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(o) oyFmiss wew  (achromatic lens) (Tom Ga)y—abi
TSR TS @ R | I FACHAT WEI6F -
EITo0E (@HI0F @ THIadTe RN G FOMA AT |
fag % wwerg (high-pouer) wmzmite sRrzie @ 6.7
w207 7T qW |
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« |

58 Ga
SFNToF oA

(0) wiiw-eemEEives  (semiapochromatic) [ wEs
et (fluorite lens)

9 QAR [ SMIIOF AT (50 S| IS
wifos e T 120 Trew toat o1 QT GiF FLARG T 9T T4
TQeg OE NIZICAT FA126 7ISAET 5 A

(¢) oyeomemEtes @ (epochromatic lens) (fog O
A (ET ARTW FAE (FIF AST TR 1 06 T I !

.

.
S
(__tj_j
-
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37 SR M5 (CPcdl glas) @ FA1RG Taw AT
w1 (ST T T

G R SReEeive (0l 1mmersion objective)

el SR SRCGITS AW (97T FAGPTAT | 0,201
¢3A WS IRYA A 025 L (A O A IR -
waibe W SEmend mAr 4F |

HYTA SAGF V'S IRZF FAF AN B I A3 IS0
NRTCH MO QT | QIBT T T4 (dense medwm, W—W)
e Ziaat s (light medium, g OT) JISTR 7Y 3-
A3 ANER TN @ T2 TR REPAE (FAPINSTI SHA
IR T3 TF (23 bb) (T5a 7)1 wrg gl 17 TS oA (ertle-
cal angle) &R Sy YN A q A Ao R ATewiqs
adflected) zg (ce) (Toa 7)1 oew Fer Bas ¢ qerHa
RS (IR SR ahew entical angle-gg v G @
toaT I O GATFIOCS WA AT AN W1 ATTOR A4
Fce” Fiwg A Tqwnaioe fqeua  (fractir ander) ar gfe-
- (TGR rwe (ccder wood o) ¥R AN ¢ TGS
TR Twrer SEE AT 140E Al T el A 8 SRIER 1608
A A GRGN TEE ZNE SAEFI0S T AF @
TG MBI AT TR |

foa- 7
OF YW (AF I ST oAr TR AN fafem
e 3 Tey fen ©ra e IW



16 wgcemie

ug fomr (eye piece)

o fom1 Rfem w=omm @ 76 3EF @F IR TR
IH ST LA

\\i /7

§

{Q As — “" rav
1 ;‘vv-«’
3 '/ l

w0 1%k

A

]
i =] \ y
“J | "!
l! ; o
lh:~ e o maT
J \\* —__ - ;'
[V — \ —_
\\ — §%
W
a \ /,/
Ly
\\ | 1/1
foo—8a

Huygenian w73 forq

(1) Huygenian wng fopy _(de‘ 8a)

@ w12 fop7 TRe aY IET TW @R GEBT CRAI-IACSH
(plano-conver) tmem fary teat| taPw W 2SR B@w (conver)
frett 7 Tnee a1 JI6T @1 B0 T AeiNE A
e efeie (real image) e tedt T ©R AN AT @
TRCEF VS LT (7 WA I T PP Ahees oemg (ais)
o weierm o | SR st AN e (s TRRpT IRHUTA
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QUF | G% Tl WEE AWE TWreRE A1 AW 3TT TRt
ghee sifRiss A1

o I8 Tom Twmwerray (low pouer) wramiee &3-
EFIST ANY SETONd IRTF FAT I |

s A omwevE (pointer) aig Tt

@@ @W Huygenian w8 fogw @361 Ao sior Qs
T MZN MRG0 TGS N T | GRTI WL
oo TR A1 oo R fore zem T

(?) wwerETe: W orfgorss a® T (compensating eye-
riece) (Tsa 8b)

fsa—8b
FACARGATGE AT ATIFE A Torn

19



18 ARt

@2 TR Tom AN SRS I0ed ANY IR I IF | SR-
SR T60eq & TS 6,10 (31 @G SHRTTE) T FACoH-
wATee W12 T2 ©1 RO FAS A |

FACE (condenser) | AAE (FE GOFE L0
FINCAR M@ DI PYS AWONRI ATANFS IAT | I
(TR Al @ %) gd A AF R G GF6T R
GRIEAW  (iris diaphragm) oz SRid TR T A
bR (aperture) T IW W wox el I3EW

(contrast) s
FNTAR AT WA T QAN JTI01 AT IRZS I~
TS ANA] AT ST T |

(1) o FAE=E  (Abbe condenser) (T5m 9a)

SN IFCCAE AIH (@ INTS T 932 53 A | @3
IR @G WRIae (chromatic aberration 77 zefore

BT IRCTAY

.15) @R CRlITE A (spherical aberration) spenys
IS NI AT WM IFNCHAR 0210 (enA-a=resn  (plano.
convex) terw Turm tegt



f5—9b
INLFTCF  FACGHER

(2) IywFEnies swe@ (ackromatic condenser) (fgq 9hy

FER0! A M 8 INTeA a1 T | SEWIGE -
(A @0 €@ (CHFIAIIRT SMANINH FCMEN A0S A |
MIFMR INT G IRTS LI THY T @3 INCGHR AT |

(3) w@Eeme IAEAR (curdoid condenser) (Tsm 10)

TP TFONE SOLAMHY AT @3 INGAE ARTE TA|
FTACTAG FAGR IRZE FAF (FETHG 1 G390 ©leT FA AT I |

st wmmmm  (iris diaphragm)

IACHMA SR ST AF | AR SEEa Y
sl arfom woar oge evae SwRicE SIS T T |
wRiTH SRIFEIREE g a1 SpmEsE  (eporture) g wrfaled
WP oA AW T AT A @R @R @ 8 OF INEA
A A B TYE Al T @F FCE B T LA
(contrast) gy g IweEE N- A. 0 T3 |



20 mavmiE

]
|
1
|
1
N
|
:, wwshe
—
= @3y 197 iR
[
:
FAECAS
JATM
|
$57—10

IRACEG IACTANIS N4 77 AR Sio7wd w2

LA™Y T

QAT T8 AT AFEA LN FI® FEF FEEE T T
rag WRiFy fagaq mrem A

(1) wH@E ore TRTe AGETET T A S (RaN
weatwer wea  (Bright field micioscope)

a8 WORTHEY T FAOE AT IRES TH1 QUL AT T
TR vrme (field) Trmetend AMEANTS FA ZHI SEAT €
INMTATIR AT GO P T AT ol 27| & AT
I B ed W W Tam s iire ww FA SR
wFie TR «Ftr Iu afelrw (imagr) teat @ @R IR
Tort @B afeie=ts s 76 7727 (o 11)1 @229 QR THT T
Tma (v TR TR IT WA, S@ % FASRKZ (A
IRTR I @W PR 72, To Zrende G wAm ! 7

TR AT IRTS SATHY [Od [0ATET HEST TG, b
2000 A°



w1y
pu— ¥
W eifeRe
P SeIte
FATIT
aifefig
wEa
a1l
e THATE AR W S STOed @3e
®W R fRis afsix wms 73

(2) oH@E THONLT TGATHT T (dark field microscope)
W% JaITH T N @R IACE (@R FEGET
Feg, fom 10) IRTE I ZF | IRCEAC INCHR  2ATH
WA AT @ WA ORI g Terw abw frow
TS FA TR T3 PR Afewiae A1 Ty ive wwEm



22 LU

A T Q| QRN e 2poiesisq  (Dckground) g
B TYF STTONd ALANPS (AR | THITH TFALT S
T T4 TIN TR, GO, TR, Wotm,
OIed, TooyleTe Soniv (TR &) JITTF FAT ZF |

3) aferTAt e a9ge  SeITwe gm (ultra violel
microscope)

@2 AT q0w WIe@LAT A e wEnE (quartz) e
R4 I T (FRM'S (@R T4 M e M SATe-
@AAT AT WS AR | AR AR O R B e
oA Ahag oA 9T W TeT @] W TR T iea e e
AR S THY AT TANE W2 TON oL I AT | TG
et I T AR A I T PR ATSIIRE Q301
MR R (e e 58 TS 2|

WA 1] MIFMR & STS@AAT I IR AL PP T
ToraisrT IR ARGILMGNT QAN @A SIS Aot
T TR I @ WNEFI67a LRICICT, 61 *ffasra vl TR |

(4) afeo® a1 TR Teorgome g ([luorc ence microscope)
(fo= 12)

Q% FTH Mg Fhewerat afer aER 0 21 Twg; av
gine swie aferaonat aber e 27a AT S9F (WRId wR
TH SMEAT 9 FAC ATA | @2 Tys ATeUS A F AW
(MTuorescent) oot @ze a3 ofmers afsws) 1 FrT
E| (FATEE, AYIACFSA 2hofe 7Y FLAEws 1 Afoue
@R smiy efers SaEtey e oW IR WAl I @
W fam wed AR FLAOES T @SN smre’ FLAEA A
eifwerer T T | @3WT FerE ((10in) HATEN (fluorochromey
1 aferemrY I WA wmiston sraw (acridine orange).
Tyt F; (analine blue) i (aurdmine) , fegzmgied
(thioflavin) Fenin z@ FTANEW | (FTH YA FLATA & 793
AT s Oem fReT @) wgwe Taonw wAw wE
e Sofsafe a1 spoifsele W PR AP a0
TREY YA I AW FEATIW I @A W HE WA A



FALTAR

——— oo

f5a—-12
ofeo® I FIIEF TRTHY M SER STOred WA

FEA 8 76 INLR IAT ARG (O] TG € INHY AT | Tie-
RAAT SR 90 961 wear Afowe a1 S W I @
RO TOITHT T (GRIEA ATSRANT A0 IR I T
qWF |



24 AT

) oo cob

— RIS
I SIATFIR

foa—13
HE FAGET FCITHY Traa TSN o, TR O
8 IFE 7Am Wy W Sena ateonem wE
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o) T FAUTH werashp[ gy (Phtse contiast microscope)
(i5a 19)

& AT RN X AT R R W IR TN FCaT
%S TTITH (T AT (I *q0G (N 93] P ATew
ST N HAGR GR ATongiesda  (1efractive imdex) wiey
TR W@RT T A1l [35g e IS ALIPHA TeEd HT
FIEd 1AToN SR ATTRNSFI AQF) @R IH FET QLA
fafer aivrmsy =g Ton fon oz SmaR o ¢ s *f3-
Ffes A1 T ATSHATIA 797 W4y 70 TSR Ay AR
aie T gE o v fafen efenmnssn e Ton fom win
GAATFS TH TR TIHT Y] GO e X1 (FF Ia-
B ST I A0 (AT TGV 8 IACGTHIAS HIZIC
Tpie AT IRTR FAT TH | IACHNIAT TG OF6] JLTHE
s (annudar diaphragm) o T AZCA THAT TGS AL
TR JTAFS I TR | IAGFT600d [S6rd A B Tommme
7ol ((I(’fmrlimz plale) a1 5 60 AT | (I ﬁf@ﬁ ofs-
HAFR TeH e Ao Tew Tom s afefae (refract)
T S TGS §hA vy e o AfeAive ¢ watenias
CEANE W A1 @F ey sy i e www efenie
AT A% (T ICN AW (TG FAGFG .8 I T AT6S
(positive) rFE FINGMFG EDAT PGS 2R SACAF BT M6
MR wAive (negative) (E FAGNFG (FIN IFGE FMIIST
AT 50T Gl (AT |

(6) Brereis um g5 (¢lectron microscope) (fpg 14)

fremt Ruska 1934 i Sreradn SeatHe T i
IR % Tog Tiew 1R, TG IR, (AN ey, @ (FAT AT,
ISR SN PTG (AT T

SrETlN TR Tead TR W] Sy S T qrad
TITeETger T (50T SRS (R TR G SR A I
T3 (A (0-05 A°) B raseree (high velocity) Srerin 375
5N BN QIR qEd v et 5A° )

@2 g LagTes € IR THEA AR ST (FRT



26 omgremiier

FAT TH| ETUA AW (I I UM N WA s
VAT (A0S AN (RGN (AREN WTATHY TAF I A
QT 10 FA | GF6T FICATC [FeAaes (cdthode flament) rope:
BEFIN A4l )i W 2R @ I Sles s (clectro
mogneli) TG M w0 IR ST (FETES AT T

qire Fforaz oi@i
7o sAfefay

— TG IGI
T413@ 2fefag

QAGEITS

AN
EATIN N

IACTHAT

AT EIEre

RN A
(BT Ben )
foa— 14

BN SLATHY ICT SR s @3 @
Tox faafu's afela soraz @




WA T 27

F53) QA WK R AT *7 e Sive-(61F SEIive
g MRS T U SRAEFBE 1% ea Togl v Afeias
M A STTR-BI]T AHIVE (o7 T W2 o7 @ AT IS
oA f3fS 3031 @WRY WEFE WA AW N iRE @B I+
3ol ATOS I FLACFS 2MTT TR (T T @ AR TR
F5a) PR ATela [Oat ZH | AN ANARHE TZCR IR
oI | ATHIVIA TR STUS-2q7E FhacH oy fRauTa (mayni-
fication) AT SREW IAT W | SRATIIOST  BIRF  THET
(magnetic field) sfaqe [ gra 1000x gz 60000, *F%s {qtey
SR AN IS PTSH T |

a2 GIITH JEI T; I,IRYT BN, WA —

(a) FEeid SITHT Tw W TG I AT T A IR
FHR TGDT HAL W TG WA | R RO T (T
2 TS T 2O 2MA |

(b)  wb TRw AEINE AT (W LS onmew IR AT

(¢) TRmBT A7 *meett ‘0.1 p 7 FA) TGN LI |

Fewar aer (camera lucida) (fog 15)
T W@ A GF IARLSNI AIFIE Gy camera




28 AL TS

luedog saem 71 @b fafaw  (prem) e sme Tew foaT)
PR &, A1 STITHY a7 1S (701 o1 Al ZCA AT
A4 R FAFS 8 AT TR W TR qe TAw oran
W OF T FLI T T 0w R W R 39rRe Toa I
o, AGE T &%l FReq | Sl Totaq Teagtwg s (magni.
fication) AR Ty stage mcrometer-gg AFEA| oG
TR TH QF07 3eTRG FF To1g 1-2mm-ag qFB1 753wet AT |
g Do 100-20057 191 QUF | (F IREYRT @A S T
TENR TR 932 SR TRISTINOIIE (PR QD] T FIICHT
IO HRIC FTE AT T @ @ (AT TR T 2(Tq=wel &l
il

JIATH W (A1 W IR AT FIA@ Gy micrometer
eye picce QTS TF | GATAE YIB! TFFE AT |



TN WY
BB iTferE e o=y erafs

SAITHY T WA T 1RGN B (AT PG TOFANT
“TRETLFIAG”  (microtechnique) & | AERBETOR *QATHE
Tl (LS AHrRees T (i) 3 oree afae s (stain)
g5 Pmam (smear) R, oIwm™ (Squash) IR, T RN
(1%7) WG (W P9 =G (slide) text am I

focam (fization) a1 sgwreeay

@R [Rien W Reide A o4 Reidd  TIAF
MIFT TP 1 sqE I e | fafem I Tow @
FER FE W@ R Y A I AqF O O A WA
&R ¢ TN I NI TP IR G (FRIIE 6T FA
4| @Tel ¥2 AfE T IO AP (A TH A,
SRR (aulolysis) tqrE T @ @FL (FRE ATHS FAI4
Tt R oeE Te@ive  (fralive)  [@UEd WSHI @
<gie =y 41
AqRTS: TFATHS (FNAT (A TNF TaIA W F(A G2 97 FA
9T TR AW PR AT T A P IAFY FFHER GO
Teafites @FIE 5e AN I ORI [FUAA ]qfey oo
TR TN AW W [0S QTR IAT W A3
72 a1 Toaur sma’ wawme When fe@ite tsxt @ =0
Terite toat e 7wy TAfen “MuaT Ty GI6T SRR I
AT AGH | (AN (D AW ATRCGTLATAR ALPoA O STy
TMRIOT s T ARGBINENCT FETe A o Any by
AT FA1 2T | (FUEI @ T A THT 341 @ ©F 7 Teq
w7 Twafte faifve o1 o) @oewER TR o
sminteE SreweEa (Acetic aleohol) 7 FreTiAw W] I IET
WA IRES TTH ANE | SAHIGE SMIACTF SR [ -
B 72 ovlee ~aw 1 SMTATE IMTAT (0T To oW



30 TR e
(A O GOI LAMGIAEAF AW ST 10 I3 | SENIEA (INIT
fafen g3 B 3@ UR PECANE IYRY SR A0S |

Ty §I1— (Carnoy solution) oy sme’ Wi F97 B
te7t T 2 GIALTE 0R—

(1) SMICATATE SACIIZE

(absolute alcohol) — 30 72 T
(h) iz smiwiee emiHe

(glacial acetic acid) — 5 » »
() s (chloioform) — 15 » »

I BRV AJ TIOTONG (PN A IO M| 98 HA0E
IR AR Y3 (Jeb) wates A

Bdlling.qg3 sfgafes ameifsm waq  (Nevasdun solution)
Navaschin 1910 YIHLH @8 B3 oW (23T F3A | 7g Bellng

@7 T3, AATReT FIA |

wreriHg A
@ Imimes e (cystal) 5  am
amiorE smiwfos e — 0§72 fws
m e (distlled water) - 320 To1s $oie

Jreri B
FaATTaw - 200 T/ f=e
s o - 175 g T

Bz Sommriaw o, sfe s 71 21 @R tRE FINA
100 f5: 2 @ +ferg @& 275 T T Ty sreries B
teat v T3

et ‘A’ e ‘B T v 5% wmaR ww-otfammea
7Y qerW W ‘A’re o (Oxidising) vy e ‘Bre Taams
(reducing) a1 oI @ WZBT HRE JQINAA LA PTG A
T ZF |

TYT IYAG YFTHAT PGS O NIZWISHAG HZE SIS
wife 43 3o FF @R T weRlw (dehydrate) =z To
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41 T O /TS TFH FR T (FW IR I IRTR
341 T 7 A GR L0 IO I FE @RI I 3 [P
Exfl

fsqMg FAE Aeie (Smearing)

AN F1 (W AFE (smear) 1 @ (squash) sgiere
SIGTOIG LG (SAT FAT W (T A ($W *FNEF AL I F
7 SR (AN qqomT  (middle lamella) 7% s g
spio ST SHIATE Yiewd AFNEAT,  IeE I, 169
(potlen. mother coll) fgem 4R o« @8 */FT® IRTE IA1
71 PR e MR FRALeE FEEA 8 WF Fed
o[o7H HeT TW, M FEA QA SETSNR ToF A1 ek | A
T Y@ PEIE TS ANY ALGF ANE € R [aTeN
AGere F6 FA I

@ SNRCG AR T @ O 7 ATAIIT 76T FIFE | FTRC-
aias  Tmiwsias wniAe e sGiwaw  w¥rFTGe e
TR G (Y & O 4T T T 1 Q39 @Y, TeT ST
31915 T ormeny Wz fWeR s=ngesia staem 2w T
SREAT, TSFENIA T MRS SWACA PoFa Fa1 29|
TRER | T 1QF AT (anther) g 377 FAABCT AT T
SRINYNT AT IG (A ONF %19 M FEAIGI 5341 T 77
T SRR W2 AP &G A T 9701 sffawr vl e
TTSITG @ HAHONT AR e oo i wswend shem
weNl TW AW A (FEMIA OIS ANF | A T @
RO TN KA GTara (el TF A0S 4 41 341 (-
TR @ TAE T FSOTR AT | R IAE wae
I @ ©AE ST CIRTA KT FAEA IR 5 (NI vt
zen Bfpe 11 SRTOrE @ HAA MG THT AT (AT AT 8
A SROONT 1Y T5T AIZM T A 47T (P /| =ABG
PRI [THT SAHE 1T WL Qs o Faesr (forcep) Tara
A0 e T LI B FIZC AT I AR AR



32 omiromier

IM ETA o7 ©F WLG Ao orated THNA 6 FA T
9% ST PNT FOI,I01 AGT6TS /&SR I (RS JCHCR |

vewm (squash) zam »rate

9% srale Schncider sie qREE Faq | *cq Belling 1921
YIHCH FUACAN AR & @F I3[ IEA | TR IA07
T PRI MR (TraElice tred T PRINET, MUFH
AT &) RN IAZS FEIT *mateq {aaze trea za)

A, gpme Sytwer dEwe (W on-acclo-carnune)  ogte

Belling 1926 ysbicar Smage SuiisiceT FRTam */aTe 22 I-T
IR 9% TS ¥R @ IRZE T o@  Johanson
Bellingag smaer smicst smtsw smafes Tag; oface v

Fafa ot v el

@3 FTE 100 T3 Tz 45 wreesr amiAlos wmine @ wom
TF | PR @Bl I (AF NAH Y AN @F A IR
(carmine) wze s trem zF 1 T St zrm o Twerom
A 2| IR e wEs weitt oetes Siwrsg (ferrie
acclate) wErlg wAq (Xe FA1 2T TOH AN [T b1 MG A
Z¥ 1 OA @t Eias STHIES e A SRS Gelliel Y
A A INIAGE TR & TIONT T & FA @]
93 IATTER T (IR, 161 oG T8 T |

ST IR o foy o IReR F91 21 QAT AURTS;
@ Ml IRT© T ©F AT FAT TA|

SRCG AT CHI6T SMIHWT Faiww  (aceto-carmine) fwrm
TR WMy FEFGT @ vy (anther) e smmawwl T
(A T FEIG] T 14T T 1 @IT ;13 T A@ise Sod
519 e sRIemAeenie @9 FAT 2T 1 AR IE 2B 6 S
HeETE T W Alaww e b1 e Twersr farm sien Taew
RGNS 4-5 W OF T 7N WA [FENIE GuonT 7t
o G| OR IR @ T6 A1 AW o wE wm A
w1 Sitefaw Fmafan T e 2x ¢ W Tvew sorm Terer!
YIRS A% I eT T | [FUNISNAC I Sl 30 g N1 T~
TRTOHTE @ TP T& 4R & FEI WA @ (Hem Th !



ndmive wlww v agie 33

IR LG RE T AT TPo0R IR I @T-
CTEL{E FEIE I AR

@A € ASFTHT (Y T I FANE N IACH!
FATA (FRE RGO S FERIBT (FACT W9 FAT X @F
TE PREGLE g Ty |
B. McClintock-gz gt smiws smisy asie
AW AR TS I MIATHS T F (AT AFMITIINT R RIS
76 FA TWI! [ MIAWE AGIS TA—ANAFA SMAGT SNAG
@ STRCATENSS SnesiEar (1:2 1 1:3) 307 tew Mivwe faew
TR T SR B trem ZHI BTRW U7 AW @
PRI 19,100 TG ¥ SO IRCEA T TH | A8SIA 2=191-
g TeRie SN Pl AFIHS 4T T ]

FAT FRATA IR (Squash) (I =NZG (ST IFAT T |

FRTHIF A IR & ARANN ISR s (cover slip)
a7 I (FC {Wed (5% TN T IO TR ICS A AT
Ty o1 e oy A W@

(1) 3o a3b1 eoifiTor 45 srore SiAlsE TMTNT & =N2e-
o et A zH 1 Temr I FoR BT ARG (A0F S
T IW | LG @ FOR A (PR WIHLS AT | 92 SPER
=N%G @ FeE {Fas v Wis 2141 77 @ w3s@ T3 wRemiaAa
areeone #fs foias *a 71 z;)

(?) wriwfor wmie ¢ SReATTASs SEEe 1:1 S e

(8) » ” » » 1:3  »
4) » ” " " 1:9 ~
(5) SRSt SEETRe @ agee (zylol) 1:1 »
(6) wnze= (Torm)

(7) wEeE rF FNRCHT WA Ww @i Sem s
e (canada balsam) trext TH @ Fod Io@ %o fiew b1on
el T ISR IO ATTFE RUC 9T THOT FIOT
I T O’ TR TR TF IO TS 51 weW T AmT !
¥ foRt T FRT @ TR wEt FE ferm FRee IR
] Z¥ N IR @F IRTAT FLE PRI e 3 tramm 1



$4 st

C. McCallam-g3 wpEe  renf*wmsn F@isa (iron-propiono
carnine) oagte

WATGE TMC Qe (ANTAETN FETA  Wwe LT
sEeTd ERRAd  (firation) @ ziwewae  (staining) wwex)
tatery Sfew Ten Tom wmam conferama F@lW IRTR 391 271
STAGT TR O 4R *ETere (AT IR foAt
T T (FE GIA SmiAGE smiees sfaire” tentaEiag
anfwg  (proponic acid) IRTR I A AWF | CATTHETINE
e i @t RIge 78 e @3 IRZNAA FCE FARCOIHIE
RS =g AT |

1:2 genforaiae SmiAG @ SHREATACE eI s
KRNI o9 ™ ~7 e et FEw 2-3 fwiwe
AT A SR @F o1 A IR fwa e s
R LE PR I W PwR IWE ARR/YAT A
SRCGT FNW S FAT 7391 A0 ey anfeias wnie
For T%1eE «3or «wR v s e 2762 e et a3-
w1 i o et e SHEmYt FAW I

