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& B AHMANNY “HAE” KB LEETWIRE R, HE— i,

& SRR, B PN A BRI AR Y T K

& YLK AT Rt T RIM A,
& Jo R BB AEY, I PR A DBRR AR B

& (RIES A D EBRAFAE, BT RAERATITR

FURZR

1o DAZHE . IR 7 AL H AR 55 7 U s 52

2. HHEIME LA G, W12 K i R
PEEPIRIRRZE

3. HBEOR A AR A, HERhE
A ESR,

B1-1  “BER” _ERREMEE



F—T EERANFSEERESEFHNEDEMY

1-2 FAUBHES
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100 Z4FRT, 5 G R 2 S MREEE AR T e MR 2 —
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WAL KM AL, 3 A B A B B AT I w3 1B 1-2 )
M, BT RSy DAL, b A WS Al o 2T K
FITHEENE? AT Ay AT 2K B AR 25 11 2

—. BEREEEHER P
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Tl 07 AL R BN A YR ECE B A 3L b, AR ER)E —4
WA MR T IR IR EE, B 2800 K ATE 3 S5 R
RAHBRX LT, EEMAT G . BEIFHRE. ik
TSR IR B7 1 HAB A Dy T5 B B, Wt oI AR aseptic
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K (sterilization ) 45 HISRZU A FRAY K R AR FE IR BT 5
YIRS A B E Y, A it st e A K B g
I3, H IR . SEANOK S K

TERA IR FR T, A AS ] A S 36 P ol 75 2R A 8] £

KT o 5t I 2 m 28K (high
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B L5 3035 i LA TR FHAE 160~180°C
K BEHEAE i 2h, IS SR T KA



B JCR AR 5 5 R R KT SR 1 i Sl

BRI M S ER AR, DR T
1T A5 T T ORI B K TR . ORI KB K Y R
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o R 2 VR K B AR IR A AR T e IR A A= )
2L N B S PR e e, DTG A 3t 2k v 1
IRF IR I H R

BERE IO TR & A A & SF U IR I A KR, TR R
FHEEAMKFTE: (ultraviolet sterilization )

HERAZE

TH# (disinfection ) JEFgHALE . WL, W5 H
FREA KPR BT b (1) SO A P 4 it

HUMHFRE R HHT T, B R e sty
B B H L YIRS, RAITE 100°C# s 5~10min B35,
RFNEE H P, EIRIERRE AT 100°CR# )
A KA IR RIE T, THZ T4 Mus . A
FLAE LG B YA REIEAT iR KR AR T = 1]
m, KW 7E 62~65°C T 4E4y 30min {H 7, AIRIEAUT &
4, HAREARRG, G250 L, Wk
PP | AR ECR T0% FOTRS . BURUK | R IR R S22 24571
PR E R A E L, ARG R, LA B TAEIR S T55
HATIHTE -

15 52 55 8]
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LB AR ACHTMIRBRERY . £RA . 2HH 5. BHE,
2400 MAMES AR -RMRETE, HERR RAEER, AHFHNEH,
3T RAMT . BT ETHNEARE, & BERITTHRRE
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Pl A Wy ZENAE T PR FR RIS Bl s TR i, LZESF
A S A arifi sl WeEP I SORIE,  DRmXE SR R
MR WA 225 . ERSRBUEDIRT, AR R A K%
SHAMCHAY R 28, B ME R BUR & e —&, BCHoE
ERCEY AR BB LA = ) 18 TR B R —— 4 R

# ( culture medium ) o

dn/\ SHties

BohligSE

A FERMAE I E R e 225 . SR B AR AH R, 525 % B il
P FRRCE R . WELRES A —RER . RS HCH] OB IR 2RAURTE], (2, i
il O FE A T ik A A R A AR R Y o

EEED

1. 328 FHEE IR IR 0 B 5 07 vk, Bl DA B A BE (PDA ) Kig3k, K
P 1 T AR B AL B R B 45

2 A TR A, SERRE TR H

mrlss R

TR TR AN . DR . FRIEK, UEAR. KF. ZHRL. 2V B PEEM.
DEESEE . BRLDT . HERM . MRZE . SRRV . TERKT . BEFRIL,

EHER

1. B R 3

RS, A RIERFERWETT, HERRBES RS (K 1-4D) I8
THEEM A, AT K, RS Lmahhit: (B 1-4 @) , LIBisAE
WK B T, HRBIRE M, REINzZEEKZ 1000mL ( PDA 3555500 R R & |
WA RIS =)

A pH  FCHIE RIS, T EARIR A Y SRR pH, — Ok UL , RS S
TS, B RS A TR PEIAEE, TR A A S A TR A

Se IR pH R0 B 5= 0 R 4h pH, PR AN Tmol/L (1Y NaOH EER R ,
R, R pH RARIR, HEIAF RS pH.

S LA I RE SRR (NMBEEAR—ENE) ;
FHMRZEZE'S | MAZEAMu— 24 I RERIHRAR (K 1-4®)) o L SETHAR . 45,
H 1.



B JCR AR 5 5 R R KT SR 1 i Sl

KA KPeE TSRO, HIHIRAHE T a4, B 6~10E, SECH R
R T R R K R, 121°CK A 20min.

2. AR

EAR AT, SERHERAEANEUET, FREREOECH 70% MRS . RSN
WA B IR % B R TAES , K 20~30min, 31 70% Wk EIES T/EG R,

BPPAR 1 2 R AR ARG KT K IS5 TR X R T

FRGFRIER A R S0°CLAAT I, AT REA R ENIE, TR LT KGR
WARZE (K 1-4@) o AFEHIPM, Mo kG, PREKE (H1-40) o £
FREGFRML, HMEFTH 5552, AP AR EY 15mL FIARGFRIL (&
1-4©) . SCHPEE DRGSR, fRssn iR A aEe s, IS,

@ Flik @
R ES OFSHE
® Kbk i ® T4

1-4 FIEEFRE
SATITIE
L HEFAERC R o4 B AT R 7
2. BRI B AT 0 7 T R 7
3. RGO HE S 4 S 7
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TR TREFUBL: Pl BB 7k

SEIG B IR A W R B RS SR I AR AR & AP T 1
BIRY, RFREMNE R A 6 FEFRER (£
1-2) .

®1-1 BREPHSHHMEYVEREZRETEER

MEMHEREER

FEER

#. % ( carbon source )

BB A A RE AT ERAETNER KR,

TR ( nitrogen source )

BRI AN EREHITERAETNERELR,

#&7R (energy source )

BB B A A ) A R R RIRG BRI

A KRF (growth factor )

SR A B ARAL T 0 RARA F R e BORF RUR BATE
BARE R, kT 2 RBEF,

FAE (mineral salts )

AR A D FRBERBOR . FOR AN AR R E

K

MANFTERGEREE, EREDEFTRERMEA,

FAb &

e 55 SR BRI, B R AR W TR B SR LA, b
FAWEER pH fB B, [FN, SZRIEFIE H iR 2257,
BC AN R P BRR A B 35 7R 5

B IR HAR IO DR SR 43, w0 AR B 37 (liquid
medium ) . B 7 37 (solid medium ) . 2 [F 4R 55 77 31t
( semi-solid medium ) , o, [ERE:FEIF &6 B4
58 [ 70) 3 i B T A . ¥ 20 ) R RS Y 85 5
Fe o TETCR R TR ML B A SR 36, R R AR e 2

ARG TR AR IBUE ) B I A 1 Y A BURRAE
FhepBe i 55 SR 5L LUE & 5 R E AR Y o 28, R T I
A WIREFE R T TR AR EBOR AT By 1 AR P i S
ge, HRGFR AR RV O T RE, 2T A Y at
FERYPRPE

L K wdmEe, $ERE, REANFARTWNEZ LA, £XREFHHEA
FATEARERERR AT, FATETEGF LK, X%, BH®R, T3, %44
RERA, BABRNEHE LK, AERF RS

(1) REFATMEAFO RSN, —FAAENERTEERBNEREREE

&l

; WRFEMS EAESRE, TFE AN




B JCR AR 5 5 R R KT SR 1 i Sl

(2) BAFERENTERESRA o

(3) EWHAZRERMED ML, TANLTHEREFRETRLENEZE ().

A FEMLBREENZE, BEXOREMFHTKE

B. W, BmEKAKE. £ALBHAFHME T LEEA

C. A RIS P e 7 5, SEe R 1R I A B RS KT K G MY 2 AT

D. 5L 3e4 1F A R7 38 % B 5 R T AL IR B9 AR B G B T A o A

2. HEMANFREHBEMATHELRWEA S, RATERMEFE, IMHEFES
EOWSZEA T, REELAHHTHBEREANR LA, BEKTRERE, Xk
FEMNk, HREFFANE, FREETF A

(1) AT HEHEERREMAEN, FEHEERE, BRENIRHFEEMEMXR
MARENRL, TrHREIFEERNEZE ()

A B By R 2R T A OK R K

B. B R W | F HE H W5 % E A0 pH

C. Y& MR B e 5 JF| 3300 0 W 0 DA B A

D. ARG 2 A A A 5 o L B

(2)WEWF M AH; 22X A EREFEREN,
BEMN BRAWAL” (wHHE) o ZIFFH—MHK
Vg7 ot e A, EEEEM A7

BRMNMEFNEFAREBAENFTE, oML
Wl E A BT AT R M RS, Aty
iz g 2R —ZHEHATHEFRLKE . HFF
O3 3 B AR ZORE R LN F ROKE Y ik, R
Rk et e vy R




RER AL A IR T

B 1-5 @WiTEFE

— HLIk, HTTEFFE ( Helicobacter pylori, Kl 1-5)
TR B PEE & AR B B ) F R R DA
ZURdt, MR 2017 4, ERED 375 {C ARG, R
et 50%. WA IR R BT 20 42 80 4R, 4
Bf, BRKF 22 & RS (R, Warren ) & HL, BUAEMEE R
FIH AT B 57 A N B IS AR AR T N 148 B A T
SRR A T ERUR (B, Marshall ) RWARRTTFE &M, KT
Bre bt ERRINZANE , XU T TR AR TR R,
RWFFERNAST E AP T AR KT R R
i Az T WIRSE AR Wy SRR R R 7 WFSE N G S ey A
WA R AERE TR b A Py Fh e 7

—. NSEYEERYBHERSED P,

AR AR S AR R IR A AR TR A Y, BT
FOH R R HEY), ST 2R HEOR T Bl Hin il
YN B SR, ISR AR Y, N TR RR i A P R
PR a3 DR U MR AR T, RIS —Fh el it — kil
YRR, PN E Sk

B ER, — R B R, B
i b, R BEIR A AR (spread plate method ) BiF
M2 (streak plate method ) SEFEFNEIAR, 7 BRI &
FER RECAE WA, (0 B TRT R B B 4, JFfdli b
B BT S — AT R, SR B E R
EAHERER R R, B HAGE & B g R K%
P RRR G SR A5, SEFRIRZ0 R, PRI B RidE W
s, LLUARI B E B,

10



CHENS 3 UL EUR P Y

159 52 55 8]

——

E &

EEERTFRFERELEL, EANBAED BRI T T ERKEAR —NEHFEHR. AR
WEF Bk, RN E (colony) o E—ERRLHT, MAEDNFHEDR., AN, #H4%,
BREMBEERTEREN (H1-6) , MAFEELE, Z5ERNE,; REAEFER
HEE, BERNMAR) 22X, BHEFEARATEEATE; EFHXRNEERTER,
ZE2HER. B BT E EAAE I LOR BB iy K B

B1-6 ARMEEESTEE

=, ERSENEDEG P

Sy B AR HAREE D, Al Tt — 2 R BT A - i
LR Lk A T Ak, 3R] SRR R S
A K BFEIE U REA . TR B0 03 B 5 AL B R AR R
AT B ) BB

T W D
EEERAL
BERETE (yeast ) /& FAIEET, BIECHIA 1000 ZF0, & FH/EA Y TR M40

SRS IR A Y o s FHAPARRIZR B T35, KR R Ah S PDA Bifrdk [, Alf%
FUPERY B Y BV
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Bow R TRRUN SR TR L™

BRER

1. iz AR Z s i A T b

2. TR B S HOR S8 U TC A

3. WREL T RE TR B BRIV RRTIE o

MR

PR, PDA R53R3k (B =) , HR TAEGSUCHAS . WRELT . Mt
ERITHE R

EEF

1. $5&Fh

FA (inoculation ) JEF8 TCH AT, R Al i A= Wl 5 TR B G 78 2158 A H A=
K EFE R FR R ER

SEEG TR EARYESLES H A . R SRR A
SR LA 25 5, RAAFRM R 2. 7E
MR FREE R B A AR R 1%
M B AT AR o

(1) HZFFETIES TAE

W Bt FH B SE B A i1 BB B TAE R
(K 1-7) SCTCEAE, FEEIMT ST 30min.
AT ERT, EAHEBROEENT, BT TR, . 18, L&,

(2) ARk ifh

LR PR EERG KT AMA BT, PR LR AR, WERm L, HEEnTRERE
BFFEFRIMAER S, SRFEOR (Bl 1-8)

FERS KT JAGMEE R H R IR . AFERCRA IR, 1 N ghmnt
AR (I 1-9) .

E1-7 B%IEE

Bl 1-8 IR B 1-9 HERED AL
R EFIMBAE N, BRI ER (18 1-10) o
FEFREHGRMFEIT R —AR4ERE, A PR ERIMAATGIRIL, PR R4

(E1-11) .
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N RREERREYIE SR

B 1-10 HEER B 1-11  R|&EM

RN I R A AE SRR Ay XIStk o LRI ERJE N UA 2 1 — T35
BELEAE R R BRAIIL (B 1-12) o I3 XKLL A — 50— A 4
TA5, HERIEIRING 60°, RHARFNENE K EIIBIE A, i Sh—IRRIZER Iy,
PESE RIS [T = SRtk (1 1-13) o

LRI, REERIAE IO BRI R R . RO KIL)S, AT Lo
T2 Aol A O 200 M S0 7 A ) TR

B 1-12 ESXETEE E1-13 SERIETEE

2. ¥55%

137 (cultivation ) JE48 U YIBHEAP R B 57 3%
&, TR TARKEHENERE ., — SRR
JE SR E A E R A (Bl 1-14) , 7Eid
HATRE TRt E], LIS 2 AR

RILBRSEH)S, % BRSNS, MddtRic.
PR MR R, A 28~30°CHIIEIRIEFR4G T, 15
7 3~5d,

1-14  [EREFRME
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Bow R TRRUN SR TR L™

3. MEE %
NS EEAE T TR PR AFAE I i0 s (B 1-15) o WES)E, WREBA AW, nit—4
PRARIZE, seniatifl.

B 1-15 X&EEMERESNEBEHEE

4. dliffi g

PR TR TR R VR FE P B R R 38 b, 7F 28~30 °C IR =M h 15 5% 3~5d, 1]
AAFAEFI R B RIE IR o PG RESRIBUE — 20 B — AR ] ) 40 28 A= I BEFE T
BRI, FROM4AEETFE (pure cultivation )

SR

L. [Al"72Z [A] UBRIZR I B RRCR , 20 Ar H BRI SO 22 5 1 B A

2. EARYIES T, ARSI B AR M o B S Al R e ia i WA A T
TEFIWTRAE PSR 2

3. ARTESE R ARAT I HARSAE sl 52, WORFEIRE B LUSMHH, %
T fRAT? QURATZORE , ROZANfTAb B

BYE %
BitRE, ERUAEK
BNWF L FINAFELAZMBED. & 600 HPTF,
B EMERRE S, ABERBNMEDEEFE, BFE
BHIRAN B HAT G E T W Blin, B % (A
1-16) ANEF, FEZARLE, BRABANNEL,
RENE, AEETF BURERCTAE B ERIHEHE L,

HARAE B AR X 0 R B 4
B 1-16 aBEBHEE
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BN REERREYIE SR

TN V- B 5 7 e e 18 Al A B R S — o ] {8 A S
Yyoe b B, B 2T 12 N TR AR W el o ) i 22 |
YE . B THEEE TR B AR BRI A W K R
S8, WP T mT AR SEE BRI | AL
s AL R

FAb &

L ABAEMFNFR Y, T IRBAEFW B LD, FELERAFRE, HERE.
AEENELAREE, FEETHEM KRN LREESR:
(1) Brab 2T N BRI GG 3 0 35 I JE R BT 58 A0 B0 R A A A B AT o 3 Ao 2k 4 33 o A

HATKE, —HEKA o EREFATREY, FEMIBETXKEEHZTRE
TR —Beat A, SXOFEfR el B o= .
(2) AFRIEHFREL L, & EKEER-—NMEAEFERR, AR
TR TaARBELR, R EE E—FELRLAHT, XOBENHLTUKED EN
ERHE,
(3) RATRXNEELEHMENE, ERAFE_ K. S KK E XL,
SE N TFhR &, XA E R

2. MR G R R—MIRER, KAER2TRIE. AR, KEERBELEY
HUBE AR, 2B AR RO W ARE SR T AR A T PR o

(1) AEMEKEHTFENETEL R RARE. K. ~E,

(2) e E ke, BEERAWINEZTER o RILMENTHRIERE, F—X
LARXBARBHKHETEE, F_XNARBANNE LA ELHEE, 0% FHHFE.
R R & T T R E R R A .

