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Introduction to the Study on “Authentic Practice”

Norio Ikeno and Suguru Fukui

School teachers not only use and apply the work of professional scientists (researchers), but they also attempt
to find a way that these scientists (researchers) could assist in the learning that school teachers advance, with the
aim of understanding the process of learning of one individual and applying that understanding. This series of the
study on “Authentic Practice” involves teachers learning research studies conducted by professional scientists as a
study of teaching materials. From this newfound understanding, this series aimed to develop a system to elucidate
and translate the process of “learning” of an individual professional researcher. This article describes the aims,
procedures, and overviews of the study on ~ “Authentic Practice” , and serves as an introduction to the subsequent
studies. Each of the study will construct the process of “learning” of a professional scientist through the analysis
of that scientist’s published work, reconstructing the process as “Authentic Practice.” By elucidating the “Authentic
Practice” that these scientists advance in their given academic field, these studies aimed for school teachers,

beginner teachers, and teachers in training to be able to apply the findings.
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Differences in the Learning of Beginning Learners and Specialized Scientists
in the Field of Ethics:

From the Viewpoint of Schemas and Narratives

Mariko Yoshioka, Kazuo Hatakenaka and Tazuko Aoki

This study investigated the differences between the learning process (the paper writing process) of a
specialized scientist and that of graduate students (the process of understanding a paper) in the field of ethics. The
selected paper was ~ On the Main Topics of Biosphere Ethics: From the Viewpoint of Philosophical Ethics” by
Kazuo Hatakenaka (2005,2006) .As a method of transforming a student’ s learning process into a process of the
scientist conducting the research study, graduate students organized their understanding of the paper using
summaries and figures, which is a method often utilized in classrooms. In addition, Prof. Hatakenaka was
interviewed in order to supplement her understanding of the paper. As a result, we found that a lack of schema of

the graduate student was the reason for inadequate understanding of the text, but it could be overcome by investing
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more time in the process of understanding the paper. However, we also found that this method did not enable a deep
understanding of underlying messages of the author. In the field of ethics, there are not always concrete examples
as like is the case in the fields of natural sciences and engineering. Therefore, to understand the paper precisely in
the field of ethics, a beginning learner could have limits just activating her/his schemas. This study suggested a
possibility that narratives could establish contexts to understand them correctly using her/his schemas. We need
more studies to investigate learning methods for understanding messages of specialized scientists deeply in the field
of ethics.

Key Words: Reading, Beginning Learner, Schema, Narrative, Field of Ethics
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Exploring the Learning Process of a Philosophical Researcher for Authentic
Practice:
Implications from Kazuo Hatanaka’s “Typology of Human Beings”

Hideyo Sugao, Kazuo Hatakenaka and Norio Ikeno

The purpose of the current study was to translate a specialized scientist’s research process into a learning
process, in order to gain answers to the following questions. These questions are; “How can children and students
attain deep knowledge through learning?” and “What type of process should a teacher take in studying teaching
materials?” For that purpose, the current study aimed to elucidate the learning stages of a researcher by
understanding the paper writing process through analyses of a research paper’s structure and by reading of basic
concepts and theory in the related field, ultimately translating the discovered learning structure into an effective

learning process.The current paper concerns a research study in the field of philosophy. The target research paper
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was “Typology of Human Beings” by Kazuo Hatakenaka (2009) . We organized this researcher’s research activities
into 5 different stages, and described concrete learning methods at each stage. Based on this, the current study
proposed methods and viewpoints of teaching material studies for a teacher to conduct authentic learning in order
to achieve deep understanding in the field of humanities. The key is for teachers to attain “an accurate academic
understanding of the processes and viewpoints of an investigation” and “a discovery of associations between
existing knowledge and new information.” The current paper proposes a solution to overcome reliability problems
that teachers possess in achieving the academic understanding of specialized sciences.

Key Words: Reading, Value, Enquiry, Disciplinary
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An Exploration of Learning Processes for “Reading” and “Understanding” the
Chinese Classics:
Through the Analysis of an Expert Thinking in Kazuto Tominaga’s “Progressing
of Literary Language that Uses ‘Hu’ up to Tao Yuanming”

Ayaka Ohno, Kazuto Tominaga and Takaharu Yamamoto

How do high school students become proficient readers of the Chinese classics? And what kind of teaching
methods could make students be such proficient readers? In order to resolve these questions, this study aimed to
grasp the thinking process in an expert’s research paper as for eliciting a model of learning process for students
through an analysis of the structure of the research paper and examining basic concepts and theory in the related
field. The target research article was Kazuto Tominaga’s “Progressing of Literary Language that Uses ‘Hu’ up to
Tao Yuanming” ( published in Wei Ming, 22, 2004) . The expert’s learning processes were organized in to 7
stages, and his thinking methods at each stage were described concretely. Based on this, the current article suggested

how teaching materials should be developed so that high school students can attain “reading” and “understanding”
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of the Chinese classics. The key is for the teacher as well as the learners to “become interested” in the literary work
they read. Looking back at the teaching practices of the Chinese classics in schools to date, students’ learning often
stopped at the surface level understanding without progressing to the level that called for a deeper understanding of
the text. The current study suggests one strategy to overcome the challenges of teaching the existing Chinese classic
studies, and to make a breakthrough to develop students into proficient readers of Chinese classics, for ensuring
their rich language life.

Key Words: Chinese Classics, Comprehension Strategies, Learning Process, Interest
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Modern and Contemporary Japanese Literature
in the Field of Japanese Language Education:
Daisuke Nishihara’s “Sekai no naka no kin, gendai nihon bungaku”

Daichi Yanamoto and Fei Xiaodong

How should Japanese literature be incorporated into the field of Japanese language education? Furthermore,
how should teachers teach Japanese literature? To answer these questions, this study considers the role Japanese
literature should play in the field of Japanese language education, analyzing the composition and structure of
Daisuke Nishihara’s “Sekai no naka no kin gendai nihon bungaku” (Modern and Contemporary Japanese Literature
in the World) . Through a reading of basic theories in related fields and interviews with specialists, the details are
derived regarding this article’s creation, by which the ideal state of Japanese literature in the field of Japanese

language education was considered.
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While tracing the history of Japanese literature research overseas, Nishihara (2006b) introduces influential figures
and works, clarifying how the concept of literature was introduced to Japan and the influence of Western literature
as well as proposing the use of Japanese literature comprehension as an assessment point in Japanese language
education. Nishihara (2006b) has written about three comparative literature positions: (1) critiquing Western-
centric thinking, (2) critiquing ultranationalism, and (3) critiquing a left-wing worldview. From these comparative
literature perspectives, Nishihara reconsiders Japanese language education and proposes a process for learning
literature therein: reconsidering literature from an international perspective; obtaining opportunities for more deeply
understanding other cultures on the basis of connecting literature to culture and the interpretations of students
themselves; and acquiring the cultured Japanese used in works of literature.

Key Words: Japanese Language Education, Japanese Literature, Comparative Literature, Japanese Language

Learners, Cultured Japanese
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—Akiyuki Jimura “Some Notes on Idiomatic Expressions in the History of English:
With Special Reference to ‘meat and drink’”—

SR A - iRt 2 - JRE A

ARFISCFRIED T - WRICHBENERZ RHNTOAZ 3 Z21T9 b D ThH D, M BRIT Jimura

(2014) D4R L “Some Notes on Idiomatic Expressions in the History of English: With Special Reference to ‘meat
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The Educational Significance of a Research Paper
on Diachronic Changes of English Idiomatic Expressions:
Akiyuki Jimura’s “Some Notes on Idiomatic Expressions in the History of English: With Special
Reference to ‘Meat and Drink’”

Kazuhito Morinaga, Akiyuki Jimura and Noboru Kaneshige

This present study conducted a meta-analysis on a highly-evaluated literary research journal article in order
to discover educational significance in the methods and processes of literary research. As an example of a literary

research article, Jimura (2014) was selected. In addition to the analysis and the interpretation of the article, conducted
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was an interview with Jimura, the author himself. The first section divided Jimura’s work into chapters, and analyzed
its structure (i.e., the order of the chapters and the associations among propositions of the chapters) . The analysis
shows that the article describes the process of the diachronic change of the meaning of the expression ‘meat and
drink’ from literal to figurative in various literary works. Understanding that the purpose of Jimura (2014) was to
examine the changes of the word meaning using examples and not to give any educational implications, the current
study aims to find educational significance from the research logic in the research method and process. For the
purpose, both analysis of the composition and structure and an interview with the author were conducted to explore
the research logic and its intentions. Based on the analyses, it is discussed whether the research logic and thinking
and writing processes that led the author to the final product (i.e., the research paper) can be applied to an English
learning process. As a conclusion, this present study demonstrates that the learning style of this researcher could be
associated with that of an average English learner, especially in vocabulary learning. In addition, it may also
contribute to motivating English vocabulary learning and raising awareness of polysemous words.