SRCONF A IBR *MATere BH] A1 I |

(2) 509, ety cenfonaniae smiwce sedust S 4 T3
FoR PeAsitr (cover slip) =R (o AWM ZCH T * *if5
iTG A14T 2H 1 T PR LT € IOW AR WA HI A
Tafw s s =tz

(d) Sriwmmt REoRa amenze, (latiary

butyl aleohol) rafeaias smiwe € e } —5 §xi=g

T (1:2:1 w;omcs)

(c) vrbrwrt RESRe SneTRE, it

e (1:1 Sme)

}-mw
(d) rimmt feoge aweEs ¢ confa- }

A Tmive (3:1 weme) —6 Tt

(°) trfwERY faB6Re SuEeRE e Coni-
aifes e (9:1 I;71s)



nRebmivw *wtwe o egfe 35

() Toorm omiwmmT AEORe SnmTRe —5 fias

(¢) >oRLT Boom@@ (euparol) fvry Few T=e1 Bion TwewT

z3|

iRy (sectioning) 1 vedw

THE T R0 LA e e eraiere WNd Teed
(MY MIFAOTAR  (microtome) FFA TS e I T_A
(oA T T SIACGT FRIAN MRS CIRTT IH IR SH-
oW FA TWRITe TR PR WIER e (calyr) e wEw-wE
(corolla) am Tvg T WAL 1-2 GIT 41 TA FF 7T0F @
T e OF Wiae Fe €7@ Navaschin wxue o9 330 T T&9
wwtg Lewitskyg fage feaite T /g 330 T@ 03|
OF WMORH T MTHC @ 7 WS FHMAT (TR IR 159
wma iz iy Lewilshy-g e fedt 21 5361 @
TF ARRNG T8 R 27 @I A GRZPITE T 400 TN @F-
"7 avja Tafen weeRER W @ TR W (dehy-
drate) oz wEwR Toww AW T TAXW FWE AFIOT
(dchydration) o1 hem THAI

(1) THRAFET MW

TFA A TN TABA IEACFEA (BTN W ZSHCS
TIBA AN TXAWT AT T

(a) 30 nma-r TACHTELA - 1 g7
() 50 » - 1 »
(e¢) 70 ” ” — ARENE
() 8o - - 1 g0
{e) 90 = ” - 1 v
(fy o5 = " - 1 »
(2) wrreieres wewwEe 1 @ - LIE IR
(h) v » Il g — 10 %
() wmmemwemﬂ‘(?l)— 2 71
6)) » v (Lly— 27
(k) » » » (1:8y — 2 »
M zrawx I g — 10 fyixg

(m) wprare 11 g - 48 g1



86 L1

fretE Y R of e cnee = e SR
o 85—38°C e 6 G (hot plate) srww 48 ¥G1
T T @3oR T Telor «ge 45°C Srvmmm et AREE
YR 7@ Tafair 56—60°C Sropma €IS FAEFeiaS FAT TF,
S 3 FNATA a1 qNF | AT AT (G T A, oF T
TeTl T OF TOT JFoq O AT W24 (W IMeT FAT 27 |
GISRE ST AT OIS ([0G A1 FW WS ot AT
WERTA |

T A1 TFMIA I Tqize IR G e 49—52°C @
e 56—60°C s@wnsgr (melting point) s IRZF FAT
ujicl]

(2), bt fadoer emenewHd (lertiary butyl alcohol)
AT

T390 1 TAwiE fafen o3e smny’ Fina Sife SwAmT
E T

(2) 20 wrowe SyERFERE 2 9%t
(b) 30 wrear SyERRTRCE 2 »
(c) 50 o1 SyETCRTRTA

gre 5019

BIZE ERIIRA—40 ey g »

vRTEET fISRe weRTEE—10 S
(d) 70 wroenr SIS
&e—30 o1y
2T ETITZA—50 STt TS
vRimmRt fTeoRe seeEEa—20 e
(e) 85 wrowre SERRE
Fa—15 s
2R ATEIRTA—H0 wry
vriTEET REoRe SmeaEE—35 ©



akcimiow wiww ww i 87

() 95 woRY PRI

w5 o
SerRe EFEA—40 el 1w

trfmmt faSids SeeRE—55
(g) 100wERe SREICFIZLA

FUEH EIET—25 eI

rafwaRt ReoRe SERFEE—15 SN

1009 wyenee AmE aiwenian e smtwaty oria
AT ACET (AR @ TR AHY Q91,161 ACS H 134T TH |

(h) Tomm fergm srimmRt [EZRa SyensRE T 23|
G A ARG Fow e [OhRe et
14T X

()  wmsize opRntew, SEe  (paraffin oil) e GrEtAEEY
faoiRe eI e @F 901 A 23

(1) 97 93v1 Miwrs G TMew ©ReR T3 A1 T A1 &0l
TS TSN, e MR 60 TATA0T €T AT TH | IS
TS TFo1 A1 TEAN1A % S QLI AT |

(k) @ g0 o @ Pober U I B RO Ao A
o s Tt erer gl tem T TR @¥ srEied
ARG FAT T '
moEen RTER W tRbmet kGeRe SR
rEies (AT St |

TFA A1 LA TSI TICAT M IS I FTeq 0
T LA A GIW FAS N3A A NasiA wiiv e @wnt
G (GCA ANGTH (AT TH | ARG FIET ©ler ILT 2(WOT {67
T T AT

QIR TGN TZE A1 T2 B9S IIAR & IS 20T SIS
(oven) FR AT TH| GFT IAGH AT INGL F1T TH MO
Tafoerd et o mw 21 W1 ereA tarw ety @m0
R T FME I T e A A AL Srwee we
THGHTA *1F 2ATATE TS ) 218 LS G T T6LeT Cre¥T T A0S
ZTPLIA BT AUF | @A oW {Wiee rm aegeriens gumeen

1 ”



38 ARSrrier

AToCa T TH| LA TS I WG AFA IFIV! QI
AW ZH | GF0; IMH MG TS IS WE S8 FAT TG
T T AT AT FOT TS IINTI VMO FJER TR ©PS
ST TF | QF7F (0T SCEH O GIAH (TSF TH| «IV; A
FINGA ST QA HeT TH! WA A-T6T ISR Trizs
I @Y (6T T |

NIRRT ATZIR; T ey Tz 3597 37y i 161 59
(o 16)1 @3br g i e amore Iwena L1 T8 I@ F@
NI WT @I FA1 GFLH TFA A AT NAOW QT |
ME ATSTAE W (5°TR TPl TH| IO GIATS Seows
for Wlaftm wi Jfw wow «f Wt @ omw
R AT GIF @2 WW  ATHLE RO e
Yo7 XEOAR  (holder) wmy @ THI SR OGR4
PR oY FEUNA B 01 M Fewd S w4
T qTAFLT F-TFA W (TSR 9% R Ored T
OO ETF W I 9FAA (ZEOTRAT NATHE B 6 AT
TG WIGA TMFE W AT TX 8 MF NF (NRUH]
RPSTRR TRIATA IT0F (6T T | ORI 2,141 9@ 7 ALZq1-
FE ARYR & T IS WILNRATHT €@ XTI (T %
MY Tor T TR T i mW OE @ o
(for  162) @ <ob1 sEEWT I OTWI GE «ThT

fsg—16a
TRATOTR 4Te3 (ZOSTEA $oa ‘SIRmieT 5% ((Ie-®)
IARIR *rzte



asmiww sawm wm agie 39

TEoAd O'F TSR] W Ofvw Wk uF Remte -
qfd TAFSAW Te AWEW | GIA (ZECRLT MR
Fueeo@ (clamp) sray v iea sgo1 (Screu) Wit FA (e 2T
AT TR TAEA TTI01 H LA ANY AAFSAESHA AT TR |
3Tl BT e IHCS @ ST MIFN, (5J0a (Mmicron
wale) f5F IR WEW THI PRI IHBW G MRUFTOIHA GIFT
HTAONT (TR TF | [FORT TR@TNT IR (6 9 T8
z'q G301 T B @1 T ITHT FA0F >0 FAA AN
TETHE A% W1 @R TONAT T IO IR T RN
MY TF T T @61 faftee Tweg Teomns wmwen @ @R

ad7a, (72

f55—16b
TREOTH AN PR IR AF TS
TICE T INS F,137 ALY TFem! S 41 77 (o7 16b) | o&-
®r3 R IO A Twent e w1 fvrg e w3
TFel AT AW 9T AW FRT LA W WOT TR AT
AAFSIAE TH | IGOT I TS T [0 W TSR Al
weere 3ie frem w1 we Mma



40 e

fFeIia GV IE A ICECG AN T TFSHF My
ST ters ters Seew ey w1 7@ (5w 16c) 1 sifaee wmive

AL I I T T T T T T I+

2

oW\ LT ™

)

fsa—16¢
TFeIE Mot AT T’ t'ls Sern aow A 20w

oF tFioT Mayer-qz o1 (adhesive) {qm W@ wse STR06
TG BTG eT THI SIECE (AT TA TeTE AT «F

Snnnsslassangy)

O | fir)
T AN,
mis

T

d

f5g—16d
=e fFer i rwte



mezbmiow mtwm v egie

71 «ITieE Teer & =Rre A @ (ow 16d, €) 1 =¥t we

41

FES IV TG CAOA To Tmepme A TeOd FioFW W
o T T | A TR NPT IR ARG o (e e

!

foa—16e
AT (ol TEeiA IARASHI AT Z0%

TRIFNONAT SeTRC ATHS AW S FIZeTe A" N AAH
e TP | (W TRRE & ARG, e {3t ammiae omme

Tqi%s Ao 1 T

(a) wZe@ (ayiol) T g — 30 fufao
(b) wEee II g — 15 »
(0) wRerE-ayeseE (1:1) - 15 »
(d) SHREEITATE SRR — 15 »
(absolute alcohol)
(¢) 95 wromem SyEAITZE - 1 »
@ 80 » » — 5 »
(& 70 ~» » —_ 15 »
(h) 50 » » — 5 »
(i so » » - 5 »
(0) == - 5 »

SETFTZCA BTG IAF 2’ (stain) IJREE FwA 709 Sy
RTRE (QLFR FNRGHT @ 9T FMNY GIW TH | FA W 79T e



44 aicemie

wastmine  (hematozylin)

oiafam  Hematoxylin campechianum (Leguminosuc
e Efew) e oned W1 3 Ofen aywe: miwmE e
S ATAYE SOt oredT I | Hemautoxylin campechiaq.
mm-93 INSA GFAN ECEA (@ ITR PF ATEIA A T
a i O T M TANME FE WA Sl ERIee
IO T R wEA AT TSR IR @Y TwE sy
R (M FAPeLA WEM 0 TN RN 98
FWRE FWOl AR | (QAGNATA FTIEHAI FRNR TS T
o (hematin) sfics 2@ @NHER T AES Toq
8 bl TACIHY ANY 38 FAAE T IRZS T | (RGNS
it wfaTe’s s o TEies e eI AT @MY
e z7 1 TR AW AR QLS ARHRG I CATCAN
rETes @ IAE @ AfwReT peer @ ferw zi¥tewew
armze (H:0:) e s @t wnfes gemm Smsst ois |

Johanson (1940) ¢ Emig (1941) mu=mcam™ 76 4T &0
AT IRZTA FRATLAN | SR (FIAF S, N 7HT ACTES
(ferric aluminium sulphate) sgoye; (mordant) fxoma I”TA
FRIAT | 9RO *Hp7, Sy (POtash alum) sgoyes foama
QTS 1 1892 q:sfﬂm IS 38 39919 oy Heidenhein
2 RRY RACGIAIA 20 IR | @2 76 7oy atae
Ao ™ I N

@tAe gataa (Basic fuchsin)

T GiRfemge e (trirhenyl methane) pwefa ore-
YT @I AW 1 ARNAGINIAS  (pararosaniline) | -
fafem (rosaniline) @ syresy II (magenta II) fxiere z@
@ i tert F@ @ fomr R mx ma (fot)
" WIge T TRTEETiATew, EEiAe e et waw
TUWIIF O TR z'e 328.815, 337.841 g3 365.893 | T
FITAR MY AATFEI™ SIS T TN TR F6
(feulgen stain) tezt g3\ IR T e wmiate sy m@-
wriems  (paratoludin)  Fpzet festim  (ETY) € WR-



atmivn *wiww o agie 45

fFATT (FRRG (A1 307 &@ e gioc orem 70% Smews
' e R G DeAT I T
saews (mordant)

O A06F MY (WIS 2 GIVT JERAT 21 167 T @
(I T BRT FACS AR I | e onmed e TR
4Rzs T Tobm emawes (crystal violet), Taerger ewaTes
(methyl violet) Zeniva W oo  (fodine) o folas
wntAg  (picric acid) sEens TR IRTR IAT TH | RIS
T FOF A TIOT TA— 4% SN @As (ammo-
nium chromate), 3%, wmriaE  ©RE@ENG (emmonium
dichromate), 3—49, R INTEW TRQRRG (aluminium
hydroxide) g TN WINA  SOTE AEwes  (aluminium
potassium sulphate), 1%, »GifeEm masmssme  (potassium
permanganate), Gyfas wyiwe  ((annic acid) m’fﬁl a89g
AU ARTS: 6—10 Tafas w7 /TR I ZW1 AR TTeidw
TICIFG G 4R (Fel TF | @IS J1 FRINTE 06T T -
WAF TOIT R TSI AEATF 06T &) AW [ AS
T FRNTFE TIONT IRTRA FAT | TANIF AT &
2, 4% aimm wrge (larium chloride) @ wrmyTE F06d
o 4% Tafasmeatse smine (slicotangstic acid) Ipms
291

afasTas (staining)

T TYSF AT AR AT FANF AT JA | A
QFV] TS AT (I WS T& IANT AU ATASIAT @R
QFITYF 76 IRTW (A AT FAMF NALIWAST Fesaa (diffe-
rential staining) FJE| GAMH ATASTIAT TOIW, A rETeT
oz trem T

1. gEew swafe (Feulgen technique)

Feulgen @ Rossenbeck (1924) «% »mfe 2w IRTR I@-
Tete 1 g 7 T wowet To. @ 9.7 Ffas @ T
o e {6 4 @3 Soigle amAm o FEew FeT
T I TH QACF |



46 AR
FE GACR 2P TeRa

[ go7s 100 e e m (distilled) Tra e WA= 05
g @ gaW (basic fuchsin) ToEE SSLA TXCF A
Ao oo zF 1 w1 68°C wremmam TR e IR faiEeatia
@A TedT T G2 @b 1wl T °C wiemmm smcE 10 13
f5e N IICI cgmor 331 201 A 0-5 o »OTIHA™ (ORISACRALS
(potassium  melabisulphite) meT TH) 4@ @2 WIRF
TV O I IF ICT (TN THC HCF (ST T | FIIO1 I 17
T WG S1NUl APl STHeTE ARG R (e *Ad A
HNW BN HORIBAETERE e FFW 801 TATH T2-
wERwa (sulpher dionde) wend TN FEAF AATEOAT
e 31 wEre 5 SfRTeT zX1 Ty AGIEE R
ATTFIRG THHe W1 TN M e 1 oW Sitrens
s (activated charcoal) T o@ @ RTE TFA0E a1
i TR WM I T ITWI ]

FECW AR IRTA I FCTE TAG FAR RS

TOA TER WA SMiAIGE SHIG RNndE  Smended
Taeer (1:2) 30 raz 45 fuias fow o1 231 @37 45, wnis-
oz smiwce 5-10 a6 21 =1 N HCl-g 56°C grommm
12 Taias wey g (hydrolysis) a9 *m@ @t g7
TP T OTHE FIECA B KT LF TG T61 AT T

TEeq

g W fwrn aferesa Tymiezater (dldehyde) Suogza
fafeam (Schifi's reaction) Fog ofefeye | Teeie N HO
(e TRgEizE smiwe) v gidrgendiTe FaE fersien
WA (purine base) w'qn (A0F SEMT Z0A T € G A
oierieziRe st (CHO) 5z 71« weiiezise e b
eI eeTm tAen wa e s wew WG 7@ Lea o
Stacy (1949) @ w «fews ffem =@ 1 onoie <t
WS AW @ I TG 47 TSGR IHA FACA (ST, 5
¢ TNCele TR T @ onew A A1) foeg et wwE 4w
ST T FCATARNIA MG 6 WA @ AT @ He T
Lea @ Slacy zrat @@ wwewesm Tafemm w201 410st T 2t 41O



Reemion v o gfe 47

TTEZGORITA NYRTT T TS0 W G AT SETG-
Z8T A € FEIH 6T W {Iiewm zW) WO 4N WATHA
THYEARIAR TE @A NF W e WEATUTRG WA
e FEA T4 fafem 73 e Fet oy trem ) AeIR Lea @
Slacy-z Ww FENoN B9 Trm dacswr®m wias ©q =
e 1 Stedman @ Stedman @R @ IRYEARTAGT 27 T&-
oW B3 G e (g termay falem w1 o Riewm v
A T MY AR TF A9s g1 feng 2w3 Danielli
T @ FENew [N IYEASII I I @UACANS NS
24 93¢ TN S AL ONT IV AT | GF TAFE IS
JXTHIR (NS 2T ZH | FIRIGRNR AN I AN T FIAEA AR~
wremesr fog; ofzame fas ram IR I TN TRGER A
PR ARGIAETR 7 T,F SETTCZIZG 7.7 I I A | WRIF 301
e Q1T TRCYETRIAA IA76 FRCGIEOT NS (T F1a @3-
ot o TRoahetiR (At turw fafew zew Im @ W@
RSFTGHIRC ARGIAST A € QYA FENH FIF FAXL
Tatem =

2. wptmar AEEw EEeTTeE 1tus ITE i

T oA, ACOW IR SN 0 weA @ To-Tusaes (pre-
treatment) w1 zx) Tafen M @ RCRETATIATGA
(PD.B.), angiem (aesculine), wiggdraiiem (ozyquino-
liney, zmfstsm (colchicine) %eyfy fofSomes a2q@ &=
RFe 2| W STew fam srtwr 331 10 o Ue TRew 3@
“2f-TEBMCBR Ty LI Wi’ AT I T O TRII6 A T
aeTel 3% foat svmmE e Fewd w3 fo-Tvaes s 3@
fatrs Thetrr wm faom @1 «lew IRE *RtE I
=W Sfetd T gamEe To-Tomms F@am et fNRATve w e
Z AT ANY (FUACAT R (26 6 THR TTE B moToe
tt (plate) snesm Tm =, 7375 AT FAT 0-01%, F&TpTAA
TIER WAl Ton YOTE 60T I ANF AT T | ARTOT T STTT
AN FAC O FUACHNN A QU ST 7T T |
ATOR (T XA TOTFS (206 NG Ty AT AT S T3
=6 029, Fafsiae 1—2 901 wece aver 27 (Meyer 1943) |



48 L

forfISIESA MR TELTE SR 4EE TWIADE NG €@ WiE-
e T (1:2) To% 391 0 U3 | @G3R TANA SRw
TR AT (2% SMIAGT AT+ @ TwE TR
Fiae syiAs 9:1 IHAMS) 5 (e 10 BT AWW) W I3
1 «¥ T SFeLIA OF TOT A AT AN TN 45 e
aiAloes omiae CIE™ I 27|

[ *emTAcsT SRiFe toaT $9@ wrafe—100 5 {7z 45 srowe
TntAfoe SiAe 2 o SR RIge FE & RS e 3@
29, smiace! i dodt 31 2 1]

TREIOIR NI IO v Riew srafers 36 I 271

3. fevorm smwwEs (crystal violet) sgls

Newton (1927) ¢% *rafe 2eW IR FATLE |

@A f@ome emames 100 ¥ 5 sfarg SR &a weE
CRPA THUR IR TEUIE SEmE {edT I X! TIACTH
TR *BiEm SR @ SnEey IR I T 809,
IEFIRCE 9w soriaE aEeRe (KI) ¢33 aam Sr-
o Riee 3@ TONs Loat I 27| Towone SRanes st
8 FIAE WUACANLIE 38 (W8 IR FRCOIAE 0 (AT
SR, N W AR 2R G (0T QT A5 I ST
fafey sae svme’ TS swm anam z

(2) Tosbma SwRTEs w9 — 20 fufas srcat
(b)  orer T W

() siirtemm SCATeRG SCATTeR ERT — 445 NFT
(d) eremieres syeeEe 1 — 84 RN
(e) ” ” II —_ » ”

(f) ” » III — ” »

(8) e e T WerETHY W FNRGATA @ ZH!
(h) = sEe 1 — 5 fafas

() TEes I —_ 2030 ffa5
() e IT - 0  fafww
(k) egewn 1D — 80  fufss

(D) Fmer e frew Fom e ston Tredr TN



nicdwiem st wn egfe 49

FAET IEPIN WOW TN LeTW  {POIET SIS AaS
EAMAGE 36 [P Ao el R Im | Smith-gz
(1934) TS TG IR 7 SARTHT JACEIREA WAF (saturated)
foreiae MTACS GANA Te0rel enanarsy 36 SR & |
4. Kautmann-gy wmme—nciiaias asie

PR R @ AnAe  (Nevaschin) wae 31 t@an-See-
WiATGE SMAe o8 I 2/ FMRNLEA FE WEE UF
NBF 7 AL AT WIHS AT A AAT FAT L

() 2% tFlag SNTAAN ARG 9F U1 AT L

(b) eRzeprier STe Ty ZH)

(€) 05% rzamoTioiens @F 61 A SR AT FNT T8

T TH
(d) et amm T3
(e) 2% toias wwi~am e wielaw 2667 4ua @em

Erf
() erzemrYe e (G To61 CaTE ZH |
(&) 80% weTEE - 23 fatad a2y
(h) 509, ” — 5 9w om
@i 170% » - 5 no» »
G) 809% » _ 5 » »
(k) 909 » — 5 »onm »
D oReTESe SEEEE — 5 » v o
(m) SyRENTASE SeERE, TiRee (3.1)—5 v v
(1) ” g " () =5 » o om
(0) v » " (1:8)—5 nomow
(p) form s¥ews — 5210 » »wo»

(@) zmwTeT ITTW frm For f=1er oo orew T

5. wds atma (light green) wpy wmEww "&is

FETsH B 45 WiRe et 1 901 78 FIR o7 Flow A
samt falon smme anar z3|

(a) 30 wrerew eI — 5 fufws 73
(b) 50 ”» ” — 5 ” » oo»
((‘) 70 ”» ” _— 5 ” ” ”
(d) 80 ” ” -_— 5 ” ” »

4



5gd W
(1= (Coll)

R shezg BF T ive 1 @R Sfew a1 ey g &
aFH] [P A onHd W] (unicellular) & e W
Bler @ ot T WY (I AR (AT WA G I
BE (multicellular) &Y e |

w7 W fafen w@om 21 OIFET FHRT P AR
o 1 ol o e fafen W Ielbiams s,
0 AN AFEE @R WA TW| SWRE PR SRS
IRAR Afafe T zm1 Acetabuleriaz (a3t ORT) BT

a V
¢
fog 17a—c
fafen orplen @R a—a=s; b—vzeas @Ry c—tERE

G T {1 v (T5a 174) 1 @ 773 e Teee wst e
(rhizodd) o1 TRET MW (T AN RER P AT |
IRIITT AN AR, I ST AT A | YETSe -
@R Sferd @R e (culical), a=ws 31 aggede (poly- o
hedral) (T 172, b) g1 a3 ot st 3w oplen o



N 53

741 T, W R (Toa 17¢), 3R, $RERR, v,
saTea A1 Torome SRTER Zenin | IEn W 2YTEes uF INEHT
o A IE| ORIG AT I GUA A AN W
7,00 T |

FIET oA ATeN 3Fd T | RFIAT ARIR AN AHOHA
GF0T T7RB AR QAR | (FH (N AMFIGIIAE (I € CIRATH
amed 0-1p torF 14 »@T W1 o) Owmeaty Sferw »T =i
(2T TPYT T N1 ILSeT3 (1A I™ e 104 o 100p 331
¥7 @ GO T AT (ZH (FWE NS *M6W I TwHowe i

f5a 17d
GG taares Acetabularia

Slawra b 1 ©g  (fibre) wpamma 1- 8 Te fue avan 70 Tog
R W Stema @A Amitewt (Urticaceac) tomas <@ a1
i 550 faz T om's el z@1 enale Tow (swe Sle emT
APEE) TR TSR S (A G TN JG | A
Sten e TER et siaiiE ST e AT S
,(T5a 18) | (P 2B TANE LRGSR MAF AT @t
IR GYTAR (INTT IR AEGAT I TH| INEFIEN @
MEMIAEAE GFANY LAGIemes  (protoplasm) e 77



tom 18
s EFaT,E AT It (a1 Ofew INET WA

e’ W oW e, Swtaei Slem wRa T @R
AT RPN B FE ABIT AT 711 ORAT @ 24P @R
@E1 Rt Sferm afzae Ate (seive) smhe WO TEm
rF W1 ARE apneitE (cenocylic) R Tow; tw@E
@ RANF TS TAOFIATT QUF | A1, AN DA
(blue-green algae) w1 H¥WI7 o Faise HEFE aUF A
(f5m 19) 1 @%R s tenRmiaes (prokaryote) (Fm e
eTinel @ Watde e A amwre wiwA fdwte
e (o @7 @) a1 i waw oo AT v
i 3Tw (central body) et w1 wRTOTER @Y Wrn-
woins witgem ¢ miteien W% eRmies @ We-
FRT G W AR (STt Med A ARSI SO
W o | RTINTAET FNA AR RS GreTT-
AT T G AN & A0 | Tog conaiaes amw werie
MR TR o | Renizes @ww fo- ¢ @- @
s Teitae My TE aw, Ty rertaed e TRt
*eT T A