(3) AANNEAE R RERNEE TR ZE W EERERNEIIR,
TR ZEE, ARARBEZHOERRTIRE S, R EFRME L rmlg Lk, %2 L5
HRTEE? WA L7
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F=T NENREYVNEE

TEHE AN, AR F IR S R
_ R, UL SR, SRR
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KRR TR, R SRR B UEY, 0
X R GBI, T8 BN, 28 nloff hR 2E 00 40
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BEIR R AERIVER T, Jols CREE AR O, Pl A L R (CH;COOH )

EBRNER

1. 22350 FH T R RS T TR R A DI RE |, Bk SR . RS .
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A PR R AR D, EHSER — R E m AR Y. T
ARk, BRI AR AR L B SR B A E S g 2 i &
T R, Dy B B AR BRI T T RE.
2l i M A UG TR BOR e IR B i d SR Y F 17 A
HAIEFRFAE TR AN T (plant cell engineering )
TP AN T AR I AL AR TR S H R BT NS A 7= R AR 1

A WIRLE ) 7

RN gﬂin

W1 MMRIA

) A

MR ARER A
SRR HRH ERAT
PR AR

B W RN 1
R B AR

LEWNEzS
FEEPRT
A

2-3 BHE MIEBAMEE R EEERTEE

34

MEHFARBIMEBIEE RS D

1958 4F, &A= Z I 1R 18 (.
Steward ) & ANHUEH N 0 47) B 30 40
A EAEYIE . ToLE . WS
IR FRI P REFR, JAs 1 e B RAE AR (&
2-3) o ISR SRR ) AN
EA LB M BIER TS EE, RIAEY)
M AA ERETE . R B IR
i E . HEUMAN MR R &R E R
EEFREE b, AR R N AT N RS
I, WAEEE NOE R R R B A
PR 555 (tissue culture ) , T B
KRB B . AU AN RR by S
N (explant) o

SMEIRTESE SRR G R — Bt Al
ST A A0 BOE A, A e
LRTCEIRA, 1 — e B Y
WEREAN MU A, HES B AT TR, H
AR ST HAE T o e B AR AE )
i E AL BN A R i



BN MDA TRALRSALZU R AR AN R B

B AFEY) A B4k (dedifferentiation ) o Bk r=A: 1)
RS —E 55 P akadiss, U UE R . 2F
GANVE , X — IR A F534E ( redifferentiation ) o
R AR R fE , AMERTERE SR IR AR
22 MR (K 2-4) o UL bR AR, HATT
KB M oeREE

IME TR LI o gy friopion M o g et R g

@ K oME AR R IR 58 1 @ P
@ e R B A 2F © Ko/ PZFUIT Herh
e = e o\ B MRET IR A

E2-4 EMBARERRETEE

BRI E . HEUMAINE, XEFR. BB
BORAM IR, 5 ERC TS B AR SR SN SR TR
MS Bigedk, AP KRBT 2 REILR | W
BILR . AR E RN HIREE SETR, A
IR EA, 2ot SR I 7 A K B 3 T T B ME
TRIET: . R, T 2 7 TS I 4R X 8L 37 10 i 2=
KREE, FCHlr iy MS JiFRdkr, W W 2NN —LeAE Y
R, YR PR AR R AN R RS Sh A L
Ji o AR A e A Pk 2 BB

35
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o AN TR AR T R AR S dh

B4
I E X A A R E AL B B

BEEMEELHE ARG AR, BARG AR S B 5 54 T F
AR ERABARENER LS, EBAANTHEA—RHAE, HABEELY
AEARBEACHR TR, BrREELHAGASEMMTRT %, BoBEL
A AR A KRR K A, R R 2-5 T

L ABRmE K ENEREL R AR ENERERILE, BHARN A
KH £ R

2. BRI TR AR A R b F B A T R4 A H AR R
S, FRREN AL S DT

3. AN, Ak EREBANENT R R AN, F 0 b T

B 2-5 EMHENTS LRI

YA ER Pl b, A RREE SRR
WA LU E 2 A AR 7 100 24 HU(H BT,
WA e R, WA SR HEA T
FRIKCERS, @O AU E R A e BPEL, ARSEA IR
(35 T7 B Bt 8 I MAEYI R AR 7R, — s ZE R
OB FRAE | A 2R R SR AR AR R IR L

AP AN RN RICARE, SMER R 1%
FEIE L IBORE AT 5 M 2 A 13 LA TR AP fL e
BRI pH . OGIRANR AR R AR B
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BN MDA TRALRSALZU R AR AN R B

~ e
e WS R

FAEMARIERRARIEERAZEYE

HZ=(F 2-6 )R EH WA LT, 6] 12,
MR T 8555, ARG, T ERIIR R .

BRZEk

1. Fie il A 2B IR AN B BT 77 B85 372

2. S A BRI T S SRR AR 1

3. 24308 A R T YR RS A

rlss R

HZERWEE, Fohl MS Bige 5L m &Mk . (R
R 70% BRSBTS EON 2% BRSNS
0.1mol/L NaOH. 0.1mol/L HCl. 6 - %& 43 & g 1 n4
(6-BA) . MNEZFR (1AA) | ZE4MR (NAA) | Biilig.
AR . ZRIBOK, —fabeli. beph. B, HIPH. .

W . SR, B, M. MR 4RRat. Hi2=6 H=
W TAER BRI SR | RIS | R IRAORK AR . JOIaIRAR . M) SR T2,
TEEHIR

1. Pl Rk

B A5 FE TR 4% L B B MS TR (B ) o BiFRIESTA 20 25
BN, O T R O 15 IR S A ZE AR LAY, SR A R ok L
Bo il e dnide (B SREEAE ), ARE T ORI G 7R 2k . MR BCH A 2
HYUFIFR e B i) —FhRdE (&2-7) .

JiR o ks R4 A ZERE R AR SRR
M S 3% 5% i vp fin A B MSH: g Brp Hfm A ML W EAMS T
Y 0. Img/LIY R N0 Amg/LY 172, BRI ES N
6-BAFIIAA, 6-BA. 0.1mg/LAYNAAFITAA

B 2-7 =fizsxni
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A AN TR AR T R RS dh

Be il DA L B5 3R 0T, SeRRE 10g TR 12 30g HEME, JA 800mL Z& (K 1, Jin#k
TG REE . FRARPESE SR LML T, A —E R &P . FHCIE Sk
4y, FEOMRAIE INZRIB/K EARE 1000mL, FHRIE A 0.1mol/L () NaOH B¢ HC1 757
W pH B 5.7, mJERBIHEIE YT, Bsr%E S0mL 5% 100mL, FE7EZ A A
FEERC, Ahm— )24 AR B ECH A B SR LA S R AR VRO AR, 121°CK
i 20min.

2. HME AR ) ORI B

FENE R, BEBEARTTAE H 5 A A et MR, OIS 1~2em, SERIE 7K UEE:,

PR E0h 70% W9
12 5s J, LB B oL
M 2% B IR TR W IR
1 6~10min; HUH H Z=WEE,
TETCH K B UE 3 IR,
BRI, TG R BB 4R
+
3. JFh
T 4RSS 70 % 1Y
WRHTE TAEG, A
kT, TR TAER L L
THIEL, BOHBEMHZE
WEEVI R/ NBE (1 0.5~1.0cm ) , R R Wi fbiGFRit” - (& 2-8) . b
IHAFE T O ARk ) A , TG KT K I R , AR FH iy Jo AR KA e K
AR RN ER T W, R A T o il br o2 3, RNEFIR . MR 6~8 B
WEE, BeMhE, KRR D EERS KT JE L sh Kb —ii , 3 SR FLAT,
W FARAE, A ic k.

4. ¥rg

e G BT R TE R ) JC R S AR s R, e W TR . BRI
FEHITE 18~22°C, 423k 20d 2247 Wl v] 76 25 BT B (4 2L, Wl 85 m 3] “A:
ZEREFRIL” I, BERNAARIEZE /D 12h BOBRR, SEREGREEZSSA 15001k, WATfdH ARG,
Kigt 10d Z2 40T WA 2 LA /N, /NEER S AE KR 2k TR 4K B Bem 2
LB, BE U FEiEAE CEARR IR FIESAER, KiFE 7~10d, FIERGRET .

5. B I YIE FIRE AR

MUNH K E] 5~6em, FEFIE BARES, BPRT AT YIE SRR WE R R TTR .
IYEFLYS | EAHDCIBANREE LK 100 % A% EE BRI AR KR, W AR A
XIANAIABEANAGENL,, BB A YIACIER, ISR & S %

2-8 F&F
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BN MDA CRARSALZUS R AR AN R B

P T B TR A O —2F, BUCEAE 20~25°CHYEBAERE Y, Sl 7~14d,
HIAEWHAEE . AHERESE, MR RGN U RN AEAR L8
FEHEE, MEABARESR R, WK, B AL EERRE, MR E T
20~25°CHYBH AL 3~5d.

RO BT e, $8 2SR, T 7~10d, 4 RIATREER .

TS

1. A A LOE S5 RS T (8 R B Be R B 7 47

2. A THREFRYIAGE Y, AT/ N AEREAN 2 U5 IR0 R b R BT MRt i

3. TR SR R, AR AR A SRR AR

WFFER], AR AR A T U IR BOMERE 22 AR
WAL, HZ . R 8 NERYAL RIS Y, L
RS SE A AR R . BTN 53 38 i st 2 U 3 T2
LB IR R AR, BOw TR 2 YA eI T S S
AOMERSL . BAE B A SOk 822 AR n] DL ad i 20 4R 3R ok
BUHRHE SR

|5 152 2 [

EYMREB S MLRIER
B, Bk, DRAELEE K SHENNAGARREBMMH TR LTS (H2-9) |
TR, RATAWEREAM, £, " REEH., HAE N, EIEREEHINAGHALTIE RS
L EARDEEF . BAR, RN, WARRE, BalERE4SZL T REAR, £,
HIRE ., AMIBRRECEEERBEERORER, BEAEA LEARFIERABMAL
MR, AUEEAIATF (H2-10) .

B 2-9 BANWEBRHAREZ B 2-10 ANIFFRZF
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GHE.

ZI0HEL T 3k 20 LA P PR R 3R

1972 4F, EEBRIEFFRFR/RH (P. Carlson ) %% FH4H
LR T7 3k, Ry A AR R B AR 5 7 A4 o %) 4% 4 e ke
HE—, BT IR SRR STk

AR 20 2 58 1 528 S [RIAE ) 200 B =2 [E) P R 5
M1 AR AN S AR e RE AT 2 de 20 i BE I 40 i A RE R
Gro EHTER 25 20 MR B i FH G O i 2 Wk, RIFEIR AN
AT AR SR 550 i A0 RE . 2 d 20 L BE s
(RAEL ) 20 LR Ry S A A, DR P 1 400 e 5 o Ay i
A ARG

55 AR AR R 5 10 ik FE 203 Ak A B
K2, kR R O W (PEG) #HTiAS, WHkL
(R AN i b GBI S 7R o ol i e < B 1 Dl 1 D EOE 2
SEREALAY, AN R S A= o AR B Rl T A G i,
(] o 210 A 1 i A B A w] A LRl B 08 B A ARG L,
DA e 0 i T e T UK AR A S A . 0 3k S %) A 5 20 i 4k
SERFHOE TR AN REfS , bR B AR B RR S B 45 .
e, FIHMEYIHALEEFREOR, R aG s s—ik
TERIAHIIA

PRGN [ FE ) R 240 A — 2 R T Rl L 5 A L
Ak 15 RO Y AR B BORFR M R A ML 2 g HoR . i
BOR FBALHR AR BRI 4 AR BRI RS . AR a
LRIt i S AR H ARG R A A (B 2-11) &

E2-11 EHEEmELdE IR
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BN MDA TRALRSALZU R AR AN R B

E Ao A A 20 R S B ATE L 2 AR R S A )
MBI AR, DRI X b 7 ik SE MR 1 I 2 2% 38 AN 26 F Y i
i, AR AL T ARSI 1 o

LER7/ERAS R S @ N S I S s S e i K ] )
TAE, REEEORHE T HRY PR S . R i, R
UAACH = L B 8 Do i Bl 25 0 1, BRI ER Ry 1 AR
R

EYRIRESETE  AEA T, AT —PRAEY) b FREOR
B ASMENR, YA AR, R A B R] AT R Rl
SHPI PR ST . I Z R, AT ATER I ] AL A
—MRAEY SO LT T 2 LE TR . I, EXHTE
FIMIIERI | 28 SAEAR BRI AR P 3 B R . H AT,
TP PR SRS T 2248 B . AS YR
BRI, BT T R SRR AT AL -

EYTERS DB MR P RN 2 Z BN
240 T R LT S DR AR R B ORI R T R, SR I
WA 25 1975 X — e L BBV PR AR B L M BT, (HANRE
BT PR AR BT, PR A, MY —BAax
PRI, TEZRRAE A SR AR bR LR
TE RS IRE F AT UG SR, Al ARAT AN 35 25 B JB0 25 15

(virus-free cutting ) , X—iFFEFR R RN . SCEUEH, E2-12 BiEDHE(£)
A B LA Ry AR AL, R R b v TR MEEDRE (F)

P (E2-12) o FIFARPIASEREAR, BEFHR T
wIIOREER T, WIS T H L A Ko, WAESE
ZRARAEIRIIRTE, fem TARYEDIR =i,
EFERAERETTY B R, Rk an i G
R RERE 7 A AN A LA &Y. XL S5
AR AT ICEILERAR, HIH ALY A K PA 5T sl A i
YR E . YA A AR S, Ok
NRAEACH =), MR B G JEAEY) (18] 2-13)
R AR =) SAZBERERS AN R A0 M 03, BHL IR 20
MRS, S RRPUR Y. NLLER Ry R
FEMAR, A RERE R TSR K AR HIAE Y 4R
B BORGAT O A A, P B BCRAZEE, K E2-13 484
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o AN TR AR T R AR S dh

RS TR P, D TR AR IR . B AT,
IR P 2H 285 57 R o] LA = 2 R AR =9,
ANSBHERRAGY, ALHE. METFEMBEMF, @
TR B AR AR 2, ARNER 1B . SOD B SR 77
EEEYFH ST YIRS AR | A DR
B ARE, B TR S KRELR SR, 157
— S UG AR A R, WE S -
HE (B 2-14) . 813 b - FM)r . A -
MR MRS ZH AR TR E R A
T AR AP R, 8] I Al A 0 A4
M TR A, W NS AR S5
B NAERL A, SR04 E AR A K
ANZ R, HEAMAMH AS2HRE
o AS AL S . (L H A AR 1A
J 2 22 H AR B BT R R L FH T Al
APl sl HWE e 5 R T
VEF ST K SR .
E2-14 BA%-HE
T ) A M T AR HG A S SR AR A 2 22 S5 H R, 3X
S R TEAE Y AN . A As B KO TR, TR R A
SRR TR SR, AN S A Y . SRECE W sk A
ALY A A, KR T A= 80R, YAl TREE
AR A = IFRE T AR a0k, o A28 0F
HARTRIR I L AR F-Be . W& LY A5 FEIe F o R
Witk AL HEARFBEMAWED, MPME TR —ESN
AR RN A A B2 4 AR ) & R A B R A Bk

FAb &
LEHFMEREFE AR RELRLER, SRTFERK, &REE. SAEN4A

BEFPARTUREET H R EEK, BATF A
(1) BWALREFEAMS ERE, ZEFEPNERLIBERAREERERE___

LR, B 4% 4 40 A B o SREMERENE SRR AML, B AMHA
BRI IR T WA E K4, 1 B A o
(2) EWBAZEMARE RN RS, —MEA__ FEREHTRE; M

EiH MR ER BN 70% 6 EFFRAMKR (RRARW) BRALE, BLERES
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BN MDA CRARSALZU SRR AN R B

REGFI M HFROR, XEZREMNTE Lo B BRI 5 0 R LR, %
o 0 R B LR SN Y 7 o

(3) BIAARARTEHLZRKES P UENHREMEZRNZH, FRIT X,
TH MR RREREGE ()

o

135 SMEREL SEE e
A~ F 0.3mm 20 1 1
0.3~0.5mm 20 10 7
AT 0.6mm 20 13 4

A ERME, MU R

B. ZRMK, M AT & AR

C. 0.4mm B Z 22 H 0.6mm Y Z L iy o4 X 20 1 %

D. #H 0.3~0.5mm W ERAA| THEANEEEY

2ABRAFW R AN, BRBUK, B TIERE, HEASHIE KL, FRARF
R E BRI, TRT ASHPELEE, Fo0mEE.