Key Words: Semantic Transformation, Idiomatisation, English Vocabulary Learning
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1 N TIL OED (Oxford English Dictionary)
T'meat’ Z 5 X, ‘meat’ WL RKBY — K& &
L TWasZ &, LiFLiddrink’ & and %&£
AWTRTIZ o THEHIATWEZ &, Tz,
ZF DT Dmeat and drink’2¥ [Z Z A5 9
MLWERES Z L& (M, 2011) &5 FEM
MR EWER O bIT &éh
Do

OED 3% ® Z# 0O M #i Z #) th 7> & NHIZ
RTRL TN TNDEDT, BIY—fk%
EIRT 5 ‘meat’ 2y 9 HEALEE 2> 5 19 il £ TH
DN Z ENHERTE, ZORWERIKE
v, WEIZ TBRA] OBWRTESELEZZ LN
R IN5, RKIZ

Z, to be meat and drink to (a

person) [ (N2 -T) 2 Z2AbonLLNE
BHZ &)oL RERD 13 il
519 i/ T, BEICEZS AL 2 L
LHER SN D, BEEZOACHENLTWY
HHDOT, BENLZORBNIEN -7
AREMEICEE AR RSN TV D,

X512, 1611 4@ King James Bible T®
‘meat and drinke’ &\ 9 KELAY 1989 4 D UWET
hi B2 E T 1% ‘food and drink’ X° ‘eating and
drinking’ L AR SN THE Y, BIEOFEFEEEIC
ITERE SRV ATREME R RIE S TV D,

2 # [The paired words ‘meat and drink’ in
Chaucer] Tix, F 3 — % — D{EMN TD ‘meat
and drink’ O B 3R S D, Hixk 2 DI
7, 21&t22ﬁi%m%m@¢mfﬁf

BO, BUTIEFENZREWEN, BCCTIERE
REI 72 B T DL TW A A REMIZ DWW TIE
DOMNEINTWD,

3 # [The paired words ‘meat and drink’ in
Spenser’s The Faerie Qveene| TlX, A~
— DO FESL N T D ‘meat and drink’ @ F {7 73 e 38
SND, AN =060 fHT iﬁﬁ’i’n’*ﬁ
FFLoD%, FRIZILPEMA) 22 2338 ©
HIERwRLULND,

4 # [The paired words ‘meat and drink’ in
Shakespeare’s works] TlX, Y= A4 7 AET D
1B N T ‘meat and drink> ® H # 23 fERE S 4
D, VA7 AET B OB TiE ‘meat and
drink’ BBEIC A 7 ¢ A 2L L TRV, B
TIRENTZ 32O TIEEN TR~
X TERBY ) OEBRTIE AR TRtk o M58
LW OEKRICES 2o TWND Z ERREN
TwWd,

5 # [The paired words ‘meat and drink’ in
Milton’s works| TiX, IV M DIERNTOD
‘meat and drink’® B RN HER SN D, I b
B O BFIZ T ‘meat and drink’ Tld 72 <,
Y T ‘meats and drinks’ 28 7 5 AL, T2 7
BEHRTHOWLORTWD Z ERREN D,

6 ¥ [ The paired words ‘meat and drink’ as an



idiom in Dickens] Tli%, T 4 7 XDO{EHN
T® ‘meat and drink’® HHI R S5, B
HEOBERT AT ARy =24 7 AT
K ORWRB 2RI 2ZRMAELZLE WD
Yamamoto (1950) OfEFNGIHI L, T4 7
YADOERANTILRE®RA R ERB E L THEHS
NTNDZENHEREIND,

7 & [Conclusion] TiX, 2 &ML 6 EET
NnELOHLNTWNDS, Fa—H—, A
—, IV TEBLTFEENRERTHY
HBITEY, BEIC L DRI E KO REE
EZJleBEZOND V2 7 AETRT 4
T ATEERBZ2ERTHOLOATWEZZ
L EESE %, FEFm & L T meat and drink’ (2 1%
2O0DNANRBHLEL TS, 2FED, 1 DX
TEMUREREHRFLTWHWALDE, © 9 1
DFRACAT A AL TV bDTH

BEANIEGERAO BRI BERELOMERIICRLIHEHER

. mXELX, TENREKLIBEROZE
WO LELLIZHLMEDIEEND DT, ‘meat
and drink’ % K0 B &0 SOIRICTEE Z A W0 722 8
LRI T2 ENMETHD EFOIE-> T
5,

CZETHIRMIOBRIZ LN > TED
MEZHLTE, ERIEFEOHEMET D
F g —H —DO/ESH DT TOD ‘meat and drink’IZ
iz L, £79% OED THEEHEMN DL EKRD I
B2 A ISR L7et, BRx RIEEOEMS
OB ZFF>TL 52 & THEDMEIZEZA
JE2 LT, FLTHRREIC, Mme LTE
LTV s (K1), £, FxZEhEh
3% 5 D E TR RIC K o THEBEMIZIE RS
NTEY, BRINCH > T D 5T
W2 Z ERERTE D,

R 2 3E 4 7= 5 F 6 & 7 E
A Chaucer Spenser Shakespeare Milton Dickens e
- Chaucer 1343-1400 1552-1599 1564-1616 1608-1674 1812-1870
- OED 2.1 A
- BE 2.2 WX
1 Jimura (2014) DERIXER
158 - JEH 2 &
HA T e Bk 3 5
2.1 2.2
7 E
-------------------------------------------------------------------------------------------------------- i i
L DRSNS
(EEDORE) 4 i 6

2 Jimura (2014) OBWMNXEE
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3. EMHEZE (BIR) EOFEBREOBERK

T, MSCEER DA A ET
HITHTZY, TOMEEEDO XS ITHED, £
DEITFEDY, HENRERIITEENTZOD
WEHERT S ETHAEFEOFE ekt R L
LTmAEZTWD, ZOFE Tt 236
LEFH LN ORFGEFIT L > THFZER LDt
RN SHER SN bLD L, TOREERCE
FHO(HAMK) LA 22 —2RTHOE
B IhlebD LW 2 00BEBERH L, L
TR T,

3—1. A VAE21—HIDBEHER

(i ST 25 B LA O K Fe 25 3512 K 2 AR - #E )

TR LTEKIRK 2L 00D X951,
AWFGEHR XTI RINCH > TF a —H—%
L ETAHEREZHOESOF T, ‘meat
and drink’ & & A 72 BN iy, & O E RS T
FRHLOTHDLON, BROLEWRTH D
DPINTEIZHERINL TS,

A KOBFEMTFa —V—%2HL L Lok
EEBOBESLMMETHLIDOT, Fa—HP—
DYES: % Ft A TUY D H1Tmeat and drink’ &
D RBUCHEBE N E N0 TELE, L
ML L, MDA T 4 A LDOF Tt
‘meat and drink’ (2 SfE L7=D &9 BEH
(O W TIARFZE R C B2 BT gt 2B 72 v,

1 T OEDIC LV, [RFESCRMKA 22 BN
EOVoZFRIETHWSLR TV D O
Bahi-#%, 2 EBCEF a—H—EHEE
LB L2 T fmeat and drink’ @ H B3
MREND, 3 ELME 6 3 E TTIXEREMIC
EFEWR, TNOLOEHOF TTEROLE
BRTHEDLN TS Dh, R ER CHEM
SINTWDON, HpIE L biIZ—20 82T
BICHRN STV, £LT, 7 ETIZ
WEgm e LT, ‘meat and drink’ & VY ) HEER IR
DY OXIRICERE L CEMEMHRET L&
X TW5,

DFEV, I THEN DR OB

f2(FEEE) X, FMHThHL TFa—H—0
YE &L % H %8 slZ “meat and drink’ & V) 9 ZE R
L OFES TIXFRA - RO &5 5 THEHA
SNTVWLIOZHRL TWIEXTH D,
BRICR 22 LT, BEROEENKRNRE &
HIWNATNDZ EEFELTWDLEE XD,
OED IZ L 24 E, TNENDOEF &5 &
AW L TIERICED T, BRFAYICEF O
L XROMAET 22 LT, BEAFAD
AT L D b D ER>TWWE, Q
&A EWVWIFRIEA X A N TIE R, —DF D
MRL, ATICHLZTOMROTFIELZ B £
HZET, BODMEAX A NV EMNESED
EWIHHELERSTD,

F o, KRWFIEHR O ZF OWNFIEHERICE T D
MEAT T & SCRRAEA Z A VIOV TIE, 3
JRFICE L, ERFRERAE R & A LS — i 72
D=L HER L 7=,

Z 2 E TUIEER S D FE D FE A HL D ST
Fomsimte (FHERE) ThbH, LR
DD, FLOFMNSITFHABRN VRS
T RBER S D, TNO EHRT DD,
UTFTDOXSBERMBEAAZHEL, 1%t
—IZER AT,

(WFEFRLEE~DA 2 B a—EHANE)
FEIR &2 ¥R 5 | T72 8 ‘meat and drink’ 12 H
o= D0,
FEIRFICRE T 2 m SL DO AR 72 BSLTO
AZANEIZEDL DI E DM,
ZDIEARRIRFTESLTITR LT, KRR
LTOFENLTEFTIEVDR D DD,