14 . 56

55 19
Ateme T tIwaa (Llue green algae) (g

&N omiE

R STen FIE e a2 HE e AmE ens
TR TR W W Sfem @i Swrwaly Sferm ww
P FE UG 943 A1 (FW ABE AREE (0F (o7,
g @bl 71T 7 | T 2514 CATHIHFHT TH I G (NS
7S WA @R AT Ier o AniEe EWR A4S IR
ABTR A7HT A B, T TN AN T | @ 2AB T HNRTSS
oEes W teat 1 o R Tasiaw, oo tow, ARTiae, fwe-
e, o fe=r RRfen e aRa q@ee

QFGT 27T AT ABNE  WEGT T AUIF—eMEAFT A
oefas @ CeOrRT 1 "R (FE AL W26T *meanis
rr fufea amsen 71 WAMT TN TR I AT
CNFTAT (31 ABI AT AN W @ GRS @ AT
teAt T W1 @AY JBLAR Wy WO AW CAMBIMIGN ¥ A 4F
TR 10E O (Y A @F T A Ay (plas-
modesmata) FET| FEHTNCCAAG! TS FNET TG AT
T A

e oeEs  (plasma membrane)

CATHTRTETNT AR S TR »M T 20 CIEs
e TR AR O} M7 wEEniee foewm W anw,
fog ot BE W R A A e NERS (A
o A I 1855 oeprw Nageli erem emems G



56 A

ANFIY IEA! @8 STNE F§ AT A memwenne (plasma-
lemma) e 771 2EN GIAES o @
a1 R (2l @RIER) SRR W 3, IR TH I,
(ITCRR FACFH (Gnw (surface tension) [ 73y BW IO, (I

=5

(= =¥ canha
(= =x¥
(= =»
(= =¥
(= =x,

fou 20a
PATTAT TNNCAAT 515

a

T <37 2l @ {7of 5 TRaeme 3@ | ene A faalee cemret
(scleetive-permealaily) ey @rn, @] @7 sty Tocw fwTive
TG LRV B FAE AT | @ "R &Y 5A- 1603 @ @b Taafere
@ @M i (SAT 1 nTA ke MBI TRl (clastic)
I AEA AR A10e fg-wwice @ (bimoiecular layer)
SRS (BT SRR ANF | @A @ 5 el
AT IA QT | ‘Bobcrtsou FEEN I A AZIAT
A A TeAis @1 trars oW (Toa 202) | w8 A0 =R
7,201 g 8 (AT THCE ST WIRE TG LG =g e
fotfors T a1 CemiTE e 37 04 ¢ fatonen @w
35A peull T werswd fafem ﬂ?‘m SN WO RIS
ME2 TS, TR W lae tantE-Tafes-rem iy fm teat -
& @® *micE Roberteon (1959) 39175 cmwiawy (unit. mem-
brane g Tvrared | SGTUE 5191 (osmotic ]ncsmrc) AACF
MRIN LT A1Y SR BoR Tofe o7 W @ Tt 3w &
TG TG 19, 4.3 T=b Telb (80A ymigger) fem (pore) oms
JAE TR @} T I W BN ©IF I QT | 9 Sl
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Ry (microvilli) =y (Tom 20b) | wle SRUAG T AIR-
OISO NN J0A AF @ TR T G |

/W\/&— nRczifenr?

R onwam

AR rotrew

V4
foq 20b

AR (PEE (W (3 SRR Sle 26T Fa
TRFTSAR-9F F 6 ZCACR

tawereney  (protoplasm)

PR AB EO FIAT IET 7 ST GIAY CRATOI2TE
| T CIPEMF 9 AW GAT T 11 (ARG A A
ao HIHET | HIES (ANGIRAE 5 *ors T auF | [5G
weTe Giewm @2 AT 95 *eRw YFT W @, € WY INT
(dormant  seed) wAg sfgme swm 10—15% | (ANGIRGEES
W eFa 90 tag st @ 109, siteq o’ | {E] FMIAd
qy W, f@iee (T AMe), INRITRES (7)) Toniv
SHYRN | G SAMIA W7 (AGINS 2 | CATOTRIS
ey IGR WEI AR ((TAF FE AW, CHTGAW, SBTAT,
TGTATN RN (FRRG, AT, TACT, ICRUA) ALF |

TRMBIAETS A%, WIAME, [BIoBHP, (GHd TS (FEHC T
MR | @7 STeES Ay (v cctfic gramty) wag wow T
@t T, e w6 Riew Ivwiee 3g era I
camsremeey efste it w1 @2 efeieacs gfawiaiais (-
tability) zer1 W W wNE e Jiew IR oRE
Tl qE, RAN—RTR TS, WREH afe Toniv |

CATBTLTETN (3 TH0F 311 M THEeT (T SRHBT AT SWF MRGT-
e (cytoplasm) zam 1 Ssiface (FNEd @1T 19 IHLAR
METHTRET AT | BTGH (P ¢ TAR 70 WS (2O &6 A3-
wremewiaRle W9a (SNPeH) AT (7 1 7 THiee T @Ed



f5q 21
mw‘mﬁwmmwﬁlWWﬂh
T GFV1 7 ©yrgaat (vacuole) sy wgg | S CERICCE L (G
ST AT A AT QO o | @ arfererem mifer-
fens  (canals) GG TS wivgem  (endoplasmic ret;-
culum) z@ g1 Porter (1947) AT WY Tm s
BT TN 2o 7ty orterEn | GRTYT G-
mﬁfwagmmimﬁw.m,m,ﬂﬁw

X Fent snem @ (T 18, 21) |

Onpsa (vacuole)

AR R0 5 M S — onpen ey smerm
T e Remarte @y STFEFLIA = a1 e
ﬂhﬁﬁmmmﬁmmwwﬁ(mmm
T | SIS T4 @R 01 Tafewy smret e | 9B ST
Tl Ta—Lex s (organic acid), seq, fafeny warem qas
M, Se A Byt OIRCEA W TR T s
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substance) engerd &N TH| T, T, 21 [T IS IYFE
INTI T6 SNPEHAA FUF MIYAT T X AN | GA BN
PRI (anthocyanin) 9% AT FMNLT TAST | (INER
pH-g7 ¥ Ao s ncymmia @, @Rl T J
T FH IR

onged P PEle  (turgor) Igm AN @ 'l mn
MF e YRS AR I |

@W W T oty Sfew @ antes AeImE A1 FUROIERA
eyrped (contractile vacuole) oquF| O SUFEFiA FATH-
FOT AFIHE @ AAFS TF 8 GFONI (FNAF 8T MY, [ens
@ (0T {3 IR WH |

GBI TS m (endoplasmic reticulum)

Porter ¢ ol wgEat (1945 ¢ 1947) ARwiemew (g,
wraeeR Anasr (canals) wags oW @} ST @3 QT
HEiwe @ivge (o 21) "W o= @R il feewe
$TI6 e a1 o Tr I e | faten Aiawsgia smeeE
T TF TURTS: GF6T FIIN ST 716 I | TSI
CRTEEETT RIS W,201 Phase J1 SRENEF WM A A0H |
9% TR Y TA— (a) GroEEiNE @IAGR  NilewE
foerzm e, (b) Ffemriaz % TRwewETy aide
QOIS @IBEATIR (e i e et fwew deats
Terfore Q@ 7201 B T2 N0 (AB AT 3T AU | @ NEA
50—60u pewr TH |

ot Rivgam for Fem (oo 22a, b, ¢) 7w, w=—
(1) e 1 Twomer (lamella 77 cisterna); (2) retie
(vesicle), (3) Togfaea (tubule) | eI a1 @ BIGI
TH € 7T @ ANMSACTSNR AW T 1 A1 5040 mu oz
T (ST A6 (e 6 Gl e 25—500 mu |
fodTatre aple ffew @ @ 8 amg ™ 50—100 mp
MY @ MF | P P @} fou @R aeenette @i
I (e, toiee, f501a%e) «IR MY T WIS AR
for o @rEw slwter foy feom wmw oot T@1 @@
BR  GoERE @At GmEee aTE (I



80 mivewie

LE o |
wﬂfam 5‘0 %9)’5

@ e

fom 22
wie @ibger fafen Somm
a-:ér’gm 1 o, brefaee, o-foefade

I @G G R (9anule) s g AF ) O} @CARE
AR (ribosome) @ w1 IR A5 WA
R.N. A oz 932 tom¥e Seomvca «@ma i S |
U E 1001508 | smmere:  wrwehE  afteem
TR A AT AlEa TR TR e | ARE
U GO AIZAT SEF TF @ QI ST AREE iUl
e @A W R e el Seme e ST
W ONE S ABRE qreiine @ioge™ o am
TPR GUeTRTE e (RToges e Y AR T
WF T O TF ABRE GO @ivgEm e |
Tees GeTGeT et ww g atem (gland) gor, Y,
R Zenins TH AnRE e RIbEeTs e T3 |

WA AN R 2ABRAE ot @I
SR WA | e WISAeR (RAETT A fte
TR TE AT ORGP arerReTe oRn ey (et
ASTIIC IR | RG] Qr-oreie WIFATR (a9
W A T WoRTes (metabolie) s wiys 771 @reor-
AT @i Ateer s Tiew wire (secretory) ag
AT 207 A | @R Ao o R @I 9% e e
0 TR T oW o G i Rew e mre
T | T T2 A @ Lo R wrwreer i s
Segemr (impulse) semter wRRy ¥ ) L Re ol el
oS w2 i
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faen erwed oy NeFTEE trwew terw T e e
AT @ (ST {9 ;A | GTHT O QBTN 0 AT
To0F AT ICT AT AW A, QO O (INAT AR v s
T OEMRE T @OACTEOLEA RS G oW
T TS [ATFAN g, oW GEre S e WS-

CHITRLAN
- Reara cea
arertafs cafbeamm

o0 23
qreTEETe AN e AFEE A AT

T e oo A (Toa 29) 1 weR faSatam G ot
RHMTE NG (AN WAA WG IANE IYRE W
QTSN T3 ¢ TASF R TN AWM 3R S
wialmmer (0 WA 9 T (T TAOF IR CEN USRS TS
@ afwies g o= aronmEe  @ibged
@ WA SmAd Ceile (RO (R (URE TR |
Topa 2ierta Eem Bom AT 190 WA I T @ TS I
@i Fiogan NPt mes (e W% 31

oA (lysosome)

RN QRTEY I R TT INT Iy, IR
W WWEATE g (dense body) mra Torates w3 @if 2w
elITIETReA” (oW 3Teer (pericanalicular dense bodies)
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AW reTl TATRA IEG @i {ereminRE sfaAteR An
deDuve-q 1955 qxbicar v R (T digestive body
A ARAFIRT ) AN WH IR QYA AFAE FOEH T
MAEAT A TN AN AT | IS QYT TFGHT (T7),
FiEs, ARG afved (INF, CACHEER ¢} &% e @FH
=W Siew aiaemam snem T R RN AR I
FER R (AT SRS STIRLACAN R AT | ATRCATCTN HYTEoe
IMERH, 3G Gy WIFTed FAH OO TH | GivE I 0254
—08u z71 w3 faoala EUY Sp JIPAE ARG 6T
forte | aECIONGT  ARRMNSF A, TewtERE-fdE e,
TAFNLE, NIFPNICE, ACTEoT, FMAATHATY (cathepsins)
2gTe A PR GRETIRT AN | ARG IR 7F @01
ThEs 31 AT ANF | G ISR AR SO Al T1F |
W (SHGE [ooq0T T ORI AMST TH. 6 ARYFH! aNT-
TATCIR I W, URE I, [e7 (OO onges Wl a7 |
EACING o7 @R SRrew) @ iTen amed Bom fAee
I

ARNCATE 2 PTG T 8

(1) e foor @R 3 20 3@ o AT 3,

(®) wE T W AW AR w0,

(3) wFrER fers, .

4) @R IRET @R WL A |

FCARGIA  (phagocytosis) efesm v T T AR
IR AT AN A & YT 51AwT w0 W e e
TRCRA 045 190 0T | (T2 TaCa TR SRR T T -
& TUCS ST 0H A 8 AIRCOIATE AE | (a7l s
qqﬁ@ FIACAT  (Phagosome) gar | gEyTeTHN IS AT
T A TRSY AN T W AW @ ARG -
TR @ AWATE ATNT IR TN @ ARG
TR T AT ongens siaIEY engen  (digestive
vacuole) T TF1 T M’ AR TF A O @ e
UF | NI e FR AN M 1w e ferts wmmen-
WO afem w7 Ml o o @R I o
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(fom 24)1 R WER TW AIACTN IR 19T, oM
AT IWS A IUNG  FYRG  ARCIONEE TN

o T GNEERATLI (R A T 8 T [FROLIZ A9-
ANE IR RA W N (IR TG WA 98, ARE Al
FIEAIET T @ BIA T € T [@EE  WATREGIAA
afgam THeEe R W TN WeT W3 i @R FIRE aR-
TR T8 (RFIEE TR I T |

smrfsr qg (Golgi body)

gomty faemmt Camilo Golgi 1898 ou® ¥w, @PRE
(nerve cell) Tswrem w3 (sdver mirate) @ wTEW U
SWRG (0smium tetraoxide) Tury zfers q Foowia GAII-
IR IF WS 7| OPR IS NTIRAF AWAAC AT
3 T TN AT I @I IG SN TR weriar 377 (90lgi
body) fafew am =y, waw— s@fe SmemEGm (90lgi appa-
ratus), ewmter Torerm (golgi complex), fomivermmy (dictyo-
some), wRrosiegar  (lipochondria), 2fwersw (idiosome)
Rorin |

fafen frmmtn @fn @ Aorer A<ew o wrelwEw |
Sltwd wre s wE (fiv) e 7fas w7 swy fafeow avmi~e
YA ASTR SETY I[I WS R 20| g Lda gt T+a
IRTR I WA IFA AW ACF TR gem T |
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@i YT AT ACH W A Ao T A e s -
e e wiewme! SITHY T YR | «g ReET MW
R zA— (a) Tafem anatre @1 wag ale fafen
s@fy IgA we @ BFAR sRew | (b) FEW FE @iy
IgI NG (P G 71 AW AR | G SR e e
@A T 0o 7 RweEeE e S e @i
FIAF BRR 2SR AT IgI TS A | (C) T (W 138 131
FACOA AW g *fT T o1 T'a sreier 3g | (d) SFpaa Sre
THA QUOTAE NS @IFATa FATHg seie g1 (¢) o
M G AMF G R (I G 741 TR &1

g @3 sEtel g ATEITA T T AN 2meAT T !
() Broredn R Tee Fo7 Toew ol 3§ o facace 1 @ oy
g ¢R GroeEe ®itgaw fe WBoRiym oF S
() oz RIRe TN RIII T© Werier 3G T Towarm ) (¢)
FRG  (Phasc contiast) gagtwe Tm ww wolR @ &
otTe 3G AT Tonar SR R afes Iy swfer TgAR Ao !
(d) pitafeds (cenhrifuge) Fa s@fs gz w1 ¥ 7e
TR ,

fafen e o 3t FIEa wetfer 3T STgpTes srew 2|
TETe oo G INGA SRR ST WiFie TS FA |

TN G SRS AT 1% FA A | A 6 «ToeR I
M I IG ZF 6 NI LINT ("G T TT A S
geria Merive 23, oy fafem foar wemmeeene fafew e
@A FATrs T W AL @A @ T T T’ 2
O I T T

@ I RUIA A G RTO ARCe MR R Wi
B ANF | GUERA afveq (endocrine gland) ramy e@le
7@ WSFHeR S o |

Al I W T MROR I OB SREH FAE @RS «F
faer e T fneanter | Sareda st 7 v o
@& 37 Tomb1 Somm (fom 26) wrwt A1 9% et TE—
(a) smewt «fer  (flattened sac), (b) G onpen (large
vacuole), (¢) t=Ts e reTwEm  (vesicle) wwfsS | gyt



afeaiar sRem s ane 1 wnla R et @i-
FEE q© | @® Afdsiaig oy 60-708 pewn wE fwFa
oHTRAT AMRE IReE 26 50- S0\ o1 oo e e
A 1804 o erpeasia onenr ofem (ed tedt 2@ @R
® =0 eI iae & ofe o® (o TIErem efemm
qise ZH|

et 3 Taioe e el Ty teat1 s o FAwsiiwE
B € FAHTEAING 4 | st J9e fevriam ‘o Afge 271

afem @Y Wafse s@fs 337 Cafele @ e =
(secretion) emlel IPA MFT A IR ©R AWRETS: HIF©
(secretory) opme’ TrAMIA SETal IF T W AT FIAS AT
{oAt ZeTR *F El I AT AWRTT TIPS I FIFS AW
(granule) »izies a1 ¥ Fige 7= AN GWEEA W
T 9N N BFR WF @ W W ROR @R FW &
(PR (TN ST ) SETier I HIAS 21 B W LT |
fafer o= coz & o @, @i S INRTTRCGS
MR Y TLE TR

s@lel IYIT MY GTTIAFNE  [FOFATNH AWAT (T A
T T ¥ @] P Qo RivgEn e teat T |
szersfega (mitochondria) 37 sfgmwe™ (chondriosome)

Sfen e ' wmEr TEGEmEE Aow To T aans A
TR IO IF WA IR @3 g Benda ;-

5
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Flgm Tm TWwed | AR MAGREE (SR TR AR/WS
IR TROR YR 1% FA | Y6 FYHe AARPER TROT-
FGAT MR T A G G FA | @ GZII AT
Fhgm e SRR teoie WOITwY g (dark field
microscope) € G INGPG  SIHY T (Phase conirast
microscope) AT TG (WY ARCOITGA 4T TR | GRTGT
e FE arra SoiEle Seeree CRARE LA TE T (bright
field microscope) Tarm Al S

TRERF YR TR € IHOd T FICE X TN
TRGRIGIR A 0.2—2 31 OF T RN 2F | FHAE MR-
aigmm el S—Tn ¥ A1 TR (70d) MRBRIGTE A
050 @32 tref L5 21 (v o e WRWRTETR Iple
Mo JHRTC T AT 3G (P WA 1 AT #113-
FCT A OF AOR TRGIF "G BFE 2T |

el i MR- WA OO TH 1 @R RN (FNET
1R € INTF O9F fdeq WA | Tg0ea (liver) g TEWRITAR
AR Ao 1400 771, o7 @A 2,500 ST TREE g
AT A AT WS (sea wrehin) T (e99) «f
HeAy 14.000—-1,50,000 7w 77|

YRS MO GIL,[e (FEA 7 GRS ®OH F | 137G
R @MW e @« WS 5w W | S ANy
mirﬁrqsfngqm;fa‘ (RGETATGT  (contiosome) g T A |
AEELS (sreim) FNTAR INT TRORE G| T 97 |
Paramecium-qz Fmem ofafyg FNR @HA W1 TR AR6T-
ITAR @3N RO T W SRR IR T @ O
g fafem Iem @ wmmewE e SRoRhgTe
TRAZ A |

Slew e ot @I TRGREETR aow a3t R e
SLATRT T T yRwEhgEe wererte abw (5 262, b)
Tl ToCa0E | 2rerE R gAR sitati wRT om T (unit mem-
brane) oz | aAR @ mmm‘m—m& sgg“‘gsq:tﬁ-[
AT T4 IRYW 20004 | Towrm M1 wA B ©fF o
foorm e 3@ w1 @} ofw wowrfars fai (cristae)
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50 26
TRBHTTER T () |
TerEA N g (0) fowilaw  (three dunensional) gzg
(D) Saxifas (fwo dimensional) foa

we 1 Telstertar sname a1 wrafagts 21 worfer s g
MR TCH AN QI I (TN (& AT TSI ©Ie
AT AMA|  TOORA T AN TRGRFYAR FCEA TIT
FEeE s (matriy) wm oz o s ffew SmmerR
&S TR0 SSa% W ANIF | ©I5F IAR (meristemetic tissue)
TIDRTIR 43 I RIS G156 40T @ AIIA oAfawner @t
| ATERACHTIRT  (FUAq  (photosynthetic cell) s3I
ofogzm Tefson eam @nt A

David Green (e 15 SEGF-TE 13077 5774 118777 T @
feomm wr Toorma W 43 t2b =n 7w e (for 27a)
7T WIIST 16 7 @ @ qmA Y0—100A ) @ wrerrer;fer
FRIFNE AR 5707 *M@ 377 761 A" 1 fooraa
s wAeRied oew (oo 27h) «at; o e OB ATIT
B tomee e fAw @ veeie (SRt ATeR AN oW Al
hrse oz | LW (naf 35—508 ¢ 2rg 303531 ITHI oW @
MU A 75908 | TRGT wAR Wy IRYW 2041 spEere W
tred onGTe 1604z @FBT P @ (UE AT WA
@Ea IRy 1003

TEGREER WA (At e et fwm feat @A
6510 wreree rAGIN @3 3035 werw f@fos e @d
Tartonea w2 wo T a1 SR T (90%) z'd wArwiaies
(phospholipid) | TEBRgIE AN TEZI, ©WEI, TEE 6
Tevrium oem 7w RO gEE fafen svmae avengy e T
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qTEeN (co-enzyme) ezt g1 Lehninger-gg (1960) sz
weR TRGREEE 500 o 10,000 GRERN €N | @wniE
#eqw: TaPoa Uom FNWeNT BUW AN | APRIEd ANy AKfes
GAE GATEN TRGETEIE V16T IW 6 A 253 ATP
(adinosine tri-phosphatc) ooy zm1 @ ATP-E Fnea s
TN INT AFEA ¥1E FRAE 3| MGG IR
AXTY WA SRR (ordation) Ry AN T GRS AT |
it ool mm (adinosine i-phosphatase) @ FRTEs
s iEeqag  (Phosphorylation)  gagzasiian teowm  *mw
| AZTE omiAe 5 A1 Kiebs cycle-qm oveENeLIE @R
N ¢ T e SR T AT GNenRAN A AN
qF | TREGHIgIE fey ynemiee I9Ey SRIW TGN @
Tafem amlas fafeam (Teaction) w3y FoMmIRg &= 2T |
eI, @ T, TS NDRITIR BIAeT Sty |

arQeaa =iy
ow
fesaan 85“
wial 2l antfada N
é
@

f5g 27a t5g 27h
TEBRF-YIR 6T Bigwy e feemm MR
T IA WA AR GFOT 7T ANiGeT) TG IR
WA TR

Tesrfg—

TRy Sevife s o fom woam SR | YW WRT
TSI FTe—

(1) orzrex BHRhgER E Seofe,

(?) TR I I (AT YT AT

(1) gein Soted oo ARNE TRORhETE e
Wyl e TEA TRORTEE fEed NAGREE (WS
sgrEmem  (buddng) 7 feem (fission) smptere siye z@)
RGN qonm enefis SR« feerm @ wersaiw
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a1 T v T SRwE AT Wt fee W ’W W
TG MO 93T TRWF G T,861 AT SRGE 3T ME-
Figm Teee T F% EnR | B Y AT ARG G
AR T TRER AT | FUAR (INTE ORI MR ITA
ol T | W I @ Teew aeine sREE ewR R
FHGWIA FRENT TE AT |

(2) Robertson (1959) Ftaw 13 (FAT TRTew »MT a1 GIEA
(T BT TAIEN) A0S TP S ore ARG Iga teat
gn1 At Wi (sea wrchm) fo=mags ilsifeos (centri-
fuge) IR e1w MEWGIFG 70 I TT | LA W1 To0a0g &
@ Toira FROET MRGRgE  tedt zume (Nevicoff,
1961) | fog S fR@WRT W FEW @ GUAITeS (A
ARWIATENE TRGF YA TE I W AT

o™  (centrosome)

TEE AT 8 FW W [Tty Sfem (zaw 8 (RE)
fTeater 5 ke TRGeERS CETAN T AR G-
T WA AR AT «R R WA FCE GFV1 &L M
TZ W s (5@ 28) | @R WENE Aiwes (centrole)

o gn

wigiie afy
o ‘wige "