@ &) ®
(1) @, @, @FHFMFMIERBAR>EEHER? AT AT
(2) FUR AR RSATHATEIR, NI RE 12 A 8 5030 4 1F 7
(3) AZRFMENETEFRET R TEAR, REAREEZMHL?
(4) HEAEFFBORM L, HRBORB T 2 &, MW A S IRBORE R RRA) 2,
T B A FBORAE A 7 B T B
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FT IYERIEFENVHARTIEEL

PRTTRIGE, 25 40 SRR (M. Post) T HLAY
NI (T 2-15) A HH AR 2 AR (I e p 6 4
PR T AL 2 1 UL AR B T i B B ARG L i
FiA TR R 1 2 P T L SR 1 e 5. 5
B, R KRR 2RO R RN T — 4l
Hgfe. TR, HEFsh A o B s il e Pk B
. o TP 0 2 2 A

—. BAIE R EHEERIERNERES D),

SN M8 e SR RS A DG 2L, A
AN, FEIE BRI IR A T LR A K A A e

1907 4%, MyHZE (R. Harrison ) fEJCH &F F MK E R
PESEFREL, BRI L ST EE , I AR B 2 40
Mg AT R, Z9E T S Al iR SR SRR SRl . S
KAt el Bl shi 4 55 52 BR ASWr k17
Mk, 1957 4F, F:/R UL (R. Dulbecco ) %5 AR HREE
Tl ALk BRD N PR B 3R 3L 10 7 v, BE3RRAS T 2 4,
BUJ5 B R R R R sl A s 7 i SR R o

HEAT S AR TR, B S U R Bh ) ) — /NP2 21
JFBTRE, FHRE AR, fH RO A0, S
EREFRR G, N — W E AR, e ARG SR
R, TR AR R R R . AR PP L S AR SR H 2 A
SIS, HEAT OSSR SR RO JEACEE R (primary
culture ) , WHIMFILEEFE (K 2-16)

2-16 EREBFETRETEE
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BN S AnE; IR S AN TR

3Lk

PR LM | 8 0 S D 0 A B RE A8 A
FERANRREAER, MRS sh W A 735 57
W E R Bl SR AERE TR
FMAR, XL MR (K 2-17) .
YL SR B0 AR A A A B R A B AT, 20 A
SAFIRIT R, BWUEI T, XM IRPR
filh 40 % ( contact inhibition ) ( & 2-18) . 1%
FOMH ) A0 HE S IR A S, 752 R
R4 200 M DAJRRLRE B B s T ok, T 0 SO B
AR, 12 B 2 SR AR 2L 7R K]
2-19) o AL EACE SRR B RS, B
RS D AR S IR R RO AL RS R
(' subculturing )

RS IR T 0y i M — el 2= 10 A2,
ML . R o I, ER o At
R, HBAW BB FE Tk, IF
G Z 40~50 8, XMECANIEAR N A kE
— MO, HANRAL = 50 RLUE SRR
BT, ARRARSLALAR, (A ER I A0 Y 35t
WA TR, AR ASRE AL, T
A AT RETEIE PSR AR T RN 25, X
AL VR AR

TEVRAN B SR A0S, 5 B A5 A A 200 AR DL Y B 055
S, sE R RESRYI, S E AR pH . TR HB A
J2E, DMRIERG IR A BEIE A I BB

FEREMET RN IR 0S40 2 IR O 3k
WA MeE IR, Aok | e IR L OHLEL | 4EA R AT,
AR H B i il sl UL, 7t s dniusisrid e,
IO RE S SR SRR, LIS RS E IR, I BRACE 4,
B LA = B R AR s i o TRINE, AN [ A PR 4
J A 5 BN INAN R]  AEA I (CARER B A R A 1 et 4
MM AR N TEE) o ARETXHME A 4ERp A0
ERIERA T mERME. BT T sh P57,
AN FELE A R (9 586 02 1) 5 SR P S Jin— 7 18 19 2h )
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B 2-17 WEERKTEE

B 2-18 #HMIFREE

B 2-19 HEEM



GHE.

ZI0HEL T 3k 20 LA P PR R 3R

LY o

FERSBITTEING RSN IR S AR, A A &) A
THEE A AL SR U ) BRI AE T, B DL SR
e B SRS PAT IO ERATE TR F i 75 1] 15 3% W AT Y
PUER, BB TR AR = A A D75 5 o

EERRE  RIMNEIRSI AT, AT LUR PG 1% )
A AR IR B 0 1 P I IR TRLRE o R i L 3 0 A L L R A
RS SR I SRy (36.5+0.5)°C, fReix—uH,
A0 M B 1 AU 2 s B . MR SRS IR B 200 Y
M 32 AE 7 LU R A iR 52 758 o

15152 =3 8]

MR HRFNE A

EERERNEREY, ARFRERNAREFREK, Wi
A s et KA L Tam, LhERTHRENEMBHE,
RAF 20 o b9 1 £ R PR IRIR T o 8 R s it b 9 £R A7 T AR A
— MR E, AN AR E A CEATHERILTREEL
MR KMRAEAEE T %, B —MRARKEREE, BF
4 R A R A A N —196°CHy R A F AT IR (H 2-20) ., &EH
RIBEET, AR REES ER T RKA, HMUT “KRIE7RA,
YEEX e, LR EAIEH R, REKN 37T CHIEA P
R, MRELSEY “HE” 3k, BEIRR, ARRGELE
EHEAK,

2-20 AR

EESEIRER pH RSN SRS A, SRR
B — B AR B0CR 95% Y25 S 5% 19— S8 ALIRA A
R R T LA 1k PR 5 35 W i e AU TR 3 v S B A M A7 3
A5, A A P e v B ) A R A — E R I 4R
TR pH e . REBAMMNIEE pH Ry 7.2~7.4, ik
I AR 2 M A i A, I DA — BRG] 5 R 3 s i
1) NaHCO, IR LAAERERE IR pH IFRAE

WERZEE fedfusssad e, guiti = ym
R pH WIETY . BEFRMAAN IS, M B R B8
JEo B8 Rt i ol IS 252 e ol 0 40 e e ARG 3, L
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BN AN IR Sh P AL TR Y SE AR

EIEWANICT DT, (R P A & R,
WH R . 0. T2 MM IR AR, AT LA % 1 R
HB 2 R X AR AR RS

FURT, SR B2 R 2 80 MOaR al 7 iR S 557, (H
FH T 240 B Ak B A N BRI R S8 T ST T A, AN TR
AR B 5E55 PR PO A0 I 1) 2R 0 R 5 T BEAN SE M R, T =z e 2>
MR RGEMN I RGER I TESFERER, AN IR B2
MEAEAR T . ST R BE ST -5 A N R AT LU A7 A 2 57
XA R

B Y2k
NR BN RS 5 I N 2%

AR R AT AR R SEAT R IR e 3 g, DL AR B AT A K
M AAE, MELEWHANERE, SiARERCEHNEZ R ERHFTEE T LA
W R B A, B sh sl RIS, TUREEE .. DB RA. fiik,
BEENT R, BRAABENT Y EFEFTESREHARERAFEN &M T
WA XM amfeiE R AN TERETER (K 2-21) . HFANEF M
RN 2 Wy AR TR R

2-21 MENTAREEFTRIEE

1. % RRE 8 e AR AR 0 S0 K AL oy A 4y 7 b 7

2. % BB AR BN TE T R A A e R R 7

3% KRG L R SR AT RO, A

4.0 T FATHAE UK By 0 B0 A E IR AR, R AR AT X R R R Y B
B4 o
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o AN TR AR T R AR S dh

YA TR EOR ARG, Tz N Al
AR IR R 2GR ST . AR RIR Y L,
A G R AR N B DR B S B HE I+ S iz, T R BE D A
HE IR IR N TR (18] 2-22) BEATRAE. D34,
FEAEY) e R RE IS AT (AnZi i S BEE | 20 e 0 R R 1
AL S ) | MRS . ORI
BARZERIBEFE T, B AT MG FREOR, w] LAULSh ) 240

20 AT WL T A A T P R R A

A&

LEAERMEAN Y BA LB, IERF ARG EMAREFR A, EHERNAU
IR EaR (F) MEF AR () IARHATTHRELE, FEATH FA.

(1) #ATER e, F4 LA A0 FEFF U BB, E H o HOR B
M, REHREEERFATESR. ATERWFAS NGB DNRAR, EEHE

(2) ZHTEMIE RN, BRBAFRMNGRITFNE RO TN, REFM—EEH
AEE, HEWZ s WRMEFWAEIE —HE ;
Woh, ERNEMERIERR, TEENE .

(3) ZEFRMAGY Y A EFFapmEd, #TARERE 60 RUBHAFER? EE
P e

(4) Emffapd XEARNWEEXRASHFHENAEEMMEX, BERMNGH Y BT
¥, BAZA TR LR? EE L EE R,

2 MERE LR ERAEEGR EHRN—MELNBEAY, EXRECEARER, 3
fTahdpimpedEsnnt, BE EAERAFAI T —ERENMLE,

(1) ZBEAT 304 40 f B0 AR S 38 30 B, 38 2 o A O\ v 1 R =

(2) THEZmMFXESHEEE IR LRER, AZERENEL TR
" EE ( ) o
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BN AN IR Sh P AL TR Y SE AR

A. it 7 g R A AN I 40 B e AR AR K

B. i 7% #6 (% 2 40 0 oy o 33 7H

C. 35 7 2k b 78 V6 A By T I o 20 B 09 35

D. it 7% %49 20 8 3 0 % v /N T IR 4 L B R P

3. RN 2 H 3 A Y Sk 4 R R A (T LR 4 LB AR VE IR, T AR AR A R 4 AR K 7Y B

MBI R A G MO R A TR, FUE M R ANE R, THERN S
Mo b5 HPTAL R SR A B AR T B, B E AT, KNSR I 4 M BT AL TR R K
B 28 J8 BT AL RS AR L AR A A S = R Y
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F=T FAIYAERRSEAT G FHREERE

NP R SR A (P8 2-23) JE—Fh A TR R
AP S D RE R IR LA I AR T A B, SR
24065 PR 240 M a5 T A 2 SR AL, BERE A R 3L
J5, SCRES RGO T 240 M B AR SR 1o D7 12 i i
P8 Fp 9 R i T S S LA 7 A i ) A S PR B B S, 3K
DERE I T ER A TR T o (BT A RE L P AN [R] Y
AR 7 AR S E AR A = S A PR R 7

—. ABAEAEFEARESE— A )]

YA S ARSI B EY RS TR
A S AR SE S — D R R . S e
IR AR R 2 A A, B B SRR P A s A R A A
BB A% LAY FAAZ 2 o

1962 4%, Bl Z ARG RIS 7, AN IR 8
R KR A R AR Rl o R R B A ORI s S T
ARSI R A AR, I ELREHS A% S A 1 IR i o
ANVE 7[R Rh 2 G S A TR AR AR, LR ) R A A
RS 25— B BUR M —E B EOR T B CInaKas iy )
BTSRRI AN BT o B ik 5 B BOR AN LAk Y
20 M P DR AR 201 R 1 B0 s sl & AR L, P
A R 2Rl A — A (8] 2-24) o

B 2-23 JLMEasREE

TR
SRAHIMIL SEASA A2 AL
o i W% RS 7 240 i 2 PIRAIMLE WG GlIEY R, ARERA PRI 4
(BRI ol S AR A [Z3E3LT

B 2-24 RENFEFSERBSHIRERERE
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BN FUUS AN B A ar ) & e PEDLIA

N5 355 W RP A [R) 40 i i s, 240 i 1) 7 e 5 2%
BEALEY, BE AT LA [ 240 M AH B @G I8 B A2 sc 4 e, tum]
DSR40 B2 i A Rl A di i, TR AR AR e vr 2ok &k
BG I, DRI, 75 it RN Al i 0 e 22k
e B4

L B ZAN TR R, 24 i al & i BOoR F B
HOREF R, maRmELRs. HirH P22 m 4
(R EEFARA P =2, WEE (B0, IR3h. i) |
ek (RO ZEE) A (KGR ) o BEdE i
Al A AR FBORWE, A XTSRRI &, Wahd
MR EY, AN R BIFIE, ML R R E]izT
SR, AR BRI ST R R R 2 ot g
A AR .

PUAR R i B Bk AR (RIS Z0 ) ARy —2
e SRR LS SRR R, ERE RS EAE
SR, R, NMshY) ez 3 ZMarm i, s
[ FETE Z A PUIAR . B HE NSh ) I3 v 4 U o e 75 1R 4L
AR IRNE, H= BRI A2l A GE AR A5 Kt iy . —
FRE BT ?

1975 4%, EEFEZF) (G. Kohler) FI3[E R} 225
KRBT (C. Milstein) H K& AL G EE, 755/ BUW
B b U 44t 5 1 VR 4 B 5 TP 2% S8 TR A (hybridoma
cell ) , SRIGREEIEIRAASTAANML, N ITTARAS T 75 1Y s —
MRABTIAR . A5GXHE, FIH A AT e R A A
SRJGEE IR e, AR P A A R B — | RS TR R
BR, R HTEREDTIA ( monoclonal antibody ) .

159 52 53 8]

-
“7E” (clone) —AAIET & X “klone” , R EZF “BAK” 3 “H4A" HATEH.
KBTI o R AR, R N — A SRR Al o, B RS 07 i 77 A R iy — A
HRRA RN T, ARSENE, In—/DNA 2 FEIEH T HEZRELANDNA B F, B
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o AN TR AR T R AR S dh

ToAFnk; —NAREHPREE S NER N, BTARTR; — e MREL £
MBARFELEEEE G RENMEERNER, BT MR,

& ST PR AR E A . PURUMER S S sE
ARG . 43S AN MO A 0 0 . 2% A0 T8 A Bt 1 B4 B K BT R
PEHAE ([ 2-25) .

B 2-25 BnEfkSETETEE
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BN FUUS AN B A ar ) & e PEDLIA

B PR T AR S5 5 1 At 7 T T
Pk BRI 1T LA THERT IS, -t P T
VAT . R B e T S R B S IR F
BRI T AR R BB R |
R 25 B 5 | 5 B R AR I T T A, DU RS G
T2 (S SR RO

Bl 2k

AEREERERNA

B EGEREA A E - R R AR, AU TR WS B A e T,
e R G 7 DL R BB I A T2 B R

LEUANA e, B FMEREM, ERARALS, EHRNELHRE,
AR EF . R & & PR 8T 5 P R IR iy B SE

2RFERTEFE NN, REX RN EH XA, AL NER, T
A LR P A AR SR A AL, 2R AR A S A B Y FE A T

3. R R TR R MR AT R, HFUSRABRBATROR, o ditik,
WRA T2 FERRBFRBFATHET FRER %

it A0 PR Y AN T S, LR R BOR B 92
B TR T BEBTIR R 25 LASE , i R BOG AR | BEDR A |
M SR . BhR kA SRR e PR A ER B TR I B
TEAMSA | gl sy TR A AR T AR,
R R AR AN o

FAb &

| BB RER TP EREWE K, B —RAREBEANH R £ER, T
B HF f 9% 75 A O AR (B (VR R K, EIEAE AR, TR R ERA R e AR

F BE A AR SR T A B IR ELE R e BT A B R W AR A

(1) ERmppEelREZMAL? B, ERERLAHTLAAMREEANE S FE

R 7
(2) BEEMNaRRE S Maasette, A4 41RH?

(3) LR, I 2000 Bk 6 BOR 3 F B BE 8 KRR IR SRR 7 B B IR R B A B BT

AR, FRHXFHLE B LRRE,
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o AN TR AR T R AR S dh

2THMAEANGRYEEN e, HapExaaRFrER-&a-1 (PD-1) , ME
mpEkH o ERABR TR T EABRMAE-1 (PD-L1) , PD-L1 5 PD-1 &4 G210 T 4
EE, FRTARFRAMEaR (WTE) . B PD-1 5 M8 2088 PD-L1 4 4
EIHERM M K, HER, HRARMFN A AR AR AR E B w B R LT %
WHAT TR 285, 2018 )&, FEH ML PD-1 W s Bk g kb b7, d EA

(1) ARAE VL L5 B, FUR 20 10 Bk 6 BOR £ 772 25 B T PR U 245 40 °T LA g 4 0 W A 2
5 WA R Rk A SR R A R U R R LR G Ay AR

(2) E#HTHMRREWTEY, ek FiP2 UL HRomM, HEREZFL? A
RafiaeBREFETBRRENIR T, FELRAFELT REAAFTFORG A0, F—
RIGHEm B ZE AR F R Fhey B R R RmM? HERMXTR, TH
T IR 0 8 B9 7 %

(3) #l&ERBEIIER, REFRTETFRRNGBKREARERER, XA RHKA
RAANRKAEFZEE TR, BIRARE (A) 25 R 3AEAMPMR (X, Y MZ), &
RANBR RIS R, BREZ—EJE N E &/ Bt & o oy 2o Cae sl i 40 R S0 OR B 6y ot
BRAMBESL) , EROTHEHT.