ML EMEREE L CEE LTS ETO
WL LT, BEXTICEALTED LS %2
BEXSORITE®R, V7L ohEndbo
7= D h,

FALTICE L TR AL H D DD,
AR ISR SN TV DHIER =B ik
EOXHIBRERTRESINTZD N,
FREZRIFZE 2 LT WA M OFZEE & o



BEANIEGERAO BRI BERELOMERIICRLIHEHER

MR Y, Mo RN0ixdho7-0
VIR
FMRIC BT DEEIREM RO EF LT
o] D>,

BEFHERIIZEN TV DD,

3—2. VAL —RDBEBER
GaXEE L OMWR

2T, RIEICEBELENEEZRE X,
Wi L DFEE THDLH-FKICA »F B a—
L, s FEHEROEXEZ LY LT
LB THE, FE o X &2 HER LT

Wo T,

(AHF 55RO H )

ETHA KN BRS N2 0k, AR
LExENWEZERIZOWT ThoT2, FhiT,
AL A B AR N D 728 O H5E D Hbf B 58
ZFHHBE L TENWEZLOTIEZRZNE WD HT
Hole, LL7enG, ZTNEMAT AN
BFHRERZAHL, Broc&dhbiEzh
EHV RN EThDL ELTMA b,

MEEICED L, ZOFERSCO B I,
BOBWOBVEDVERDIZETHo T2,
BWWhEI203BlE LT, dXz®ELTHY
NDELLANWEE LD EHEEICHLA L
THHLWEWEDRWMLLEELLTWVD,

(AHIF 72 5 SC DAL E A1)

SIS MER O FEFRFRREE M e K13 E L L
THRLHZ EEH D0, ERTE VI HEIICE
T AR SCE L TR &V ) EilkiT
Doz ELThHoT,

GEDEEIZHT-»>T)

AN KO RSELLONBEERAATE
D, HHAAmeat and drink’ b FFAIZ F A
X TsAEW] THY, b EFEEDL RN
LOTHLOTHREREREIZEEND,

9% 5 3 E Tl ‘meat and drink’ % 3% A 72 %

MEICOWTER it b TV ngy, 4Elo
AUV HAE2a—THRETHDLIHFN KD Z DR
BLoHasnnn, #hzE&o T~ 22 1B
TN, ZLTERENICZY =A
JAET, AXUH—, IV bhrEnoltE
LIEFREED T xR I N TS Z &
MWEEC X7, FEMIZLL T TR 5,

(‘meat and drink’ &\ 9 FBH & DO HE W)
WFotem L T A %2 Y T/ ‘meat and drink’
W) BRI EOHEWE, BF a3 —¥—
DI ERY —WiEET HF AL LTREAE
ICRETHATWIEEHZ WS, A KRIZE
STEENETMELHATHIZLTWVDIE
TORBLTH-T-N, BWIEHEY Eilka L
TWrholc k272, bbAHA, RELZH
LTWDHAEILETHEHMOHTRIZT 2T X
A NTH o727, ‘meat and drink’ N HE DD
A A—VEHERONTHEENTWDLZ &%
BRERICHIAT L LT, 20720 L HHIRIC
FoTWond LLRw, Zidh o2~
V—WFEDIFET, &5 A5 oI H
SNTWERBThHTZ LT, 20 —Hi%,
3 O0DBZEFEXMNORE EBICSIHLTRL
Wb,

Withoute bake mete was nevere his hous

Of fissh and flessh,
345

and that so plentevous,

It snewed in his hous of mete and drynke,

Of alle deyntees that men koude thynke.

TFIIT BB N EDO L K-> T
7= ]

(b 7 g 2 2 e K %, 1981,
TRRIIAREH T LT
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[FTIE (AARHD S Z RN ENRL,
Lb,) DORDIITEOHREE (L HOHAMRY
DILEBOEW) PRLLNLEREY, )

(fEA, 2002, () EIAMEZELIMH LR

HMFERIZIFALEHICRY, TRICELFREZ A
NigEE N nobfix T LR, £
NH L2 SA,) RICTIFREAYITKRSY
(CABREZIDRYOHY EHBWD IHE)
NELTEHEOEDIIEINPVIZHEATEBYELE,]
(BEF, 1995, () EARMEEIMHLE)

K2R U< LT, HIMNKIIREECHTD
FrEREESBEINTET 4 7 v AFEE O
REHER NSRS, T4 75 AvFrars”
oYl MCEboTE, DT 47 XD
TEROHNLED LN EREE O F T ‘meat
and drink’ & FEFNTWND Z L&A <, AR
RiZELEoNEEZIET a—Y—05TlE%
L, LAY 72T MILDOT 1 4
YADOEMEET 18 A LBEOELRN D D
WELZ T TZOMHEEZRY BiIFTnic, H
MERIZZoOR, 18HLLY bHnTFa—F—
DAEM O FIZ B ‘meat and drink’ & W 9 FREN

HDH T enwhtExL b, —BEKEY

ok olzmoTn<,

(L DOWFIEE & DEHE)
Fa—V—iFa—a v OEFLHIIHLE

BE2Z T TWHEN, A2V T ANOF a—H—
FHET, FFICTF a——ofERICBIT 5B
B EZFMICHIEEZ L TWDHRA ¥ =KIZ,
IR, EOAL A —=VIZonTHATHRE
LA, TORBIZHOVWTIEDLEV S KNG
beinolzb vy, ZTHIEFRIXTHERE
LTAnLLRTWDEZATHD, DED,
ZNETOWSEDOH T meat and drink’ & W D
RETHOEVRYV O TV RWETHD L
L, AEOFEO®EEE L TR TN ZE
ERLDINTZDFE ST,

WIZF%E 2Dk OED Toh-»7-, OED
TIEZ < OB ZRERINZTERTS N TWND
DT, TZTORBHHANBE > VWolot D
DINZERER LT, Lﬁﬂ,&ﬁ§E,EﬁEWJ’
DEIICEAL TWHENERELT HIC
D%#<&%AEDT@%W#£TTﬁﬁwo
FZTC, Fa—V—LT4 b XOMICHD
#) 400 FELL EOREEZ D 5B T, fkx RfE
FOLEMIZHE =Y, ‘meat and drink’ &\ 9 F
BleEid b,

(AHIF 58 5 SC D HEEK)

B IR B R S OB A X TSR, AT
Ze COMBER, WF7ERE (RQs), A - F25k,
FESR T, BE, "B -fwmE VO Kol
71~?yh&bfa#%é&§&b%ﬂf
WD E LIV, SEOZOFmLITLD
W 2RI 72> TR Y, MERE - B -
FE, Thol,

MERE T, Fa—H—DO7F7F X FMAD
‘meat and drink’ ZffH 1 L, BT, S1EX
ORI ZER, FLOTHRDOEDL EWVWIHIRNT
D, FFEOwRILDOEZI LD D& &R
BEWEbDTIEHRL, — KOG X®$%ﬁf
EABHEICAI 72D TH o 2. ST Mg

DEFTEDXLIBRBERNEEN S DO %E
WARTWD, BEICA TN &, XF@wY
DEWRNLRKHPIZERIZBITLTND Z &
N Mg L5256, LnrL, BBLTWBHESF
WRNHLHZD2ODOEWMNEEL TWVWDHY
AbbHDHDOT, TARICEE LIZ g »n 02
ZEkExFELELDELTNSD,

Mz T, ERMOEBELTCIZAEDLEDD TR
<, MEFEZNENICTHRIAERAZANLNDH Y,
;—Eﬁibf X EZBL CHODmDOER D FEH

IBLLANWEES-THLDH XD THD R
Em,%omot%@%m@T%EO&wo
MUAT LR LETDHIEZEXEZFFZN TV,

(EXD=E - JHE)



BEANIEGERAO BRI BERELOMERIICRLIHEHER

AW geim L ELAIOEBETIET 4 7 X
L¥varryavzs NoEFE, Fa—%
— LT A4 AORT, TOMODK 400 F 45
DITALEM T BN DEZ O HENT R 54T
einole, Fa—H—¢FT 4 AD2ON
FTHoT, TNHEMET D THICEIE
FZORBIN AN TN -T2,

MR DU T L DIC o T b EE & I HE
AT, ZORKNRImLERSTZIEN
SEDOA v EZ Ea—FB L THLNE ST,

(Appendix D £ HE])

A Tl 2 e nr - 7= 1% Appendix (2
LTS, TFEOa—X2A0ORED B EY
2T, T2 LTEL OB ERRT DT
EWARE L > TETWVWA, DFED, Ik
LTETFT AL LTHMEM O 2B moH
% Appendix IZMMZx7-DTH 5,

F 72, Appendix IZfg#H L TW D ZThZE N D
BIs, EOWVHHMICHDLDMNENSTE D
LIZHOoWTIE, rds#iHoZ EiT@wm it o
TWDHR, ZOmXE#HATEMOIEE OF
WX EHIMRE TIN5 2 &N TEDHA
bWD b Ly, £O X5 REIZIE, 2
DL ERAE LTz & 572 5 9Eim S H T
CHZEHEATWDS, EDZ EThoT,