70 zerater

OR ]G ANTE CIEHETR (centrosphere) @ | TR AT
A I (ieies oE W1 (I (TSN S AHTRTSs
o Rew T WEFTR wE (EIe SREW I 8
feorfezer SO WX A PR REUR BH BW YR
PG (F FeFoia A 51iAine QI Ny R e
astral ray 1 SsEtm a0 (oo 28) @1 FICEEAT BRIMA
TR oiNel S@meen | fey; et W, I, Cycas,
Ginkgo Fenirce X NG GSMUAR T8 TICUCAN 7Rl
foraz | (I @ W (19 [qened AN A AT IR
@3 F1E fTenNed na A SWEE FLA IR

aREw (1tbosome)

MEWIANGEW FS9,16 (RI> (T TWF To A T4 &45,3 RNA
*NeT T 1 @2R P Robert (1958) Framemm M@ Steige
Faleem | 1965 yorm Palade s3@mom msiee@ | «3s
Tra 1941 qorw Claude @397 3gis TR@AM (microsome)
Tm aleew ) fem st e @ AW @ AR
AT TNE AT BT |

qeioiam, 86 (yeast), TTemg o Feqmg (merstemahe
tissuc), BT, (I R TPCST (PN AREAN L1 I | gl
A FNEE IRWCAN M RIS P ITRERCAT 519
8 WS WOHE,G O3 | HAYRIC: ARRTAW (o6 11 Sod-
AW OFY 51T | «wa A 1002304

el I T AR AT PR 17 2O A
T TE0T By (subumit 1 GolqTT) QI | GFVT TN I @
emor 'S (fom 29a) 1+ Escherichia colits 35 WG (EER
N TRALET WFIOA, TN A1 o To € I WemE e
e amem amw | Swew Sfer e enake o @S-
AT AN TRRTAGE TG BT LT A0S |

Edl-iRiEeE  (ultra-centrifuge) g a1 T @
fafer e @1 MR W fen fom T fofem
(sedimentalion rate) op) vz Tom Tofe @@ TRETIW
wiers w1 aire e w w1 (1) IRTsTaER k-



520 71

A T e (sedimentation. coefficient) 70 S
(8 =8vedberg «Z%)| Gy AWIAF @ ARG 2.7 ¥ 10°
z5! (b) Rwnivel wUTF MR feewa spenes 80 S
QR I TR 6TF AOML6 4 x 10%)

TR e[ AT T T AR
ﬂnmmmwwh?@wm%ﬁmmwwwhmww
o 1eT Z AR | @, 70 S i3RI 50 S @ 30 S Foragw
(subunit) SeTmT 20y T 1 80 S AR 60 S @ 40 S $rjuzrs
faoE 1 @ 50 S, 60 S Fonin GrigTeerfere AT CEm
TR R AT WO AR | ARZRCATHE G351 (=16 TR -
1o CRTGTH GeoT IACS *MA 11 33 708 @ 80S apdear-
O T2ATH TN BRAWL 75T |

TR FRRC (T "M ALY T& AUF PG & 2773
ANY T& T QN IRATATIR BT TUH TN TLHMIAA T AT
Aiew |

T AT FOFN, 16T FREACAN GFAL AUF, QU S Ter AW
(polysome) 31 wffeARECHAN (polyribosome) ey g (T5a 29b) +

GICIOIDEGI®.

a. mw\wmm@mm
b. sifeRmaEmTA™

@ IREETeLA 4@ Ay (10—-158) RNA 57 fw 5@
UF | ATANIRCHR ARAMET SO G T I |
gEter O e IW ATERROIN BRI AT
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ffem 71 FW WU ToH6T SR (WO FEAT ARG MR-
O AT | 30T ST LU0 1) ST 39 50—1604
el

RGN 60 sreier RNA g 40 sroeer (o enes | 33w
Tpred (liver) FFRMATE ST omed TwAE ! 'Sl
A offame wEiwam (chromium), wpive  (manganese)
fawe (mckel), g, FETATMe (calcrum) FJRLAAMT AFCS
MM

fafer frmmtae fRSstenm ¢ TRRUATIT W GFBT 7o
] FACEA | (G ITARTAE PR THT @ TR I 1UF RN
W @ BRI R &) TP 1T IFTS 2ATATE |
-QOG2 e Rich @ Warner-qz sgggen 1@ (2w ia Sesms
ATTRBRIATCR N Goetia 1 Taacg | IRRT SGeas
s foaT g1 AR (Mmassenger) wR.gw-¢- To.aw-93
(2B Bermc ATeT MR TR e w1 Rich-gg (1963)
MS 936! ARATANE 37 3w m-RNA7 % 07 gmie =3
R @ FRRCTE m-RNA 7om «3eme (e o 210% e
2@ REE F9q m-RNAg ¢3o® (9F bete aE O3
b1 T SR GIBR R @I ST T T
ilesemiRe e Qolypcptidc chai?) oo 3@ (fom 30) |
-RNA (e o1 @d- @) Wew 7R A g -RNA
T 1ioe_ouium]_ame.s aa S| aSeid S\ ATEAre-

= enece— o n
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fow 30
TR TR BeATTH TR Gt
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»TASBIZT BAT N, & IR 7 W3¢ e @ m-RNA w7 rerz
fafogy T T 1 157 @ ST ARIAW m-RNA-7 o e

TE T A AR 57 %_cgl_ﬂﬂ_ﬂﬂ;mm
w31 @301 m-RNA-7 sty 12051 ABRWW TF ARTE A |

d27a RETTm m-RNA3 q3ai® (90 o) oS IRE NN
2TONT OO FCI TAHIA VT, R IR | 6 I
QT LB er; {SFT IS T@ 10 (FT Fay & |

afeoe (Plastid)
Sfen ema ARy ffem wwem anfoe mwr Tl
TR Toy, Tt Sfewm (W ww, altiwn geniv)
TGT A A1 2 HTHY *1edT I A1 $@ GIERT &1

53 31a-b
Taten TR FR12TS | a-Sprogyra-g Teerpies,
b-Zygnema.q sEwFTea

Euglena.q 2w oz | @33 eenten fafew zvom@ @y 2nis-
TSR TR RO 3% (13 Sew) T7 | 2iTshees wer faies «3-
R T, wWe—one, fogieg, fwogier, seier T, snie=r,
toreR W (o Sla-f) Byl enfbren 2wt 4—10u @ Fare!
1-8u 20 AMF | B FNAA T AMHOE GFACY  2TTHLOT
(plastidome) ey
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Fricaw
CTLAiEp -
fazaia
AR
€ ¥ snefimces
foq Slcf

fafor g3 @raems c—Ulothnix g qegeR, d—Anthoceros g
Forfewe SRR, e~Ocdogonum g FIERIR,
I=Chlamydomonas g >R TFTel

ANivers 2iywe: Toqor alte o sa1 291 @ QA
ga—

(2) W Terorrems

M) =E S

(€) 7T O WA ITTE @G

a3y fafen oo wfdrer s @3ttt wmEl @3-
el enfsbs sriafes z@ om weate anfie (oat e
"1 TASES (F  @TAATS I EINET e @A
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AT (T RTALTHI H1% TS A |
@1 ATATS TFTART0E TETOT Tewr oM | 0 SRerarfer 2ui—
(1) 7 M wFET s (membrane), (2) wwhmn (stroma),

(3) amr (9rana) (T5m 32) |
fafore
e
cgra T _——

&

for 32

@NATANGT TOrBA T 55, ST 6 LR S
T A AN TERR

L) At R RRT GER T2 SAEE ZH 2SR
w1 40—00A paurI @3 AT wniece fafem sMmaT o e
e feeemer a2

(2) ERT—em iRy (oo 8 =g W AAMRALN 170
(SFT cUmE ToE; OTERY AT |

3) AW STAGT GRTET WIINAA | WoTA @IvR ToR
WMAIOT FENT AR AF | AW S 0.3—1.7u 1 @3
21iore 1—60 37 TRUpE Rt WA AW AT | AT AR
WR01 teaw A1 anmwen (lamella) oz oo @msen 30—
85A war| WRGT WREETR Wy ARG G5—T0A | emcaeE
45% temta 8 55% Tafe snem Tm (750 82)1 @3or AW
TN AR AN A T TE AUE | e iwe aves
U (CRATT EIAET) | ATATEF I (UF T IA F AR
aee foomy we fow; 7 omE ! @¥ wweniens Park
(1963) FmevmsTy (quantosome) w Trsre| worfe 185A
1, 155A 5ETT W32 1002 T |

ooy wmm enfsbron miwy faaq wrem To—
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(a) ferSzmiams (leucoplast)

TASFITS AR € WG| (TR (P A TENE A T 71%-
4TSS A T o4 @Ry (embryonic cell), ww
@I, TES (meristemetic) FNY @R FAATS B TSI
275 16T T TASCHIATG oNE, TG T ATAAING SR
= (br 3%2) | @A INIXYGY, @O ¢ W TOW

PAREA
( Q\ ;,mmmi

— €jixen

v\\

@_ W— e
TRY

@ -—aﬁs_,mm

il

a

.I-‘!

57 3%a
a2 ferdrrers

s (fat) Higs 71 SE7 R TASIETS XEE AT
W MRTCT WA Owwy WA (amyloplast) zga
(Tom 38b) | = TerSrarenss tax sty oMy Wiwe @ SR

&

f53 33b
SRS
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gfmenrs (eliopast) | R TSI 2T 79y IS
AR OTHA Siersaw v (alewrone grain) zem g1

(b) rmwae® (chloroplast)

FUARMDT Gorigiore Tierr Aeenssy (Photosynthesis)
T MR (PR SR AT I 70T AT TPIAIRTS
T P T [kieny 3370 21 (g Slad) | Fwan-
2ATH R 9 ANT Ao 1e ZA— @Al (chlorophyll) ‘o',
@atga b, Fyaive (carotene) g2 eceriwe  (xantho-
phyl) | @8 (e AR AF | AWELA AT CENR T
WRFS | @A FW SEWMI FARTS N iawwe (pyrenoid)
qE | HRTAmEeeie (iR (o teat @ TywEeres Wa bridiwE
DUHT T UTF | FRATATD AWE TR ¥ (WF FEF 7S
W awE EnW e fave o ey ster smia’ W
AT, (TR, O € 7B AT A | PLAILATS MUATSs
50 sroxper &, 26 WroRe T, 16 sreire fafers w3k 10 e
3o 31 g6 (pigment) oz fafey @UF FUAUACHI MA@
TREW T @ FW Oler—m  Zygnemags Al @A
w261 PR s Chlomydomonas, Ulothriz ¢ Swyay
W W OTer Q31 (I GIVT @ (ST o | Recinus
communis-q3 L1 (FNY 400,000 *FT (FRTATE AT |

(c) wwners (chromoplast) —srm TY TW I(LE
iierE  @UAETe  AE! QYA IMAA,  FeAiva e
T I NF | GmE I AR A AW X OFE, FE
RBONAS W AW GR@ AL ANGT  ROW SR T
TG (UG e TR | @wATenhd @ fNiwes
TFie AR | G TG, AHPE, WTe I @EE o (o
84a, b) | aENCsy RSN 3o CEEE W TOW AUF | IMWT
terarera A6 TwraEmivatag (fucozanthine) gy, SE CORTER
¢ wRrEaiaferag (phycoerythrin) wwy @z GINER @A TS
mReee (lycopen) way XTH AMF |

Besrfg—

reeioren (proplastid) faerem o 2nfsbw teat 21 wiw



AT | A-GrsE (Y, b-eRd @
DT A e ¥ =6 (=h oM {1 T=ms | IR
arenl 8 AR (IF e A raneniwee Iee zw wam
j% FE I FIT @ AR TR ATATS ZTO AT T4 @
I TALTVT I TW @ T [FUALATCE TASTe TH TS
Q3 R OHF @A [qe @ e wy rnenisoe ow
ZW 8 T PR (AATHG sz zm {eaqders o3t w0
TR PR 1O ANY AN (ANATHred {Iome 27 711 O @A
W Giem @aq Anthoceros, Zygnemu-q zm fqemwesm e
T sme Ay watweens enforen fqom 271 @wameTs A
TETERF2TS 120 AT SIS TR o7 IS (63T 37 | (R @
AT ©fF T I N @ TEAN IRERE M1 AFhoe T0S
oiE Fow M1 @ nivust w36 W fvow 2% (T 85)
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ProsEack-usoclmz ol o B i sl
&% rets Sferrm enisiren Wi Agas wmen i eeriie
=1 renenieoren oo "l feorr Wie e wAs &

55 36
oMiesrea Seorte

®N =G retRe (vescicle) text a1 «¥ TS RS M-
NI 707 S T T e wrfeere 2nTtrea e TS R (Toa
J96) | (P (I CHCE TFANFCER ML (e 1y g (Mendel's
law) SHEEY ABI FE| G TR W AR
oo (mutation) zm «mw qvd B (blastogene)
T O AT

fadEtuer (Nuclous)

R Sler rTER Werh™ w1 ow At WRE R
(blue green algae) @ FToimm Tafss TSztam oz
oy fabzle -me’ oww1 wfgre e ¥ (seive
tube) @ gomt (mammal) enety @R Sfa ETTTS FHEE
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™ e A1 WeshEmieete ew W alte ema
W1 rrEa e, 7% e TN R ferred e THTE enEem
TR |

Tzt AMRTe: (e A1 TORRE TH 1 O (W FW U
AFGERFE, CORAIE, BIoLI, *MAEHE, A ARG AR
ToF T T TR

@ ooga  (busic stun) 1wty 39T W WR (WS-
FWE J6 I TN SR (orcam), FEiNw (carmane),
eume  erEmes (aystal vold), pmmenzmEa (homato-
ayln), fqegs afw (methyl green), wivg g o (basic
fuchsin) gopin 38 NEF™E 9T I & IRTR I
I AF

fafeny RME WCF MR ImMer SEew T | HHRIS; €3
omed 10 tF g *79 331 o) 9y, BN u IpEE
WSFT e Ak | W BN eI TS SlewmR (gymno-
sperm) o1z e Tam 600p AT TH|

1895 ot Bovari refigrem @@ @UATGMRA RAR $943
s omed fae7 @1 fag Gates-gz (1909) 3,3
TR T REFeR Sed @A RAE B0 THewte
T WET RUAT WEFHH e ARGIEET WHOWd 9F0T
A oo aF @R @} TReerE fNeE -
oM (nucleo-cytoplasmic ratio) 3y FINiTeAIIY ;2T
(karyoplasmic  ratio) &I @8 TS Hartwig-g3
(1960) faSzYe wEGiEEIT SArww  (nucleo-cyloplasmic
inder) 31 N'P. farg eroms 321 271

v,
NP—=—
V,—vV,
Va= WSzt omrew

V. = TR omes

TAiE e TS e SRR o ey sifars
I OnFersd Suigion o TWes et sfafw fre w7 am
O3 W SRESR WS AR briaTnrs eTsIee oS |
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AYTHAT: TSI (FRA GIOT AT M AT ¥R AB FTF
a7 TEFEmEE (uninucleate) W A R @I TROT
e Taeptam ane oo Te-fAbs R (binucleate) 3T
FAl PR PUE TR GE RN R W o
PR R I e PR (multinucleate) taTy A
Vaucheria @ smywy  Siphonales sfq  (order) s teRmE
0] FREWEETOA, (Phycomycetes) raals waeq tRT FW
TAET AT A1 GRAIN  ZE ATES  (coenocyte) @
O] QY TRy TAF IR AT | Twraetn e W @
A IT; NOF G Y AT I @R IR ARGIREER
faem o IR R e Tenem wE v w20 R
TR 2ABT 7 TEFH FA A6 2F | -

faestrew aemias e

T R IIRIAT IG ANET IW I TH—
(a) tenslw
() w1 )’ e (basic protein) —fzro™
(histone), oG8R (prolamine) Feyin
(i) wrmgwrTE a1 SRiWS amiw (acidic 3y resi-
dual protein)

(b) Ta3zls smiwe (nucleic acid)

(i) fo- @5 @- (DNA), (i) w@. @7 @- (RNA)

() faisw

(d) wimg 7me’

(a) rom¥—teaomw, WeEtemw, TWeFle I W
TEATSE (AL US| @A Wiy IwF  am i
TG T |

(b) f¥wte wmbre—TqSs e = eoRa 15—30 wyoms
Ta Weate smine | 9. @« @7 oAfgne fqGE
W GTANA 1—2 Wrere ¥R Wbl ANWS: [HEH TeE
ST T | (@A AAee 6. a7 Q- AT

(c) fafsre—Tafors symeas: @RTem-aGie  fAls @
M) 8 FTHFNAT?G YW NS AF ! ST
e TACztems TRFAINT AT |
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(d) wtw wv—mEiTEe 6. @9 @ 3 MY LT AW
AR, W, WA e ddde TNeF A onew

TEI
agror afew T WAERy NOF I QT |

Bz g

(@) ozt (Toa 57) viiiEd @I A7H] "M T SR | W2
D WO IR oleas (nuclcar membrane) 71 {SFte oW1
e @ w7 8 mA flew g o e fqaSw T
R

o 37
1887 TmFq a5

(b) faSsheR fvea @ ruals N TaE oM A S
WoFTa 1 (nudiar sap) 7y (Relevmy  (nucleoplasm)
a1 wmqasfeasas  (hanolymph) g Taszlermm syme:
e o tedt azror v fafew wmo®w, W@ @w @
gontv e

() Ta¥zteemmm Tain'ss mams 5wy ot (ramantm) s
oiey @31 TEd S w1 o s Weate EifeRT @
faahmr rioem (nucdear reticulum) T W (@O
(chromatm vt culum) ar | rag frensm wwy fS8zte @ifer
T&'% " @ (FWARATA, & 3] T 1

(d) erow FEFWTH @3 71 W o SOTYeA A |
AT @ G M NAR TR |
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(¢) BFW @R (FIE SRS SIGT WS R™ T @F A
QRITEE O oG F6 (FH | 98 YA TN TRATFTATCHN T LA
o (chromocenter) e | m SO TR
[YF PR TE T WA O A |

{8zt caswaw (nuclear membrane)

@2 M1 [ASF IR Toomd *MeTe MEBIHS (4SSl
F@ AR PR RO B T SR O A hEaaE
myl AW A Tt G wEe o1 ems (fom 88) 1

AEIFH AT 80- 1008 peorl  WEG MTd Nk ARY 100
S00A | s AROE TYReEY  wE rfalasEim caw (poe
nuclear space) ey fRSzER oW S T'w  (pore)
e | fewriem eme omT TR0 AT aF | fewaiena fwd
em (cylindrical) ey (annulus) M IE1 GZAI I
N ST A 4004 fafey @i w3k @3k TiRa Hiem
@rE Weate »mT A1 {OF Y (AN TRt THew 8 3RA
IO 2 | 2O TR0Hd TR GFbT AT 20T AF 41 178z 1210
Tater 792 e A1 TaerT faras s (W83 a@ Ay aid
T =, smiwe smiwcen o, fafew wmwem RNA swufe
S oA |

s e ol ¢ e i ievt wreies
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AT LT G I (§ &% (TE ORI IS (RIGFAN (0
tort zm1 W RerR AW AEEE onE WEF W GmEw
% TR @ TROTHIEN IO *TT | 9T O4F QUi NG
RTGFE (WF SAEAMTSNI 61 TH A1 HEneE 9] {90
Fhm siaimE WOF R GWEN WRE TR NS G-
FAR o s doRt zw (5w 230

frestenmr (Nucleolus)

ez teamg (To 87) e @A PICB MR §7 4eT
@ ol o1 (set) temmsg o faten Sfew « A1 uITies
ezteam™ AF | O I W RN T,201 WeF ream ies
TETR T G AW TOT (709 *A | WG team Taiss -
I (O] Idgew (sccondary constriclion) W
A & AMF 8 [ SN W (P TIER I L0 TF |
B R twe I Tan WosYerim Towtag W T T
TEFTGAT 201 S —TASFTGTeT T @3 A el |

(1) faester@mt  (nuelcolonema)—qp faestesmmg
TR AT oo T 1 (3R [ROR NS A% F A
TROER R RFteEmn Amed e 2@ wRu
Toey ey T (b) o awam (pars amorpha) @F SeevT
HAWIA @ JRET WF AT | 2ATER T 67 S0 50§ T @
WIS Ferioe 291

fqEzteans temslw, RNA, DNA, smnmy fafse, amensy e
yiae oie’ omem T WS temR o ewRR 90 o
AT G oned fararg 1 RNA7 sfgmy s euta 8—17
wror @ DNA-z sfgma 7 -10 wigier 1 A3 Yaa aAFEns
W (alkaline phosphatase), wqg. @F. @- 9{?51311@3-
(R.N.A. polymerase), TRNACF A, (ribonuclease) ergfe
OGRS *med M1 AfqE omneT o oA, s (sulpher)
€ IS IS AGIE @ FEATHIW AT |

TSz ten T oM w1E T e eI ¢ AT TE @ «
T AT I @ 0T @B Seome 4 SToreriv
N ORI TAeFteamerie 16 ¢ Aalde 271 SR et a
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Fam @ Tsgtem Riew ome #fge es | Strasburger-gz-
e TwoF remmH (nucleolus) fssivgm wg (spindle fibre) sy
Facs AT IR | (s fiew wwew aw e e
TeFTGATA AT | OF TR @G ARGIAEE ASTS
e
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== fastst

%3 Bfen ¢ ola R A ¥ ORI IP O NE | CREwWR
FIT, WA FASIY FAWC VS AN | @F IFF FNE 7,69
TOF (I A6 T A PRER AR FW FIE Tenm
Yoof (83T 91 TATeed e AR ffew et @R
a8 SE

Hane: @R feed Ay WEFRA e WRWIAEN WI0R
faow 271 Tog Fue Fae [ WO M {91 (e ARG
g faos 281 @R Sferm (i traenefve (et v
iz weReY et W) (T oK e faem zH !
AT s tAg (se« welun) f@"ﬂ'l‘l:C\'J ﬁ@s’m o™ gm AS-
OER e 71 PR RSN T F S A, AT
oMW, T 8 HARPIE TR ST FI1 GO G WAF W
TR R enwR wr oy, o, e amere Tw afwan
e iRt

TR (mitosis)

=R faeer falen w@g 271 @ @R @R R g &I
WA I 8 e NRwrm (niloss) g Flemming
(1882) oY rwy «gy Strasburger $few R TRwIHA
Tenm wora ow1 TEwi ofer @R frewmm wE wEn
TN FFAIA A (IET A6 20| @R W] (P 200
CETCAICAT AT TSI TACA FLATR T ZH 1 @ P
MG e S ANy wwigem (equational division)
@ W MEGTHN R 1A, (W Tlatnd I1°0 @ TTo -
SN I R IR @3 92 e eTiee (somatic)
®E Reme @ 1

TRETos frenm @ T opfen o epfor wah wore
WY A1ee 2| R Torer e fAeE e WRE «3% agte
e pfer qo7 wre e WS o Rt e wEm
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%7 PR RenR @ @ wlwd wmwen Wy vy a3-
@A @R @F Rerm TRIT 37 ITE FE IR 94T
1qem LA THE GAGE GIV] RIS | IS TN WRI [FW
@ [ T I I 8 SR TR 7,98 (FIET A& TF,
@ TR Aed  «faemiEs  (yhrocyle) @ pREm
glagm@ (cOrned) FFLAA PRAEA | ATA] TR w8
HOINTR G AN WoR (FNFT WAGH @ 4 T od P
@R [ Ty TS e w1 @R e S We-
F19 € FRGIATCAT NI SEFAN ISR AT |

TR fronan ows [NOF TG wEU MW worey W3-
sh fres T TNstTeR o3 e snivewReiaw
(karvokiness) gesry 1878 asbrar Schleicher FniaeswiEmm
W[5 WY IRTR ICE | TOF R [Aoed »107 F2oT2es®
f7ort z@1 Whilmann 1887 ysirar sEtienetad « qem
AEHIIRE AR (cytokinesis) [ AT PR [IS0A
WE @R [iew ~iw@ed W1 9PR ARIET @IE o[
WIAFG] PRI 50 ANF T&HA /1 (IO 7T 7o 70 |
TR T AR A T FEFT SIFAE AT
(stage) s T TWI @R TMNTE TR (AT, GOTES,
TS © HEATET | S AN CANHS UF AOIwed 2ia-
TCNT (ACAOCTE 6 TN | G201 TREGI KewmE TRt
TREME  FVRTE A | SORCEE @ MROIAN e
fafexy w3 oremm TN

toraegw (interphase)

9% Y (I T3S &F A1 e Sorcee (v 39) fanw
e (resting stage) @yt 551 @8 WY (FEGT (FTHIIOE BIOT
N T I A IR Q27N (T oriee (metabolic)
PG IAT T ACTF | SORE [WOF 1N AT CRAF AT
(prochromosome) @ TASFTGATT 16 ] TWI

