
- Click & Learn Mutation that protects against HIV raises
death rate
) A gene-editing first: scientists tried CRISPR
<} Share This to fight HIV

Doctors iry CRISPR gene editing for
cancer, a 1st in the US

https://www.biointeractive.org/classroom-resources/crispr-cas-9-mechanism-applications
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https://mainichi.jp/articles/20190630/ddm/013/040/012000c
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GABAGER MY FADHHLIAA >

https://sanatech-seed.com/ja/
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EXRDRY b SDYFPII=T a1 FvIN
GABASHIE®R (GAD) BIzF GAD #{&F ?E:
—HEHEHEHEHH — - EHEHEHEHEEHHE

—
BT R X1 > BB R X1 >
GAD #VI\UE GAD #vINVH
n l ) == f.‘.'.';.‘.‘.‘..
<<
GAD —_— GAD GAD %
EY FEE BICER(L ? .

Gamma aminobutyric acid; GABA (y7 =/ E& )

JLESVE ) IS

TCAREIH GABAZ v~k @

GABA% & RIBEN
AR (ammmmmmmm GABA
EFPILTEFR GABA-T
GABA# BB

KREDORSIHT: /I &, Fh B2F Kagaku to Seibutsu 56(7): 503-507 (2018)
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Explorer 1 [EER##f (Bio-Rad Laboratories)

A AN A /"‘\ b
A )K\_, . )\ /\ [ SN

Out of the Blue CRISPR Kit
Out of the Blue Genotyping Extension

o &« ~
4 « Sy
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e
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| S .
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\‘t' & 2 e
\‘\— & ) f
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oo
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—
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Optional CRISPR-Cas9 Paper Model Introductory Activity

5\% o,

N (T Eir J|lllﬂumﬂ|llU|JllU“l|.Ul|ll|llU|lll|
| Streak starter plates with E. coli

[ Heat shock at 60°C for 50 sec, recover on ice, then add nutrient broth ]
1 I I I

[ Spread bacteria on agar plates and incubate overnight at 37°C J

White colonies

( Count colonies and calculate gene editing efficiency ]

[ Optional: Guided debate on the ethics of CRISPR technology applications ]

[ Genotyping Extension’: Verify gene editing by PCR ]

[ = Extract DNA from colonies ]

.

S

Pick colonies . ‘ |||II|‘ /j

for DNA N A
extraction kj/ ; =
_,--»l’ ‘ I

~Y

[ Amplify samples by PCR and electrophorese

Add master mix : &
to DNA samples L1 ==
and controls ™ -
AY/A" f

sample

Analyze DNA via |
electrophoresis

therapy and use bioinformatics to evaluate the possibility of off-targets.
Genotyping Extension not required.

* Requires the Out of the Blue Genotyping Extension, sold separately.

‘ Capstone Activity: Propose target CRISPR-Cas9 cut sites for gene J




Wow! | did CRISPR!
Use CRISPR-Cas9 technology to disrupt

the chromosomal lacZ gene in E. coli. A
vibrant blue-white colony screening reveals

Do true CRISPR gene
editing in your classroom!
Propel your students to the very cutting edge of

rfa ™ ‘almilatalial




lacZ; BASUR 23— DIEIEF

lacZ )

lacZ !
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. Source
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pDG plasmid

Component | Cut Repair
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https://www.youtube.com/watch?v=NS8GB9HFwopl




explorer.bio-rad.com
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. Component |

. Source

https://www.youtube.com/watch?v=NS8GB9HFwopl




FHEOAF DA )L RARESE (COVID-19)

hhmi | Biolnteractive

WebB2{E&#1)V—X

Biology of SARS-CoV-2

[} Launch Interactive

Topic
Biochemistry & Molecular Biology
- DNA & RNA

Microbiology
- Viruses
- Pathogens & Disease

Resource Type

Interactive Media
- Click & Learn

SARS-CoV-2ZH AT AM%

" J)AILADER[ZDILVT

Level
High School — General
High School — AP/IB
College

Fav iBy

'