(LFEMRICBIT D ER, REOERWZH -
TN ZEDER)

FERFEE VWO LVWHE T RIS X O R
WREEHEIE CTid 72 <, L LAEI NI FEN R
FEOPICASTETZONE NS Z LICHKELY
IRENTWE, BREOCHEEE 2 TH, 4t
KFERBE O X D FENLE LRETH D,
REZNIETAZ D TRERALETH D DD,
2L OHBNEZLND N, BKoFn, #l
v Ca—2HENIZ T THD LD,
AARIZZENWE ORI Z T THRMSTWD
72, BARFECHDELTHLIEZ I TDON
NERHOMEFNZ LT MBI 2720 N

RTho7t b 35, ZOLHIZ, BARED
HONETFIZE Db ON, FEOHIZA
STETWVWOARBOMFEILERDODTHD, F 3
— = DEEBORR G 7 T U RFESLT T VAE
EWVWSTEAREDORELZZ T T, SHBIED
STETWL Z EITRMMNEIND, NI
WA, BEHRMRENOEELZ T TS,
FEREVWOHLWSETIIRLS, Ty
P URBRRNS T o b TEEEL
AKFBOBERNEDL I ITHAEGDLS - T
FEORTHIEL TWDHDONICHEHENDO NS,
RO H % FHEZ BERIZAESS O H T
IEE, BRNIZZOSEEFE--TnD ET
X, ZhiCiAd b % E 4D LT BF
L72WEDB 2 EFFT-iL T\,

(BEHER
FRBEND Z DR BT L L TRt
A, SE DO L ONTENRELRZT
T, ZINOLIRELEZEWRDILN Y OF
=W ERETEE R, OO
RIS FETOT O R EmKREICELTT S
ZENREZILND,
FRELLIIEELETE T ABRICEFEEL T
<A, EZTHIEZT2EHROFITITFRZ
E L R 2 B O ATV D 5E D
2\, REEBORRDEWNE CEE AW
EERANDLHTLS DDEAH LEMEFE -2
D, TNICHEKEZFF-7Z0 357 LHTLSS
A9, REZHEN-ZEWICEGST ST 44
L2MEDOEBIZENEKSE DL Z LITL» T,
FEDAT AFLDOFHE - BERLVELSIZR
LDTIERNWEA I, Tl 2 AT 44 51k
ENTHLEORRMNEKRZMO72TH, #
W22 ENTE, TOEWHERN /1L, FEHE
D% FTNE~DOEFAT T, RIGEO FE RO HEH
bhbEHThHLEEZLND,

TR R0 i S R T O FE R

‘meat and drink’
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YHRE EBIZERL, 22 TOD meat &1
EOEBWHTLEI DSV EBET L L
NEZHIND,EEND [meat=10 W —fi% )
EWVIHIEBERIIHTZARAWEAS I N, ZofMun
NHERD L EED TN ZEITFTES, 2
ORI, drink EWVWHFEDLH Y, meat &
drink ZEBRZHMH> TWd EZxniE TH]
USNDOEWERFOZ LB sE D2 L
REE7ed, AL TH) OBEKTIEZL T/
Y] EAET LV O RSN G & HERIE
V2T iEkshcd 5,

UboZ s, FEEBLZDHITIESUR? S
HBrL, BODOH > TWVWHEBOEW® A2 -
AT AFLOEROHERNTEDLIITHEL
TWE, T L2HELINLFEBRKIC
Bk Z -, SEOEWRMNERMICEL
TV bDEEWV ) kbR,

%I

A KT E CICREOmLE LT, J
SOMACEEERT un-OIEEFEIZ OV T
LY LFo e RnNbomk o, BHTT
FRAPMEFHATHT TA2Z00F 1 LB

5 H DO TRITIITHIEN R DR FENT IR
W, FAFEOE T, A TNRH - TR
LDEZThHD, AoBEBHEDRBLLANE R
STEBEEOEWL, SHEITIIL- D & X
THEHWEW, LWnWHZETholz,
KIFIEEH L TR SN FEARIER BN
PELRLLICHTWLIEEORE LT, B
EHOESO T THIZICEWRMN T THEHR LT
WDHRT, NEADRBEDY H o TH LWEBRE
MERLENTND EF R D, AEMICH -2
BURBIRN - TV 5D,
AFREELORFORETCT AT XD Y
AT AFX ¥ )& GA TWVDHEE, as dead as
doornail L W IHRBLLEHEW, TDOXHRF
WEILDZ S DD EFEHENRESTZOETZT
W5, ZOFIERLEELIIZ, ZITFTF~OEE
DHT-RIREEZEDZ NI LEEZLND,
SELOHEVWNLDL, BBV ZEDOEE LM -

THTEWVWEWSRFLERZELY, Dz
EThol,

UTFRITIE, ZZFETCTCRATEENES
FLOTW5D,

R1AVEAEL—MERTOBBALABTHNERL OBHE

MEHBILDOLFEHLENDZ [ AV ZCa— Ll | AENERZE~DEBET

& Rahizz & (CERHET DSLE D)

® FEHEMALEWLEWMN | o HIYE ESST ® GhHIETE ~OEES T
REWOHFEHICOVWT |0 EFHLOHEWN & ESIElZTHOVWTOMmE -
R RFNTfERE L T < o WHLDEDY it

& TEMREWLREWMN |0 =N TOHER e rEfRE
REWE RN GHA] | e {ERT-HODEE ®  EEDOHER A FM
T 5 & HBFEWERE

o SEOHEHEMEKROZLE
i

4. BEHRARA~DRE
COETIE, AIEE TCOMEZEDFVE%Z

J T, FEAR BT DSBS ER ST DR E O

WEEZFAMRE, B THX WD AERFICY

DX HIIRBITNTE D DD, HMBHFEOHR K
MNHZEDREEMEICHOWTIRRD,

F9, WEOAT 4 A LEHITF - ERAE
e o THEFELFET L L TEEOKLEIS



BEONDZHEDTHDL, LPLRBL, 474
FLEFERULZEREZBENL TV D72, 20
FKBLE ZNICHIGET D BARFERZ T M HHES
DILEE L, A B HUAR B JE 56 SIS B8 0
FEICHLRZ R, BEHRMICE TN Z & TH
T4 A LMEOBWBREEF I 2 TV 72, ‘meat and
drink’ |36 &b L B - KA OERTH -
7D, TN E 72 ETDOA A — VDB E i,
[ZDOERNEDR] LI ERIZEIEETWSD
ZLEHERELTWVW SO THDL, 2D L DI,
BEROLEZAGHMLAMA T2 LN TE
X, A A=Y ONEMEY TERNRERKSE
B e EWom 278 L3 < kd, 2
NEEMBARIZHE RS IT 20,
FEBFIZFIZETZNZ LI TFTO 3 ATH
SE~OBL
EDLBYEITKT D E AN
REBLO B OHER

o 0 0

HBMBRAFE~DREZ T DHHIZ, W DD
HBMERL CHRDEBRICAT A A 2 EWo T2
SEESLHEM B LT,

Bl ZIE, ~—U g - Z—nr [F] ¥
SPE - B R [JEER] D 5B E T Piece of
Cake ZRHELELUTDOLICAT 4 A LD
WTBI ST &R, B, R E LTV D,

KB TTED L
“Don’t worry. Skateboarding down this hill is a
piece of cake.”

TOET 27> T, ZOREE AT AR—TiHY
eV 272 0TC, FIRBIENDS S

ER—1TOOr—*

Bk—L CHliHT, R EEXoZ &
MkR—19 i PE TR T, 77 Y %R
TAVIANDHE v Aa T A MIHKT DL EE
Abhd, HWHEFEEIWEES 720, Bk
ATy T THROEY, BBETEMLE LT —

BEANIEGERAO BRI BERELOMERIICRLIHEHER

¥Eb o, TOHF L AT the cakewalk” [/
— 7 Ut —7 ] WXL, “That takes the cake.”
TBRE| LW RELEENT BHEKREIC,

“easy as pie” TWE b7 b5,

iz, JJB. AI ARy 7 «C.Y. A3 A
Ny [F] AWEER [FRE] [Tt - 1
T4 AL OFEEGEIEHFEMR] T, AT 0 A
LZONWTA TZARNRMALNATNWS, T
FHRERICER 2, BEESLEAMREL TV,

Fo, REHAOHEMTH LN, T—~EIC
AT 44 Lb2ELdEbOL RN,

LorL7ens, EfRTCaRLESIICED T
ROVDITHMTH D, HIEBIIAT 44 L%
HEURE BT DT TR A KA
ZTHERoTLELTWD,

SERREENIL, AT 4 A L O FE R HER AT HE
UL DR E IS 2, mY AR R &
EBHITEZICHENTWL Z L THEMN 2 FE
EITHZENTEHEEZOND, FEICK
LTE#EESE, AT 4 FLOBRICITEE
TR ORI M, FEEFICLEENERE
OELZBRBRSHE, L —BoEks -
HHEEAH, O L THEEEITISEDOR
DERPWS OB DHI EEHY, O o
7o 2 FWERITx T D Bk AT S, SUIRDN B DK
HEEOBEROHERICHLHENLTOND EE XD
b,

A 2= —valRIOOBERN —BRKD
LITWHIES, FHE LI L ARE
OFEEFT TNy FTHEIMELR
LThHHN, DULNbIEE > THEERHOE
DEWRDIEN Y RIMRIZEZ ZKLE D Z &
HEFZIIRETIIRWTE A S b,

FESIASEXH

Jimura A. (2014) . Some Notes on Idiomatic
Expressions in the History of English: With
Special Reference to ‘meat and drink’. In Y.
Iyeiri and J. Smith (Eds.), Studies in Middle
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Analysis of Mathematician's Activities:
Implications for Mathematics Teacher Education

Ryoto Hakamata, Masakazu Teragaito and Kazuya Kageyama

The purpose of this paper is to have implications for mathematics teacher education through analysis of
mathematician's activities by reading an academic paper.