GBI AT T, AW TS @UACARN A 272> FIGF A
€ G AW ©Nd WY1 T ATl AWERN IAEiAE AR
AR AR PR T VRS SRR T A
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TP AT TR, G9F (T LVRTE IYH (@A
gafale emnios 1 osmwr cemECNeE  SviEte -
GG AR SMAIT [Aed | @G ie faaw s
AN ¢ AT FuiAs (coled) o | @3HY 15 AR MR-
7 e TR RS (15 A1 FuEe (coil) T |
@ TrpiacE relic col I ARE FOA @ | SVRHS
g wiay fen fom Sfew a1 afte few w=ma =31
(P18 BURCFE TIYRF FEAY 18 24 ¥ IRE e A
97 FIAT (T T 2T T RORTH WIS oA 2T
ol ¥ TW— G1 oy, S swy @k G s Gy (G=gap)
w5 f6- 7. @- (DNA) Sesmen oy e e 33
¢ IFTRCE % TH ¢} IR @7+ - (RNA) e i feat
1 S s (8 =synthess) fo @7 @- afde 271 G. 5w
R ReR weRias (frenetn) For 2w a1 f6- @9 @ Te-
AT I N T TRIGTIT TS HS 20T 2 A1 | Rbraewer
T (TN ¢ [HEF IR TR I |

oger (prophase)

e (Toa 89) TROGTAT TSN 7RO FICTET S | AT
R ZI@ ATY MR [ qeFTe FAFH! FoFo A FF,, TARPRIIT
AW To oot TTvRT 2 1 2IeW SREYW W T o916 29> o
ACF A Qe EM ZH TR G FOLEF TN
(chromonema) e | (FW FH AT BT G I 1A
[ oA (¢lic coll 1 T FTA) W AF| G 2T ATSIF6!
WA RIS 201 ¥ KT T7 | AR Faored
Aic ALY FTATIAAGT FE (76 @ T Z0S AT | AN
siialnes %o smiew it o @ sTecER srfqane g Arers
AT | GZIR HAS @AW (chromosome) a1 | ACeiE @IT-
T 7,261 [@W1I6G ANTSAETSE ANF | ST @Iives (chroma-
tid) rie mile @ IRE WF | ORI @R
feorg ol ©@ I WRI TW PWIGG W01 @@
TSI (5 ATF | 9% TGO (oo Faier; (Plec-
tonemic coiling) s (Tou 49) | oraAa ~ATawe Fhae I IR
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T @UACTRSLIS SFe WHige (condensed) zx| ATSRRLI
BWIE AREATRENA KR A6 T 7,201 S @Iues 7,1%
I T 92 AR AT (FIACAIH S5IRGT Y TFTADG AT |
@RIfbrT W] IR (6 (Al IF—major coil 31 Ty JoTd R
mmor coll 31 taiq Fwe (Tom 402, b) 1 enwrem wasrfen e

¢Na Fom
LECERIR

{5 40a
CETATCATTA TS 3T FTe

A T FOEF T FA AW G AT ING | 2NHFCHF AT
fTestearm e Wozle »mT wr S 231 TE S
EITAN, 1 TN A3 | @7 FET HSTS: (FUNCANALTE S8y
oy e e e S e fweEte aw
e Seg 03 €33 CREITAGT (centrosome) fqww TR TRGT
] CACFCHIAR 7,156 30 |
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5@ 40b

AT 020 AT TGA FERED AN IR TTF 0T AWE |
ol T (R FCFE) W TF AL |

IATTBCRT A1 TACeES (P10 melaphase g premetaphase) g
AT-TOTTE S

9% SR Peerfwa (spodle) (et M oA IRl Te
T, AR 16 T € W & FOWe TR T,6 T Twofiend
M IR AYRSs TeorfeTram TG W € 7.2 AS e
A, ACF | @8 AT WIUNTF 7, A1 Pole @ FRAMAA YT
Taamiqan A1 cqualor e R IR ety feorfewe Tororpion
W ¢ G GIF; WE01 B0 AT ; URE FW & ST
orfewter o W20 wUW e ofwd dyme: emi e
sy RNA frex (o3t Berfower 38 Rm a1 e aorg achro-
matic figure 1 (I NS 9T G AT | @1 Tq@nsr {orfwraa
TR A IR Ferfve =reriarer @ FAC A ARCE
=H feome w=relids ! TMyRTes FelwE g A
(fibre) tran am &, g SMiFC A1 o= AULT @ SO TNE
ol TR AR @ S ferRitee SIS oS Ce (9,
framt Boformm Safgle w=ow wovz oem sEieEm 1 o
1944 ys5irar Schrader s'q =y Boif-var oga Cofgls o
W Row ol TR R T T A
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Forfeves (9@ ST TSI TR GR 63 (WS Teolerern $aigie
orioe 261 (FW (W R@WT WW IEW @ olermg A S
FABT AETT T AW PRI RGeS E @ foriwe foat
7 ©ig central spindle 7y wgtw Folwa e faely */T@
fAosle AR SR P o TWewte 3@ e Perfewmm
QT ogaria sfee za1

(ATTOTE SEE (SUNCANS,16 [WIHRE W @ 5w a3
TN, 6% TR oo »o1iee1 OJa ANy 0@ oA |

s (metaphase)

PR RerwR Tw SR gaem conges (va 89)
TR Ry e TG E el ege Ay TR
@yE  (equalo’) MIE AMF | WO @UNNT G-
TEm oo TRwReE SREW A 9R AT TR0 & W
T eFTae o | PR TR AN CUAITER 4§ AT SHd
oy &g (Pactle fibre) 1 AN ©g (chromosomal
fibre) Tz=1 Tafoemy &g AeT 1 Toifewred (R ©F F T (WF
T T, RS [T e S AiAimw 1 AZEerT (Support.
ing fibre) ©g &1 @EATAN Tgd epfe faeirwl fww;
TR Taed TCe W TF @IEIThred Teriae e fFn @Eive
E A ®W ome iy afve | SRR swe RemimE e
RGN ©F JeFte 31 fo=n ARwRmET (0w 7,16 A |
R ©F FEew 3¢ (feulgen stain) oty zfes w4
T | QT WA I T T O} G WFUACHATAS (QFE 1% AT |
AT ©F G120 {OqT TH |

Schiader 1963 qsw e @ ofwa g o Taed
I MERIONE 7251 Ol A1 T~ (a) reps (direct) a3
(b) orars (mdirect) y3som (Tom 4la, b) | orems SBLI-
TR Porfete @YY g AUF | ANErE NRGNWA 3
ATt g (supportng fibre) et T @B FEEE ©F;
73t oW tet A e AT 71 @} o AR e
WO SHIC o | @A 3 ORY g
(tractile fibre) gzfws rwATETRy Ay SWiwE ™7 MY
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TE AT | GG WA FA T W @O OF FOiiNEE e

A e AT ! Hiene @mit we R TRy
AETHF YR

% T Cim

AN v
=ifafigy 3§

<

GG At
CEFICAICAIR

Y
S Gl 5§ — )

R

5 41
fafex warem feorfroer «—oroms, O—igEmw

CONTE PR TYRTS: AeE SREE AT | @Iwl-
IS I# OIS A TR6 @ (b (A’ | @8 g T30
FouE (Ma,or cod) RN T I ZLAS QA A IFALGEH
@t T OIS @UNICIER [@EIe 7,201 MR ('S
LA AW FEA @G 201 e 208 ~manenfsr «F 1 et
R GRS TR01 B, (WF A FAoR 98 I (ray)
ATRCOTRMETN BIOW “I(T @wd WoE Ty Fve a1 astral ray (fsm
28) FEI GIV! (T TR IDALTAT QI aster Fenl
T TYERees TG e oo sfaid e fmeam
(cqualor) G AUF | @GNCANNIE 47 (&6 8 WA A
Qo fel ARSI T TEANT TOW AUF | (T GHRA RAT-
T SO Fols TROW AT (RN I @IACHATTE
Tol~wrara siialym fre a1 (OTRLHT o bR [T
Er gl



94 meemiw

e (anaphase)

sy (Toa 89) 2o @IATIE @EITE w301 frmte
o7 T (AT SRS I0A | R TN @I, e wore; (dau-
yhter) TGN A1 CCEITTAR W61 AR A WA
e T € 1T, GRS (R UNF | PR S Sv@
T faed @ WETwE @RS [RieN WRnIE oW
@ V-uipies, J-upien fo=n 1 arpfeq) w2 oag s
SIS (FATCTES (A eI O WE TLE NI ad
MEIRRT ©F A1 Sebramme F13IE (ntersonal fibre) e
TACTE FACACTD (1PN, TS ARE FA 92 TRER
7 fm wqgTy (haclde fitne) ¢ wyfig sy 27 € @m0
T SRR R AR @A GRS (TIRIE AT ACH
AT Y 2

SWICEE FINNCER A9aa (motement) Fre T fates
e il dheq senld ga— (©) g ogq tenvlw a3 -
IR FCFHER T @A A GRF T w1 (0) wei|
RiF REETR e FEIGE F0E TMRGIAEE 27 18 %
TN CRONR @Sy (e Agaiag sl (¢) e s
HEILNTE GF6T FI 2T W1 T ¢ % AR T OT 5~
sles mag W viiers 31 @R @I e (aster) que
PR R (e @1 @ pRIize e Al fermm
(d) Teof-oree (9T Ao G @RACTESLTA R fwee A
(Belar '29, Barber *39, Riy '43, 49, Hughes @ Swann 48|
(0) wATEre wee R (- ) 8 tREs @ae e
(+) AP G3GW @OIANSLA @ w2
Darlington-qz sre f23 tangies (clectrosiatic) =fes ramm-
omes sl @731 ([ mememeian el afe ey
TGA AEIHIAT & TF 8 AT oo Porfewre e T iw
8o T 411 Porfewrerm e e oMy A ATRE SesnT
T, T T OR @ WHOTF N 375” (stem body) zem 73
(9 BW F RElvr T IS @R i
e WEN Werer emibced  CiwEeiam W et
g g (Lillie 1909)



o faem 95

Risgz (1948) we et ey Bofwem e aom &
EECTeLE FE e W fog Sleweiw Beleem
HPHAT F@A WAL A 99,7 17 bifere zH|

oreew  (telophase)

wremes (T5a 89) w201 oy fadwtam afos 31 Tseif-wertr
A6 @ W O3 “OON I8 A0 O R FI9TET ZH | G-
@E PIE @R AT T A o 5% 2w e |
ORI (5 AT T e T T (@NETLa A
ol TF | ©F FIACIR (g, g, o Jooa (minor coil)
ST ANF FT 2 TAONIR 2MFCE [ Fowa (vclic coil)
MR 71 U7 | @8 ANE CFCIICATCAIS A3 A0 A1 A0 L@l
LReLTE o Im e i vem gl fWowle
vileem ois e T wrmenea fqfes e "oste-
AR A0 g1 WGP T8 ¥ Wk FeFle M7 (&3t T «Bei
v 21 Sorey TF I aide &

ARGERETS (cylokmesis) Iy mighrensd faem

HYRE (SCEICTS TRFIOR MRGIFIRF 1737 7 4, &3l 1 9% 5
cquator 3 TREwEN WYE ®IG (B 7 WO MR (4l
AT @TCFETT ) TN T NE AR A A AR
L& @ G301 AT @ oW e (cell plate) et w1 @
@A M FENe AlReted we Tuiea swmen (muddle
lumella) 1 qgomT o7 FE@|1 @R TR T2 WNF O,
@SR 2R (oA TeT R @ e ANY 1 T @
oate ARTREET e e T T T WENR UHE
AT (V@A IO 4T O WA T T [@EA MF AP
w7 @ o7 fafere =711 «wRona ARwemRna e Feere’ o)
HEORRET fdfen T e oA W IIW @NE iWe-
Fhe frenem e e AEGATTeE 7o o SRR e
e IMaeTREER  (karyokinesis)  wymE oA METHI-

I T ATF |



96 nizhie

koo fvewm winw

TR frem T smm e Kfew k@@ fow fex
TER AEEN T @ FHIT APTS, SIMWET € H ~niz-
afys SRgm O TRGiW frenw wiw WeT @
Tradescantiag  sixeongg  @mw  (staminal  harr)  10°(
SR (P qe T’ sace 136 T9iRe s amer; 26°C-g
=E fgem 75 ias g 45°C-a @E faeme 30 Taiaw Fwere
zH Arthenatherum-gy seNTwy (styma) w@wa 19°C
SRR PR fIee L’ IFAR W 78110 faias s
A TH1 @ IR SN IMW T Aed e (Phaeophy.
ceae) Sphacelarna 39 T5iRCba (@ IT 7T FE 1O T
|
@R erwm fdfem wewm wiave o fom T o)
AYRSs 2ATPE SRB FAGLT ¥ THel BT ZF, WLEANTE AL
BI0T 3 AN R T 2T | SATS @ (NOIFS SEFE T | O 13T
Slew W wiiAeE Tog fom »mag Fimes St MeF w
THI TS WA @I 20°C o aew 71 T,
corws 65 fuias, symres 24 Wiw v waces 3.8 fuiag
BT T WA a3 @y 20°C e e 78 faiwg,
wonrs 144 Wi, smanss 12 Wiww ¢ werws 139
ffas =t =@ Arrhenatherum-gg SN @R BIE
19°C g eeww 36 45 ixG, wones 7—10 fxixs, -
e 15-20 ive w2 tiremes 2030 fxias =t 591
MR TTev
(1) wEwiew Tmw Weshm e ARGIEEEE W
SR IGE AT |

(®) TR T (@ 7RV TSI (PN A T, T
TR T’ wleiaior SyTe wwwa @IATAE Feam,
AP, TFTEN FAZ TINIT T8 TF | IR TR06T-
55 faonm @ 9% EEIT SHAT TR PIAT
A% 20 AU | FeIR (I NEGIAGR THNRE A
Tw APRASII S 2T



o fer o7

(8) TEWITOR &1 ILERT TN IG LS AR | IR
FIAA TR IR T (VAR THORH TR A 1014)
oeF | Y @I @R WFE FReE AF; T, ITAW
TR T 20 IGTRAT (IR A% TF |

(4) GFRFET TR TRGIAA *ratere awiwm 3@ |

(5) oS TCNE G ARCHIACAN 2N 2SS |

(6) FRITNZA [P LT WS FCA FTOLE LA MEGAA
Q@ TR T o (RN A o | Tty 2ty
TR W S TS0%  0A RO e @ wigep
AFANTFS (FFFEOMT) T

(1) TR W W FF (T TS e GTAmIRs
8 BIIF FATR AREI (FRaGie) @t T 2w an
TOAR ST SR F. oo (FUIA S TF | R
1% A T |

(8) BW T TRWIoTF TFom AP T TE I=I-
oIl 4T | TRER (W SRoe SRTHeR T™
FRIENIFONA (G (& IFT Ao (cancer) iss

I
st (mneiosis)

NCTTI T (I (IR A A KT TH, G350
a% TaerE mamgmerT fges a1 reduction division e
T TN G SR GE0T QNS esd e (fertili
sation 71 foqras) ww@ Toeae oSomba 1% o1 1A 5@F
W PRTE [OAET WA ITH (O TAET TF 1 [
Blem wicaser TR waR Toume SRIsms M 2F, T
s Stewm (faram €few a1 oTeRs) WG 1 B
wrtn St iz Towme (@ Sfew A1 FomameiRs) @k
GRS @ terta f5w e T iR e SR A
TG PN T TR AT | HSAR T A FG AR -
g ferte ofew | oo Tomas Ry @i e
QT | I (HIOR T201 W OIBT AT A7 T € amd
e A s (homologous)  ramATAM  ACA
O AT GIVT RN A0 LTF ST = To0meas

7



BT bkl lollelelabl s © lolab] MAIDL Buedellkolle
&b B9

e Y kg gy gt
] I

|
aa0g 84/gi) 021200 B2l ) 222
m o "oy iy ey z_a Ju #.,U_W .._u

— _ |

(22 205 [t Bl ) (il LI |(ak lelled! 289 )
llab) eglidle Eloy lelab] egliksl katp
L | |
kelglE20e



o fawnr 99

0 WA | G WA SRTES G| &7 (ZRAEATIE
g (o ASOWRE B AN WEWT Z0e A | S
eR 6 AT @G e T [T
WAL TR

1883 q:s&]caq Strasbuiger wrmiaw  fgom F] IEA!
1905 :Eq?'rccq Faimer ¢ Moore 93 z3or@ fRes  “sw-
T S W1 WA (FAE G PN T @R RIS
A T§ ORI MEPIRG (meiocyte) e @ @R
AT O (I QR 3T T | Biew @R 21Ice MR
TAS: GFF IFCA| @A FSFHEHT AW ew zW;
e 9F6 WEF AP (F oL NGF W HIH 71 2w
faens @RI AW ZF AW 8 ¥ frenne A Amaite
fqo a1 @oEisis (heterotypic) fger o 271 Taolw
TSI T FIATACHS AR G Aq0F 932 @ e ooty
snioe o a1 caaisiss (homotypic) fqere 3e7 TT ATF |
TREHITHEGIA T oew e TReTn SETNE FEFAlE S A
menE (slage) oo T 2N 168 42 (0w @B feeernia Azl
@R TR

oy ACIIeE e

2% ACFE GGl SRl (78T F1 T7— A AFF, AW
EUILTT, AN TG G2 AW (HENEE | SRS AT AU
MTT A QYN (AHICFTT AT WIS AL CSACAORFS JeT
T AT |

s 2ggw (Prophase 1)

oo orwE (oo 44) WA @R TROIAGR  WHET
QAN SCAF GIOA | AT FAR TR G 9] IS AR
rlsS1 O e I AR | 2 Sor-Taeenia Te @b,
FRranin, *mision, Torenfon @3t TERIEAINA |

mrertsa  (leptotenc)

wbtem (fon 4) foste wier torx O @ @Al
YT TR | @] TR (AT, A 43 AR 8 T, ANF 8 A



102 LU

Toren AME | ¥ W T @8 el DNA {ont o ez
woneTeGie fege 7@t Tradescantia-g SRONET Wa
DNA Geoma e g1 711 Trlhum.gq »3iHon ST AR
DNA ezt s« g3

ot RIE G SRR GRS ReE 2W 8 wRI
wigen rrRte omwEr fve AW WS AT |

et (ygotenc)
GRniod (o8 44) To AT EMTAT S| Q37T
ATTIIVT  CXCATEA  (FAALY) FEARAN 2RI INE A

€ THOR SEW A1 «R SRS Synapsis I ST 0@ |
RO @UAANR (R96 NR,7 S ied  auad

e —d

z

4

f5m 45
2 2FEA RISH PATH G0 IBOMAD AW ZETE |
oa—oZeonivn 31 T 2w 7 @i Teare
T AX; AN WO @GN 7,201 R o
o ; Atoo—Tereniorm FInEAN T q0E |
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ARUPIAA X R FH  @ACHCNT 79 SR TR
EECAER STEN SOF ARY W SR IR GI0!
@UACAET (I O RMONIF T @ G 8 G-
(T RUACACNA (ST S N} ARTAAN
Al TP TRGESHT  OF (G  FCACANE  IROICAG
(Levalent) e (Tom 44, 45) | 9O S0 RUNTCATNE FLAN
TMYT WA W] ECGIE 20 (FUNCHN QA 2T
N FRYE JROTCETG AT AN | AR AT Gl A0S &
706 AMA| ANRIS: @ ool CrAieams oes T wau
2T M0 WAHF 2T | BTN W procentric synapsis
AETPH T7ACT G| T0] AT TS I PRI
M SR @ & Trwens prolerminal synapsis Fp ooe-
ST T°TOT A | FIACACAT (T W oo =1 @3 A
AT TS T TPACT TEAY T GTF NGOV Ty (imter-
mediate synapsis) E | FW RN TAST A T O
A1 ZEHT *AT 5T AT | G2 R 6 S TGS
(corled) zrs AU, GG GWF (TG @ O] MAHI  FTIEATS
ROTW F(A T Foas, e (major coil) 7y awg (T5m 40b) )
MO AROIEHS CILATCEANH I 7,201 2F=2> (BN
AMF | @F (A5 A PN MNRAMAINF I (paranemic coil)
et (Tom 49b) )

omtafsa (pachytene)

Egcenioea (foa 44) gowim smision ey FET T @R
SRR AT, 6 TS TA19e TeTW &b 8 (Ll WAm
GR AISELIIAE TAM AT XA AT T 2SR
ETATACN 7,201 @WI0C 1 IR AEF IRSIACT  BIRGT
@PWIVE QUEF I i e (fefrad) gemzmi »misioe
ARCIEACGT (FTARAN RS N4 T FA I | 9 I
WA SIRIAMIOR Gais 8 Folere 2T |1 T4
FoEAg (major coill) I WRe INTG 3L Tore Foe (minor
coill) ry or 1 omiaTow =Sz temm sy fin'ss s
TE AUF R ARONETN, 16 WO EHT WA U AT |
R A0S BNCHANL, (& TALBIoR @ SR IS SN T



DEHP

oI ALEH elen arse 24T I ITEw

Nig

2R AT Qan CHraTe

%} 4%
D D
5@ B

fedm chrmres o1y fAdHnmm codY arare

mﬁmhwmhfwmammm
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71 polmized quE RAMA MBI CPERARGRA (polari.
sation) ST FCN T |

forenfesy (diplotenc)

forenioe (og 44) oL tEUaTioe s (A zam eReeT
am I AW AT IRSIACH WA T2UT T @S
B TR T Al 2SI 2o fee enre Wt w3t RReE
) 0 AW @A (homologous)  @rTReiE Aes
Z.S YRS I 1Y O3 I G4 A @41 TF 0| @f 37
BFAE  FTHAAT (chiasma,  sing-( Iu(l.smnta) AE PIANR
TP BT ARONECDT WIS ST |A1 IV FIE
FCE IARSNEGH! X- WpTen 2H 1 WEB1 I Sorfgiere
EZCICELoT @61 TIH (100P) PN FH|  SAFTA FLIANR
Soigiore as i sl (loop) w16 =7 (Tor 47) | Fwawmn
SN B A A ATy (termmal) oy e
FIEAN AR AZZ (a7) o QTYl S (F (I ST
qRIEA T WYt (interstitial) FEFA @M W @AW @
@Mt W IEA @ R ICHWR WRET @A R
TRST FMFF AT W WA IRE TEA AS T FTIANT
7% zm1 anen T IR e terminalizalion =y
ATeFAT JE| GFOI WBACICNT  @EIOE  72R00F  SToA T
@vG  (sister chromatid) | XS CFICCACNA
waitee T-olemt @mEive  (non-sister chromalid) e
FPNE A T-SloAT @G0T T201 TorF T € ©F 2SI
5 XA I GIGT FWIG0eT O JH I-SiET CREITIGR
T WO MY TE TH YT FCHANT WYL T,201 H-SieET A
TSR e S fafamy 33 (for 45) | @8 S Tafawms
Fwe wo@ (crossing over) s 1969 g Stern ¢ Hotta
A T ey LTI ROIFES 7,307 T-Siom T [@RIHee a3
TR TSTX TTH €@ SR SIALOPT (FIIH00E ©Ff e .8 (A |
FTEE A @ACHCNE e OeoR feew A @
@AY ('T6 C@TCICTRSE ST T FICEA A | ol
FRATCHAT FCHATR AN ARS: 112 oW 07 omF | FW



108 oRzemer

55 47
FEOTEAGHT IPTe ICHE IR TR e IR

AT @F0T e SriRie Trotm s mw Im
7 i I (wnterference 31 Aferzg) |

forenfon SR @UICTEA Folae o JUR v I|
I G Re [FI6 6 NB (Y| @R AW S WAl I
8 TRSTFTeATGT Tz 176 TS AT |

e (diakinesis)

GEIREhm (foa 44) S siicem »fane s -
TSR o0& 19990 AT coling SRITT oF I @A FE =G e
GOl T @R SRYE  (@NCMNE TN FCEHE e qR |
RO, *RRE T 37 @R} [Fep e ~ixie
1707 3003 A | CARFIZCAIAC ST, ia A0 e @ 4 |
Y FCIICATS Wﬂﬁﬁ FINIAT QI Qg terminalization
T ATEF CRIFREA T T A1 IR ATTEFAR
TR TIGA TN (AF 6T T |

T= AT IPOIATE HLAT

(T = enfesatem sifzamen)
TR INSFTeaAmb! a9 1516 T0O AT @ LT SN
g

s TGRS (Prometaphase I)
«} S WoFte oM SRy ZW ¢ Sul-wa {eRt & |



ol fxem 107

ool (A G 7201 PRTe AN (GETe) AN @3t
e Teoriee toat z3

IRONEBLIe GTTRaE e efewd wwg  (pmdle
fiore) AR TE T @R @31 Solewrmg fTaweam (equaton)
W TR

oy eEew (metaphase I)

WOET (67 44, 46) EUACGTHGE WGE @1 Wigs
T ALF @ GFF INA (AW | IRCIATIA o ewraa
PP W TREF A MO AZCMEACT W 20T FECE
«lq&% CIATNET AT | @f Gt RRe e e
AW LAY GAF € TS AT | AT (s s Qs |
W &O1 TACHITRARRR S04 /YW FEFNT SR 8o TAed
P41 FEI (ACAINACIS INE AHFCA 9% 7,47 I9 ZH | G-
S TS ML I A ARCEACHT CICRINAR F201
W IR AT T SO T AR RSNE6T
TETCCEATSTA (FUATCA 7,201 W04 [ &7%7 347 19 |