HRDLES
‘RNAD A JLRZRMYFH R IO FT V(L RABERIELZFE S
‘PCRIZRE. IR RAREDORELOMNDIL

*mRNADIF (2T HIELLERR
https://www.biointeractive.org/classroom-resources/biology-sars-cov-2

E,S Espafiol Q

Classroom Resources  Planning Tools  Profe

Materials

¥ Resource Google Folder (link)

§ Animation 1080p (M4V) 477 MB

Animation 1080p (WMV) 401
MB

|4=

Animation 720p (M4V) 199 MB

| ¢

Animation 720p (WMV) 164 MB

| 4=

Educator Materials (PDF) 1 MB

|€=

Student Worksheet — Version
(PDF) 1 MB

|¢=

Student Worksheet — Version 2
(PDF) 895 KB

|€=

¥ Transcript (PDF) 215 KB

¥ Student Worksheset — Version
1- Espanal (PDF) 483 KB

¥ Student Worksheet — Version
2- Espariol (PDF) 693 KB

¥ Transcript - Espaniol (PDF) 189
KB



DAILRIE. HifREE-T .
BiETERWV=HEYTIEEL,
LML, EPDESIZIRAES.
BB T/ \0E ., EEE
BIRIEHREL TE:EE (DNA or RNA)
AL BEDAUNIEERRE
FALTEET S,

AMERICAN
SOCIETY FOR
MICROBIOLOGY

A

A0 T A )L REEIE (R : COVID-19*
#HEIOF 94 )LR:SARS-CoV-2** (or 2019-nCoV)

*coronavirus disease
**20034F (2R ITL=SARS-CoV(aO7+ 4 J/LA:RNAAJLRA) &
B FRHRICHERMENHLIVAMI A (BREEBDERPCEESIEIF>-C(ELD)
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ACE2% 41 L7=SARS-CoV-2( 2%
SARS-CoV-2

S protein

(RINADBINDE)

2 Membrane
fusion

Strong
inhibition

Airway cell Receptor

TMPRSS2 Infection

Activation of S protein by proteolytic cleavage

https.//www.u-tokyo.ac.jp/focus/en/articles/z0508 00083.html




y= )‘—“/EI tT7.|'(HHMI Biolntractive)

Viral genome ----
(RNA)

Viral proteins

A swab is taken of the
inside of your nose or throat

determines the
proteins it encodes.

Mutatlon that-provides
a selective d|sadvantage_ 3

¢

- Artificial
‘ membrane

When the mRNA enters
one of your cells,




Figure. Estimated Variation Over Time in Diagnosti~ Tacte far Natartinn nf CADC.CA\LY |nfection

Relative to Symptom Onset PC R *ﬁﬁ ﬁ 3":)]

Before symptom onset After symptom onset

C Detection unlikely? ) C PCR - Likely positive )( PCR - Likely negative® )

FERTERR

( Antibody detection )

miARH

]

=
2
ey
o
k2] e
g
s K
> 4,
= )
SARS-CoV-2 2 '
exposure s :'c
=4 "
o L
£ &
i ]
el [
S ]
£
T T - T T T T T T
Week -2 Week -1 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Symptom onset
s N asopharyngeal swab PCR s Bronchoalveolar lavage/sputum PCR wews== |gM antibody
s \[i1US iS0lation from respiratory tract s Sto 0| PCR m=m==== |gG antibody
Estimated time intervals and rates of viral detection are based on data from # Detection only occurs if patients are followed up proactively from the time
several published reports. Because of variability in values among studies, of exposure.
estimated time intervals should be considered approximations and the b More likely to register a negative than a positive result by PCR of a
probability of detection of SARS-CoV-2 infection is presented qualitatively. nasopharyngeal swab.

SARS-CoV-2 indicates severe acute respiratory syndrome coronavirus 2;
PCR, polymerase chain reaction.

Akihide Ryo,MD, PhD Department of Microbiology, Yokohama City University © 2020 American Medical AssSdiation. .