The result suggests that a mathematician does not only think deductively but also take an inductive and
empirical approach while forming hypotheses. It isn't always appropriate to provide academic mathematics papers
for undergraduate students because an essential background is needed to read them. However, to read an academic
paper could be enough worth for students in mathematics teacher education because they could follow a
mathematician's research process including submitting an academic paper and reflect reasons to write the paper.

Key Words: Reading, Mathematics, Induction and Deduction, Construction of Knowledge
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Elucidation of “Authentic Practice” of a Geographer:
Implications for Reading Geographer's article for Teaching Material Studies
by Geography Teachers

Yu Osaka, Hidenori Okahashi and Kazuhiro Kusahara

The current study focused on a research study conducted by a geographer, and aimed to understand “What
are the aspects of learning process that are unique to geographers?” and “How can we apply the processes to a
geography teacher’s reading of a geography research paper for the purpose of teaching material studies?” For that
purpose, the current manuscript analyzed the processes and the background of writing of a geography research paper

through an analysis of composition and construction of the paper, and conducted an interview with its author. The
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focus of this investigation was “Transformation of Himalayan Mountain Village under India’s Rapid Economic
Growth: Case Study of Uttarakhand State” ( Okahashietal.,2011) , a geography research paper that disseminated
the regional research of modern India, and the research of its lead author Dr. Hidenori Okahashi. The analysis
indicated that the processes of paper completion consisted of the following 5 stages; “constructing a research design,”

LR N3

“preparation and execution of field research,” “reflection and interpretation,” “refinement of the framework of
regional image,” and “writing.” There were aspects of paper writing that were unique to a “micro” geographer,
which included “learning from the field and collaborators” and “learning from data.” There also were aspects of
paper writing that were unique to “macro” geographer, which included “learning from other researchers” and
“learning from one’s own experience.” Based on these findings, we made 4 proposals as important viewpoints and
methods in reading a geography paper as part of a teaching material study, which were, to “take note of the titles of
the paper and its chapters,” “focus on the evidence that produced interpretation, and its collection method,” “take
note of references, annotations, and special notes,” and to “pay attention to the context behind the paper.”

Key Words: Geographer, Teaching Material Studies, Authentic Practice, Collaboration with Others, Experience-

based Learning
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Elucidating the “Authentic Practice” Conducted by a Historian:
Towards Autonomic Studies of Teaching Material by History Teachers

Takumi Watanabe, Tomihiro Nakayama and Kazuhiro Kusahara

The current study focused on a research study conducted by a historian, and aimed to understand “What
are the aspects of learning process that are unique to historians?” and “How can we apply the processes to a

history teacher’s reading of a history research paper for the purpose of teaching material studies?” For that
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purpose, the current manuscript analyzed the processes and the background of writing a history research paper
through analyses of the composition and construction of a history paper and an interview with its author. Then,
we attempted to translate this into a learning process unique to a history researcher. The current manuscript
selected to study “Land Price Appraisal and Crop Harvest in Land Tax Reform: Case Study of Okumonde

)

Village, Eso County, Hiroshima Prefecture,” a history research paper written in 2008 that examined a
contemporary historical research topic of using a modern history viewpoint, authored by Dr. Tomihiro
Nakayama. The analyses indicated that the research processes went through stages of “construction of a

9% Ce

research design,” “empirical study based on the research design,” and “reflection on the research design and
interpretation.” Beyond the paper writing, important skills also included “research experience,” “learning of
the trends of the field and its associated fields,” “interaction with others,” and “teaching experience.” The
history researcher reconstructed the concepts and methods from such learning in his own way, and applied the
findings within his and colleagues’ research communities. Based on these findings, three viewpoints necessary
in understanding the learning process of a historian included, “understanding of the relationship between

9 ¢

historical resources and its interpretation,” “understanding of the vocabulary used in the paper that describes
the interpretation of historical resources,” and “studying the context and research history that produced a
particular research paper.” Authentic learning for a historian concerns historical resources, vocabulary to
explain the resources, and research history that generated the vocabulary. By understanding these elements, a
history teacher can attain deep understanding of a history research paper and apply it to studying of teaching
materials.

Key Words: Historian, Community of Researcher, Technical Vocabulary, Historical Sources and

Interpretations, History of Study
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Theoretical Examination of the Process of “Learning” in High School
Chemistry:

Perspectives for Teaching Material Development by Science Teachers

Susumu Nozoe, Tsutomu Mizuta and Tetsuo Isozaki

The current study aimed to attain implications for teaching material development by a science teacher, through
a reframing of a specialized research paper into a “learning” process of a specialized scientist, followed by a further

reconstruction into a learner’s “learning” process. We analyzed and investigated the perspectives necessary for
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teaching material development, through understanding the structure of a paper published in the Journal of
Organometallic Chemistry, as well as interviewing with the author of the paper regarding the paper writing process.
The result indicated that the process of learning of this specialized scientist was characterized by finding a research
topic that led to new discoveries through conducting numerous experiments. The results indicated that the scientist
focused on heuristic experiments from which he developed experiment plans and the next research topic by trial-
and-error and condition control. If we were to place this “learning” process in the context of teaching material
development of a science teacher, it is important to have a point of view that something new would be discovered
by a student and something unexpected might occur. Although experiments in high school chemistry usually have
prescribed results, experiments are new for the students. In addition, the current study elucidated the importance of
a science teacher’s understanding of the creation process of “scholarly knowledge by a scientist” and its mechanism
of transposition in his or her teaching material studies.

Key Words: High School Chemistry, A “Learning” Process, Teaching Material Development
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A Study on Learning Processes for
Understanding Genetic Recombination and Genome Editing:
Implications from
“Genome Editing Using Site Specific Nucleases and its Application in Animals”

Masako Yamada, Takashi Yamamoto and Tetsuo Isozaki

The current study aimed to explore the content and methods appropriate for teaching materials by
transforming a specialized scientist’s learning processes into a learning process of a student. This was achieved
through analysis of the composition and construction of a research paper written by a specialized scientist, reading
comprehension of associated research topics, and comprehension of basic concepts and theories in associate fields
of science. The current study examined a paper entitled, “Genome Editing Using Site Specific Nucleases and its
Application in Animals” (Yamamoto, Sakuma, Suzuki, and Sakamoto, 2014) . We first organized the scientist’s

learning processes into 4 stages. Then, by applying this scientist’s research processes onto a student’s learning

— 119 —



WHE EF-lEx =B Bk

processes, we considered teaching material development for “Basic Biology” in the high school science curriculum
that aimed at deepening the understanding through investigational activities regarding organisms and genes and
improving the skills of biological investigation. The strategy was also applied to “Advanced Biology” in the high
school science curriculum that aimed at understanding of principles and applications of genetic technology. The
learning processes that should be included in teaching in an actual classroom include (1) understanding of history
of molecular biology, (2) understanding of the principles, safety, significance, and the current status of gene
recombination and genome editing technologies, (3) experiments on gene recombination and genome editing, and
(4) argumentation based on scientific evidence.