R E, EHENDRERNNGRE AR ; w AR A PTE

W9 BB R, BT R /b BB M U F L 16 000 DL L, AR E D FELEL

REZETRAFEERGBMREAN, AFERENX Y. ZX3 R R,
RESHATHABMREAMEGANRE__ , BdHE o
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FOT ZBENTHARRARAT ENMARR

PMEZRER, (PAE ) hHIE, fb -2,
FAED PR, Basmik, —p T ) BIARE =T
AT o PV 2SR A A AR A A FRATT JC R A
2017 47, HE RGO IX — R T B, A TR AR
A MRS AR S we B H P R < rhep” AR AT (1E]
2-26) o SLRERRAYIS AR IR ARIME 2SR T =UIR A FR
RO B RIS Q] A BE WA Sh Py A0 e ik 4 el el
PR E i e R RATRERHAR A B ROR
THME AL G, AR B

—. BBERATSRHNAAREHSEY D)

55 B AL R 40 I VT B 5 o B SRR R B R B 2-26 BEfR “rhch” “seeL”
SEREIHAMA, PEITH B A ReE, T R AL S 4n i 5 (EHHE ) HEaME=
AREEH B E MR AME, X EwE, e
MRS, LA REMEEWiTE R T 7

el Ve ER

Y ERRZBER AN L RGE

FTE 1938 4F, fHEEMAG2AZMME (H. Spemann ) L T 41 U2 AH %
RAFERESN Y, MY e REtE A . 5 oRAR 2RI E ZOR I X — i ARt
11 T REMIT

[&# 1] 1952 4F, SEEZE A BEARHT (R. Briggs ) F14: (T. King ) 50k 5E
WAL A B, AR A R B AR, IR T SRR A, SR,
AT o AR B o O A B A TSR B s, YR RERN . MBATTIAR, XPTRER A B i
PR AN R TR omst AL B sl s A5 ) ot e A B AR PP 3

[&42] 1958 4F, WE2ZEH KB (). Gurdon ) ZE44EUNTOME SRS i 1 Kz 40
MIAZ RS A A% B BRI, AIARAS T BB i Zh A X b 155 — il R 4 iy
MRS . (B2, 5 R IRRAEM AL FEATAR 1L, SR AR FUAZ RS AR ) ) ZRARAIK
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A AN TR AR T R RS dh

YA 2% Ik

(&8 3] 1981 4F, HWELRZERHF/REZE (K. lmensee ) F13E E 7S weifh S0 56
FHIEE (P. Hoppe ) 38 i VSRR B A MAZFEAE A A SZAG 80, 1o
BE T —H/NR. 1986 4F, JeE Bl RZYEPifEAR (S. Willadsen ) MENHI 48 F IR
JEARE A AEREAX 5 BB IR G, a7 ROk, Bl R
BET 4 M. IWFESEHFLEY . X Szl s ) v b B A 4l MEAZ 240k B 5B 0 i G
Y

[&# 4] 1996 4F, HLEPBHFEZAE/RBEE (1L Wilmut ) K& B FLIR LK
YR AR A% S R R O R IR G, SEE T 2R o BRI 6
PR 2 A% e B ML 30

SHTITIR

L ARIA S AR RS S5 A AT SE B 5 SR A R LE A N 7 D WA W B

2. A A R A B A TR AL A A T R 2 L PR 0 ML A T A R A e 7
3. B FAEHA TR, RASER AN MR AR B U B0 ( BOmamite ) o+,

MiAE B R s e shy, ioe A4

4. URES IR SER X G 1 2 R S A 2 A4 it . AR S5 3h 0 21 e 55 sh W ek

A2, MBFFEN B BRI R FP AR AT 21 1 R fS 78 2

W5 A B A R AR SCEOR B AW o838, shi vl
TR S A IR i A L e R i JRE B T A M me i, HAZ L
AR AR RO, RIS S i A Al A% A A — 1>
R BREE AR, I B A A T BT AR R, R A 7
SRR SRR, SRS RS, W] T S R PR A0 i
Pt BA e herE,

FHR A AL RSB se B sh Yy O PRV R R AR — B S -
PRI MIAZ RO FEI, 2 AR O BEA M A AR ORI 4%, AR Y
Fetd, FAAMMIAYIEGE (ISR TT ik B2 IEIL . 85
B . CEERARIESE ) , RGBS B SR FR
EEZi-E

Hh [ Bk Be A 2B E AT ST T RTS8 R IER AR 20 Y
Y2k & N R VDAY G 7t S L B = S e
2-27) o BEHEF B GIAR LN s RER, BEATAOMEA:, bR
BE T E RS rEBEROR B AL T AU A4 i e
GEAR 01y, Al RERAAE H A2y ik A 3 LA/ B A A
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BN ASRERUTANHLEE A A7) R 1 ST i 5

2-27 SefEMz “rpeR” A0 “fefe” REAEAEIR

P BAR, PedEEEXT BT R P RO . A AR SRR 2 R 4L
P LS i bes e AR BB 2 i A A

20 A M AL A A 1 20 U I R 3 L G DR A 17 o
{EFIFTS . B 1997 4, ERAGORBE T T 5B KRR
AIBT 5T R AR B A LA 2 ZRHC, T AW 58 35 8 K R i
AR A A A A B A S B SR IR A, O & i TR
FEA B LIBIR AR, R v R RRAN BEE T EEAl, SR
RS SPITRE T —ABd@ie. BRIbZAh, Rk
AT PR E RAIR MR & . RS Y A,
XTI IR & B AR A A e SRR . O R
SELE WA A S () R AT F AN E

BEAL, B S0 K A MR M AR EOR 5 R B AN 4
B, W RN AN AT, DUReay B A
AFAER) A B RIS SR A S BEHE R (4 1R L
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GHE.

ZI0HEL T 3k 20 LA P PR R 3R

TESE R AT, KRB AW ME, TR
LY G, XA R MERE . (HAUARAA IR B
T AR SR e 2 LA, 7E—ERIF T, XL
AT IR, e, PAENUARTR RN, XEEA AR
HOFTAI TR RERI AN T4 (stem cell ) o

SR NI T2, e BECHR R AT 23 D Ui -+ 4 i A
AR T4 (i Tanie . LA H4ifssE ) o IR
J 2 AR IR I o AR 2 Y, BRI s WA i A
M, AAERREE. WA T MR TIURAL &5
FRIRSE LA, AR LI RE RS, i I 40
N BA ALY R ER R G h A R LA MR BE ), (HANRE >
I A R GE R A s A AR TR RERLAE, W ULPY 140
Jg AR USRS, ANRE I AL A .

SR AR AAR L, T A A B —
s ] DL i A 2203 28580 A BRI AR E I AR B
PSR 25 0E T, AT M SCHAR S R A 4 (] 228 )

2-28 TS TER

FHA G SO TR AR+ 40 M A9 X e Rk, A
PRI HEA T BRAT, B0 T A M 15 5% 10T = 22 1 45 24
Mo HEVRAE, XHE TR ZEORTEIRI T BN
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BN ASRERUTANHLEE A A7) R 1 ST i 5

77 I E B HAR N5

LT AR H AT e 2 . ST IR RIG RS T
A, EFETER. MR (BREBEZ AN MR ) FB
23 (1S R i, <y (T (LA e O RN e
ARG, 0T AR LR BT R AR S 1 2 S5 D) RE
B E SCHE A T o i i I A A AR AT IR YT L
AR IMBOR (IR BE L, FRAR R AR PER I . eIk 2
HEFEIL ) SFHI o

VRN T 4 2 AR 2L 3 B R B R i —— iR o
BRmEIn (K 2-29) , EREEMINETE T i 1Y
M, sEMETE HARAL S, SRR 4 S
wrH, AIMEENAITIY HAY, XA G + 40
AR BHEZIEAEVT TG T 40167 i 2B A7 MR
T CIAg AR . PR DHERIN S ) o IR . D LR SESE
Boio HET, HTHRSER IR+ 40k IR 320G P, —
SN FAR IR PR ARG R M i A R A A R S A
FURIRAG FPARE, AR RIPUIRAG T 40 AY T 2kt o

B 2-29 BRRATHAERSRIE R = E

bR T HUARNFATE R X Se T4 oh, Bl Kk a] LUK B
SRR, S N TIHESIRR T, 0 H AR
F AR A N AT e A AR SN 2t N TS, (f
HAR LTI TN T 400, BI5 2 a8 T4 i
(induced pluripotent stem cell, iPS ) o

PRI FRROR . BB EOR . AR S BORFI
2 LB AR 4 10 FH 5 S ) 20 R T AR R LA sl 4 i i 2

59



o AN TR AR T R AR S dh

S AFSERT R, XA A AT A I Tl
T HC A BN ) T P A A A s BE SR 22 R PR kR, 3
FEAZEITTG A0 i ZRE B sh il b . BEE BT
AWITRA , A TR —E 2 )™ e A N RIS

X 12 oyl

1.2006 4F, MR P8 LB THRIFEANZRFAEARE LR EHE AL, HizgH
W TEET R, H 0 B A,

(1) TR X TARBEBERZRNHAEENZ ()

AFIRAERERE TR NERGERAD G TR L HH

B. 20 M A% % A8 7T L3R 3T B R 1E o TR 0T B 4 P B a0 iR A%

C. BB R EE A R magn 2t

D. 4 AZ A IRAT N R o 4 5 BEAZ 3 4 0 MR AR B

(2) REEFEADHED EFRIKERELIEIE, FEANEAFEE ;
FAMBD RERTFWLAEF, @pmn £

(3) T HBER M A RANE =T R R RE, %%ﬁ%ﬁﬂ%¢% WA H A BN E?
N A

(4) bR FERFHO RS, GHMALERERETE SR EkMAL, %E
By Ja R 3% A8 B 7 R A R Y

2. JF LA G L e R A R A A P R, FR A, B AT U ER
AR R A Rk RAME D T4, TR TR O THREHE, BT ALK, HFERL
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BN SRBRU T ANHLEE A T AT T2 00 R i 5

HAEBEL N ERE. 507 EA:

(1) TaE—kXSE50 B R R MM, 23EDHE, RET 2 M0 KF
R E A L

(2) 4B AT, M o 0y 1 ot T 40 8 Ak R T 86 406 07 A kRO B9 R B 2
o MBILFA R A, B B & AR

3. K4 M BOR AT 20 i B BOR R ITF R A KA R RORH A 4 F R
R R AR R Z —, EEAARIR, T AR B TR Y RO BT 0 R AR AR B 5T A
R LA A E R, JF 2 KA IR R T R
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B fn Ti2 o 038 B ARG IR 1S Bin A

IS
NG

2-30 K=HEFRY/RERR

2016 4F, FeEREZEN RS TEFZHUN
R ek vl W A NS VA EE S 7 ST T 6 902 BURIUEZIRAN
RGN T R R R (18 2-30) o E BRI L E R
TE 72U Sl 0 SV e A i ) A RS AR A SR R R E
PR S A 4 5 BIE N IR iR, A dr2ead T HpLt
MR DI RE? AT AR SD O IR IR HEAT T IR it , A
IMARATH T 2L R A

—. FBERZETSRRENEESEE P

150 S S ol P LR A TS SO A MR AR B, L RS AN
N2 & o S AG IR bR B AR A i T B B AR AR SR
FLENWI SZAE 7 IR AN, (0BT R RS T A BESL B
P AN S2 0, 5 SR A BRI TP e A — AR A AR
G, ABASZKRES), X—A IR PRR TR0, FRAE
JE B ARG N, R IO S 2 A T
(3K A RS AN, RS RIS DA AR, At i
PERSGE—E, BRI (5 2-31) .

SERaSEUn , RO R A TR A P A 22535,
XA FEMAEII R (cleavage ) (1812-32) o i T HR2LHI40
o R TR, IEARAIMIR A AR, R — R 2 E I s,
JI LA A OR8N, BRI SR FRIEAAAE . YRR

2-31 ZHE1ER
(B AfE%: 4000x )
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SEIN JRIG TRl BR L IRIG K1 H AR A

B 2-32 WELHMZHEMNEEREE

PR F] 16~32 N4, TR T B AN AT, TEALRE,
MERENN,

FEMFE—D0R, IRNTIEREE, Z#ik 8
NI (inner cell mass ) . 12557 )22 40 LRI 2 IR s #4) R 1Y) 2
& (1 2-33) o SEIREP Y N 4H M AT A 7 R LI 28 FhZH 2R
7 2 AL B IR S IG AR . G 2o i 3 AR R4 e
PAFIER KB IR A EFRY

Pt R, WA R A A B 24500k 2 12
L, FEIRENRE) — ZAEF R TIRE, AT T IR E R
FRIZZ MR EINE . EIRZ R AR AkaL 253 fL T
TEATIE, BErES T IR0, NI — 2 i,
FRNHIRZ . 53— D2k sy 249 R, 78 LIR)Z
FNIRZE Z [ EE N — R i, FOA P IRE . JE IR
EMPINEZ G, Fa EIRZMFRIMAZ, XEESUE R T
H 3 M IRE R E IR (E 2-34) o JEIBIRAS RS2
ZIAAHEAERT, 24 B B & B @51 SR 53A hAH R 5 240 A
LR, I LA S 2 ) A A AR B e

@ @

2-34 WHIANMRBEEETEE

LSNPSR B B AR ) R B il e IR k. R
RS L, FIIRIGE & T — B ss =B 5
LI SERAEIR . X SER IR A L BEAR SRS U1 240 — A
KB WSS ARG
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A AN TR AR T R RS dh

SRS

P HIR AR HRER R B ERE

R A BT, 2EIA A REEA e BEE ISR ABITRA,
FHEEZBHETT T AT AL LD .

[#ER] 1928 4F, BlAg B B 2Lk SR RMR Y SZ KRG B 25 H LS 2 1-2F 8K,
A0 A% R BB P RGO — o 2551, A AR i — S AT EAT O, T 2
A AT — S AN ANRAX I b — A A R 38 A A B — i, X — g
RN, %, Wsm#Ral LUAE BOER IR (18 2-35) .

2-35 HIRZEINMEHI IR TEE

[#R 2] AREFTRRME, @EELT, —k4d—RAe™ 14 9, —4
HEE N 4~5 JAL, Bk B, femizlshpgd e, LR 5E— e
JE AR LA B A 2 ARG, T A TR BB AR . SEERIERA, X AR B ]
PUE RN 2R Z B9 70 B, 70 B TPk B DR ZRERAS FUE B AMA, dnl LUZ S8R
RN AR — 20 =, & H R E O MR (BRI MR oy, DU AR 73 244
REAH ME B AR .

ST

1. BORE 1 AR R AR AR A — S SE0RT & B AE B IR IG B B R AT 407

2. 93HTBERE 2, AR IR AN I A F AR S e RErEA H A KR

3. QA RESR R AR A B AR IRY TE 4 LR AAR I ARATILA

KELE R, FERIGE M R, 4 g o fe e
M, AR . AR SRR R ) 20 A AR UR
BA ERA TR AL, (EJE AR DI RE ML B I RE A
BEA UL, I3 BT R A iR AT SR8 nT LA S7 4 & A
1M S5 R A A T e R B R e, BT IR BR E &4
REAS H R B W — MR IR Bt R v 3k SE4EAE
RHEEZ IR AR EA T T UM R 4L 1T T REE,
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SEIN JRIG TRl BR L IRIG K1 H AR A

1959 4, JEFEAE ABF27 5 3k W ioRE G 64 B9 40 /e AR A1
G T ARG, SRR AR AR R, il
A R HRE R, POF T AN T s s
7 o 8 S I ST B8 B AR Sh 320K RIIE i B8 A 19 33

i N

N ZRIEFE B A EEZ MBI EER A

W BG TSN Z R FE AR Cin vitro fertilization ) J&F8¥F
i 2L 29 40 R R B 200 A AR AP N T4 ] 0 B B v 58 il A2

UiFBR R0k % NS

VRO SZAEIE IR0 206 UR 22 15 97 A 5 U IR iR, id
i B BB 55 VRS B N IR . GO FIORE 2R AT 1Y

IR ARRA, 2 5228307 2 R AU
FARFANEARFEAE

— MO T, 2SR A RE 12
AT i8I B IR BRI AN RET A
IAE R Holb A= sekrh, P = aieR,
AL MEME SIS IS EOR R e R,
fEUEI R w2 g Ss, HHRH AR AR
Mo R, SR THR T AR F AR AR
A IARIRAEANS , Ak RIS R B,
WA A NSRRI T RN BN, 1
Rk se IRt 24> A 1+
BN [MIRRREEAT, ISR BRI

(1&2-36) o iz R P PR AU iR A MATR

P, BRI MATR N Z A

ARG 5 B A IR S IE R M Eh 4

REBOHFL YR IR EEA KT
HSEBEANRRITERE, R L3 ARG Y —
o, FRHIER AT T AAREE K T o — A5 e
RIEAR . 1979 4F, Bla500 4 AR IR
MRt T o FIRAE SEgR, A A 1HE 4R Ry 8 4Hi
RG34 6y, B0y 2 A, AR5 5
JE Y 2 AR R B AR T LA
BEE R T 4 SLARRBERY/ NG XA IRIG 2
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o AN TR AR T R AR S dh