COVID-19 Teaching Resources

The Biology of SARS-CoV-2
and Detection Methods

Hands-on Laboratory

Activities for Your Students Additional Resources

Your students may have g lot of questions about COVID-18, from how it spreads to how it is detected and how it can be treated. This

presents a rich opportunity 1o teach key concepts in biclogy through the lens of an ongoing real-world context. Bio-Rad offers a flexible

) Rt

The Biology of
SARS-CoV-2

What Is the SARS-CoV-2 Coronavirus?

Help your students understand the biology of SARS-CoV-2 by
reviewing its origin, structure, and ways 1o prevent the spread of
infection. This PowerPoint presentation walks you and your
students through key biclogy concepts of the SARS-CoV-2
COronavirus.

O A w0 3 @ € @ 2

Detection Methods
for SARS-CoV-2

How Do We Detect COVID-19?
very day brings new develcpments in the race for effective and
ccurate COVID-19 testing, but most strategies are based on a

ar I

few key fundamental technologies. This PowerPoint
presentation explaing some fundamental technigues and
emerging strategies in COVID-19 detection



wchnologies/covid-19-teaching-resources?| D=QHAKFPWREB2ZMY

ON THIS PAGE

The Biology of SARS-CoV-2
and Detection Methods

Hands-on Laboratory
Activities for Your Students

Additional Resources

IF v FAL-COVID-198E ~ D& (Bio-Rad)

Hands-On Laboratory Activities for Your Students

Teach your students the science behind SARS-CoV-2 detection using these hands-on laboratory activities. Use these three
Bio-Rad Explorer Classroom Kits to teach relevant life science concepts in the context of COVID-18.

ELISA Antibody Detection

Several existing and emerging SARS-
CoV-Z detection methods rely on the
specificity of antibodies. In this activity,
use real antibodies to determine
whether simulated patients are or were
infected with

SARS-CoV-2.

This activity uses the reagents and
antibodies from the ELISA Immuno
Explorer Kit.

Download the instructions and
presentation (PPT 23.3 MB)

Nikes

PCR Detection

Investigate the real life spread of SARS-
CoV-2 that occurred in a restaurant. In
this activity, studenis use agarose gl
electrophaoresis to analyze pre-amplified
DNA samples from simulated patients
and propose ways the virus may have
spread.

This activity uses the reagents and pra-
amplified DNA samples from the
Science of Opioid Dependence Kit.

Download the instructions and
presentation (PPT 23.3 MB)

Real-Time PCR Detection

Realtime PCR is currently the gold
standard for COVID-12 diagnosis. In this
activity, use real-time PCR 1o detact
SARS-CoV-2 In simulated patient
samples. Students analyze
amplification and melt curves to
determine which patients are positive
and then quantify viral RNA

This activity uses the reagents and DNA
samples from the Crime Scene
Investigator PCR Basics Real-Time PCR
Starter Kit.

Download the instructions and
presentation (PPT 23.3 MB)



SARS-CoV-2Z Et%

HV 69-70 del
B. 1.351
P681H
B.1.1.7 (l_J K) (South Africa)
a strain B strain
P.1 (Brazil)
y strain

B.1.167.2: L452R and E484Q
O strain

https://twitter.com/BioRadGenomics/status/1369438059176091653
Key Spike Protein Mutations in SARS-CoV-2 Variants of Concern

BIORAD
5] : E484K (fo ik R T &)
JAILADAISAEZEE DTI/EEMNT ILASVER(E) MDY (K) IZE#L
ACE2ZBHRADHEMMENTE oIz »OAMIILADEE (ER) ~AD R (CEHE

2021F4A23BR%E



B IND B %]