Key Words: Reading, Biology, Process of Research, Process of Learning
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NBT, 7/ AfRfE, = L CTHSBRG] &L
T Tns,
ARWFFEIX, KO SHTE A > ¥ B a—Fik
WL > TITo 72, XHROSHTICB W TIX,

nJL ﬁﬁlﬁ ,

FARLFE OFHBEBEREE WO AL D R
ST L, BN U T, xS scic B4

LXMEZR LT, 72 —fl#&ix
2014 10 AT o/, /£ v B2 —fl&D
KREL, MR OEHEEL O ILARE R T
D, A2 a—f{EICBNTIE, %56

OHT, BifiESEZTHERBL, EELT
I DOE FH MR IOV THE-TH H -
77

2 WMERXODIEREIESRE
SELIL, 5 DOEMNOHER I TWVD
(IIARIFED, 2014) . F1EZEDOX A FE, TA

TXZ7Vv7r—t] Thd, FE2EDOHXA ML
I%, TCRISPR/Cas9] ThH 5, HIEDX A
M, 17 AREOEARFE ] THDH, 54
BEOXA MVIE, TBIMICEBIT 55 ) LiwE]
Thd, FSEIX, [Bbvic) Thd,
E1EOIANTLXZ LT —¥ ] TIX, 7,
ANLX 7 L7 —B L MrniflIhTnd
(IUAIE D>, 2014), LT, ALXZ LT —
£ ® Zinc-finger nuclease (ZFN) & transcription
activator-like effector nuclease (TALEN) 723#7
HEN, ENEFNOEENFHHINTVD
F 72, ZFEN O K5, TALEN O RS2 20 Tk
RN TS, & 2 D [CRISPR/Cas9| T
X, EEZE N O 1S 50 % BEHE @ CRISPR/Cas9
VAT NEFM LIS 7 AREEO B
BHxinvTwWwbd, £L T, CRISPR/Cas9 ¥ AT
LEFH LIS ) AREEOF]RIZO W TR
XENTWD, HBIED [F ) LREDER
JRE] TiX, 7/ AREORENFHY ST
W5, Z Z T, £9°, DNA AU (DSB)
ODERBEERK L LT, MHEAMHEZEHE
(homology directed repair, HDR) & FEAHIAIR
i A% &+ (non-homologous end joining, NHEJ)
D2OMFET B, TNEOMEMANTI S
nTWnwb, LT, ¥ AREIZZNLDE
HREZFHA L CENOBEB 2R ET 58
MiThdEan, TORIELFENHI S
TWD FEAEDOTEMITBIT D7 ) LR
T, T, @M Té#/Aﬁ$®E@
RLHFERRH SN TS, RIZ, BIWICE
65/Aﬁ$®ﬁ$®ﬁﬁmowfﬁ%éﬂ
TW5, ZOH TlL, ZFN < TALEN,
CRISPR/Cas9 72 E A FIH L 78T BIT 57
J LRSS R —HE 4% fl\VC DNA Wi %
AT 57 ) L, 100base F2E O — AH
DNA (ssODN) %o/ / v 7 A4 ik &
RIZO>NWTHRER TN D, E%SEﬂ)Fk
PO TIE, 7 AmEDOFRENEEEE
WZOWTEH &N TV s,
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3 EMPEFEEOBREMRRERBTICK S5
T, HMBTEHEOMENENEE S
LN D, MXEFHA RN TN,
Lo, F1EDO TNLXZ LT
—¥| T, 7, ALXZ L7 —F &M
MHRFH SN TWD (IIARIED, 2014), AL
X7 L7 —8LiX, REOHELEIIIHEAT
% DNA fi& FAA Vv EHIIREEHE Fok I @
DNA I R A A v ZdfE Lz N TOREFE T
bbb, LT, TEEFTERTHoTZALX
J L7 —EBDZFN &, miTAFE I AL X
7 L7 —E¥ D TALEN M & T\ 5, ZFEN
I%, DNA #H& KA A > & LT Cys:His, B D
Zinc-finger ZFIH L7 ANLX 7 LT —ED Z
L Th D, Zinc-finger &1L, BER LD
Y E TOIRWEFHOEMICH SN D Z X
JEEF—T7 THY,DNA 2 EOREIE & O
HRZ N BB EERICEDS, 1 20
Zinc-finger 1% 3 HILKIZHES L, 3~6 D
Zinc-finger % % -2 Zinc-finger array 1% 9~ 18 #
Faxto R DNA IZ/EET 5, 1 #d ZFN
W SRS G T D L, Fokl A 2 &
KZE L, DSB#&E A4 %5, —J7, TALEN
1%, DNAfE& R A A & LT TALE ZFfH L
PANLXZ7 LT —¥DZ &L ThHb, TALE &
X, EWEEMESY S b AN DIRE
Rty oI ETHD, TALE i, 34 7 2
JEEHALL LIEZEY 2 — /LD IR LIS
ZHoTED, 1 2O TALE ¥ 22— /L7 1
WR AT 5, itk ->T, TALEN [T,
15~25 lHEI IS IEDL M TE S, £
7, TALEN Z X7 CEH+T 5 Z LI Lo T,
HEIOEE I DSB AT 52 LN TX
Hoe NLXZ LT —FORE FAAL 0L, #F
HEAHICE > TERAETH 57, ZFN T
I$#E L <, TALEN CTIIE S Tho LI b,
Zinc-finger array @ DNA & OF5 G I1THEHE CTH
0, FFERIZH ST 5D Zinc-finger O 3 53
LWolzxt L, TALE @ DNA & OfiAIE,
TALE £ =2 —/LDOHFD 12, 13FEHD 2 5D

72 /W (RVD) IZXko-oTkEESND Z &N
PP TWNDLENLTH D, £7-, TALEN /F#
v ME, BEAFBETH D,

% 2 #® [CRISPR/Cas9] Tl%, £7°, JFZ
A W) O HE 15 50 JE B A% O CRISPR/Cas9 & A 7 A
R LIS ) LREEOBEIZ DWW TR
S TWa (ILARIEA, 2014), CRISPR/Cas9
VAT AEMALES 7 AREEEE, BW
DEEBTICHEST HH A4 K RNA & CRISPR-
associated (Cas) 9 % 553 il ju By IF C 3L %8
REEdrLick-T, BWONEMNEET
DOUIW Z#FHE T 5 HETH D, OB,
ROELBEYTHDH, MEIT, BALTERY
7 — DNA #WrfifkL, £#H% CRISPR
( clustered regularly interspaced short
palindromic repeat) JENZ |2 A$ 5, CRISPR
FEAL &%, MEICA BILD Cas Ein HE, U
— X —EA, BHAEEOY B— &A=
— IR DRE T T AR —EEFICH OEG
FHETH %5, CRISPR JENL N HHRG I FL7z/h
7F RNA X, BORALTELY 7 —¥
DNA LA L, Cas X7 LT — B &AL
ZEiZkoT, Uk REMART D, N T
RNA & 77— DNA OfEEIT 20 HEIEXS T
BOM, FEAFERMEICED D DX 15 X
FEThbZ L, £z, Cas9 1T X 5EH DNA
FHIR O F8 5% 121X, protospacer adjacent motif
(PAM) ELMEIZNDEAINLETH Y, BIE
IS WL R TWAILEL v Y ERE
(Streptococcus pyogenes) @ Cas9 (SpCas9)
N+ 5 PAMBESIIINGG THDHZ L L
N> TWbh, £ LT, CRISPR/Cas9 ¥ A
TLEFMALES ) AREEOFI S E LT,
A K RNA Z##EHEH WD Z & TRIFICHEEK
DBELBTUENFRERTOHLZ L, £72, AL
X7 VT —EBOERBENEMETH D DITH
L T, CRISPR/Cas9 ¥ A5 LDEAZHA K
RNA O ANLTERPEREEXETHOEETH
LHZEWMETFTLRLTWD, &b,
CRISPR/Cas9 3 AT LB IR B —5 1%,

— 122 —



BEFEBRIST ) MREZEET DO OFERRBICET DA

AFNRAETH D,

EIED 17 AREOEARFH) TIL,
T AREIZED LD RIFBTITELTWVWD
OPBNIH I TWD (ILARIZ D, 2014), 7
J LR lL, DSB oEHEmEL AL THB
DELEFERETLIEMTHL, 20 DSB D
FAMEBERE L LT, HDR ¥ & NHEJ #% ¥
D2ONFEF L TW5D, HDR #£#1%, DNA
BRELBFRIC A SN DR Ry R % FARICT
HAEERK TH 5, HDR I Tk, 4k R
FREEEHALE L TEATLZZLICEST,
WA ROX 7 L7 —PRIcko TS h T
Eprichlszfm A (Bl /v27A4y) 5
ZEMNTE D, —J, NHE] &KX, 9L
TeRbia 2D EFHEMBT LEERE TH D,
NHEJ ¥ T, WMARENX 7 LT —EIZ
KXoTHVIELOMRNFEEINDL D, KK
RN EOERNEAIND, 2 — REK
DR - FFALE L, 7L —L7 Mag|x
L, BEFEREGERBT /vy 27 7 U8
T5Z LMNTE %, NHEJ #%¥1%, HDR #% K
IR, EEOZ T —REZDVLTVE SR
TW5, [A—Ytk Lo 2 5 % G0k Ry
X7 VT —BIZL-oTUIWT 52 &T, A
bp 725 Mbp D REXRRKEFETLHZ LY
ARETH D, Z 0L X UWEALIZ IV T
NFEEINDLIZERDDLEINTWD, T,
B Ytk 2N E NN FF R 7 LT
— Bl Lo TUIW+2% &, UIWESIcBNT
HEZELDLZ bR NTWND LR B i
TW5, &bz, MERERET/ v 7 A4k
& LT, ssODN & A F R X 7 LT —E %
HHAT L HFERHABINLTEY, ik
> T—HEOKESLHE L DNA $HOHH AN A]
BRERLEINTWVD, ZOHEOREE L
T, FF—HEOIEMNAETHDLZ L, —
A8 DNA NI A LICHASNRWD L7
ERFET o, REZEOFRHBIEND 2oH
HEBRXENTWD,