2w SyCwe (anaphase I)

A ST (oo 44, 46) WOT AZSICACHR ZIGETNH
g 7ol Tafew 7 Tevmte e Tier e wF; FA
AT @8 7% ZeqMF Toneeem (disjunction) e |
CICENER ,E M 29 WP T 8 ML TZ0IF TG 10l
I G AN Torl-Tad gwEs PR I SIEANIE GIETTAN-
AZTEAN TR A T @A A AR e T
T IR ANTSIAT AT SRR S T
W ORE INITT e oy, ofeawmes AG 2 Ty
T AT THE WA WO ANF TOFA A1 @INCAW 7,201
AT R | NCHH CATRINTRN A IR @2 HiSE AT 3
Hoef @A GRS W1 97 T AOIT IALS JATC
(haploid) 1 ‘W YT HTCACA AT |

PO TFCH T WL20T (XA TFTACT (FBT TST LT
@ TIBT forel (F AMH) TN IYW IATEA © SIS



108 wvsrarfer

JRE W@ E AW TR FIAL €SF A YA @FH T
wEioe qTe1 @ forer @Ihre AT toqt TH |

aqw orameRs (telophase I)

MEWTR e o 2ew oranaes (7o 44) «vg
23 YIRS T WA T @EARAN, @7 (5 4L TRE B
G I A e A, W WeFten ¢ WEFTe M1 AiAgT
e

(AR 717 FING IAFE ARBRRWITHA TH | AR IS
1 MBI @t T A, N Twrerta Sferra AT
(mewcyte) @3 www SwHrats Siewa RN NHFR |

Trillium-q STACECE @A, (N0 RWE 70X 0%
ooty oot WRE TW) @R cod 1 gewaie wefa-
T aF e wnla feoly wETEw Tmw wE W SR
AN A ORISR ARG (RO e 97 a1 F@ A
¥ ety enww TR ;A

TomeEian  (Interkinesis)

e IS [qe ¢ ety wwafts feeonsr TREm T
FOREIRATA A @B T RF IO ANTHTO IF AT
8 a7 Tqensm & srmeim DNA, RNA 932 ronsts teat
Cxfl

fosty arafés fawm

€ Trem TEEhTR T rEe @7 sy wRwTR T,

MYTT T FA AW TS TR @ENCHIT FL
TNAIT F Y MEBIAGE 57 7y Tooms ®as @n-
(W )T IR Teetw amaAtee fqens @uariveerta s
oy 7y TMEGIHAGT AR Siemt @t 735 sReeR
TP ARF | ORI SCATH Y TOTF AN @IS F
Y A N T'Em e i ot frenwm W W
WG BRI B9 FIH: GOTAT T AW T A0S |
Tog S R faem ge eEitten ewtsE o
ANRS: OF2 AT |



N fxwmr 109

faely MRS RO1IE JARE 51E0T One fAew 341 T/,
ety ogw, fwetn oorew, kel smisw 93z TRl
wEmee | e anAiee qerem fafen o I e

gl
feo'tw ewww (prophase 1)

@ TR R G3R A AHEHT A© FoA 771 eI
e (o 44, 40) ST UATANT @G 7201 BIadl-
AR TV T AT TG AL §OW qUF | 2AeE AT
@ SOREE @A T, FTA S0,% A A 9 F9F
2opy TIeTted ot T (732 Fooeeia (cod) (et T @
IETAINSGTA /16 (A1 Tqoly 2w@md m fAszteam e
fTSFTe M7 S TH |

feo'lw wonwe (metaphase II)

et worEe (767 44, 46) oo 224 T W @GTA-
sia Tefevrm fRaw@em SREW @ WO FUNCNER
@IS TR0 W 2AFw SwE @ wa ma falee
I T TH @ [FINTBG W,201 AP ACF | (AGTCHCST (A1
rredtamg s 23

ooty wws (anaphase 1I)

Trotn smaem (Tor 44, 46) (o1 @FINTAE @RS 7261
ey zw feorte g e (e A FE 9w @R
FATGGCE S70] (@RAAN I TH | AL @600 1T, K201
YF G933 CACEITNT AL I IFATONA Taone ZATRe a1 @ 7
FETGT w201 ALHR eV T RS MA | IS e
A TR e I G3R AT B TN A

fety woremew (telophase II)

WIS e (o eI e #ney e (Toa 46)
T TH1 @8 ANY (@IS, 0p e AR B G
VR R 8 T, AR TAesTen e fRowte M1 (oA =W
3 ooy Torey fada T afoe Twi
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izdmie

S ReoY (cytokinesis)

fafen Sfew ¢ onahe REREHA foy fox wsw o
B BN Slem o wwaits frenmm »@% wEdemee
O™ FA TE0 @A % 2W1 feety Tensm 4w wm|R
ARGRFRWT T7 € bfs @r toat g1

Pacomags e RO *@ @ HEGRHEERA TF Al
feotn faeuem »@ MAGiaEmE fTom 21 w301 ot e
TG FA AF |

ARG ARDIFIRATAA g (Jurrow) spwmg Sys 271

ST AR SRy’
(1) T T W 6@ &1 5@ (@I AL

(?)

RMeF qUF | AR Ta W avats afe
e W N A TR 7@ SN AR
NS MG {4T¥E 207 @61 ToAET SRemba At
ZH | AT Tiys (oS 79 (0F IR DeAT
FIRT D TH 8 OTSMA OF I (AT SMAA I
@GS AN JATIRTST AT | @ Gawr1el & 1633
TR 5@ (A GF6T PETE NI A TITR |
TENTACT FIR GONAT T WP € 17T @G0 AL
oo fafeaw zm1 @3 W whaw Jew @ (combi.
nation) wgq|

(3)  STHER T 1o1g € TP @R, T IR ARI -

Fqq (random  seggregaiion) x| YW WIS
s ARemevrla fafomen wow amF | T
TR A T FENNS 1908 TG-S
TR T WA g W W PRI AB e
WATCAN QUE XA o IFNT SIINT A% TS
MMI | IS FPCAI SING LORT Z0o *MA ©f 2° (n=%-
CICATHR TG FRANM) IS TYTRe 21 T STy
HT #if5 THOR (60 WS (T FHAE FNCHAN AT,
T (3 AW LA A1 3 Torg o v
TG ST TR YL I



o faem
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AR 7R AT, forem Eraew Wy IR
@R FIRM GOLAA TN TIGW AoW AT WG T
@2OTA TRATTA wwive fafemer (variation 71 o)

Aion @1 Afem TR Iw

% A

onfaT @ e W Sfew ar anatersla

ToFIrTeT AT |

TREB @ S g

MR (mtosis)

1. TRGIAGR W& -
(AN A AT T AT
o] (FNF  STOINIL HT
HYE (FACAN ATE | 93]
% et cqafional division
41 TS I |

Q. mE @I 8 THAd &3
(1 IR | OLJ STCNG T (30,
AFFL AN MgAres 93 {Tere
77 AT

3. BT wE @I
oA Trem T

4. @3B TEFE WEF AEH
7o) F19 (oqt T |

s (prophase)

5. (@) orzE 9FAR TR

Sz (meiosis)

1. s wE s
WA YT TWI MERE
Toums Zta ey (F1F NS
g | @35 @8 Taeene reduc-
tion division 71 Ty THFRT
faerer e |

2. (T GAN (FNF AT T |

8. st ANE @UET T.E-
IR ez

Far 111 N T O ST
et swaios  fame e
sraive RS @ISR
Ay Wy 31 faotw fasua
MEC T T GF AT |

4. @IB] APIFW WS BRGI
ST (31 (AT 2F

sz (prophase)
5. (1) wwy R oUW

Ty GR oW
UFeT |
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s
(b) =ropgrt)

(c) ergEs fAten R
I AT T Al

(@) et e
TEHFHT e 58 T
q

(6) TRUSTCEANH TFCACA
WA (HOE SREA
I AL FEAMATAA
T AT wrd YOTTHA
iAo a5 RICT-
oI C@ TSRS ST, et
TN SIFH ]I

(H sfemt  Ewaive

(non-sister  chroma-
tud) e AT |
(9) e (e’ T™M AN

(h) #t @e@ (crossing
over) z

sew iy

(b) oo enww wiRERY,
oty otewm e

=FET

(c) o ormeE  fafem
T S FAT T
% Pofgemerla xa—
@eesiien (leplolene),
wRenion  (zygotenc),
smision (Pachytene),
fotenfoq  (diplotene),

g izeatn®  (daks-
nesis) |

() 7 RIR e

9T 27|

(¢) 2 oAFTS FUATAL-
A TR, et
TR S3WA IJ
TR FARAWNANTFA ZF |

(h oo engE w-Siomt
WG 259 o5
T |

(9) 21w s I
aide ZT|

(h) wow enwrw Fiw ee@
77| el EMIive
TEoT e et
IS A



izt

() ILEAN AUF A I@A

IR ATTSFAGS
AT I AT

(@) f*dztenmt e fTizte
o7 ey T

SRR (Prometaphase)
6. fesrfwm toat zm

wonee (metaphase)

7. (8) 9T WOLTT T

) vewtwr Feleeg
9% fwrwym anw )

(¢) wrtRLa froe
ZH

wWAgee (anaphase)

8. (9) @@ T

i
8

118

Wi

() Iz enfweae @
termimlizationqm

() TRGToR T

taTAvTEe (Prometaphase)
6. feorfewer afoe zm

worwe (metaphase)

7. (9) woTEE TEAW TI—
2o OTEE @ fwoly
TOTCFe |

qTEF |

(¢) 2o TWGTCHCE (AU
fEReT  FRITTER
ee =@

a1 feelw
TR RONACE
To% |

e (anaphase)

8. (@) wiIm T — oUW @
feot ST |
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(©) TS

e 7, TH|

(d) B TALSR IR CEA-

(SR

(o) ey ETNTIICR
®A6E W To13-
FTeT 9NF |

coreees  (telophase)
9. (0) g™ T

TROERETAR  (cviokinesis)

10. erem TRGIHW ST
R MRIGRIIRLATA TH |

AT
QANE A1

(@) ew THNFE AT
ARBINECHT  (ETCCHM
TRU WM XA
forte oS Femd
FEHA MO WIS 0°9-
BFNE T W
TN A |

(e) gty esm@ (crossing
over) TeAR A FIN
T S} TFATAI
WADE W Fo
4T T

wreewer (telophase)

9. (0) w2IR THF—2AYY «R
Teety wremwE | ©)
FYNG FANEG 2 (GLAT-
e 77 W Tog feoty
wemEEs  fNiNeend
I

MR (cytokines's)
10. 2oy TEioE faerm o=
IYNG IYNE  HRDFTEH A
zm1 ooty swaivom o®
AR T



o from 118
TN oW e faenr

wyRedfopy (amitosis)

BW W feets Ser (2%) ¢ andtes (S fMEF e
@ TRWIHE TR 7,201 W ow w1« e s
A PO PR IO W T @I @R e
sRee (ha 48) e SyMRwIeR An WO eE
TRA P T FFHS € gl AF, TR FLE TWOF W1
] € TITRE JFTT T T @ HAOT AFE HAFI6O TETH

SIRTGTIAA
A—zrs5 7ifog (Dudding) 37 sgeaTvam,
B—ayifsan Tgem (fission)

eI RS Sk Taow Tew w1 SnRwimA e
ofye 7 A, THEFTS AT ISAW AT, G AR S
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e frew W ot R o weR e W3-
g T (nuclear budding) e e Fuwe WoF O™
R TR F TR0 v et ez tent o ; o @
o NOFTE FeNCR  (fragmentation) ey, RS-
FIICR S [FeToR @ AR RS QO] {aew on | ARG
PTG [ GFOT F HTHS TN | Fa¥le & SR FLFTHLAR ST
IAGR FA PR TR0 AW TE TWI SRILIAGE F
egterm frew wwe »ma o= Fe Zro A



™ W
CFITNTHAT R ieqe

WA AYAe  (movement)

PR RS AT @A A ATFRON | ARG~
TR ST, Fovertaas (coiling), sxayeiam (synapsis),
IR enfeFa (terminaliztion) Feyfn| «AwH @R HICE
ABA FA LA WS PN AYA 0T oS
AT AT TR |

TEFTETATCN ACSHH

U TNF OIS €@ SACFES @AARTA SAF (o1
AeGT5S TP AT | 9% FCFIGAT FOA ANAS AT A0 A
WAL ER [Tee Srend o /M3 TRGIAGR Gemm
A WAL (7Y 1ol o e | Manton gz
TS A @A MG gor $8—50% v
M| A RO AT G e @A
eiwele 7 zm (Manton 1939, 1950)1 syisfoma o
T (AN TRe Teh 2|

Huskin (1941) Trllium-qg [@RATNGER FRHER AT
R e ffen SRy a5 FEF | IR O3 -
TR AT W AN AR NAE AN @ICACHIE LAY'S
e @ﬁ A m tm AGS 2MA | Trillium-@
SRR @A RS 1950 @ 2l CRORRs
1000 T feoly WWCeEs *7Q @IACTeLEE Y] Seia-
e oz oo SREE @TeTEeLiA e w0 e
80p TH| @EATWILIAR DA9T SO 9204 @ ERTNTO
1040p zx1  omiwion, Torenion e CRIPREIAT @ T Fs
I 1004 o | CERRATAR TRE GCIRAeGIAY dreT 2004,
AW TR S04 W oW SyWww 850k w1 feoh
TR oW o b weimieT aeE ) @ oww Rene



118 mceie

(TRe)  enwTE  GaATiNGER  (reT 10004,  CGTRRCe
6504 @R TUWIRTE ORE 1000 ZH|  TROMRE TETATCACHA
Cua i Cic e Ml clenpuipms B oL e L A T
(Sparrow  1942) t CHRRAIAA (NI AU THRFR XS
@A € @IANANER YT (F @RI T T @R
FFToH ZCES RIAITNAR 2R Z0S o0 |

TR € TR AN @GR ARG oG 13
1 FEter-ad (coiling) Bz e IFR |

AT Frentene (coling)

CTOTRTE 2COTF LT TP208d TS AIA TSN A5 AT |
@ (IPFCE ITHIAR IT TG IFAY AEAN GFOT AW THADE
CTRTGE T W45 el (somalic, magor 3y standard coil) ey
O BATFE TIMGF FTH 4.9 (A Loq TF1  (FW A
ATTECS FUEAT T €@ (M WO, 938 AT | TORTH
TR AT I ARE 2MF G TS T O3 AL TSN
GIToE IWAER RIIR R 7% @ T e Tem; e
I RS oF| @ (INF RS e (relic coil)
A R fewm  waafer Ame MY e SRS
FTANA MY A T RO ROR  AwT TR
MEF @A BWIGE 0,201 (S9T @mive) @@
Rjior ONAR TS (P'PW ACIF | G} YAF T06F e
Feze (relational coil) rer1  ereEa waeen ATy AT @RAT-
TINeLie e Tgice 27 e Gues onl @miite (sister
chromatid) w35 tor's AgA Yo @ SETT LW TW e -
AP SIGW I | (I TR SReT S @IS T ReT
T Az Taeme FEem Seefe S faenam Suw-
O CTI0F ITHA [0S T | @R ICHET IS 0T w207
T Mg |
(1) Darlington-qg (1937) we wyEwE Foias (coiled)
BN, SiIeE aUF | oN9E 9F A@MIONd Toe
TH @ T LT TH | O FE I Iewcerw NS 2
(2) Teoln TORW IR AT ST AN
for @ o e SR e I TR Frolne
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gEed | RISY ROTW MW WAHER T FOHAN A
(major coil) wEen TH AT FoorA (relic coil) TG
Z6TR FE TS WG (AR frensm wy'-camive) 7860
TRCEFITET IR S IR |

RO TSR 2FCE @RDE TRHT GATSRI (ABW ATE
TR T AT W20 G AT (0 T 29T (AT T ST
S MR A GRFIER TAEANET ITENT CAIOLATTS S
(plectonemic coil) (T5a 49) o1 THI

CrEB AT W

f5a 49
(ARIWAANS 8 AT FFA

TCATCA [@WIVG 1207 @9 F@ (F6W 408 @ GO7d o
T2 T A LS SIS AT LGS, ST T T @%-
IFA TABLE NAATS dewer  (Paranemic coil) (T'Gﬁ 49) e
@ fenm weeien AMY AN FTHA A FREAT FRY IS
oI @ G [W MG | LTS @ SIS FWAT AW
¥ @ «¥ efgans despiralization 31 fagewa1qe WA | TEH
Mo oA Aoy ey wm eew Ryt
T T AT @R A TR WOR T @A e
Folee Zre URE FA Oud & At spirdization 31 Fow-
A9 @7 T

TR R AT @ Tr5 A P T T O
WOFFS FOA | AR WO GO N AR
JBOATS T WY g 3G @ WKy Foa (major coil)



190 L

WY TN QWY EOACIGR AR ST QW ED T
FOA Y AW G Ut oo (minor coil) pwi wEWR
P O FRCAR T AeF | Fuji (1026) Tradescantio-g
2 TMET IWA LS AW |

Tt fafen o een A 4AeR Tty Ton T o
z9 1 Tradescantioq srem swanios faewmm *@ Emce oem
IEA A% T T T Iwenale we I8 W e Teelw
COTCFCEr G FTE (I JEA) MF A | (4O 17 TNOIFCeTd I
N FTAN,IAR SRTHRA P TR ISR 2T S
@ Tawemaner s TomR oot w1 Trillium-g ooy @ feoty
TATHA IOTR AN RVREE Y AN, S ATF | A
TCAToF O o FEA A Tao 17 e [qenre werfa-
T a1 o MWW Tenw evwE W} IwEsiA
3w 3wa (relic coil) Tgwwa e T

@A IEA AT FER Beorlg 0w A qA© IR @]
TN, 0T 2AYTG; W,261 ST ©1or I TF— (a) Gzww (orsion)
1 Qe Wo, (b) smidmty (matrical) g1 Darlington,
Kuwada, Nabel gigfw faeam a1 21etae sweg #we's | Darlington-
@7 (1935) wefay soqm (molecular theory) WA w@TA-
oo feETE TG @ Bl IR A FeA e T
A WOFIT IMAG € tABTET W A0F @RI T T 9
T FOAT G qRAN 2RET WNE | eI O
&M 3 IReA (torsion) wigy FTsb g7 O 2rewI FHA AT
wR| T WA oW Ageia Rte e g P
o (tension) 1 Gl IAMS 5 €A GF T B
3w a1 o1 Sax, Wilson, Huskin erefs fqemiar fwety
e TWF| Sz Wwe MR W wuEiEE e
AARSTR FA IWER 715 TH1 Sax @ Hamphry-z (1934)
o WTHE WRFHET T EHAITT SO 51 TS @R @
e Tradescantio. n gy=a a>rea Oeoffg g1 Wilson @
Huskin (1939) e gg Trillium erectum-gq taorg Fexen T
T (o't TOATA TR LTI, 1o S e Tos 2w Tag oo~
Ty tref o A, Awam e anfdcem s et ey
YR IR e I 15T g (Huskin 1941) | Coleman @
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Hillary (194]) % wes® wwes | oiom s feceitem totw
FTA qN ARAR FEA YA JGAA P WUATANE 4T NG
FW RO A0 R rTow T sEe e wme e
ol e WA IEA WR AN OMF W41 LA S i
A AW WEAM MEH ONF 6 SRHA WY AT IR ATS
TR AFNTA TR 6w TW AT R onwd e 0% &
©F WEF YRS *F, [TH— IWI0F @IS [RITowas |
T @ IO 9FE MHHF T4 AOHTSNI ACF X 74 T2
A TS AW N @R G TAeR o @It T IS,
wn— oo S fenem eat ewiiterie & W@
TE0T N7 IR AMF IR FCHIR-9F WA ST € ANSARTS
AT O SR A o Taremmm e oo 09, W
TG € WA Sy-Eieia | Mea  miiwiw
TOR FNLFA A I (@ AGH € FRATAAR IR SRS
N PO (ST TH GR TROT FEA IR o Tacemeener
R Teerte TWeT

FTATFAAR (coiling) sraT ST, THATGE MO € PIHA
%o Twe'7 3131 Brown Grswe tww @ waR wEr fKiew
T e T fon fom ww zm Riswn
(1945) wts e fafen W oA TR AOR -
TR T ARAET 8 CUITHAT FIAsaww (Primary, secon.
dary constriction), mmera@EEIon  (heterochromatin) gg&g
o9 A ;w1 Gall (1956) @ wow AT IEA| g
D’ Angelo (1950) @ Duryee-z (1941) s/gs7 tor3 (IR T4 & 7
twtg Ris-q7 qraen 20T a9 IR TN T & IR @A
microneedle (7] B) ta SrEe RTINS S '\'ﬂ‘hﬁ
AR |

Tower 1 AT (synapsis)

Tl g (homologous)  pUATAWALTER UG
TS AT A | TR A F,AST SR SES TF |
mistoe s et WRAeTES o A ek feeanioer
AR O T AW S IYRG IYAE  CHIRITRIA A
TRAN I (O] A1 FGWG T W LMAS (M (FTAC W



122 Rzemiw

TINR TAST S0 HT0H, (AN GCAITHoTR ISR T TG | (X
R fod a1 oRmE @1 @A B St
(IETRAAT) AN AN (I QIBT HA (I 801 RIS
WA TN SR IS M| SR VUG GoArgeng
MiereRT smews (sabvary gland) TS @3 ANToRw T
T W) YA TOAGT XA (@TCACTT T A ZAATAA
T ORI R RACENA FCACANN, 17 (RO

TETOITS AT S, SO W0 (IS AR T G eend
AnfererRt e e 2fe AT I ITT AN T
TIYH FI | GHR PRI, AP (XA @I 07 -
WA AOF @INAR SR 7 BUATNINIT ALY T, TSI
qF | A AT AT TLEOT SR [T Tt {33er 1 GReniNe
(trisomic) i Towb1 LTSS (@A TCH 251 714 37
T TG I GR PO AN ARG ST
T | 9F WIS ©F 2R FE GFL @A 7,200
TR WY TSN T | @R IR Frel @R B e
WA AR @ AR RS9 @ AT el TR
CROTATETBG 2T g |

MR IR AReE dfew weaw Wz Manton-gg
(1939) e WM NT ICE @ TS WA E|
TR renem enwed wawE s renim aReeniee
RN (T (T TR ANTeTSRT oG EICICor, 1618
treT AR W e T Ty R o wwemEd 9T
T TT AT FACS A ATI AR 79T —TOT Sy
IRMS, (A, TS TN, XA NN TR61 T4
g 3w, denfs aRansiwens aerfte @)

Darlington, Frankel, La Cour (1940) srpfe femmtar
HRANATTA A TrAOW FES 2O AL I T P |
g Swanson-qz w© MEATHGT FER o ewTeTE W

SIRCMNTOA (XA @A, (o1 (P W S ae-
O AT > I @ B (903 8 TR T wRS !
“fopor (2ip) (AT GFATY (T THCA O 2T *FT TF AT LN
TONi TWST OF TR FF; 00 AT 2T O A0S o |
Darlington-qz (1937) mo WAGTFs (wF *RRCY owE
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TYT UR Y SIECOE WUACTRLA TN SR oE )
TRGITAA AT WAL e T SRR s 08 G
TR WERATARNS A4S T75oT 7 a1 SR @o-
TR O3 SREH AT | AOAR @A S oif-
Sl I IS (unsaturation) ol I GREA CZN-
AT QTGO WO TS T AMiRiew o e
@A T T O @eTeLA e s
o A1 @7 e TN o CRIACETe @IAmaGTe Wit g0
g/ | @b1% T'a Darlingtlon.gg Preocity theory | o7 % TSIMF
AW FW R&MT AL A AR IR ST W @CHIE
MEMAAGE  (Synapsis) SMAE @WIACAWINIA (950 SREw
U |

Sax @ Sax (1935) @ Beasleyz (1938) sre % (RS ZCNT-
T (@I SO @07 SRET U | WA
AFER A (WIS (FCACANN, [ TS AR ANF I
@R A AT TR AN ACEGF RO AT @ICATS-
7,16 TTTeTE QTF N1 A WA R AT FIGE AT T @R
FLTST TAT T Beasley-z (1938) st SawcAd Fm T+6-
s =ife, fT8zte o™ W TV @R AWER WK
TR LSS AS(AE IR |

Wilson @ Morrison.gg (1966) sz gy Smf—rena
WA fAATT $or @3k Sreres @7 Farerer (duplication)
TR B Trezeier

FowE enfeea (terminalization)

TR forenfom Fmasen oew i T @R {Fenw
oo ARG AN CFRACACH FOEANE SAGNAA ATA7e T TH !
ICEOWE 98 HYANE (movement) Darlington Fizmmg termi-
nalization (m) R |

e A SRRy i et A AT -
TR FACIT NS T @« W4 g o (Moffett
1938)

onfeere oy CNTE (NF ERATANR ANSd ThE
T AT | A IR GO TGS IRCICAT 2GR
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sfzma (afe 33 @I (RYT) @ TR ATIRR FE
wes ey Toam ome |