BT DTI/BD BT

F/EEDFEED

| o®

BE(UOREIER) | 7S/RMBAE | ZERE | OUPRT | IXPRER MEGUSHED)| pl | WA T
T alanine Ala A Fh4 6 -
FETI/E FILX=> arginine Arg R IEEME  10.76 +
FRAINSEY asparagine Asn N g 5.41 -
EETI/B FRINSEUEE | aspartic acid Asp D —
DARTAY cysteine Cys C i 5.07 -
BT/ TIVAZUER glutamic acid Glu E ER T 3.22 -
JILAZY glutamine Gin Q ht 565 _
JEBIET S/ B gy glycine Gly G ==l 5.97 -
FIETI/BR EXFO histidine His H IEE M 7.59 +
BT/ B V= isoleucine lle I it 6.02 -
BT/ BR m leucine Leu L g 5.98 -
BT/ o lysine Lys K EE M 9.74 +
BT/ B AFAZY methionine Met M it 5.74 -
EBET /B Jx=JL7S5=> |phenylalanine Phe F thig 5.48 -
JEMBET I/ B Jayy proline Pro P g 6.3 -
) serine Ser S R4 5.68 -
AlF=> threonine Thr T th 6.16 -
r)TRD7Y tryptophan Trp w g 5.89 -
FO Y tyrosine Tyr Y it 5.66 -
BT/ B AUM valine Val Y it 5.96 -

7}(;%@%?;7%@ BECFTIEALY
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TEI/BOIXFERT IXFOHE(REBRELDEXTF)

Amino Acid 3 letter code

Cysteine Cys
Histidine His
Isoleucine Ile
Methionine Met
Serine Ser
Valine Val
Alanine Ala
Glycine Gly
Leucine Leu
Proline Pro
[hreonine Thr

http://www.biology.arizona.edu/biochemistry/problem_sets/aa/dayhoff.html

Single letter
code

- QP NI —-TIO

Explanation

First letter of the name
First letter of the name
First letter of the name
First letter of the name
First letter of the name
First letter of the name

First letter of the name
First letter of the name
First letter of the name
First letter of the name
First letter of the name
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TE/BODIXFRT IXFOHERK (RERELDEXFT>HELY)

Single letter

Amino Acid 3 letter code Explanation

code

Arginine Arg R aRginine
Phenylalanine Phe F Fenylalanine
Tyrosine Tyr Y tYrosine
Tryptophan Trp W tWiptophan (or,

contains Double ring)
Aspartic Acid Asp D asparDic
Asparagine Asn N Contains N (or
Glutamic Acid Glu E asparagiN)
Glutamine GIn Q gluE (or glutamEke)

Q-tamine

K is near L in the

Lysine Lys K alphabet

http://www.biology.arizona.edu/biochemistry/problem_sets/aa/dayhoff.html
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484FB T I /BEDE-KZEIEMN
ACE2ZBAREDEHIMEE LT3,
d (Y £ | I\

Nelson G et al. bioRxiv preprint doi: https://doi.org/10.1101/2021.01.13.426558

v



rEwWO X
1. BE-F/5T /LTS5 —HE

2. K

3. &

xE

SFFRTOEGFATEHAETEM

275> =PCREIE G FHEHT

UT.SZEFEYIR
4. 7 ) LREZH . COVID-19&% BV —X

5. EBIzRABEOHREIZDLNT




ErDEEF/T/ LETORICLEGE S CREORIE

HZ:
18215 (heredity) & E{xF (gene)
KE :

Germline mutation (A 5E#lE R 5 £ 5

—S1EEEESRE (RIEEEBRLGE) DEELT HEE
SIEEFHNRE
Somatic mutation {AHIFEZE E)
SERMEOINADOHREGE THONSABEADETER
L EAETRE

HEELIZTEREMNELS,

I
~—
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ErDEEGEF/T/LBEEIZDOINT

I:HIEA'lﬁ#E{% EiRET:
FR29FWETE AN FHRRFEEICENT

7/ LEEROME N E R B o— 2L LTEAERELE S TN,

MM ERSN =T X REKER (R4 DNA) ZHER T HIEEDERS

7 LT =2 (RN ERIBEN =T A X )R EE (B2 DNA) KT H1EE
DEHNZXFHTERE LI=2D) DI,

O£BT/LO—DIORT—A,

O2I9V—LI—IIVRT—4,

O245/ L—1EH %% (single nucleotide polymorphism:SNP) 7—4,
OB WNZHEITF40ERT L EDSNPOASIEREINEY —JIT O AT—4,
C9EERI KL E DS EE LD #EY R LEESI (short tandem repeat:STR)
%@E{Kﬁu'lﬁiﬁl J:L)$A€nb nl_l:Tégtb"C%%)J:’)f L/T":E)G)

http://www.lifescience.mext.go.jp/files/pdf/n1886_01.pdf KYF|IHAHRZE

KRB  IRERBERILZIT o TINGSHEMICIUBEAZHELSACEZERL TS,
NGS: Next Generation Sequencer (R —4 2 H—)