FIMAEBOA ] 0 Z I MR ECEE, 2 — M bR B0 R Fh 3l

PIETT ik o

PEATIRRG R I, BLSeRA H R, BB IER R E
RBRRENR, K HAS A A BRI B i SR L, 0 B4 el
SrEUTR RGO (K 2-37) , RIS ROIE S iR R i
BIRHAN , [l HAE KT o TEXT BB B IRIGHEA T2 HI
TETERORE N AN A 2 250080, 5 U2 52 0 AR A K

Eﬂiﬁ—ﬁﬁﬁo

B 2-37 BRRRS &

15132 %5 8]

B a8 %

FR R e TARGY 7 3k, BHoF 50T LUK R [l A 2 0 5] A 8y 0 O 27 30 AE e S ik A —
R, EAEFERR, BREEIBEE A “REGE” hh, REFFHEATEREER

Hy 2R AMER, XA ANMERAR O kAR (chimera )

Blan, FrERE—REERNRELY N80 HNE
—RAENRWEREY, EXENIEY, XAAEZR
MW aRRleas T —®R, REDKT —R B aHE
AR (E2-38) o

B, REFERNAGZHRETEEN THRH WK
FRRFN—RARNEZAE A, B 2. A
MACHHLE . R R EMHREN, ERBA TR PR
HH kLB EE, wd, UG ZEARELEZR 34
MAEREER | FRET T EMF RGN, ERXREARY
W, HTHREERAINTERRE AW ERT -, X
BATREFRPOE R REEREFHEIE K, A

B 2-38 EaEEHNHRSENR

M REA G ERMRIBNRENME, IEFNRAAEEX TR R, 46 EHA

XE AR T H AT B
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SEIN JRIG TRl BR L IRIG K1 H AR A

WS IRG & & RS AL, AR TR
FBe, X s R R S 5 AT 8 SR A AR B LA
HFR AN, XA TR, IR TR RSN Z
i NG AR ARG 0 FISEHOR, X EEHAR A58 A0
AAHES) T2 . & AR QU Nt T & AL
WA RE, (AT E O™ AR, AR ReR . HAT,
FE M ARG RS R A F AR EOR B 2t AE RIS
PEATH . FRATHEME, BEE R AR B, 3R A
WG TARREAE 10 E, sE AL

Fb &

I “RHERFEFE, TREF—F. " FHAZHHHE, RNFSTLETENYF,
A EARKE, FHEALMEN, WEdial, FedsddEy, AP 2R
R, & EETF A

(1) ExEERATRY, RAKLREE (),

A B EAWenAE . 90 AR 7 B. BTty Sk #3917 40
C. 97 28 o JE 5 4 F 20 i B ik & D. k& 70 5 40 j0 By 40 A% B AE Bk A
(2) L F HIAE e 20 10 % B 35 5] 16~32 AN RF, i 4 o TR ME LT,

FERE AT R L B, i RE RG AR .
(3) HWNZHNAFTERRIREY, KoK EHF ST, HETEHEH DNA &£,
AR R LA
(4) 5 MARE, HHZHEF R
WS Z N BEATF IR, IS
TG RN TG Z AT R B
2.2016 5 R E N EZBE =
RE” B £, FlRAZKS ZXRE, B
JLBEE B0 B R R A5 W T 2 b IR B0 1 R
B, BRZRRKF. EEEEMNEEH T
M AL, PR AN E AR E G e, EA AR T B ENZ
DNA DA AR B o & bk DNA, 3 Ja £ X 36 B FHAT IR AN o/ TR LA

(1) BEERAX—FEFRHERTT SRS, BEhEFONEELEFL P
DR E L W i AN HERT, BT HFEHEHRLEE KA

(2) THRXTHEBAFEMERE TR, #EWE (),
A AT 70 B 20 e Ak T AT B M R R B A R I B B

B. ZEM IR — N A A 2

C.JEfe TROFERIZNG ., e BALMAE G 2 5] S BR

D. fEfis 2 BB, B ¥R H R AT 0 R AR AT 2 F
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GHE.

ZI0HEL T 3k 20 LA P PR R 3R

(3) IWWAERNFEERES R, HRFE___ NWEE, TEANZERERN, BikLH 2
—E W B, 2RI E MM, XK R o
(4) “ZRXE" ZI)La R AT FEREERD? FRRIRNEFE,

| FUER

BEHE | X FREF
S HMALRIE R — AT, BEAADET . B
¥ 4 4 MR E H OISR T IHEFHRAEGALR, FEHTL, RETHR
lBIEaRE % TEAMARGGITAZ
AAERT|  — © AR P L 2 SR N R VAL A 2 R — A T AR AR
RBZETE| V| Jeommi, BT RATH A EH A,
ERHAR, O A BLAA ALY 20 i TAZA) R ik S5 | BLAE. RARM T A
P EHE T XAARE T AR
& 17 B My 2 LIE TR R B R RAT AR R AR, SR EAN
| B, EEERBALAE T KA LA,
T & 5 55000 2 I Sk A B AT S A LA
; LM E R, BEL FHNELGNEIN. AHHH
4 4 mIE IR &M, R AEA T AN S F EAERRATI M IE
. FE Bk
mIRaE
ales © G S B B — AR, SR S 5 S R A L
BBE. A T | s measen e 0g.
mEamT — OB ML ERA AR AR S0 ERHAR, EH ST
MR 7| gk e o IR AR kP Rk A AR AR R SR
E£RH AR,
- ® 171 9 3 40 o A — A A A 2 R AS N — A 84 9
Z b, AT T RATERS, iR E R AR AR
n ORETmPEAMEF TRY A ZGERANE, ERAEHS
Tl s A UL SR T e R TR,
Bt Ba T
zgggz . O RLBBYRGLT SHATMATFILR.
i ® IR TR BRI S IR AR RS S E SR A, &
e W | REBRIREAESA B AR A P IR DA AR M AR X
WAREFAL| ¥ -
12k EE
FRAME
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AR 5%

A=
BEZaTHR

KUK, BERFEFATAREIZERGFIALRET, HATEET HHEZIAXAH
KIKFANBIT . EHTRETARNEBRSREEREEREFSH, HEEVHE TS
FAEREHRRMEEA, RETARNEAARESEN TR HEY, EXHNTET,
—WR SR FHEERRE, ZRETHEREMEELNTHER.

2006 4, HARBFZR L FHIRARFERER 4 M EREFHEE (Ocd. Sox2. Kif4 #n
c-Myc) B NEIFERWNBRRA BB Y RE, BAZE, RAEBAROTVASMBFMLEL £
BB, R EMAERE T @y % Tamp( H2-39), 2R EEas hER 56T aM(iPS),
BEREREmBHENEFTN D NREBERESHEREFRANSELEK, RAFF S Ta
R it 2 7= | 0 0 NN | I N o o 2 A

ST amAt, iPS #AE

PEf B, A9 Bt A 2K AR BE B AR,
WA T R T AR R TE
I B9 638 fn sk 3% 4 B AL, H Rk
PERALAR = & R 7 B R, 1
o R R 2012 4F 3 LR A EE
FREFEBEZ —, 2R EH
# T iPS B R B G

2014 4, B F K & K F A iPS
RAFATHLBER, BEZXHHME
FAHBFAZMAER LS HAE
EHERFL, KFEREHEIA
MR E s e B A iR, A EE B 2-39 BSSaTEREAREE
WA, BIEREZELE & K kA
B A% 4 iPS, B ¥ ER iPSHERRM A MG ERMNF R, EFRENABHKEET

FAhE, iPSWIE TN N AR 45 AR B B AR /N RO BT RE AT
REZE%E, BHiPSHEFAMNPRN L EEEMETHESWMETRARBER R, — &
W] J5 A E A RIERIER. E4 N1, iPS BRIy b b S B4 HE . o 40 . 4 480
AWK EARR T ARELMal, CASZRXEREFERIPSEFRBF. B, . QM
EFRBE, HERETENDR K

FREIGTHURAELEYMEZTREA) FE MR R, ALKy EHREEESHH
BITWEEIAA, REPSAEGFELERNERMEABEENRER RS, RFERLZHE
KRR LFTEL, Z2REPSEANATAXRNKRRFETF., BEEaRFwl g L2mE
AHM, BEREELRIAL, LiPSETEBAL, AFEZLHEKNE N Fdt,
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$=8 EBEERIEWMFEVMHNSEFE

(BEEHRES) BHE (F )

RETIN ZEBAMEASIDUARNBIIRE, RFHETIIRPELEE,
RTMIEERIRRE, BEARFTHE X TG, MEL-—RATHELEIENKRE
ARZ=HE, UABENTEREBEEEMMESE, XReHERE BT RER
"BEEIR . B (R - BE) Pricd, REJEARS "Bk kM. &, B85,
BE. AFE, A ARE . REZHK. MIBENRIL, BEERKNBHEE,
BEARRBFZHHMHENRERAFETERzS  EERNERNEREAERLRER
R, BLEF—MEVHNERENS —MEYER, HEEERILRATEEN
FEIR MR ERA KU ERENRYIT 2 BHBARIA? XFPFRAEXT £6p
Fi R F I HTAL?

1973 & & B #0135 5
1956 &7 A& SLI SEBSMEE EH E H 1983 £ FIHT X M 1989 F+mErE L
DNA HIff 5 Z ik RAMWmEXREEAR INRHEBEFTEER AR
1972 AR SLHL 1978 S 2 & Hi & A 1983 F W EHER
DNA HIF5NEA ERERERFE BARBISEXHR

BAR
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LIS 1=l DNA 7RIS IR FHE

WEE YR A BRI K, BFE N R E S RES N
SERh A= Dy A b SR BT T B EE N, SRR A S — R E R IR R . e,
P REINHSE 2 TSE YNNI/ o I wN 7 5 N PRE VN U] i S 73 1 2
LA R, T Z0AHOC DNA 20 1A B DI AIFE

CERERI TR 2 O ) BEASE AUASEAL) DNA 71 B9 B DI RIPHE 2
&1 F SEHER R 1T

& = DNA 5T 89 R Z&EH)

& S TA T DNA T 9 e Br3 b & 26 T A,
& U RIEAEA 09 R B

& L RIAE R AR e A

€ 3 A& T DNA 9T 9 nfe bt ey K st £2

& H1VE DNA o F Mg @ SR AaER

& 5 4E DNA T 3 tofebiie T B ad ) B 32 LA
& A 3 HAER AR DNA 2 F 8 5 nfebiieegid 42

R

1. JRIRALLHIVE ) 1 2 Py PRABIAR

2. J#H7~ DNA 43 F B RPHzEn i

3. fAR DNA 43+ 35 15 U1 1H AR o 26781

4. AT BT IAS E A DNA 431 B fie & o0 Pt
A

3-1 DNA =BG IHEE
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F—7 EBERETIRERE—MEZHDNA K

PEAGOR AR TR, 1A R SR A KA,
HAESFENTERREA IR, fKREERNEERE AL B - 5
o NE(F3-2) o RABREHNIKS p- 8 MK,
SURETE L AT AR 2 A ITRoR, FRP T SR X SRR A
BN R A G2 RO A FERR A, AT B
B MENPIEH RS EKRER A A7 XA R e
AR E TR

Aol N — . ‘YRl SRR RELE TERTE Py

SEME PRIIKRK

FERTAE ( gene engineering) IR AP,
ERTEEL S WMAEYE . AWAE R T AR R AR
(LA | TSR 1

1944 4%, B H (0. Avery ) % AGEM] T DNA J& 5
B, 1953 4F, KkF% (J. Watson ) MFEH 7 (F. Crick )
HESZ T DNA XUBRE 45 B AL 1963 4F, JEAE A (M.
Nirenberg ) FIEH# (H. Matthaei ) B¢ T it %505, x4k
FERH PRI Y ORGSR, R RER T AR EAE BEE 1 BLA

FE TR rh S S BUAR [R Y Z R PR e B, 5 2258
ffrre “UIRIER” A R ILPN” SEHORMIEE, 1970 4F,
ST (CH. Smith )5E ATEAR G 2R — O BLRERS “DIF]” DNA
O T BRI N VI A% BR B ( restriction endonuclease ) , [ifi
JERFE R ORI T Z2Fh BRI N DA% BR T A DNA 3 450
1972 48, 1A% (P. Berg) F| X SEREIAR SN SO EE T2
—NE 4 DNA 731 1973 4%, BLHE (S. Cohen ) 5 AH5 P
FORIEAFH) DNA 73§ AT IRV A, RIGHEB—Fh “iz
TR B EA DNA 5+ AR, IR E
IERIR . B, —FRERE SE ) i AR st AL R R R
AR—FEH TR T,
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BN R TRJE P4l DNA 2R

A TR & — Fh E 40 DNA i R (recombinant DNA
technique ) , BP$ B8 AT HSE BT A0HE B, 38 o 36 P44
¥ HRENE DNA B S Gl ks &, R A%
A ff, ki Hl . k. B, R AW AT
[ et AR PRR o 3 DR TORE AT DL AT 4 b 22 ) ) A o 5
el BE AT A W) AR W) Z 1AL AT 52 0, DT K 3 2 ) 3 1) st

R o

H 4 DNA i 2 Pl 2 =R R i TR, 1)
DI DNA 73 F1y “BHTT]7 | O DNA 701 Fr
BOEHHEARR RN | BRI ER R AZ
R s TR

“BEEET]” — RS RNYIZERES

PR P NV A% iR it (restriction endonuclease) ,
SCFR B il B (restriction enzyme) o 124K 1k, Bl
PR MEDIRN 23 B T LT FOAS [ 4 R
fitg, B —Fh BRI GE A% TR ) DNA 3+ rhREE 1
AL TR, JFEREE N EHE DNA 731 “JI
#7 P, KERS> DNA 73 F#eUIE e, U0 E i i
S350 B — BOHVBE AR I, AR R MR o (&
3-3) o AUERRBIEGEYIF DNA B, XU AR b 755
MJCE S FREE, AR -dii .

“EF$t%” ——DNA E#s

B UIE T ok HY DNA R Bepb 5 i i) DNA 73
T, 5 DNA %8 (DNA ligase ) SRSEHL, 24
P> DNA Fr Be R HEA S B S e, AHEL U],
BT S B B AMECXT S, DNA iER R st T
Mz AR 4ER 45" Fok (Kl 3-4) . ALk
PERGERT LT E DNA HBEAY o

“BHRIR” —&K

FEAME LR IR A SZ IR0, FReiizsk T A,
PPz 2 T H RN AR (vector) o H I ik
ATORL, WERAR . S YE S, Hod, POk
— MR B AR, B —FME/NERIR DNA
5, BRAAKERGES . Bkl DNA 70 BAY
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3-3 FRHIBEEVIEI DNA 2 FREE

B 3-4 DNA ZE#ZMErEZIRETER



W=

B SEP TR YR R s e Pk

B 3-5 XEMERFHENREE

— A 2R BB S, I E A —ehi A R Pt A K
3-5) , WMNAERPERRE, ZFEERpiERERESE, Xk
FELR T DIAE R S8 M B2 DNA B9bRic & .

RN TR — B PR e E 2SR 4 P 0R: HtE
PAZRE, B iy S B3 AL, H
RN ZRIE 5 %E (K3-6) .