Darlington g Dark-gqg (1932) Tw tqwuies (¢lectrostatic) -
I ANACE INFANR ANGFAT 7,201 i@ w 2erge w1 (@)
TR @31 wiewmET few' wiig orar gm 1 (b)
o (T AMeNR eege wnERs! 9 Wi o | o e
wpres faege wie @l 2eTW W ITELA AT™T e
TR WO AT TOH Al FAT ANGIAG T goog T gl
‘siferm (loop) sy «Ie1 SEETH IPRR! @B wEu1 wie,
FEATE A € WACARR FIFHAT TAR T°F 2098 @
COTHE ARONEACHT Ao Wed ¥ | Ten swIwen w@n-
o f3R wied Sorigied AT IR GOSN
8 G FEF AL IMFR T IRSIEADI 2FAST TR -
afr o mEwwen R wfer Safgien gfwe @@
Darlinglon-g3 wre @ RFATR IRA TA 2AOF HCEAINATCT
a3Z 7o TR oE w1 oY W W R ¥ sew
A IEA AR TR TR OCEE 8 SATHE
oo e FA  IRemEvA et Ao oqn
OYHE (I AN 6 @7 [WIGIOY SIS 2RO AT
I CTHEE € B, SEE N EE &W a3e-
© W oFTRel i1 TS MR | i@y montid-gy MR
feage wieq Tofgfers smew @ a1 Hughes-Schrader
(1943) yeam @@ Wieoee (mantid) TRATENDT @TETCAICR
W IO NS A1 EAS O FAFOARTONX A=A To%
IIYH IR GIL WACHNG A7 T (W (e T
T N 9PR feam wge e fmmt g tartes oM
(clectrostatic theory) wwe| FIEER! Ty U (F I
TR T AT BACACR SHANE (A AR g7 Ly tos
wie o amam F=0 3w A

fecly woam zH coiling FJy PTATPW WA S
TR AR (@ SRR TANTed AN ACY FCATHICT oG
N I TG AT INT R OF TCA W@ONCAEIN 10T I8 TRT6
e W5 T O SRYW UYTATANTA FUACTOLEA 2R
I T T AT | ARG WST AV ANY ANY X
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Wi D TN O AIGW [T TN SO WS S| @R
A WO Fmeelfe IR aRE wen 1 e @ Wl
T4 FOARFAHR ¥ AT e IR S90t 07 #ie -
A @A G lest o) o @9t T
T4 TR AT o e W T Ry
T 1IN GITE AF, A GOOX, ANF e AT A vl
ARG GFIR FF; TCE ©F T 7] T6TT P T 5o0o8 AT |
G TOAMAA TSl AGIR IWH & TATGW *@ %1 I W
Tradescantia paludosa-q g Toae @ WICARAG & TS 1216
(S AT T [T AT IR SrRfayeniresw z51  Lesley
@ Forst (1927) twraw tg Matthiola incana-q SaTSITH FNT-
CIATE RTSMIFONI HFHS ZF A1 @R GINH ILTG A6
TqRe T B o | Upcott-g (1937) Lathyrus odoratus-qg
TR RAN FA @UATATTS coling-q7 Y 2TRTAR TR
ALY I | TR WA R BUACAGES ({6 ACFHT
AMgS IWFWE AW MBI 2 o1 GwAWER =¥
TGS FCFR 2NTSFAT A1 SRAENREN TR IR TN
WA G351 Wi Jam e S |

Ostergen (1943) e @ fWlw'ss oFleoe =W ¥ oW
Tpieq *fReTs I T I EEACTCE  SFIeq
ATAOR TR CIE FCHRT 9 @67 Iy A1 axer wiga
iz o} wie smmee emew fnte o o

i isiior SN T o f BV
arBTERES AR (endomitosis)

WAF TR (T (P WA [AOF 0O AN 71 (A2 TN A0S
(IIT EANCN RN FIAE IING RSP (FNAF FIACH
MR 2, 4, 8, 16 oL 207 T | @F ITIENIT GCGATARTH G
(endopolyploidy) zem =zm (Tsm 50) | Nemek 1905 «r=
Fewia Swoaata Sfer TR e tateew o TewEE-
o1 ceraeriar forcas fayg Tow; oifzore o sforemas | Jacobj-uz
* (1926) s @7 IR TA TaEz oW fvem aeR fFepte @
wererte frem Hertwig (1038) grnfwemy wemza 4wt



126 et

P,
NN
-
K YL R N -4
a9 90 NesVass 3,
co MO, N, 7S \\‘ ”
ee 3% N
3 T IR A
3 S A

ll‘f. 9. g '\ ‘\\‘
ez @ L arentidibe e

fou 50
IAT RMEIF 8 GTEIRWI0E (FIAT (oTE %]

@R (nurse cell) Tig ANH WWACHR GRFIE TN 1,05
o5 I Geitler (1987, 1989, 1941) ozm Gerrs
lateralis- gz sytereRt smrewg (selivary gland) g 512 @ 1024
o EIATCREE STedn [Aeatam tars toatees | Geitler
GEI ATALHG (AR Teo1T6R o1 TEaTete™ | @ g fawil
T, W Y WY W A @IECTL A RS PO
(cotled) Team T AFTHS TN | TR ¥ 7w 1w Tt 35
W TW| WO FUACACNT  @HI0G TR0 "R (S
AEM T TA> [ASF TR W@ (SUX AW A, (P AT
ofoe T 1 W OICTTET, TyTTS 1 A1 ] Iefe qRwiTAeE
FE AT A Taore zow a1 Geitler @ 2fgmms wr-or-
TR T RNl W @R @I @ @l WU
RIS S99 @91 (I IR GT-UrHRb g &) 27 |
faten freamtoe Gr-emEHITAGT @GR SIS € SN e
R AH IAERA TR P AIHOSE, @ACHCT TGS I
(condensation) =reridE OTFET TAR AT W AUT-
#TAHETC PR GUSTEEDIACR FER A6 ZF |

ATRS: AUTIPALCAC (IR I AT FRTHE, T,
T g TR ®W SO0 GUOriaNmie T 43 @
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ZETA PR LI WA AN 2orwend THeEm = F%-
A | TN WWUACAGNR TR TH F4e FRe *iaenaivs s
TR T A | Q%G W 7 DNAg ofane toze
sfeecaied Tar RRT T 1

aroriane BAg (tissue) fafen mr fox fon wmm
ofeeEle WA FF1 W W P TeEEs (2n), WO
ol (4n), SR RHT AT THLEAG (8n) B WF | NI
T THUAL AR WPIE GFL AW *fierecaie orar a1 Huskin @
ot wgFata (1948) Rhoeo discolor-q «izara Turanenates
(mizoploidy) qefe1 Trearen | GRTYT ©lAT TRAN (§ F% R
oo woneTe fen fem sam wfewsia (polyteny) zerm
Huskingz 39 wwreiia ¥3 7 vt formw e theae
@R THHTRTHG (A0F SCHTAEAG ZH 1 @R ATean Fwore’ 3@ St
I oApns *RPE I @ o fAfew smm af@emfe oo
@1 Mickey (1946, 1947) sfure (9rasshopper) farmiewaic
TRy TeE |

White-gz (1934) wre  grNiea ANiASR] ST (@I
o senie opte T grerianmion a3er e Sk
@ACARRIA Taore TeqW A6 @IiveeRial S@m /1 T
sewsi (Polyteny) 1 ILHARE TR F% T ~fawia
TR @FEIGET 6 PR @ ANF I @R TR
WG 11 GoEnTvAR gt @y (nurse cell) UG €
sifeoieg amiw o rar Iy White (1946) e @
GF% I i @ ATAuEic T [{e oA  Bauver-gzy
(1938) we ofeia  FEshoR TR aEh
frenm @ sfererae s A6 zm1  Culex pipens (spm)
e sramen g Berger (1988) @ Grell (1946) 9% sred 5o
IR |

e Sfem GrumiEeim e femawm . Berger (1941)
Spinaciaz sfzeqe FE fatweewy romEmia tateEm |
Allium-g thirerae T oS ot ma T

oz I STRerS: sfAeTs (TR Gerris-g) fe=r sifaiv
(@ Drosophila-gq) s s | Huskin (1947) rvoe @, -
/W SIS R~y (polysomaty) a1 sifersia o1



128 witbwie

B TS T (IR FT IO TR IV 4RI G, #ffer-
oiw a1 wrerriaeiea s e |

whygren qrorianEy fWeaa 9" MR e @
M ORI arorianEe fwow e mRwi fem e

T TaErm |
THETAITE CFICICANCE T T AT CIAeE fAerem  (somatic

reduction)

@R [AeR B oTerely a7 @ e &7 o
T IRTCRA WG TR0 I I @B7eowd T
oo faureem (somatic reduction) e  STewm Siwaiwe-
Il @393W fge g1 Hughes-Schrader (1925, 1927) Icerya
purchasi qrxz enaire wew fwpive GANGE faoRRg I
v @f et oEE, st g Sofew (bisexual) xxy  Tefemy
Iceryars 3agmg o war facaeg1  Berger (1938, 1941)
8 Grell (1946) Culex pipens-q (2n=6) HWGE
o irdleeW | @A @R Trenem W avers Ton e
@A 71 T | ATSIRIGT (@ICCATGT 0,8 (s Ja(bT Aa
T | AHCEA O W @F H@N A e I T @7 R
T T8, 16 ;o S IR ST TRIINT AR THA
W IG PN COTHE 24 1 4861 @33 HOT AT TN
YRS @A SR W aEeg fqen ewd
AR (T JEAMT I IR | QT FCEA T AT IA AT
WINCTN OF | SRR @} *miers s@eY fqemngia gems
BT TN SFe T A | @SOnd [3%a Iy 4857 (16n)
1 9651 (32n) TN TeAt A GIIE faoRNTTR wA
1267 (4n) 37 2457 (8D) FWATHANG,E (FCET H1H TH 1 B0
areriaetier fsrte ofem To omis frommm1

Huskin (1948), Huskin g Steinitz (1948) Allium_qz bac)
Srom wmiAtce amine (IAA) eome a3 e iaeme =N
e | sl 1-2% REw fWiste eniwe (RNA)
W7 oo QTS a1ger 612 q-51 oiTxm IS TANTOF Taore
towiere e |
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safenemw (nondisjunction) e fafmey Temm

AT N NTCH AR SITAICES GG W, 207 TR -
mwmmwmmmmfmmmww
@ GO (LS A | 08 @ STSTRIOTE Ao
(nondisjunclion) @I A TR WMIINIE "X TCTHIE
(somatic non-disjunction) v T

SR TXICTICETIANA TR W,200 W0 el A1 X0
N FOPN TLAONR LA (A IR (1o §1 T w200
geimeners ot zm1  Winemerseria =uivens @ @W
CRALS e AR T 7201 BiNenery vt mEge W
8 I} BIALS @ FICACATIR (W ATHIR A1 ATF O D41 st
@ -1 o deat =W, IR wie Bfew e enelte «d IMeR
A-Towee e ZH |

OTAERAT SRR FMAFNS  Greonansm  (reaprocal
translocdtion) QREE A HNF T GG 271 Ocnotherag
FIM,IA ATNT @F A GINLF FFACTER & B TSI
oA ERa (heterozygous) @ miaw; «uia ST TRgireera
ring 1 I teqt g9 0. Lamerckiana-g syrises 1261 &Fea-
OIA G307 378 8 G361 ARenes T T (fom 51) 1 «®

NINNOANAQR
000000

fou 51
oo SETTSE faens O. Lamerckiana g e Tt

TREMATHA  @ACAN 201 €O S 7 @ Gy asi-
e Tearg | 0. Lamerckianag sers @STNGS 7,201 74T
faca Torer (@ww 1—2, 8—4, 5—8 Zoniy) I TW! IACEA
BN 9F0r o6 (set) e 34, 58, 76, 910,
11-12, 1814, ¢ oW} 0T T 3—14, 56, 7—4, 12-10,

—

o----— -

G



130 Rzemiw

11-8 gt 18—9) 12 (@0 w201 IRONED IR WA |
SR FEEA GIV] WAL OF WALS € BT O]
oEre Wl G301 Gd Riew  ERNeTeLAE e
FuceE (complex) a1 AN TG WMETAN, A 8 Q0T
1—2 FINTANE (oA Fueers (velans complex) gar| oy
o6 @ @01 1—2 (@IS MereH FACeH (8udens complex)
@1 2F | WK, 6 ANTOI AT IF TCE MG FNAT 9T
NS @ (ORI L O (LS T | 00T FICRATHAL & 1ie
(lethal) 5 T=q1 =l qnTe (deficieney) g1 STECeER
AE T (GNP AIOE &N (AF TEM WS
o1, GCGA-MBT [T (SAN-TSFA TG T FAFL 20 #1:5
IRA YA ATPE G601 QAR IIER AT | 143
METGHA-COATA  TaIs IS G0 RSN SRFF 7]
o Fr Slewor @’ ! 0. Lamerckiuna za @333 @301
wenarengems 1 0. Lamerckiana-q 3w (@ @E iqersd
T fersEE oW AT O30T FINIAR OF HELS 8
ATNRGT I+ (AL A1 150w e (ring) smenents foxo1 -
TN P06 (IRALS T LT ANTCHEINE ZF | 47 T G
MTACE 851 (@AW @ AL 661 @G | AR
TG IRIAT T Tog Teelw st A% T Ami o 2w
STINCE 157 STSTe™ @ 707 TSaTs QU @ bl SRTSTIT SMBLe™H
FTTEF SNeq A fuiere g Girentwss 0. Lamerckianag
A6 1 oy 861 WIATHINGE SO (SEA IS
omeaesd e Tfers zem & Sfewtn atore oma a1 Tog 3w @
@FIVT BTG FACHI TSENCI FToFT I 2 -
IFT SIS TN amF o) Slenst (A Ut AmE 1 @SEw
Bfem 561 AZOMETS € 561 @I TE URER ATF | @R
Blern TesemRaT 7 ATOOT MECTH @ BT TSR Tl
TINEE STTNG (o7 30 AT |

Roman 1947 win= tem @ @ faotw e
T QR BEmmom sv-feenem zmi @3 we @3
ARG 21 BTt onw ¢ Swew W B-amamee
_E AT
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Roman ¢ Randolph-gy s td W1 T ™8 WR @]
FATeRERR Bemarier sl e om MEtae Y S
& T | Roman e 7 B-ramaiein g semeetd oS 9@
TS| TN SEeH o e a1 wiw B-tewan-
pIeLiete  CrEiEE ome o g A-@TaeTniace
(STBI)  CICRTNER T A0 |

Miintzing (1946) 3w Taive AaToREIm (non-disjunc-
tion) piyRte | AR TowRGR FNAGEG AT G~ (@)
GFVT TG @ GFVT 1= IZE,E Fores (fragment) (b) 7g Arg;
(A oA @ ABCA-RINT (iso-chromosome) (c) tx5 LI
T (SR 1R SREN-FUACIN | SR SR #(eT S
WS SUN FNAHUOI (PN (RS A1 fd AR QS |
GBI W01 @7 (40 WMl & 17 5 @i 7,267
TF GCS AN M| 9T FEAT IG IZLS (QORATANGT TYCaq
Iolgiol catn o ol T emEres ANy Ty @R
TETNCANGT G (yenerative) Frg I G SRACILA-
CIAY TBATE OF2 JIA | 9% RA-TEUATATT RCETErad
T M RO CRURAEWION  SeE onE | (' SN
S fog wATCAEIW A W AT AR @3 QU (@
scntam feersm sraa Taemt gor o) 77 R ften <o
Y QEE ANICHEIN (IS P AT LI, AR AT TF |
fog aBw To=rws (ovule) @3z3w SpaTeTiIFel 1 TW

WX ®E WA & FRial (chimera) mran Tire
MR W Sfewm gl Ca SeiEiere @@ e FA ¢ «F
setElere M §H A1 GFOT ROARNRAT AE FERLE
Bfew CCee i a1 @8 STewma wemwster (corolla) = fz-
afeq TR T @9 QU ANTCHTIN T 91 @31 @@ CCe
I 8 T} (AT (FFA € &N 1S 7R | o1 4307 (3R (A
TS (P (oA TR ARMLTAS AMT I | 99 FCA S FOAF 047 AW
HWT WIS TR T | AT SHBT I G I O [AeF F0F FeTnUieTd
sfqafon @, g Wi TR OF R FEUE UI-
Q15 SRR ARTGIERNW T LA A RO (I IG ZH | FebT AW
*TRe® ZITT N AATNCHSI ZCE AT BR#I0T cRr X Lawreace



182 weherte

Dahlis voriobiis-g <27 FIRTWAR wow @M | Nemena
strumosa-ge @8 AR FATGHEItRT TraT Taftare |

Drosophila melanogaster-g w18 ToTg] HITNICAN QUF | O
T TG TA O @A | wT grAiew XX e oy
gonteam XY o @A Que i Wl TR e
fomrre Ree: Tovor S (A) e «3tt X e
o | g oy, s FAiowsenag T v3oT X-G@me-
e fo=rn (8A+XX) 31 X-gracmizgis fo=mry (3A)
teat =@ @8 iowmmsmrs primary  non-disjuncbion
(oo Sereern) 3@ 27 (Tor 52) | XX memrmee oy
=rerias wE (3A+X 37 3A4Y) sy fafere zee sma1 =7

X @ATANTE @ F0 @I S W od XXX
6A4-XR BA+XY
@ aaﬁm\-l/\ /\
Liticid 3A+XX 3AK+X 3A+Y
6A+XXX 6A +XXY BA+X 6A+Y
 ste=i-X = A wgFEEYE s Al
e
oA s sAsiets
3A+XX 3A+Y
o 52

Drosophdaq (2n=8) or3amEt @ GFCRT FRTCHETOM
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@IATNEE FROTNS 01 /o 7% 1 @} fienn-X
Unpio-A) goAiee #ia0e W WCAR ANRSs NRT A |
XLFWNIEEE o XX foez smy fyfore e 6A+XXY
W O A% R ORISR Tl AR WEIE TH|
X R fe=ir,  X-@omesee  semed Ay
fafere T 6A+X IR T AT 1O AT L MF | X-@a-
o gl fo=i, Y-wuarmee sgag s We
(ertilized) zra 6A+Y orowdr @ wRte AW M1 X
TRTCATCATN THTLRE 06T & 17 W (1) @ W (a7reT) e | Bridges
(1916) weroniere BRI IGELE AT MACS AR
O] 97 IR FALATH IO 10 X @TACATAT A GHET I
TTiFe TIRE | AW (51iEE XXY st grnteas avtosrmm
o W @I X @A Y @A Y T S
30, I X BT M AF | SIS Q0T (00 X @I
e Tpw Y @A @l o X6 SRteagend e
RN T oW X0T (7 LS Ried A AW @ TE
GFVT MG 7,201 X-W@IATAN 8 Swow  Y-G@Iaam i |
O3TINR ARTCAGRUA(S secondary non-disjunction (1 RIS
goreer) (fon 62) e z3!
ETNATSs o (elemination)

Rosa canina-q @A IGw (clemination) pryr e
roiaEe  (5n) eeie Rosa canina waqqem WUy AT
T 9% STema T (IR AT AN TA 351 Q¥R
PFARY, 8 TMLATIT MWA AT ATGOT IRCIETT 8 G
getqemas (univalent) mar Ty (Tackholm 22, Gustaison
1) | Tow CREE ATSH! IREEG MEATTHA TSR SIS
frafwee semn 2o ReRTe ETS T 1 IR, MR 2w
TS TSR FNT RSB, 161 LA M ICH 7.8 LS
aE, ord LTNeNEESla M, FA-Raw e GRS I
TR FE P LGS e tEre A1 ARW Ated T
1 fesly swalis faere aRemedsn e faafweeta
e 29, oy e e Wivenmeid W cEgs ttees
R A€ T TR AWM OF FCE FNRNS TS, B3, FHo1 O~



184 wiwmie

TTNEE *RTAE, 0571 ZH 1 OLR TS0 IATCINE,E PRATIATE
(pollen) sz Svmge Twfoe z@  WRGT MR Twe
RenErT A Traire e o 271 Teng TR ReTNentes-
afa foe wug TYTe TR@ENRER (micropyle) Taea TS
TR FA GF0] HEF A @ T € TALTH 2867 A
qz | Teoly smnlis fwem fnafseene o e 2861 -
L& T201 I6 NG, (WOT1R) 8 761 BIECEE 1,801 (b
sYEe; (oAt T 93BT IG A IET, IRIAT T @ GV TS
(SeraY) o7 IR | THT CRICARIEE FNC A A 2851 @ onal-
e @3 o= fufere 2o 8501 e toriems Rosa
canina-z IS I «¥ Sfewg TR FTiNeNCEEL AR ATer
W 0N € R @A 931 wwiewe siaa smgenas
Caaifyrm (maternal inhenilance) ampy 31 qF 1

T 2O WIATCACTR I5A o7 341 faam | Taormye
ores (diptera) Sciarags @ wo1 (Tom 53) twan g1 Sciara
coprophila-q Mctz ¢ iy FzFa1an teaw @ Tom &OT WHT-
o e Toror o e (XXX) grete W3t o fee o
Y o] @AW Qs | qid Tatww (limited) 7p wifve
@AW 3| S. coprophila-q TETATGT 2w FIGT TSR
AR 7T (I € (PR I (0T MT &G (FW o] TR ©
AW I T i (AR N R g9 ARoiHew we
v fatwoe a1 Aiive @ Tt W mRge @re
T ¢ TrHEA TNE qNF | FE P o] (oS IR @3
TBYE TS AMA A 8 TG T I AYT A oW {qewR
WY GFLOTR X-FAA qw A1 sy Scierazy trm @
s oo @31 X T Ated 7% @ oAy Sciarag
R o e wEeT X<gmanawg Ifed T W1 &ee
RRE T I TS WIATHNR &' (elemination) wpmy Fa1
TR O QAN TR (FER T6CH ~I @I JToe ZF |
AW ¢F I GINF Umited @AW W W W ToRe;
WRAT RE w1 s e «at! X-@mmAm am aw i
Tom for Rt @ frer uatt X-@raem e ToR
VT X-TFRATCATH AT | #9M q1 AFTT; SO0 S L3I AT (U0
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f\v\ P A
wteons Sz,
\Y
g CERW p /7/"\ Y““C““
S..“” &“’,¢ :?:’“”L
AN 1N 2N
£ |% e <
= ) \1//
§\\I[L “>\”L > é
o< = e /'b
ve [_seee fidhn ada l‘“"
Y \\ILI e
AV, L s
=g = AN
V ﬁﬁc?sm#tﬁs 0,
H -ﬁmax IR T & g |
) — romx ST Il\? ~
V - Lﬁﬂaﬁsﬂ
NMe Uiz, v N
\\ “n
ST
oo 53

Sciara coprophila-q LA ITA



186 mivhwie

T SOTIR @ X -G it prgia o3 alsie @
wmia e, oo (F S R WO @ T TR
A T AW AR A (I O @A, 1 QT |
8. ocellarisq Berry tqem ™ &N (P (T X-THCATAS
Eomrers Aaten W (Ton 64) 1| forom w3b1 X-aoamem 98-

50,6

fou 64
Sciara ocellans.q [FUAMATTR IHFA

Fhe AT TMF TW € A @ MW Ny T MECHIeew
A ARG TPRIE R A @ FINITHNGT W% TR
TR

PRFTHT SN (secondary  association)

WAL I ZOAR (W ACHACH CXICACEEH  CFCAEICA] S05
ToST AT TR | T (FUATCATCNS ST 10T SIRCANIoN Lo
A TG T & QAN (FACHN TR00F  GFATY
MY GETICE TPUONF  ARNFT S  (primary
association) (| TATTOTIE (FW (I T 7,201 AT SABE
(R MRAE ARSIED FF=IAT INE A | 4R TIELT LTOR T
TR (T5a 55a, b) en T A GieeeRY -
o= vyt @ Darlington sy Prunus.q g3z Lawrence
Dahlio-q tz-eRl SeAiAGew taieew)  srRet fafew
NI LT T A L A BIGTR @A QBTN SR
oUTEF | TRFTRT SATAEAR I T8 (¥ OAF RSN
T4 AHA TONS W e e RIeTR v oW
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Ao P MR AN TeNH 9R G W
TSl T | R AN AR eacm  (seggre-
gation) o PRICE? SOCAAT FW ASA  WE)

a b

5o 55

PRTRT SAcaew, a—Dahlia variabilis-g,
b—yw (Oryza sativa)

FTAT NN W olema  syensianwe  (allo-
polyplolid) ey wa Smi=piosze (dmphidiploid) erpfe
o 3@ " @A A FhAnd
DT SCATTAEE 7T T3 |