HBABEOIEWICEB T DY ) AFEETIE,

T, BMICBT LY ) AREITED LI
TN TWDONRHIBHEN TS (ILARIZ
, 2014), 7 MimERNNAZFIH L 7-E o
B L, invitro TYERL L 7238 45 B A9
X7 L7 —ED mRNA %ZHEI0CBEBMEA
THZEIWZE-TITO, invitro & 1%, BRE
NDOZ Ex2EWRT L (B, 20060, BAIH
7= mRNA 1L, BAEDOHEITIZE 2o THIRS
o, FHIICB W THNOE G T2 - &
BIhbd, BWcB T 27 AMEET, Zh
FCHMBRFORICUEZMZ D Z DA
HCTholBMFEZ PRI, REREESHFHA
BERIZELDEBEBET /v 77U MBR#HEINT
B EN TS, 2000 FEHIZEN S 7/
LfmEEY —/ & LT ZFN BN EICE Db TX
7273, 2011 LA, TALEN (2 L % BT/ v
T T NORIABINEE 2R TWD E IS,
ZOHHE LT, TALEN [Z/ER A TH 5
e, ERAX Y NOAEHICRIEIN T
WHZ ERERFETON TS, FH LI,

W HE O EIEYER TALEN (platinum TALEN) %
B L, 77V BVATIART v N P #
BOBWREIZB T, ZERNREREFLEIC
E L& &5, S5IT, 20134 1 AT
# 37z CRISPR/Cas9 (X, ¥ AT LADE AN
ANLXZ L7 —BRLOES R L, HHOE
ROy 77U NRARERZ &R EDHH
NH, BRxREIMTEAL L TOERKR K
BHEfCRsETPREINTWD, 72, [A—
etk bED2 piZ8IMT 52 L2k T,

FEER Y A XD R E W RK Z B R 1A
TEHZ b mREaNTEBY, 7/ AfwREICK
> THEMIZT R TOEMY TRELRKE1E
WX EMIIbLL BN TND, —TF,
R —#E5% %2 HWT DNA i &2 AT 547
J AR, AR & 7o bR AR TR A RTRE C
HDHOIITK L, B TORERN LT
LTWnWhanEasnTnwsd, Zizx LT,

sSODN Zffi o7/ v 7 A 0%, fefitkx 728
MREIZB W THRIBIN RENTEY, TV
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T ER O RF MR I BRI 5 HiEE L CTIE
BHEnTWd EdBRHTW5D,

BSEO [BbOIZ) TiX, £7, 7/ 4
MEIIZED X D RATEENH 2 D H3F
ENTWD (IUARIEA, 2014), 7 7 DFREIL,
TG D 70 b T RIKEFEFRE T D 8
B W THZOAREME S HIFF ST D Hffr
Thbv, WREBOKART AT 47 2 FHT
LEOHM~EREL T EHFHEIRL T
Do —H, T AREITHAREX LT
— B E AW EDD, LB O EC
L2 TWERERELEAT L ARENTICH
LEWVWHZEERENTERLRWVWEMAZ SR
TW5,

4 BHEEMAHNFZOERBSCERERIC
& 3R R

INFEFTRTERLLIIIE, ®MEi@micsn
TIX, THEEE SN TV D EMEFRRX 7 L
7T—YEFHALEY ) LAREDEE L 8YIc
B LFHERBENIESNTWD, 22T,
BA 87 P RL 2 0 B SO A HE R, £ L C
AU AEa—P{BEICBWTCIIAZRE N FR L
TNEZSBURNS, 3R % [ 5~
RE, MXDOEREELRT D,

AT RN OREERIZEB W T, 1953
2 J.D.Watson & F.H.C.Crick |Z X 5 DNA @
THEHOLEAMEOR AN I, £LT,
BRE#RILZ DNA OHFIZA->T0nSHENnH Z
ENIRL BT, 1970 1%, 1980 ERIT I,
EWFE A Z T DNA 208 27-07 5
ZEBFRETOHDLENWI &, TREx Y
=TV ENTEDHENSY Z &
LDRERBENVEZY, HFEMFEVIH
LWOERER SN TWo T2, AWM FOD
EARE, #lxiE, NO#EETFZ]Y HLTK
FHEE O F TREIZHES L THRITEZ1T O 72 &,
BETEHBHBECHEZEZ TEHOFIZA
ndénoszEcThdrltnbnTnnsd, Zh
%, HiEK ETHRICIEHVERVLDOEED

ZEThHY, ERENOEFEHFCIroZ &L
S, £, ZOoXH>REEERTTE
s EWIE, CARERIZBLTY
TE 5T TR, RoNTEMED I
BWTHAIRETHL &SN, £ LT, 1990 4F
D, Hx OEYN SO OBIRIERO KT
DT AEMHT AT e s NP E S
, BEOWE I N —TREL LTI O
WD b TE T (WA, 2006), £ LT,
70 LORIORHFEO A — RN Eny, H
YR T WAEY D DNA ZHE Y L Tk
Bl 2 i 7 O i £ CREAT 32 2 & 2 AL
HEIZTED2 L2172 TWnolz, LLA
No, 7 LAOffGgNETICON, ¥ N
Bl FoeElbizo TEEO AR T
EmWESIMHFEIER RIS TY, ZRH4EY
FOWTNTHLZDOH X7 EOREN b
LBARWEWIHEFINAEE LTSNS, 2D
KO B U RIBEOBELZHOLLIIT DD
2, BETHESBE TRER EOERN R
MR R TH D E S NT, T, Bl 20,
B TRICBWT, borBERTICBEENEX
HEENREENSDNDERRTZY, FEED
WFFEIlcB W T, RADKKEE 2 6N 5 Es
FHEMENDTZD T H-0IC, FFEDEL %
WETHENWIZEBRRDODENTET,
ZOXI) KRB oOF, NLXZ7 LT —ER
CRISPR/Cas9 72 & DL A X 7 LT — &
FHOWCTHMOBE 2R ET HHIiFTH D,
T ARENER IR TE R (LWARIE,,
2014) 7 ) AREDOFEMIIANTLX 7 LT —8
D ZFN I X o TE N, BB T O%EN
Wit Tdh - -8B W T ZFN TOEE
TR L& v oy (IIA, 2013), Lo
L7226, ZFN OERUFFEFICE L <, %8
FULRDICTFICAND Z EBRTE o7,
2011 FFEE S TALEN BfEX 5 L 212720,
2013 4E DO 4] ¥ (2 CRISPR/Cas9 73 B3 S 7z,
INHITE-T, HfRERERHX 7 LT —EIZ
E257 7 AREET, HEICTHLRBICITO Lk
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MTEDHEIITHRo7, L T, CRISPR/Cas9
DEAFE LI, Fx 8L G H2RB D bEkA
BT LT, Tk TEME
BADEENRETH - 18k % 7 EW DO REFE
MILIZRB T DT ) LREDH > THED LT
WhHEENTWD, BETIE, MEMD L E)
W E T, Bkx BTk A 738 TH ) A
MENFHIN TS, I—r v 0T 2
AT, 7/ AREEMOREELTIE LW
A= RTHEDTND, X, 7AULT
X, 7 AERERIN A EEE O BRI
ITOIL, ST ATOERZBBLTWD,
Fo, FEIZK, REWELGOERLG XL
EANTWD, ZOLH, 7 AREDOK
RSP EA TV D,

—J7, BERIX, ZThbOur50m %ot
WZHRT2, 3FEERL TV EWVI, TD XD
RPN BB ZTEH, BARIZT 7 AfmEHIN
CbothE ANz oewy, Ll
RND, BARTIE, ZOENICHEE NS
DERLLILTWRY, £, BEFHARLAE
MRz T AN TWARWDAEICBWT,
s AR Z &7 DRE T NE D DD,
EWVWOMELELXIY EiFbhTnd, &5
W2, 7 AmEHINO#R L LT, HARZER
ERLEOBEBNANDNLRNEWND Z ENRET
bivd, ZHUE, EMERRLTHLNLRWN
EWV o, BARZERER X, AW B RIS
AL FEWE 72 E R D A TR BRI o R
D DNA IZERSE, ZoEEIRT L &I
T—NEEXLHZETHDH, TOZT—BNIRD
AR EHPNTHEEERN VW EHD
B, AE TV ) A TEEREBRLEFIZERA
LEHRUICRVGD, SHICEHERERFIZ
BERAND E, FICED, ZDOLI72H DI,
LHNOHEREND, 275 L, HEREMRT
WZEDB AT O ORI IR T L7
eV X RIREEL D L, TG XMk
B, WRORAE D, EWi & TiE, Z
DHRERERE S TLFHL, b ED