E3-6 ERIRZM—REFTEE
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- JEP RS P4l DNA 2R

B A E AR EX

E ﬂ‘]% ( target gene ) %?E%/\%ﬁiéﬁ?lﬂ@qjﬁﬁﬁﬁ
AIANIEEED, T AR DA | U | 2R LA S AT L)
EMHIEERE . B 3EE AT LI DNA SCZE (DNA library )
TR, Wl U #0728

M DNA SCJE i B H i) 2 R B R TR T Y
Ji. DNA SCPESEARHE— A YR 2 R sl o R N & 5
B AN DNA Fr Berg ok I8, RIFF DNA SO 7 36 R 241
N ( genomic library) H1 eDNA CJ%E ( complementary DNA
library ) o BHAEMIREG 4 DNA, I — & K EE ) DNA
HB, SHEEMAR, SFAZEKRE D, &2
O3 S A X FAE YRR DNA R B, IXEEZ KR E S
PR FERIH SO, B — B KRB E B, XAy
R T IEEAUE B . cDNA SCFE, JER R — AP s
JE i B BUREE K B I AN N Y mRNA 28 SO A 45 i
DNA SCH, BEifg— /N AR, Sk mh A Y ik
TR LA

M DNA SCPEH RO 1S H Y BRI R R 5 B 5
AN (PCR) , 17 AR EEAR S A A 2 BT i 1)
CRFA, Bt tiaes 3 P SRR B R e 4 A Y
PIRhS 19, SRIE R PCRAXEZY 1 ( BAR T ol e A&
FATREEAAN )

PR A A My i B PR 2H SO, R B AR W 2
2 S B SERE LN 20 DNA

i W2 IRTY

3

DNA RIS £ %

DNA ZEAS[A] ¥ BE (1) NaCl 3 W B2 AR R], 78 0.14mol/L 1) NaCl 75 ¥ H 45 i
FERAR, TWFE 0.015mol/L A9 NaCl ¥ rH s i B4R . DNA AN TR, i 40 e rh
FF 22 HLAth ) 0PI S FIBAS VA TR  FFH St AT DASRIRCHE 5 22 B /D i DNA
DNA il 2Rk (WK ) SYe i@, B, —2RBE LIVE M SERE DNA 1,

HEIEX

1. 2 XA YR R P T DNA BRI
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B SE TR TP s

2. P R MR 4 DNA
MRl R
AEEACARSE , B ES R P BE 2L A0 (ol 2 1 B AR M ) SDS( T B SRR AN )
DNA F#l#l5 EDTA ( ZZREP 2R ) « &= NaCl ] | (RBUMECN 95% MRS
. 0.015mol/L 1) NaCl ¥ . AR . Z81RK, SRMREAR . . obek . Tk,
BebR . R B . B R . BOHL. IRIELDE . BETRAY . WREKT . AR
KL TIR . RTFEE
EIIEF
1. DNA [FpRL#EER
(1) PEHES: BT EAEABSEFAATR 3 B0N 95 % WITEAS A VKA R 2,
BURZE/D 24h,
(2 BB, FREUA G BB EAEARSE 30g, YIRE G & THFA, inA 10mL BF B
VAT BSORIAR
(3) 12 3E: FeElm=lra DR RebAn, BEFE NG g, JERIEETE SRR
(4) Bl BIEmBIA SmL BRLE.OE A, DL 1000r/min A3 250 10min
(5) JvmRs « e ich BiE W, BIA SomL BEMREAR T, [RIEHIA 2
TR AR TR B0R 95% WV TINE . FHBLESHRIE —A 07 M 222 i PRI, s
S A BZRY . FBERE22RYIER, FEHIEANN R LK. X 22k
W) 32T DNA (E 3-7) o

B 3-7 InieiEes 3-8 DNAMWEE

2. DNA B4 &

Ht— 37 20mL B934, A 0.015mol/L B9 NaCl A7 SmL. KiA5 2 1) 22 IR i A
AT, HBESERE, MRyt K, kg imA 4mL — 280850, 17
A1Ja R K (100°C ) J#k 10min (& 3-8) o FEMHGERE R, Bl R P
WA AR

ST

L TR RIS, A AR AR S RN RS A A T2 b B 7

2. R R S A WRLE a7 el 2 EH 2

3. N ETE T H 22 R BE A A 2R DNA 70 F- R K/N?
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BN R TRJE P4l DNA 2R

EAHERNE

HA AR AR R N TR RO, A RS H Y
LR AR A BL— AT DNA 43T, LUK H 5L 3%
P2 AN

BYEl 2k

BAFEHHELRE
BENSRERS R ESWREL T ETUAE3-9 kK~ (LA
BamH ;& — FF [R % B8 )

B 3-9 EARMMETEE

EAT 40 & B 5 AT T F) 13 AL

1. JURL A 0 S 3 A 1E O ST TAZ B B

2. A B S E A TR e, R AR — FR IR B, AR E AT A7
3. LATELA AR, BT FE BamH 1 B4, X FEH 487

4. N AT 4 B oy FEE Fr AR B 45 41 A % — > DNA 27

BAFEHSNFAGFE

WG F AT, ¥ E 4] DNA s H 4 DNA A
15 AN DT vEATR . a0, B H A3 R S AR 40 i B
BT R AT . FIHAAT R T Ak,
ek H S A BRI Ti Bk L, B E 4] DNA,
SRJGFF EE 4] DNA B ARFFEE Y, P38 i AT TR R YL A )
filfi B SEHE AFE AN, IR & A SN B S R A A
DNA 5 2P AL H A, i B a3 0t & Fe ik is
DIRRE geR Rk
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B SE TR PR s e

159 352 &3 8]

SAERNHEMT Z

HEERZE HENEERWAMDG SRS R
KW, G BOR R B A B 28 AT\ 5 1 40 2 4 4
(E3-10) . ZE B Z M A TR FED N EE TN

EHMEBEEEL TEAAMME: —RARENE
HeANLh, BAIZHRR/IANERGEK, Z &
EEY ERERE, BENERBETIFNEL E,
EHEEFEEMEHENEE, TREETN, B, &
— A ERAEARR . RLEREN LRFT R,

BRUESHE BHOLF EMENBRAER, FA—
A IS RAERENER TSR H T FIA
TR TEEEFHTR. & F B FEREEATD,

B 3-10 EEFERETEE

SRR, AR AT RES A T EAEIR, B e
B Rl al LUE EA TR0 k. AR AT el iy b SOk B
AF RN, HIEEREARRE, AT LR 20 & A
TR R MG SRR LR R, AN EATOR AT, i
R A A B TR

BHERRFREFEE

RN LAY 3 PUE SZ AR Al i R e i Rk, 5 Bk AT AR
Ve Oife e, RN 3 AR DA A AR A B0 o i H Y
FENE MR PEAR o BN, SRATIT R FER B/ N AR S
AU B I AR, s A DU RE Sy, I
W H AR R B 2 AR Pk i, B H Ry 2R
B FIR . A —IRFEN TR A i, A2 AT H Y
S TRCE FMEA, SR TR AR AR

SN TARRBOAR A DT Al SR, SC BB 4 b 1 2 I
¥e¥s, e 17K LXF A B AL RS P EA T B R 1) B
i, T AR NS B RSN =0, EE B I A AR5
JEABA B A2 A DR TR A AR 2 40 1 AR W) o LA
WA Tt oAy B bR A
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BN R TRJE P4l DNA 2R

X 12yl

11972 4, AR R I MET % — MRS E 4 DNA 4T, AT 7 =4 DNA H Aty
BT, 4 DNARARWA TIEANBHT AT TR FER, EAXRBTHF
A BRI AR, B

(1) 3¥I DNA, %E 3t DNA 2 FF# B4 DNA A FH# A E EH Lk T A
KET AR LER?

(2) THE% DNA 2 F ¥ —H &, £ P04 A&7 LMo 1AL, 1w
BRAE ().

A.DNA Z#: 8 | [R¥|B . A B. [R%| B . ## 8. DNA 8

C. fitie B, &8, DNA £ H:8 D. IR 4|8 . DNA 3% 5 . % e

(3) wHEHPrr, EH2HRIHNTNE T TLFENREEEEMF AFLEL DNA LT
o EE, ¥ BR Bk pZHZL (ZFk EAH 4 RE B4 G, E. F. H) ER
WEEE, FEIaz KB, LB meED T pZHZ2 ()

A BEEEH E tae gt F 19T B. b4 B R a3 F Y

C. R e E H 1 # 4 F 4197 D. 8 FEF8E8 E I 7F

QAR AN TRIARTHEENAEN G RARS R, RAERAZN N R EWERES
AR EE UG R T2MEE, TEEMNRAERTEIRES ARG RNWBEELIETEN,
LEAACIEE-S

(1) FIAEXEIREAREFARG ZNERRERTF EEQHEDR LA SR

(2) TR ABR S EEES KGATE RO AESE AT K E 4 k7

(3) TRABR@ENAIHEREI B EAEAT b, EFA LN BAMFAERET
oA E A ALY

(4) FANKIAFEFWARS ZHERIRENFEZMAL?
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—n BEIRENI ZMNANET AXNEERE

e [l e B UK R T 58 4 T [ BRABTSE Ko B T Fe 2
WPCHUKRAE (1B 3-11) , FRERAZG8 B 20T A H R ™
NI HE AT AEFEDRKRS . TS T R IR 8 A0
“ILAE B SR R T A B 70)” IR A TIAC Y 5
PovEie k™ FeAEDUK R SR A, AR IR E L E PR B
P AT B EE R R AU E AR . HEA 21 25, IR
BRC AR 2N, VRAGE A TR | £ Tl |
PR 24 25 AT AT WP L8 o R NG 7 R IR T AR R ki AR AR

i T AE T R Bk
E3-11 EAEEEERGS
B (RE) SLEKE (HE)
EFS PRS2

—. EETERFRIEVFHRBER P

SN TARBA NS E RO T 8ofrigte, Af16E
BERMREEh RAEEAR, ARAF AR B = e i . H
AT, FEPR AT R R AR 2, R AR KA |
5 SN AN 1 N Bnc (7 55 TN 9 (NN N 7
Bfe . H RS, AR, SRR R, REARRAEIUR,
AR AL AT, XN E A2 A
FPEA R = BL, HUG TRR A5G .

T RS R AR AR A A 2 [ . 20 28 90
AR, il TR RS AR A A IR bl e, A
HEPEAE R T EOR . MRACHE B A AR A HUN, AR AR AR W
W2y 15 WL E. FERAZRAE BRI 7 MU
M, NEEN T RRGUEAE N T B RAYTTHER

B4l 2
T EERRENAR
HERERZEHEFTAAT —MBrEER, AAHLEAERENEREA,
HEAREEIRWEE, BN EFRERNTE, BT RTHT:
LBt EEAEMAZATH TN BtHEGLFEF AR
2. W BiEEARAE NI ENTUELE SR 2T,
3.EHIRFERN SR — X EIRNEE,
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BN SEP TR NS R RS b

NP E W Bt B E AW A ILUS, Bl R A
TR, AT R Br 288 H W HBYFEA

HrOR R385, 7TLLH PCR BiARSE ik e idt—4
P PCR 2RA M (polymerase chain reaction )
455, HS B EAR Sh R AT DNA (B . A
PCR ¥4 H L B, F520e1% 1P B: DNA BLEEAE A 514

(38 R 20~30 DEHIR ) o Y4 H 5L 52 IR VE 5 i e

AR, SIS PEEAH N BANTING G, SRJETE DNA K&
R HOAE T HEATAEM, ARIR 20, H BOE IR Rt it #1312 PCRH
BRI . DNA RSN SRR AT LATE PCRAY (81 3-12)
H A B8 .

an/\ Sy
FIA PCR {i#1T DNA {5My 15

PCR A3 3 2 i S5 7 5 >R SE 88 DNA e 5K 2 . 78 95°C i, DNA
BN 2 [H] ) SRR T Y, DU AT B PR, I R AR R A PE . FE S5°CHIREE
S| A BIbREE T, S FERROMRIE R . 7E 72°CIRSE T, s B A =
AR AE R (VR TR G 0 74, IS FRRR A FRE e, g mil Ae v . (RIEE M
FrR e =A%, PCR #L5E— MEIS, DNA - F &l —IK.

FERIGIMERT, W H A DNA Zm IERRE s, T8RS E fE—El
Rl B e o K5 PCR 3744 7= ) F1 DNA #5ic ( DNA Marker, HH &7 T 410 AIHKFEXT
¥H K DNA FBib g, ASEZ DNA FBe (Al E B 2 — e ARk ) TRl
TTEEIEHYK, XTI ERS 3, THBEATT PCR 3734 =M pdmsi st %8, #575 H i3t
PRI EIOAEE , AT LA 38 s .

BREKX

1. BAZHAE PCR 1L,

2. 5L DNA BOARSN 18

3. % PCR BY45 SR T 010 50

rlge R

BEAR DNA . Tag DNA RATHE , AR = BRIV &9 . 10 f5H4E 1) PCR 28 1Pk
5191, Bk . GoldView #ZFRYwkl. FAEZZ WP . DNA FRic. vk, HLIKZE MW .
PCR Y. TEELE . SFEBROBWES AL . B, Bkl B URI .
Tl AR AT . #EIE . B, BT RS,

EENIEFE

1. PCR ¥ ¥ HT Y HER

PRI vk B LS, FIRERWER L T DR ML e 25 0/ TR el
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B SE TR TP s

PCR SR A, prom
ke ( E3-13) 58 ] -
(pl)

BiE, s EOE DS
T, T g i 10 4538 45 69 PCR 4 77 % 1
MIRIR A, B A4 DNA 2
DA B DL B2

. LAz = BB e A ik 2
10s, {52 07 Y 45 P 7E B S
LM EHER L 0.1
i G O R DNA %5 T3l 0.1
RZ 1755, PCR LkH
Tag DNA R 465 0.2

i F A B0 Ak
% WP DA N 2R K A MK E 10
FHRT IR IEA T 2 TR 2R TR K

B 3-13 ik
W o PRI B O s
@ VA % S A N VS I ATl W e AT SR
2. PCR ¥ 4R
Z% T3, 18 PCR X X B4 PCR #EHFEIT
o g i
% 1 RHEER 95°C, Smin 55°C, 1min 72°C, lmin
F 4 30 RYGR 95°C, 30s 55°C, 30s 72°C, 1min
%5 1 RIEER 95°C, Imin 55°C, 30s 72°C, 1min

BEINA SN T 2o B O A B At B O B IO PCR AR AT I, o U P24
TE 4°C VKR HPR-AT

3. K1l PCR ¥ 1445

(1) Frat 0.15¢ Bl by B FHEE M b, A Uk 28 Wil
15mL, TERGEYHMBGE RS, FIA 0.2 WL B9 GoldView £ R
Jeokl, BRESEEAGIRN, fH LT, EER TR,

(2) FREEERRHG, WA T FEERE TR, FIA
LUK % PRI I eI . B PCR 1472 53 B ERESE vhiIR 5 )5
FHRS WA A — A IEEFLA, [RIE 1) 55— AL i A DNA FRic s

(3) @ FHykmss, HammUR, K RHs S 80~120V, JF
TRHYK . FF ERESE w5 (ads s R BA BE I N I GE B E3-14 EEL
VB B TR G, BRI (B 3-14) o BURHZAE wDNA &%
178 DNA PRicsBUS RIS, 4ok PCR IR AH
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BN SEP TR RN R RS b

SHITIE

1. PCR i 5400 N i DNA E S FEAH L, A B AR [a] 2

2. PCR B AR 4] LS DNA 20T ALk 1 2

3. WRBEA PCRAY, FIFMER K 8 ] LASE R DNA (RSN 387 i 8 2057

HMTFAFRER I = AT E R A 5
UG, SRR AR AEAI N, FE
ik ZH U A H e DR 4 i 5 5 A AL AR R
XK AR AT LA SRR 1, T IA 2]
KIROR (B 3-15) o Pl i 2 R AR AL
SR EEEMAEAR L, AT R A 28 0
AL 558h )y, FRARA ™ AS, $wm i,
MR R 25 2 FIAGEA HIAEZS

i, PSRRI & A REAASE )
EHEARBRIUCATI, IWAEYUR. Pid. bt
BRECR) . HLR. WL mhmlE . E IR
KA H R A Z D 50 HOR
FERRAE . KR . TOREFVE I L LA o )
LR AN IO T I S T A 2 AR

FH AN Y A = 1Y 7= dh E 2R A
FOARE HH ARG, A TR 2 B I
al R AEFAL . F AT, REEATS L 90%
LI FHORRAE R LR AR, 48 KRBT/ AR 3-15 HiE#R (£) MEER (A ) NRE
TR FEIN GO TE Al it SRR i AR
PNGOE R JISK (R 7/PRE i rS U NISA €y NSRS S -9 B ) | W5
B YRR 2R AR R R R
Pl I A e 22 W R FE R LR B0k, Bl ], aT ik
Bk, Al TN T BeAk, BRI Fe kA
BHERAE — 28 [ A O ARMEBAL L 7= BRI T ARRAE A A
7 PR BN TEAE G NS R AR B

1981 4%, NJEE — UM ek SR L R S A Sh IR
1982 4%, Bha 500 KB A IR BER B e A/ NRAR I
AT AR IR 2~3 £ 1 “CBPUNRD o )R S
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B SE TR PR s e

B 3-16 8 RiR&Eimed ( L)
536 (T ) xR

N TSN A2 TR B R, AR &
B, W K. i B WS SER AR,

HH I RL 2 AR 5 W A A K DR P R SR DR e A BT
Ve A A B e — R AL, X A S DR M 0 iy 44 R e
(& 3-16) o SR @B L, F58 e SEAS (AT
IR ] AT | ARDRE AR R S5 B B, i RE R AR A o 2
AT REIRRAR . B S B KU o

] 6 1) FH 2 R AR U R 3l st A R T i 5 A
S T 38 38 B, AnAe [ bR L e U A B A ] 11 3865 8 5
(FMDV ) A9 siRNA FIEH vakess, HA IS B ee 2
Tl B RE 75 WOk R BT B R R B B8 P a8 .
TR R REHURE 15 % A/INVER SP110 35 DK A% 75 3 TR 2F %o 4
SEAZ TR R YL (T SE ; B5 CuZn-SOD 3 3 A9 AL
RYLEALTERE B E 5 5 fat]l HI fat2 FE R AO 5L 3L N
PAET WERE N o -3 ZARMERAPEIERIIFE S .

I 2 B R R T DL R sl st Ae AR, ande s &
BRI BGEERE S A T . BER s 0P M ek
PrisitEaE, 2015 4F 11 H, EEEM B EHRAET
BRI = SCA R i, XSS — AR E T &
R, TR =0 =R, AR, Eff
MR E [ ARIREE R, A AS 2 PR A R R i A B A R g A
A I A2 B SE R S TE AR & Ol L kA= 77,
WK R RIIVER

1982 4%, Bep L SEBUM R AT i A AL B %
PRAEFE MRS — DN TR it S5E5 25
JIERALE, MRS TR AR = 2 IR H BER 25 ) g
PR AN . e, Sy R, i ishe. BAE, BF
AR 22 0] T LA T AR AR ] Ay 15 P 22 KRN 3 1 I3 287 i g
TGS, ST E B RAE T (£3-1) .