HARELFERAENET 201749811 8

REE |[HEDEREE W= IZHET SN T-EREE
dominant = TH 4 gey bobee -0
recessive Ak B g iﬁiﬁ¥
haploid 51k B ik oot
allele X} I8 IR F 7 LIV LB R F)* T : R ‘, } ;
mutation EREE [SEPR]ZE Sk | }5 |
variation FE-GEER  (OSHEQED v
diversity Z R (1) ZERTE(2) 5 157 x4k

. ; color vision variation
color blindness BEEE-£F £ 2 A Mook
centromere FR{K o hOiAT7
kinetochore Fwba7r ERAGRT7)*

FREOERMAELLDIXORNIZHFAZRE

> BREFIRER AR ST (L[ I THES
REOERCHEDREGDSLDE, (1) QF =Y
OBRERETELDEYIE R DEA (1RIB)

hitps://sv117.wadax.ne.jp/~gsj3-jp/revisionterm.html 7




ZE/5RE. S/ BEDHRNZDONT

ESI sEE
E $ {K% 201 7/-5‘ - _£ T E{n?ﬁﬂ 'ﬁgﬁiﬁ
HEE HEDRE girclomETant-mE Rl j
dominant Bt s Y “»3 |
recessive L o e

OBAXRANEERFS
FATE - BIED BRSOV TIHEEL RIS =1ERDBE - LEZRANTOHELLY,

BARANSECFRERREE (—“Mﬁ#") 20185 2H21H
2B OERICENMNELTE, BAEFROSEITDHYFTT LIS, BIEAEORET-
ZE[ZDOWTIL, éﬁ(iIEE&?JFB’&L\TJ—lfia“otozbﬁﬁmﬁL,J:(ina“ J

-BARAEFESEFHRIEEEZE S (—3r#) 2018F1H12H
[AEDOZERIZDNT, HEEELGSHWILE W =1EKEOBBEINTHIRETT, |
http://jshg.jp/news/1582/

HRELEZREE E E=E] NTS(2021)
http://www.nts-book.co.jp/item/detail/summary/bio/20210300 242.html
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AA NG EEE S AR BT

20099 A
RKEE _NET HARZE (KE)
1. genetics BIREIEK ECDHEE] ERFREK . EGESHREDRFE
2. variation TE(HEEE) ZEME N IT—30)
3. mutation EALE TE(EARLE)
4. variant ZEK ZIRIK(NYT )
5. mutant EALEK EEK(BARAEENRK)
6. locus BinFEE JBE {1
7. allele ¥t IEILF TULIL(FZYIL, TU—IL)
8. genotype Bz FE Ein®

( YR FBENSHHAE
KEMAR  FFE. BREEFEDAENRET (2017) LRk

http://ijshg.jp/wp-content/uploads/2017/08/d5fdc84ae83d3a9a6627b7ac249e4db0.pdf
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iml

BEEROLMEEIH1TS BEMEOEEIZOL TR

B4 Al 44 - Bl T EC REE

TE 4% =% dominant

B ALk recessive

WAL E(K ZEK mutant

V41 X AiLIE{EF allele
SFITE (20194F)7H8H

ARFiHRE EREYFRER- MEEMFZERER £EYRFELIHE
http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-24-h190708.pdf

B FIEE- S I "EREBETEHANREE BEFNRE
201947 A8H 45554 NHK
EIEFOREZERITEBEICISEIEWSREICOVNT, BR
DEFETODIBERRENRE L, —ANLE>TLDHDES
BREZEEZLHELT,. SR EROBEETILRDOREZERED
CEEREIHAMESEFEDHFEL,

https://www3.nhk.or.jp/news/html/20190708/k10011985881000.html
(2019%7H8H)

2019 7A8HANHKE X X5 A K