JEbLbETH LWREEZ S 2 TE, 7/
LRERAN 2 R H 3, DNA O#fs -0 HF
DO—HEERRKSEDLZLERLH-TTED
X2l s, £H LTI -T2 b & BREE
WERTRZ T2l 1E, EMEMNATYH
DINBIRV, AT ARESAMT O L v
RTHDEWVI, RIXZFECER, @RI
XEHIYDOTHD, 12, 7/ LAREOBRET
X, BRRACEEZSERVWEL ) BRI TELE
HZ22D0DT, ZRIEARBICEERDONEND
ZENEMIND, 202, Bin X
EWO DI, R EbEEZT Do T
bbb, Sk, BlzX, BREMEOMREKDOZD
Wi, EVZERICHAHRLDOZWNITHR L
SHAEET D), BLAEETLINEN) Z &N
KdOoNb, TORE, 7 AREHITNLE
Lo TL %, BlZ, FIZTAT7H A =R
DWFFRIZBNTIE, 77 AREHNZ b7
FAIVEFEPREE R VRRICR D EE X O
Lo TOEXICREVWAEY—RFRTRERELTWS
i, icixienenws, oz, iz
DOFFNETHEM L, HFEFIZE - T,
L VWNICRSBRTLINPEZEL - T
W5,

Lo X5 R o, IR EH= X 2012 4
W7 ) AREa Y =3 T xR B,
SMTENE R > TV 7 ) AmE O B &2 R
KON THARICILDEEEND (8K,
2013), X EREH L TIE, SRR 7 LT —
TEFAHLES 7 AREOIRE LB ICEB T
HRREIZOWT, BT EE S FEZRN D,
HEDNEM LT VR I ICTEICHER ST
WhH, TNHDZ EMND, MR ICIE, EAL
BEROX 7V T7—BE2HHALEY ) ARED
JRER & @I BT DRI IEIC DO W TR FBA
L, ZOEIHECAEEZ T VI EXRE
HLTWwWsEEZDbND,

5 HMHFEOFRTBRAEOTHEAMR
IITE, HEmX oo, GiE, KOA
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yEAEa—HlEIVEH L, IWARERDOT
BRI HOWTHERT B,

77 Lim4E & 13 Genome Editing D RGEE T H
O, IWARFBRNAARTZ OFRFBEEZHENVIED =
EVo, IWARERE, bbbty RAE
MR ELTEY, V=DRAEAIZBWNT
Bx 2MEOMBAED L ITAEENTESD
DNZEWIEL T\, TOE, V=D&t
DIREZ B 7-0Iz, BRMICIR, v=Ic
WHZ NI EERVIAEY, V=08 LT
DE ERXDEHIDRMTAEL, TONREER
IR D=0 2 D7 ) L &2
TN EEZ T, £, 2008 £, LA
ROWREOYREOFEEN Z O 2l 5
L LT, 2L &%, H—HMR D ZFN 28 F i
DZATHY, ZEN D 1 DDLT 2T E
STHH 9 ERK300 THOERND> T
o, £IT, TORAER, RITHREBVIKE
L, RO 2 /] 2 20F T ZFN Z2{Eh %
Lol ol, ZobE, ENIZBWNTHE
MBWTH, ZFN # AH B EICER 2 D1
WDOMIEEDHLTH-T-, TD%, Z O
o T, 7 =OBIETDORE & D T2,2010
FIZZNICET  mXE L AR LLE, 20O
LE, IUAREREBIX, 7 ARERN
ZHZEDAT vy MZHEV DTN
Sl WH, MM EEEK LK, eyl
DOWFFRFE D ZFN ZER L TIEFL WV &V D
KN KT, TOENL, WD &,
AARDY 7 MREHAM O L~ 5 T2,
TOFEFEFTIZRL 2V ER U ILAZERZIL,
HEZEFLLT, avy—vT72r%x3bE
Fize 2011 402, H T 0 IR0 FEHE B T 0 5
BEREMBOT-, 2012 121X, a4 v XOE(KR
FTHEZONWTOWMXERELL, HoHk
atueXEEML-Z0TH D,

Z LT, 2014 4RI, ZORRmLEREL
oo ZOMLITBWT, IWARZRX, 7,

VAVANSS T X5 (I RALE I G N[ O S B

ZOEMBOPICHENE VWD T EEIBZ,

AKRTY 7 AfREHEINEZIRD D Z L2 B L
LTWb, £72, 7/ AfmEHINOLE - B
T, WAWA RGBS OB %2 3
HIEHEHFELTWS, LT, BADOT )
AfRERIFTO L X vEe EIFbs 2 E 2 HEE L
TW5,

INHOEB, BEEZZERT SO, W
AKEZHIL, T—T A/ _X"—=Tar b))
FHEEHNTWD, =T ) R— g
ZBWTIE, £7, MYoRFEREL, W
& LTHREKLLE, SiTORHEKTREMLE
1795, BT, FEMEFFZE D 555 CIXmREd AR 3
L2EbHDH, ENEMLEHLT, FEELN
LD ZRZIZEo TN, EH LI E
EOERERMRREDERIZITZ 4 — R Ny 7
S, REPCHOEMTHERT 2 EE2OER
RREODT—ZNEHNIND, TOT—HIC
Eox, B -R¥EEHEET L, 2LT, F
ENTEHLDOEFFRETCART S, 20 XH7%k
AT NT xR T — 22 HEKN LT,
HEiMzRERT 20084 —7 A4 ) X"—v a3 v
THDH,ZOVA 7 NF, ETHRVWEN S,
ez, % =X CRISPR/Cas9 B fEH CT& %
LR oThn, LVDITELS ol
Ve TOYAZIONMIFITEIVE, FFIZHE
KFREE, MTIETERVWE S 2 I3 EE
TEoHhbLirnEns, bbAHA, ZD
A7 NVIHED D N2 RHIEE ORR R L,
HLWRIETZAHDH, bbb, A—T A
JR— g NI Ko T, IUAREIR I &
HTERLEBWNWZ D, ATy —VHEE L
TWDHFRESCHE 7 NV — 7 1%, LULITE
WA, HIRTH#ED D Z ENEL, kxR AEY
TOBBFHREDOKDFILL L v, F—7
YA IR —=varyEHWEBARRO LT,
M A2 Z 72 HIFSE B A D TWIT I,
WA DOFIEIZ b ERIZTED LW,

IWARBERZOWIOED FOF—U— &L
<, kL A=A ) R g &
LI TG LWHBERBET LS, L
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AREFZIL, HU¥, 7 AmEHIN % # - T,
V=N F NI HEERDIAEE, £
EFEBRMICHR =D o7, TOBRIZ, MEEO
R D NIR T L2 NI T E o Tz,
ZTOX D RREND, RS BFOHEKICE D
bivT, fkx 2 8-l NTeb L L,
A0 FTZoHORBEED T&
oo WAREHBRIZEST, MEL VI F—T—
Rz R& oz,

bz ent, AR -EHEREE
k5, WA EBRIL, ONF4&
W DFREORERICHONT O, Q'ET
R 2 BT 00 A R Bl oD Ji B 022
B, BUROHEM, Q&R FHERZLT
LmAE D EER, @FFRIFEIIC EE S < GGk,
DA4ODEENORER SN TS, vk, Z
OFEWERIE, EAMTEHEELLEEb s E
FrmBL-boThd, ZOFHBEREE,
EANDOHME S H 0 72’5 LMk E L
T TIT->TW5,

6 HBMER~ADTHE

2T, BERLCILARFEROFE ERE Y
FEHFOFHBRBIZEEMZA D LICL- T,
BIR 00 7 MZET 27 EITEB T 2 BB
HEA~ODRBEBEETNE RS,

T, BRTHUESYT /7 ARWEICET D0
ZEDWRI L BB ORI HOWTEHET S,
O BaxRERRIIBOWTHRNOEEG 2K
BT DHHEME LT, HHREHX7 LT —F
ERIR LY 7 ARENREEIRLTWS, 7
J AREOHEIE, HRASFETTIE LA
E—RFTH#EDLN TS, LLARRL, b
DENCBWTIE, —EWICEE A28 =
FANLGILTWARWIRIICH b, BB R
2 & DRETMIRE D O E WD BN
ExB0 EFbh, 605 TENLZ R
S>TW5h,

ZOXI RIS, Bxr BRANDEET
M2 0 7 AREICE T 2 MBI

LWZ ERHERIND, 7/ LARERNTNE
KREFETEELTWD ZOHARESICE
WT, FREBICBITLIINLDOFEEDOER
LhHY ENREHbNL TS LHICE S,

W, BATOFHFEEE BT 58T
R ) DT HEEHICOWTERL T,
PR R R EEEIC L D L, PEREE D
B2 HEICBNT, BEORAINE L BB FIC
BAL T, RELFEROMR R EIZHESWTH O
WENTIfabd EEoMAMEEZ AT &
WEBENEELTREINTWD (CEHE A,
2008), = LC, MmEFKRFEREEHEICLD
L, REFRERO [EMER] 2BV T,
BETFEEZOMEICEHL T, BEE®REZMED
YHE & LT DNA OFBIZOWTHEES L Z
R0, DNA ER SN RSN D Z LT EY
BaERN oD E2BRTHZ L,
DNA DERICHESWTHE U NI EREK S
NHZ EEHBITDH LR ERFEERNRLE L
TRENTWD (THEFAE, 2009), £,
BInT&7 7 LEDBRICHMND Z L ERS
nNTwWasb, &5, LB FICET
JAEEN 1TV, FEHNEBEOHMGEIRD D L &
BT, EVMTFHICHERT IR EEmODH L
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