HE DR AR 2 7 AR AT 5 R A 17 AL o 35 PR T R A o
P25 U R TTMR . FRAT BRS04 75
FIA AN R R O BE Ve o AL R BE Ve — B I BT 1Y
TTE . ANESE, TR AN B EIE TR, RIRTEIECRES
XFIEH ATCE, (EAA AR A R X S e (% T B9 N i i
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BN SEPTTRAM)TZ RN R RS b

®3-1 BOMNARRAIRERAREFNERSKINERRES @

FEmAR g )il Il A< iz A
FTUARR S F KA A & 7 A IR IA
FHALL A R E v L3 4 2 e BT R
FUAEKHFE KA H BT AR BT
FTUARKAEKRET K I AT B RYG L HE
F AR I 35 B T KA A &7 IR
FHAATHE (S4) B 5 R R Yo I e o
T@aANampnk (5H) KA tA 6 9T I I
T2 R R KHATH RNy T o
FHALEE R BT v SL3h 4 ta fie NG IT B A X ERF
F A B & R BT v $U3h 4 2w e BT e R R
FHUA R IR B RBE D v SL3h 4 2m e ViR o e
T, BURAERAMEREER . A, IFAE BT e AR
RE I B G 92 1 s B A Je ks %, Bk ok 250,
B R R R T e R A e Sk 55 ) o B PR TR v (3R 3-2)
AT DLk S (R, R 5 A TRE A% £ 3]s 7 A [ A G
SVEHE A g e 1R, MR TR,
FH A2 A2 LR A 77 X S R 1 i, X AR 1 R 2 Al Ak S AT D
Ve ], HpoR SRR 80h FH AW e mfs
Vi, Kb Zeetim,
*3-2 WHRFAERIRRAETNRE
EYE Sl gl R
FHLAITF KRG B TRy TR K
_ b ALK sAAE (HPV ) &R 3
£ 41 HPV % % BEH . R L
AL E R
7 SR IR RIGAHE . B . mERAS | T o3Rmas| e o s

e [ 7 ] T2 o PR A 0y 1 7 25 ) 5 T 2, e
MHDKRAS . Bk ol SB8E . MR A= O RPN . AE
RIGTFERERT . NBEIMLA T IX . FEESRSE. b, FIHIK A
A7 BN B A A B BRSE Hl DCR B 5 bt
PEVE R SR IR R AT SRR PR FE A FIITE N = F 5
e ACE IZEPUKREREMS L LA B ok SR AL B FR” 7EAS
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B SE TR PR s e

KHERcRs, AMESMEE A 5k . i B a9
o FIFHZ ALY O st PR B BE . J8 U 48
WEE . ANFLUGRDETE . S UUBREESERYEE, DAY B
R o v, o MESGTIRBIGHEEHE, HPX o T
PR TR A B A= 2 4k

NS A S 4 S B s A B 1 R, IR 2R
I FH 58 B2 7 T B AR JC IR sARMEIG A, 5 A 2 A
TR AR E B G A B E AN, LT RE 2 1 3o &L
PR RE , MR YA AL o B 1E 3 i PR B VR 7 VR T
B Dd i —E I AU ARE AN, n] L2 T e DA ke i i s )
RITEIRIEH 1Y, X R EY 2R RPEFR N EEIAIT (gene
therapy ) » FEPIIRYF RIS 2 A FLH S, A BE .
R RD . FEPRIR TGS

B4z
HIRAmR MAETT AR

Yok o A R — FR T E W R AR,
RAWMI A AN T hEIR, &
Z%ELE, FRABELALRFE, #
FRAAEETEREE, X+ T7 —HM#%
THE, BFafEE3-17FHAXE
B, THER BT LA,

I S g O o
SRR E R LY

QHUEFREEASENEHEANMN 4
ATRANRE S E R Y

3ARIN KN Z BT EWN AT
7
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BN SEPTTRAM)TZ RN R RS b

SR TR AMEAE DOk, C AR B RMAET A
W R R TR EOR B HoBaoe 35, oW Ao e it — 2540
Yo, FEN TRETEARMC. B M BE AT IZ N,
SN BEE N AT AR HE SR B Tk

=X | 2 gl

1 REAA A E NG ARARZC AR ERG R EFENARILA TAES, THER
MAEETEER BN, FEEELSTI]H KA.

(1) 5L EARIATLL, AR 5% 35 B 30 s A% W AT 407

(2) ZREI AN ZEEE [ B3R5 F 2 Fa ] 8 B—GATC—, R&| M A 14% 8 B 1T B9 3R
B 7 Aoy #| 4L B 2—GGATCC—, A2 O E, R A 30 A IR W40 AZ B B W
K S A R A

(3) QHBMELA R FNKAENENZA L7 EFAMATAEFEEANT £
3 kr B A R

(4) T ERAFAEZER TR FHERZMAL?

(5) @A AR 20 o 3 7% i 58 AR AR B9 JR 3 2 A+ 4 7

2. MARENRE N BEETHRREEIARARTEG, FAREEF NG EEAFHE ik
kT MIAMR, FASHWARRE. GRAERFPUEEWRESY, EhplILit L —K
EHAEENE R EE 0 SR, 5 EE.

(1) AEAHL2EREWER SRk TaHWIR? XA LFL?

(2) HEFRGYPABREDR N BLFERREEXRYT? REAREEEXN TR X TS
kg

(3) HEAH M E KA 0 P ILAR & 4y KR 28 77 W 8 3 2 £ EH R R R
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F=T =B

EHBKETEEEETIZRIIEH

3-18 EEHANALAR
FingRAEH

PR ILAR 5 AE FRY o LA 25 A DS A R T Il KA
R TR LR A A . VR T LR )
(t=PA) REMHUE L7 B IR AL N 21 I I, R DU TR I8 Y
SN SRR A, MR RN s . H —PA F T
ST A —E R R IR, B ARG R 5 21 i
JESAE M PIE 5, Rk B k. A E
JTAREORRS t-PA AT RS, AT LAERR_ BB, HEn
RRREE . 25 TR AR A SE (0 3-18) o A
I BRI BN Y S S O 7 X R R X
RIZSH R REA AR ?

—. RIEEEIREEGHINESAR P,

FE T (protein engineering ) i /2 R & 15t Y45
MRAYEEZ PR, HBALASWFE, FHAE
W AR TF-BOS 8 1 A DNA ZRbi5 8 ) kA1 B B el
WA Y H AR R EANAAAE R . BA 0 R r 8 A i
5 Fo

B Yl

o T, AEEBHXISERE

T, AHBAARENEEEE, EXARTERE, IRARXN RS T, W i
WEE#ATTRE, BT, A HBEEIMN L RRAR (lle) BHAFMEAR (Cys) .
R T, R, TAEE M (FREAR) 5F 9T (FRAR) ZEHK -1
BH —mueE, T, FWERS T RENE AL (K 3-19) o #Ho0 T HEHFEE

|&] R
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BN PR TR AP TR E A

B 3-19 T, AEEBHXEIREREE

LRET, AEEHRESREMAY
2. s Ja i T, VBT BN 4 B L B R T Y

3.} A A E A R R F AT, FEEALES?

i1 T8 RO S A SR e iy, DR, XS
I EE R AT IR T RO, i 22 38 ok s 2 PR R S B Y
A TR R AL N TR R il b A ek Y, TR Ty
A VF 22 A 5L R T AR AL 7, BRI, & Ao TR g
FRoA o AR TR . I TR R T AR F AR W] LS 0] 5 ]
AORACHEE , AR e Y R TR e 0k B ] A SRAS A 15 ZE A
TR BT, s M7 |k PR Rl A P B 42 S BOR il ek
T BE D 5 B Wk T

REEANFFUEERRET

FE R AR (site-directed mutagenesis ) J& —Fl 7E K
HMRE SRR . 4 A EUBE DNA JP 3 H AT o] — e
BEHOR B AR AR R e G N — B A %
AEHHEER) DNA 51, IR X B 1 Y28 2054 H AN 1)
HEE DNA b, #RJ5 H DNA SRG ER 3 4 7 Br b A7 e At
13BN RUEE DNA 4355 A B RIT R e, fe)m A
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B SE TR PR s e

3-20 ERERREREE

(R AR A8 oy Fim ik ok (81 3-20) o

SRR DNA 519, kB SCEUEE R e s A8 D Sk
AN B AR RR T A 0 H Y, R I R 8 B
LR 7 91 5l g i R BR8] . BITE B A HOR B &
% S IR R 0 B 1 B P 22 R PR T 91 R PR ) P 9

ERFmENEEB#

BN E G BORBES A R SRR AT S, F Rl 2
W, R BAAESIRENRIG B o B IT R A1
T —FhEE BT ER o BE R BT U)ok, AR R o) — i AR
b, XAERUAT DL AN R R AR B A T b
S PRI Rl A5 R 356 PR B R AR AT LI 5 T A 2 1 o A e

/N BB RS () ) 5 LA T B, (S B U )
SEREPUA S AN R, AREEIEM T K, i
APiik (chimeric antibody ) 43 AT A% X2 iy fRPTHAE ]
8 XL DR I iy, T DU i AP AR A T DR PR i b
XFERA U B PR B T RE, MHTRrRE R 5 D aE
Befrkk (E3-21) o HAr, S ZMinadit T imm
167
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BN PR TR AP TR E A

159 52 55 8]

HtEEQ REBERNEA

FRNELSRE T FEREEARNEN L ARG T RE T REALR, B —%
WAERE, MEBRRANLE, BRFREATREIZEEGRELSERNT T %,

1989 47, 3 & (D. Leung) & H — # #24 82 e 2 3 7 DNA 7 7 R AL 3& R AW 07
F——2 % PCREA, ERFEZRITRTHL PCR R AR AT X WA 0y R E, A
BEEE (ZFHEEKE ) DNA RE 8, Fmidas — e 2E FHMAL5 N8R BT EE,
HRFREEE,

1998 47, FTi5/E (F. Arnold ) #& H 7 — #1820 (R /b E 41 DNA #7 ——FAL5 2 E 4
BA, HEXFEEZHMINSIHFI = EKRELATHENRTIH DNA N B, TR
W4 RSB AFERE &, XL DNANFEBRLSFEDEHERTE,

2002 4, FA (W. Coco) 4| H — ML EEREANK A& KFEA, HigRh2 2K
J7 Ak FE R By — A ek BV DN B, SR JE R e B B 42 R B — A I BB DNA BEAR b 3k
THR . B8, SREAMESE, AREEEANME,

S H R A A IS S E ORI, AR
EAE I RET L. HH R TR E L ReM X & H R
FETE . FROE pH JE . BTSSR e S T T
Ll aa il G

REREABNEESRER

B H MR, BTV, BHEdt S A iz R
BLAME, ERRIBE H RS PR, RENE2E. Bl
i PR PR SR 216 A7 ISR 226 A7 H &R IEA T E MR
AR, HAF T AT A B R S 117 LAY
AT ENRAE, G TREEERIBREA R, Jf
VAt F-B, #E—P0E5E 1R AR IR & — PRI EE A
LS I RERY AR

HEcEMEANESBIFENA

GlEEE (MT) P F e SR &8 B AR =Y
SERIPE, X TG &R h 3 M 4R L U R AR RN
AP LA BB X, MT — i o M1 B PITHREIX
AW BHEEFRE o M1 B PSR IRF )R, H o 2
REXEAUE B IIREIXEL, M &M o ZIREXINAY MT
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R a-a, RIEH MT RBE o« - o FEAMEERN,
HHH HA R I E S R

ERK BT E -2 BI1ERAETE

HAMIN R -2 (IL-2) & —Fh i A 5, RERSAEHE T
I O 2 L 1 7 D S B s S S G e AR s e, Tz
FH T 45 B0 g Fos 35 B GL B IR RR YT o TL-2 /E IR IR 254
FE MK VR B R A0, YR 97 R 75 2 B 25 2, Bleg
Fil AR TR, BRAAIMEAEA (HSA) 5 1L-2
HmH, PR T —FERELS SE A (HSA/IL-2) , XA
FAREEAEE 1L-2 WAEYNEYE, VR R SO g
Al AR TL-2 AR

15132 =5 8]

ERRIEDY
MM NGFHMTE, ZEARGWEAFELES . R, FHEK, 20w, A
A1 IR R % 4 A
EREFovEaRTRANE LM LR ERITRGEGY, ZREBED (AFAR
BE.AEKHR, WEABHES) , AEMEF (BFEAARLAMAERE. Hui/
ERABMEERNGETE), ABEEF(aF o THE.B THES), AEEAEF(&
FEHAANEMET. -PA%) , AERWREA, BeEka, MNRELARASE,

HA BT T 49100 7AW S 2 B — LE i
U BT R, R AR BRSBTS HE ) SR AR, O
SEABAE TE AR AN B 24 )7 T RN I T AR
HHB TR T MARE RS . g & AR 2
IO S IRILPFNIng 8

FAb &

LARAA, BRADARHABEE 2 AN A AREKFREAR, F_AUE _RRE
REEFH 104 (LW RAB R KRR AR, RAUEE KRB THNEEHEARSEL
AleE S 2, FEA

(1) BAEXEFaRTNEERATHEEGETAZ ().

AEFI#R B EAAIE CAEBIE D ABRIAE
(2) BEE KRR M THHARSENRSE, THAREREIEMEE ().
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BN PR TR AP TR E A

ABEZERA LT B. B & & & 48 I 89 mRNA
C. xtAd br oy 36 H #0472 B ok D. % i35 # 4 5 B AR 89 tRNA

(3) ERBERGCNBERSENTEFT, 220 THFYH: O &ITEERI>FEM;
Q@ DNA AR @ MBMEERAHE; @ FBEERFFIHEREZTRTH, X LI H EH
IR JE

A. O—-Q—B@—® B. @—Q@—D—®

C. @—-@—-D—-2 D. 3—>D—-@—Q

2. EAFNATFRAITTURATHREARWEN MG X R, ZTUATHREREA
MEFEFFERNEGR, EEARETURATERER.

(1) MEFWEARERE > FRITHXAERT, FAVHETGREANKER
a7

(2) B DNA &R K E B REH RN F L E BT S E R E R

(3) AW FEF AN, EORIEERAREARSEMfh ey —FE L T A, 3, F
AT EH %
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B SE TR PR s e

| FWER

of
&

FREF

EET
BRFEY
i Obe- R
38

S

OME AR IRELZAERES, RAENTF ., AW E S TAEDST
S H AR R R R

& 7 9] F 20 DNA $R 69 5 I F 24 A FRA) N 304% B8R B . DNA
ik B BR AT AR T A,

¢ AR TAEGEAARBRERSF T ZOERGERRGKRR, AR
FRBARGME, BOREFAZRmEFe B 69K BRI KA ey
o) S 52 458 B

OHik R H T4 —FPE 4 DNA B AR, AFH T E,TFKT
LR SR E AR,

=+ W

O GG TAZRR KR RS . AR EEIR, RGP~
RV

OB G AR TRAEL FHRARY . HTERET T @R
JH

OB AE TRERK, RRAEHF/HFLG S ZEAKE
TAEGEZTSR,

AT

O R ANARIE A B LA R, $ATR G kit ARaE, TR
R RIS SARERGEA R,

OB FARFBARE LA RA T O REMIATERRE, £ 7
AAr& g agid iz,

SR B AHOH AR, AT ERE, ARRSFARTES,

OB BL R G T TARRRAT R G R E . AR RiE
pH & B AR R M 45 S AT IR i e ik

HRAER

SR A G R R AR T U B A B R B — AR, W R R E
RRE . BN ZALa B REAN B Bt k. KBLIK, BERRA @Ay Em
FEL . FREAFH AKIMEEL DNA #ATHE. EX LT ERLFBEMEMIL, T4
FRILFREA D Y #HATHRME. Bk, %7 EMAHMAT DNA 77 #ATHE, —ER

“CRISPR/Cas9” EEHARmEBRA
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AR 5%

R T/ A4,

2013 48, —Fb 4 & “CRISPR/Cas9” ty DNA ¥ A, R %X HH THZ, ©AH A
B R ME N RNA B B B Cas9 H7 2| L 40 b oy B fRee i, T a4 o 2 B A B 3474 %
FHRE,

CRISPR 5 clustered regularly interspaced short palindromic repeats ( fX, % #IL £ [8] [& 42 [F] >C
EAFY) WS, RE—SAHEEANGFAN—R7| K #EHF| 6 DNA 77, ZIE T4
HRAEHFH—FEREERG. HERAIN, TRELFH 5/ L @B ENHE 5% E R
B DNA FFIAERE, #H—F AR AN, KBTI EREFRA RNA J5, @M= £ 0N —
EH N CRISPR X B & A (Cas9) WER AR K E &K, t Cas9 LB T EH, HEXE
RNA .8 #8 % 71 % RNA (gRNA) . % & AN E N2 # DNA frr3 5 RNA 77| — A,
Cas9 7t 6 4 V1 #| N2 89 DNA, 3k 2| [7 #89 B B9,

FHRAFRLIN, CMNTFE—FFHE “EERE" , TUARMB., Hv, BHESIEH
MAEDEGEAREN, HEEEH AL X HITRANHEN L m T RNA 5| BB AW
B Cas9 2| —MFE W EE AL R SATE , FIL X1 S RNA F 20 Mo R Al 7 7, o
AN DNA B B AR 4T

5 PLAT 2 R AL Tt DNA 4% 7 348, CRISPR/Cas9 #t 1% — 1> DNA 5 71 F, Cas9 A ¥
B 7 1 5 RNA B9355] T 86 4% Xt & F N2 89 40 R DNA 2 F AT W%, #T Cas9 R4
RHERMERE S, A—EEgRETRAERNNETR. BN ZEARCERG LA THHE
REXZEHHERAREFHEM (H3-22)

B 3-22 “CRISPR/Cas9” EEMAMEH AN TIERETER
WFERARBEEARCELE, B RAET AW, BEF . KL UEIFEEZ NI,
Wt T — MBI AL, AEEARERIET . MR LRSI R R R e
LGB FEARNEN BRE, BTEAWNAESTERAE EFLAHATHBENEL (KA
‘BT ), EEARENLZLUELFEE L WI TR,
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FOE NRAENEARSIENZES5RERS

R A EERBKTH, ARl R UEBEESEMEREE, ¢ETHh
¥, FRERK, ABIRE. MTRE. KEIE. BERIRE, YSANEHAEFA
IXLE A Y R R, FitROKXTIHEZITF. s, MERITREARRKN
EPFAREGERBES SR, FMULALTRERNESNLRNES, BOXE
G — R X —KEZVT &, VR ANLZEARERBEEM AT ZHKIHN
HERS, WREVEARNZ AOES| AWt L2 WARIETR? OXNEER™
fo. EYREBBNEAEMTERIINZTE ERNAE?

1993 5 EE—FMEEERE

192 FREEAFEE Rm—HEERBGAEME 2004 FEXAERKERN

(EIEEYRIBFAL) XM EETH CHEMEMRRETENE)
1992 FEREFS 2003 £ E R | fh ik 8 2005 FBEREE KRS ER
BIEHAEE (21 ZRSEHINE (EA ZRLET (KREEXT
Hegiltiz) Mm(E DNA £ £ 7 8] M AHREES)

L/ EZEI YN DY) ZEMITE SN )

96



ImBRL BAEHGENEEE~mN T BEIZEE

PEA 21 28, N TREREARBHA 7, BN
AN g Jo PR R B [N, A tE A TR B S FAT TR AR o AR DB A = O 1
2y LA RE M THIRIBNG, BB R st A I 1, SF 28t ATl
YpE st FRNMME S ANRAE SRR (K 4-1) .

H A MPLdE LR P e T S B B 7 T D XX B 7= i Y T RN 2 R P iy 2
3T FH LA R
& WUTIAL A Ay X, dFASREfRE, XHAE A
1. fig AR LE XA,
HEE? & 5404 AL B AT AR Fe iR
@& HITREA Y %A Fol = 4 A0 F ok

O ERIIBR . R% L3 K SRR R TR A
2 EtmpLe  ARKIRE,

$E 38 3% Bk 8 & SAETY, BT, ER, BEFHENHLIAR LN E
A=k o) Fodl %,

& A FURAE, TR R E AR S e AR A A E L,

& RIERAL ER AR TRt i) %,
& Gt B XL R B4 Ef i AL,
& A AANS L E F o F ANRERGEAFRE

3. B4
HEELHR?

RURZR

WD N 0 BN 1T s WA L i SO

2. WWHCEINESGE VL N1, FFARYE IR A 25 R AE s
(A A i € 8 S

3. AR A L I = i SOz e PR RS MR, AE
PR AIXCEAG R, TRETE AR LR R 5 SOE B
ARALEF

4-1 HEEGRHENET
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F—T BERFmNZEMS| R ZXE

THS LB R A ) —— S DU e e i, AT
W “ANFA T —XRLEHED I B2 T 7 L, Bl
MRS “ w2 T, BldE i —A A a0 %%
BENAY . PRGN P SRR R T , A BRI 77 il
AR 22 Al — BRI AR o TR 22 HE B T R] T
B ERERIER R (K 4-2) , A NRREEZ, A AR
a4, W2 NNPENRGREE . A NI ™ il A
TEAF Sk SE SR A R A EMIR L 7 ] TE AR M R R [

B 4-2 SEEKK i g7

—, RERAFRIIZR2EN P

Wt e D T RE B AR A, OR A e B IR 7= A it A
AT A, (HHATREAFAE RIS 51 K T2 HE

W R il e

XTHRERTRNEEYLS

BN =ah AR Z B, ol —E 20, fAEESE SR, T
G TR 28 b 20 AR O T T ke PR A 0 B e D7 i 2 e M Y — 8 0

[ 1] TeSeHEN A YA, SN A9 A 7R ml RE 2 T I 2 AR A= Y 2k A
W5, RN SR AR W) R IE W AR A G Bl , X 2 AR A i s . BRI BR B
HOPL R ANHUR I R AR, R T HORURG R B0RE Hh, W 3R b 1A 2 2B 4
B FE AR e L B EOHAE T, I BIR A W i ZRE Pk . e B IR W) mT RE TR 4t
(T TYD S AN 4 é /S e i 3 9 SIS REE S 2NN S R E- TS BB g/ Sad
R PR B M ), SECEBIE A o X LEHR AT BE XS AS L W) A A T
HEFF , 3 RS MW o R RSB T R KA, AT (A ) AR T

[ 2] BN AW Xt A 25 R G vl REAF A2 R I S 2% RS20 o 491 40k
FFE)E, MEMAESRENYRMEN ., BERS . FREAESFIESY
RESAT, AIRESA — DR IBLN, 72— W[l J5 A RE ML g B R M o KT AR
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FhAE 3% JE VR, AT RE XA 28 I35 v 2 38 DA ) %) 26 A7 A8 il Jir , DA T 8 3R
A 251

[ W= 3] #RFIEHE AT E
N, FREBAERKIERE
fn P2 R i A R A, AT RE S i &
a4 A U A AR X AT ) R
FEAERTE G . AN N W AT R
A IR B UL TP,

SEAYERN AR SY RS
B/ ANMEE, B LTI HE B B 4-3 LTE=xf& (/) EEFR=xE (X)
Y =3cf (K 4-3) #EAMAERKBRERE TREXTEDERNEREE =4 A
M, BERNEMMNEREASMN 20 246, ROAHOHETEEBEBTREAES
T4E 5
[ W 4] FEFIEPIEYR N A OUE — R s LR L, X2 ik A A
B 1 B 52 M H A PR A 3k IR 7 BT 9 I 3R
LT, WELE— R0 A, US4
e, MWER I Em I EE, AEEEAR, HZE
¥ AN FIED I A & AL T, SUE B am iR s FhA, ik
A 3o AR A 7R R B G BOR b, nOREC 4
MR FEAR” “HE” (KFINAKRAIE) 5
W= (K 4-4) F2MOrk, B RE G5
AT AR KRS o TR, 3 PR AR W G ARy T s
WA E IR 40, ZEEENAYTE ARF L
LK WIAAE, A H &1 it RS g 1 5544
[ W= 5] W50 B2 i 2 4F 485 1 i

Ba-4 EREIRE (e EEY— %R 5RE) (2016 4F ) thig ik

T B R AT T S IE B 2 ) PR M 400 5 B3 ) A 2 ] 7
KR, FHREREATEE= AR BRRE" |, DRSS RG AR K I m,
SN M Tl AR BT SR A ) ZREME R S R G RS . R IR
BT, RS o B A XU, 7R H TR AR R F AR AT .
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BEATH AT, I MR A R TR 2 e B R HLSE A ) 24
ERRYI-N
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RN ]

NTEBMEN “H 5 B

AR R, BAKEATE., EMBARERIAEXALE. 22 L FE RN E A,
WA AW — A TRN, AEEE, HEmt S Fmmam, — &k,
B ER, “THA URTHAENEREMEEAN TS, RHAEDERYZEBFF
“HE” AR “HE” WEZS, BEZ B U RE, IMRERZALEREX
LBy 0 B4, HAlSEFEN AERMENteHHE, HERURAAITEFIRETAA, E
ZETate, 2 AL,

FEFLWATFENFRMEE (H4-14) g RBFRWHTE, U
oA L P R E A A R JR B DNA Fr Feak 8, mah =4 7 — 4 DNA
LT, MEIRE, XIARETERRERERKED LD
Wy, T—BHA THELEDRBIAERE, BXAXFLETa
EFE, (R H P IR T XTH R, HFEVBUFH 2 A X 08 E A
AT, R — 4R F RN EE, AN, %
EELARFREREE (H4-15) ERRIEATRAETE, BF
Bk “2#7  YHIEHWE b mEANEEN, hEL. “Y B 4-14 1Ak

RGN e Lhe, ARBEIEHRTARTE, tREUH, FT
W B FE Y 5] B A o T BB — ARG R R, AR, W R R
NAREEBR— L EMmARF S AXTHR LB E,
Rt b MBEE, WRXANBHEZRTHN, XATERZLLE, 7
Tkr, BREOCHWHARERREARN T, B4R ALE
S,

HEAFRE T 20074220 HAKT (A THFELANES ),

E4-15 #RBE  ZEFRA, “YRBFBRABEAYWALHSAFEN T T EWE,
YANABFFUERN LR, CEREHFRAEFEEANELT
7, PEAMIER . YERERMRKEALE (H4-16) K+%E
Ay “BEREFTE” WHEF AN, BFEREFTEE =ZH04 K.
B, MRFEARREARNTE; F2, R EATE. EX5R 4,
G AL ERMBHTE; F=, ARAALNKEAG, RtLS
#Hy, fPHFEAT, ERMBEENTE, 7

EEGRFARENERY, AAMNNBERELLTZ REHF
BRK—#, KA A A LSBT Gz A o fo s 5 AR A, A
A REmE S BRI BENRARSERERLELSWAXKNE, BET - X—1F
FRFE, AEMEARGEZETAFEFERROTE, LRNARFER R, FildsRE,
wREGREN B 5 27, B EHWEW, —REEKK!

E 4-16 R*XxA
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fiyk— IR

L AP s o/, PRy, ARE, AR,
TR EE N2

2. TES e A R 2T NSO B4 5, N A L A 1A LA
PEATSESS:, JF TR A SR A RS I AR IE S~ A b

3R LA ALK IR kel S
Sy SRIR SRR BEAL 2 f o B IER AL 2 BB R R,
TRAF S0 2 A XA, 7 LA 28 ook AR5 T o ol P B
11D NP NV 3 Wi S NS N A I E B e WA N R 8 2 L o
SZL = TR O i V<8 S B Wk o (593 S A T G S 7/ e v SN
SE BT KR AL HE, LA A TS QR A= W), . SEse 4SS
PG T

4. FREERERBOTE T . RS R MU SR B RO SR
R 24 W BRAA B R B B, AR 25 O IRA 7 o DRG]
2 AR SR £ T SERR SRR 00K 2 i | GRIHES 85T
(AR, Sege A A T

5. G 2udn . SO ARSA Y s ARE RS, AR
o PG A AR o R I T AR 2 Al FGR e, TR R
150k (EATRIPERAX AR, R/ NGTEERL, B RIS o kS
AR, AR BESFERVEALRE R IR ST IR A 0T

6. SR FEBAA LB A R IRGL N o 1 4% A5 [T (A B 5 0 Ry A i T
DUVER R TR AR R N, ANREBIAK R sl AL FLYTS .

T ALEHRIRE, AN S 1] MR, INE ISR 8
L&k,

8. LB N—UIWIhh, REARZ O TTHOMHE, AR =
S, AP L T2

9. HUCEEIR, (HHAZRMTTEHY KL EN A, Za
AR,

10. 0] S8 N AR 22 HEAS G B T7 n] 4 Rt W 52
Kb i B — U SR R TS, FRRIER A S A,
W Esh o
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1. PDA B35 Ef A

&= B2 T HE200g, 5 A BE 202, B 15~20g. ZE4H K
1000mL, H#k pH,

Bel bR (1) S8 Et. KESREU R, FK200g
JEnzEIEK 1000mL, ZZEEE/NE, 2 Amdug. (2) g,
TE DA B il AR Z98E 20g. Bl 15~20g,  JNETTFERE, 153
RRiA iR, R HE B2 A 1000mL.

2. PR EMEIEFER A

KH, PO, 1.4g. Na, HPO, 2.1g. MgSO, « 7TH,0 0.2g. % %j ¥
10.0g. JRZ 1.0g. BIR 15g, MNZEME/KZE 1000mL,

3. MS(Murashige and Skoog) 1&# & &k BB 5

A ot | e A2 1000mL
7S o Jl' = S i = b N
FHES 5% ¥ XEH EHFEERRN
(mg) (mg) (mb) | _
= (mL)
NH,NO, 1650 10 16 500
KNO, 1900 10 19 000
RKEALE
. CaCl, - H,0 440 10 4400 1000 100
ik
MgS0, - 7H,0 370 10 3700
KH,PO, 170 10 1700
KI 0.83 100 83
H,BO, 6.2 100 620
MnSO, + 4H,0 22.3 100 2230
WMETE
] ZnS0, * TH,0 8.6 100 860 1000 10
ik
Na,MoO, *+ 2H,0 0.25 100 25
CuSO, * 5H,0 0.025 100 2.5
CoCl, * 6H,0 0.025 100 2.5
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Fifoe . Ry b5 IR IERL )y
(z23R)
e R B L &l 1000mL
L AE B2 NEX EE h V2
FES B4 PNt ' 1 35 B IR BY
(mg) (mg) (mb) | _
= (mL)
FeSO, + 7H,0 27.8 100 2780
4k 3 iR 1000 10
KA TR LB 4 37.3 100 3730
WLES 100 50 5000
fafA 0.5 50 25
HAEZVR
| mEmasEE (%A% B, 0.5 50 25 500 10
RAB R
SmEEE (H%EXB) 0.4 50 20
H A B 2.0 50 100
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frR= WIAKERRIERRN

L Sett)ade: i A Frakbash, BUSPRRs HAS 2%
S TR o

2. e BURIR s Sext e R T B SR A B R R I

3. JcH R DU L WP S h | Tk 2 58 l 0 B
51k MEEATE RO o T MR E I 3 1 AR A AL
Wt G O Bks L, REAEBD A S ASMERBIE: (AED) lifE
T T OIE TR

4. iR BPECA.OBE . WIRIRIES B, Bt
OISR, EELOBE . PRIRIRE S AT AT E o

5. 5616 BB HARI R, WAZRIUHSE R kil
B AT AL, AR, BT AAL.

6. SRCEIFROFE . B 5 E HA A FE B 116
DL, DL AT SRS R, DS B3R B . IR AT
120 ZOBCRE, PRERTE 9 A MG R SRR 4 A a D1 s S
MHE R AREY) . B R RS . HABR R LSS, 2k
120 Johdk, WfR3 T e TR
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T ™

AEHMFEREHFHA LN (FREHFRETE (2017 £k ) )
(L@ b EFREAE (2017 F0R) ) HE W, HHHRE A FEHZ
N RFFWFEI, B S FR LR ER S — 5 W sy v o] B 50,
DL BT IR A g 7 o B AL B 9 BB TE RF A FMERRNFET, 5
FEWFIARMME, SlFEEHFT, EHEMH I,

REHAFRX S, P LBHAF 2 M, BEELEHMH 3 M. &
BHEMFAHE( 2T HAM) (R HHh ), BFEELBHRHCE (R
BERT) (EMEHE) I (EMBARETE) .

AEFMFRENAZTENE R, AHREIEFY, REATHELZHAFTR
WEfE Z B MW AR ) . AHAF HRZ BT, A4 A
FoEE ., AR I BARRE. FER, REE, NE, KT HE, B,
IF. Bme, A HKE KRE, TN, BB HEFLH. F
#. HMEHLEERAL,

Al R (P RAREMEZFENE) F-+ =24, T “HEHEN
EXGHAMEXFKEAXN TSRS HREFH, REXZLEFATFER N
S, ATUAZEFERAFT, AHMHFILREERLLNER T BSE /D
X F e, FARERREEBHEREL, BEER, BN L7 EAE A
B, WAEHEL, ERLHT AR, RINCREIFREEH A
WMo JEAEE Ak T SO IR = B T KRG W OB R

HTAFAER, H#HEETRFZAL, FE2ERAREHB S 0NIF AN
% RO B A B DU AR A RAT, A BATE S RS, RATE R 7 X 4
T:

M 3E: 021-64702058

E-mail: office@sste.com

BHENFHA RS 4
2019 £ 3 A
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