DR TRT ICATTARMA AT (T 2GS ATSF @ T
(busic number) AR W1 FW FW @A T FEF 7T
FEIE AR, T AN T A 303 | g SR 310S T8 4303
FATR AIGEH (T TR 41 qW O3 o1 ey (basic number)
T 3| 2w wog 1991 Se Temmt of wer afeam
Fwes | Heilborngg (1936) ste {weglaem s T w
sien TR w@ oRFURl SmAtEeE ol a5
@8 T© TR Are I W% | Propach-gqy (1937) ;e Twwa-
oren 2renz A Fiow R (artifact) ty-gRT SCATAER
fom oo ol Teg @? wee wwies zm Wiy Cicer
o g 3w Thomas @ Revell (1948) zaferaw %
=R fRerm oew TwE oEwEEie SeAsie W
T WA CHTeE  GTPURT  SIAeW R T



188 L]

Commelinacesey fafey Gfew  (XORAM@WITGR  WO0AT
o @ GeeTEt SR tryt Tonare @3¢ @1 Thomas @
Revell gz srorF 79T A1 O @O TROCATETIGN
e fiew imiTeend TN 39 CROTARATION SeEs
TG TR AW IR AR SARA KT AR o0
ORI SOTeS FROGTE I #AIIReA TR | GO G
T q3we ORI MW W 43R OIS o7 S
oss apfe W} afeas wom ¥



AUT YT
®7== ( Reproduction )

7R Sied & 58 (life cycle) wE51 @R et zmy
AJOTF TALET Biww a1 sporophyle g3z ST Tomm Shew A
gametophyte e 771 Sferm wlaw s @ Slew we
fored BTEa WR SRTEMT Gge 1 TR T -
e (adternation of generations) ey @A Sler e
(-ygole) tors {OAT TW @ @Y, W IW|  Torrm Sfew @
F (SRT TF @ MG (gamete) FIH 11 @ NN F
TN TERR PO FUACHN AN AT X1 Torrem Sfew
A AT WROT MHA Wewa weE R afve w1 @}
gz fawe @ wivedwem (Jertilization) 7 wiRsmmY
(<ynyamy) g1 AR WA @EACAW T @y
AT e Temya STeria «t Taen we @ Slerm
I T @R @S Sie o Slera faarne sy @wens
A |

fafeny Sferm ogem 1w AT T DR € TENdR
FRA BEd @1 1 twER fomed Sfew uk IANe Iue
A Sfew o ey a1 ferreg Sl w20R ey &6 e
LA aETeRnt (bryophyle) 3 s wTetw Sl Temym
e a1 MTACBTEIRG &1 SLER 24T T 3R TR B Tew SrorwT-
7o g, "R T e wrawt (oo 56) 1+ cotawwreRsr (plerido-
rhyta) 1 T wTely e @WeHd Tiewd 2w &S I |
a1 Temrem Slen Aymere: [ tes, Ifve RN TH1 AT
ttem rarm STemt® o e T Sivew umRere: WS e
W @ O A GBIy MU T A ROR @ ] wieve
Licy

e a1 witmdrrnms ww «3R Sfen tuww A TR
e fafere zoar @ Elewe wwnawtes (homothallic) 3wt
720 Ofew torE A sywacsa T we endrems deat A
2 YTewrs wondmmtos (heterothallic) e T3



f5u 56
T ERA 5%

nudtet Sfem waw (reproduction in angiosperms)

TR Sferm oA 5F @R Slend oW1 @R
ez s (anther) g3 S (0vary) AR FTA
@, teat T aBR @ e oy Slerra (9ametophyte)
775 T Temrgm Bfew i e @ Sferm Sem fWeT
I RIS *REIY; (Pollen grain) g3 sre‘min Tos
(orule) ofy® THI  AAT; AR WG (male gomete) FIH
I 932 Toz o, (e99) toxt 707 | = ™IER o1 o Tot-
= WieE I @7 w0F nE 3 (embryo) ¢ tw afve T
0t Toor Sfev =T @LH AB IR WOR IRE ATF |

53t 37 7 A (megasporogenesis)

TeRtert STerra ot Toews wons fwewmems (nucellus)
N G NS T GO (ORE & 1 integument Tiry SRS
| o @ W Toke W& QU F1 R Sews Tow Y
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1 micropyle oM TH1 T ARG BoER o soieaer; Ag-
@R AT | O] W T 39 T Aot iy e @
a7 *RAeY AN e Rfew Sferrm twn for for om0
QU AT, I T Kenew w0 461 =, afvs
zH 1 TombT AT, *T 7% T W 9N YY1 IY T HorgAt
(embryo sac) o5 FCA | GATIHT AMT 2T @IV LT2HG (1) T78-
i o | @ Wzt Tomm fTew 2 wmott fRertam
a9 I | LT TSF IR Wy fewtr fom am (micropyle)
frorte e T/ e QU 25w e e e (e Wi A
antipodal cells~ag TG A1 AT #Al5o1 TNSF MR Wy TooT
o e o Tomnt Fear 71 31 «g foxir e s
TREOE o1 (€99) PR € TW TI0F FZIET @
(synergid) e SRS 7RG TROFEM SoMETR AR
I SO @} TNSF T w201 smnentey A g W W
=W Sfew v fiae @ foems rrrert foztam (secon-
dary 3 fusion nucleus) s3x JI|  «azner Ten STew S
@R OvfgEn W A am) oo 57-q un Wer e
Polygonum, Allium, Fritillaria @ Adoza; 57 ROz TE
Oenothera g3z tmes1 NSghmmE Paperomia w3rem =o-
I (embryo sac) sBpa 2MEAT AW TCAE |

s (vollen) e owmrt

T FHIE TR AR ARASCAE; NI A6 e TR
qTF | AT T GIROT 2R, LOAT T SRIMRNLS
7301 eMle A, IS (cvine) @ @T; WRFE (intine)
@ SRR TA sgiomyR Slew (male gametophyte) |
e RARTE NeFhEeT AT @ generalive F &wA
ez @3g fube 71 AT TNEF A RN WA AR FAN (TS-
T faew T 7R Sreemred wis e (Toa 58) 1 fafew
Slewr o Taos T TTenem Sara STy SN T I | GEE
T T AT, 3T TR R T HEF A e
o Tog fafers e (style) sty Taon 4w omer TS
foe oM TMF T ouR & T e fRen T
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§

3
E
:
i

€ 9|71(4

fafen @
o 7

i
i3
i3

@3B A (NS
e Wb
et
Polygonum g

@3B Y (U
3R
fatanmE
Qenothera ALY

5551 2 (urd
i
ez @

G| D

| &P | ¢ | &IB

Allum Q493

BB} 49 CVCP
¢oQ catn
fREramgE
Paperomia €qL87

SIBI Ga CULS
[k i
f spTE
Fotdlana Q@UR

b 31 Y CUF
T
frernaprE
Adoxa @T41
Tom 57

weatet Stem fafem s wsiam Mwas sow 2emrt

qrivendeme (Jertilization) zr sqamt (syngamy) 71 e
MRNRGNEA TSTLT (stigma) i *ee QYN WFTaS
THI @ AEee (Pollen tube) wmt fwgleamt ¢ gan {we-
FIW T TEGT SLTE AF | S0 AT reweed Wy i
forz (Ton 592) Tos W7 FETIAR (o A EEATS
(embryo sac)ewze 7 (5w 59b) | Torerg ARy GFbT T
wrEn e we feeme (20) egra @R CRFORT fWe-

=
€ | ECH ED| @ Ol 72

€€ €|
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50 68
PRTMATI TR 6 PRMCECDHI TeoiTa
oI, ; b-c—TRITSHHFE TEl @ ARINALI TFCA ;
d—Tw W T ROE T TZ01 AT T 1% I

FICR A S G @A Wewa wea fieeme  (3n) s
{endosperm) fqggtam sive z¥ (5@ 69¢) | FioTRE= a1
TR 201 G (TR e Y IR @R arfgmmy double fertili-
sation gy fg-Taese 3w

T o wEees cas g (emb1yo) gz 7 fNeF Em 1w
a9 s1ive 27 (Tor B9¢c-¢) | R 3 Taa T 7T o1, 16 FACH H1ZHD
TCA | ARG SR 17 GNTAC FANCE AR AT Q01 AL T
@S T T W, O AZIET @Gl WWFT R Ay !
A SR T AT (B FATHE N T AT |

fafen Sferr #fars 3t Ao SR SRem e W |
o TN ety ot wwas W i (8R! QAT AN T8
Tafen 7omwa =¥ W TWiwS &iq s e Tvmene F@1 TF-
w157 sfzre s 0 anF A IR BIOR ATFATER N A
ol o T @} T It (cotyledon) TRy AiwS
|



f%'ir*m @l

cofeaibs e

eif¥nrs c3ra ( Witnem ¢om)
fonz 9% T SLBAND

f5u 59
e F1T0 ARG a—sa 833 (gynoccium) g PRATNANS
SEFLATW, GFVI 2R19 Tt ST q v foew Toa
YA (ITE (S% I GPBET TS 2N IAE ; h—2 15 a1
TE W25 MRS ARSI C—aF e
oG TERCH TR R ATESH! TS (OIS 78
FheT Y TaieTe TvE; ARt @ e nE e
Y ; TR T B € IR T
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reRtEt Sern T At e e em wme gt

ffen wahe wwe O (W forme i, s
qrermr, genin) T teat)

weniatem  (apomizis)

T FR W G AT’ Wi w1 Ao At
T YN RO A | ORI S ST 30 |
Fagerlind @ Stebbins wenfatemcs sume: w201 celes
(5 60) wior IR~ (1) ey (vegetative) wymonminism,

wnc'grﬁm
l 7
% Sy HIsCA
Rm, 3 v
-Agave, Alum,Poa,
Polygonum
I ! g
el o ST e
(wfofwfeay (T ewa (fowrea cre
CNF) arfr@cIn (R
cF—urers)  -Rays)
- A - Pteris,
f 1 Crepis,
Lyte foutzrs Poa,
TR SARTACAITHCA, Malug
(orrsfeny cws)  (Touae Ry cws) dorfice -
- cinffes I -
AN ey nweaEa &
- e Feomd catn
*Giy ferrre @
- wBifd

57 60
weniatarr fafew femecia oam e
(2) wpmEenty® (egamospermy) 7y e TeAAT NN
eentsiant |
10
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(1) e wyrentafyer

Faiae (bulbd), FmE (runner), wme wF@ (vegetative
bud) geyvg s o Seentatam zmy Agave, Allum,
Festuca, Poa, Polygonum, Saxifraga g@’f@w HG ST

futam orar 3w

(2) sy

G F IR TR I DeqY TN AT
IV CHAATCS S FAT TF |

(@) =W W 7 v Wwe @ 2w wele oW e1k7
AIC FE @R GG RN (parthenogencsis:
[ SgEA @ e et aet ax Tewp Sl
RISIIFENT  FRAACEN TN IRT @ e
Tome  RLAEAILE  (parthenogenetic) witam ARG FA
W |

IR TEAPPIS ARME 7201 eles o a1 2, I-
AT ARRAEHAR ¢ {oenas sraranaEinm

G ATCAATHCA A T RTSTFONE TH | ZNAHG
foqepr Fivaierm ToR v ik (n) 77 !
Wi @ A (P (W o0 THHiNosKd NS -
WA W 4R ORI GG T LA TOUHA T
£

Toeme smeermEE swaits o seareriss oo Tt
A @7 T Terwe To=e teat T @} Tomer e
AT ey foerme ahaw 76 =1 =W oW
frrmety ot @} Semw wam iR I fewmo
ARAACEA R FE AT oretwd A6 1 Toe Sfew
Tairoeny Toamme ARMAATTATAT TH1 WS TN G3FIN
TANET TATINS 0 AALAERAHe  (apomictic partheno.
genesis) g Tov; wiferecae Akee wIRT T raT TR |
AT AT AICS (T Torsrer, et Soniv) wiviee
o, tere e wEE a3 ot foner; care Toems =k
AW zH1 @} orwTer qmentoeete (haplodiploidy) azar
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PR W NS NIEAN EErery faiew wwe ot
FATES AT | G < TR ST TS ACHT 31173 ZH @ forer;
FAMIR A0H FIIA A1 3|1 To=epr Qecae wae *me
P T @RS SR AT, 20 T € 7 I W & I01
oM T 9% TNE IWIReE (automictic) syRreta-
AT AA | GEIITER T Siew {3

FAF T ARG (FROT TOATE A FER A% T T
4R TSI EITE o e oo et T «Reed
TINE MBI (§ynogenests) et |

FYAE FYAS YA TAPTHT 6 T FEA TS {#gIweF 1A
0 T oAt T G M G SIRegeH e (ndro-
genesis) e

givige oA F 76 $eory T @ ATFINF AL A
(berthenocarpy) | IeT], (61R; OTH,A LOITCS ATACACAFTT A
™A AW Geest, e, wiw arefere Fimw Somm emmwar-
INT FET TG A TR |

(®) wer v TeR fo=ra (ovule) 19 FW T PN WS
et i T @ afeaws syeneentn  (apospory) (foa
61A) a1 Dryoplens, Ptas, Pellaca Zepiv ot @3

Creprs, Poa, Polentlla, Mallus oigfe sre<tet Sfew @27ema
T 1 Q| {17 TOLET @R 3T e Gien afe w0

R @ rraiers Teramsenta (diplospory) ger  aams SCiA
¢ f7gs 7@ M1 Chondnilla, Erigeron, Tarazacum Feyiwrs
Toremeenta orar w1

(¢) fo=er 2o I @ @I TR I (WS TR @
y3 Ofen (o7 T @ TN Swensmiw (apogamy) )
et Syrensmiy (foa 61B) i1 1 W @ TR SCAT-
AT *F AT ZH |

seentaiaem s R Sfem oA 77 oM I TS
SRR 7 T Tt offges Tw A @R Slews RSt
(pseudogamous) Sfew w2 o= afgans eroemin (pseudo-
gemy) &I

Fagerlind (1940), Gustafson (194648), Stebbins (1941,
1950), Nygren (1954) ag’fg et Sigrra «3g White
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(1954) znerta weentaiamy Ty o acavest wrivrenaw e
@ e tert STy seenaiam angeT arwet 1 ST ey
(recessive) gl weenfaiasies zefee ®A1 O ¥ wiow
fufors oowr wwenfafam  ofesres som ot =m0
Gustafson-q3 e ~faeEe &3 «f FWWAT FERITIO
e Rt W Teg, amentsd Sfew swwwrm (hybridiza-
tion) e W% TECR ! R eEmTers shrenfaias o§ e
ALHHCT ToeeT YT TR e Iwe Al Gwaerter Sfew

sl (esprufifens) e ( citzrafumia)

xR (wfFeafaain)
s B
wasfds e By

f57 61
Az amemeena, @ B s Twmte o o
6 Wt Beergl, Bt wionamty, femem Tt
rte @ g Sesfe

€ smATiNE Sfen wany amw @} Stew e st
st (agametic complex) gz, Crepis, Hieracium, Anten-
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naria, Taraxacum, Rubus, Poa, Potentilla, Perthenium

genime wmiE et R )
wenfteeom ot o i

@ gaFE Slarm (sexually reproducing plant) e <uen-
T STetrd goel T IWATNIAGR SR IICS AR I |
aeoning SR Fieun 6 SETRYIGiA wi e AN

(1) i @i SN O WS T € AR TeRW
@ Al AE @I YT TN A TH | (W A Ored
AT T FAZRA 47 ES AW I1% IS A0 G3R G FA
@ 9IZ AT WA §LE AT AE OwHAMIERE Sremd
T gl @ Shen mhe aRmEINEm @W  (isogenc
clone) zger| Babcock g Stebbins-ggz sFeT (AF FH IH ]
¥ea Smwisem Crepis-az foems @i swwert rnfes gomm
sfaenae swonfwsma faam stae @t Taraxdcum-gy @i
TR AEIe WA UNiNE  wEied ANy ATerEiieew
TFOFE” TH |

(2) w@Tw eEmteaiem qug Aeae  (hybridization) feeta
T SNPGRS Seis e RonARngsm S
FET FA0e AW | Darlingtongg (1939) e smeen-
Tl T w3 Siew A1 enaiy o AeIeR TR | e

@tz o1 Seentes w13 (Pellaca sagittata, P. atropurpurea,
.ldiantum lunulatum,Dryopteris alrata, D. remota, D. Borreri

Forin) fRewae (Mehra 1961) | @3 (0% QRT AW 0@ MIAH
wa T Sfems wmt FAR v Swenia e i R

(3) wmrents? Sfew ongfeos faamema (natural selection)
T ST (W LTS e T AW

(49 BW EF T ANUACEEP ¥ WR ¥
wimle, Torergr, agfere fomgt fafve @ =ot *rorR e
ARTLATEHA A T T *ICHA AIS ZH |

(5)- wmemseenta@ (agamospermy) quws WIG F IR S9-
i Tmee: @t 73

(6) et TR WAT WM ARUAS YA TR
W AgR AT e teRAice faaufaraem (genetic recOm-



150 nzhefe

bination) wrs oz A1 I G AHRTST *ifwITE AN ATy
7S omz w11 e TadvR e N W a3t e »ife-
R TF ST A GR & ATTReE ATRS TR AW
MY OB TR ANES: ey T3 ’

R @W Ofew @ww Rubus, Poa, Potentila ¥eniyre Symwan-
fafem ¢ @M oW WERT W GWR @R ENER
frewiaemm T8 @ SeATNTomw T 9% AEE WY T
A @@ Sfew @i gow @ Smeniwiae 7 FiRe )
Clausen-gz (1954) Nre AW’ IHLoNINIFA AGAGA AT T
a1 afggew ey wenfaiesm vz e wfaom
Bomr T7ET I FW Ofer uF W @WIN AT @R T AT
ST e MU ST TR

areiée (grafting) e R (chimaera)
Ty wAive somae Ofews adfwn zen1  wdmew Sfevm
fafen o W NeF w0 aEiRe AT I WA

chimaerag 7TG 1 AW 1 (IR GIVT MELF S SCAFO! LA
o TN IACE AT SMRCS A 16 (8cion) @ ErE LT 563

(stock) zm (Tom 62) | «% wRGT STeri wou cemd ooty FCr
s TN R Ay stock @ scion ey B T tent TH
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o TEATDS R T e T SWR @ g whes
R ORI T e e W IRiwa iy e (fom
63) i @1 e waAIGT W e ey (mossic)
| AT ARG (9ynandromorph) TEA 9F WM
ot AFT W AT TS TH| IOW ROl AT T TASCH-
WAA G RTSIRTSN IRTER A6 ZH! @IACATR
WSO &N (PR IRERE AT T OTHA WA IR
FRIA WA R FRIEE TR0W 50 [T AN M
P YT A *iaigE FRiwar (polychnal chvmaera) s o
% @ FAlewa Fnad e v Weq s sRfmms oo
e te I FAT ZER —

1. preeaty skfwar (sectorial chimaera)
GYTH ] IR Ao o Tom; w201 fafn'ss s am i

f5a 63
Pelargonium zonale-q (9RHFIT IRINAA T ﬁ:‘l? fafer
g omer A7 i, i, iii ¢ iv s o g By i, 4,

iii @ iv omewR W "

foor; 7,201 Tom 63A @3t 64a, b wME fafemeNR AEW YRS
e |
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2. yofufpyor skiwwm  (periclinal chimaera)

G AT TR TONE O T LHATE IO
foor; Teorefond SIS AN & IRTwawE periclinal chimaera
37 (f5g 64c) |

W O

S crfifEam sifim

U &

2o IR

f5m 64
fafen wrom a3t

8. msm-akfwar (hyper-chimaera)
YA BF @ FAemA WRATA aEEeTR TN onw (Ton

64d) |

IRTER 67 8 Flewd @l smaenty qREe wITH
RNGT THH MF | B AIGNT WM 6 Tel TR I 43
TR BIFT, FT0MRAMCAG oW @ F7ens 2reride a1 T
ST TR0 RS (eATbTeTd AeTRE A Al



w3 By
CEPITRITHIS (Chromosome)

S o1y oo f3few fa@mmiorm (Strasburger, Biitschli,
Balbiani, Pfitzner, von Beneden, Bovari ﬁﬁf@) SIETR B0
W Wiepe gEtgsr!  Waldeyer 1888 astirsr wawan-
T =[] 2 IRIH IEAN | @UACHAT T O e
e R ow aiem g e 0 I R @ AW
T TSR T @A™, o IO ReE 201 SAE
frenm *nAe weEg 71 g weiwies w1 Droso-
rinla-g Bsm Morgan-gg =38 (A0F @1 AT 1 @ICATHEE
T IR 27 |

& (W GNIA AT TR (INF @A T 9IZ QT O
IE IINC W3 qlogwe (Ml FW| T (JIEA TSTCNTAT
HLAE TAINToF (Somatic ; soma = MR AT 60T 37 | ATHRATSS
wZ MR Afen @7 Mo WUACACNT GI61 (&el 41T |
OEFFTR (FTE TOUHT (20) [FIF WA G (FNIAX FAT-
T 7 E (INEA AR WHF ¥ YT T (I A
gieee (n) | grEmaR (Allium cepa) seze; (pollen) @
T (e99) RN AN TA WG @ 97 T (FW CHETHT
@A tem ¥ ke Sfew 1 enaly or A few
Ton @I AR AT T, WA (£ea mays) A
ey 20=20, o (Triticum aestivum) -q 2n = 48, Trillium_g
21.=10, Tradescantiaq 2n =12, 6 (f5a 65a) Punica grana.
tum.q 2n=16 (fsg 656b), Plerotheca falconerigs 2n=6
Jou 66c), Daturaq =12, Drosophila melanagaster-g
2n =8 (Tog 66) W3 TWIF 2n= 46 FoNiw| FHAHEH I WEA-
TN RN~ Iy Ascaris megalocephala Fuyy eneire, atva
waTAN WA T n=1, Sfew Haplopappus gracilisqg
TN @A R T N=2| UYRE W & G
GIVT T TOEN (50 LA CEIWIGAT TRel ;) Ophio.
glossum petiolatum-gz TG AT 5101 QG T H_FE
FRe NI XN @AW AN ST L |
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3,
J‘Eﬂ a.‘e
(>4 “.‘

.7 }‘.-.\:-

VR T\
b e Y
f5u 65

a—Tradescantia paludosa-g 21 TOIHCE D = 661 TFNN,
b—Punica granatum.q TR 20 =1607 BT,
c—Pterotheca falconengs TNOEE 20 =051 @SN

F ofer a1 2t w3t fWSr e R e w3t -
T oUF O GFIANY FIACHN I s (chromosome
complement) [ FUACN FATH A | FCGEH FAYRET FRAT-
o Fuaieeaet fAlen (T @AY 2RI GV FR AT
YR G @ FNRF Ton o FYa @I 96T T o
(set) oquF | GRIITER WA IALCEOCE G eam (genome)
e Sfew omiw (Primitive) AT SIATN ATSHT TFLATCHT
Vlic g

W@ AT @FATAN A N W @¥or Aferenme et
77 Shew tert zomre TR AamE basic number 3 wE weam
(@) e o Tatey wenfen emamsm weam oA 0 =7, 14,
21 Ronif! WO MAT A A1 [@IAT MYT LA 71 W =98,
12 WP I ATS T RGT gemey wiewEe (4n) e
TIeEs (6n) |
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e

b —
(s

°®
‘ f—wﬂam
53¢ ot
fdw cwiamam

oo 66
Drosophila melanogaster-q 2n =857 BTN

< ieie o B

@A AT TSI o5 o1 Ty N8 TS AT
(chromonema, Pl. chromonemata) ouzF| EUATANR GIIZ-
s sfds s (5@ 67) 1 Darlington, Ris ¢ s T3y
famt afice Ssfele w=rs sz oem Iwwew, g
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fafen scren tqs ey ow amiicww Serigfers Awew o
Eebmere aTianT AT AT ATl HTEA QW (HE &b
47 TER 6 v Ty ewem v Trve T cowts smidaeT
TAIge (condensed) TIww AUF @ MG T W ANHIF
IREA T GIOT ARAT 4NF € @} WRANT W (sheath)
A FEEN ST TH Ieed A ftew e fag At
Tofgle wmeq #@ 711 @ fqenew www aidw Eoniams
AWER T MY @ P {Iom FUEeeTI TS AT IF |
TS T TN AqTF A, TGN @A qF | Oaw
FAMIR BIANE GIVT JRAT A6 FE 8 FHMIS T%]
3@ gEwew ¢ (Feulgen stain) fagg snidsoT e 91 @
Mc Clintock-gz (1934) @ [FOztea™ silw  sPaEY
e’ AR I ST e T ta1s T MY T’ He S
AE I GRS NOF BEAPHT MR AW (IR
DT FATSTTRAT HONI Ao 190 T ATHCS @IACATS-
e ARE RO [T T | @I O ARET TETRIT
@G (chromatid) gz QBT @EAH GF A GINLF
@ ats . ofe @R weniaeee wjan W
faten M tra o Tore AR |1 SR RIS ACOR @A
o Sres 267 tEnaniANT e Trosko @ Wolff (1964) szsy
FEN T4 ACOTF TP HIAGT LEFRATAGT AWF | RFFEN A,
T 3o T @01 @RI ST g (128 37 256) tra
focg 1 Tradescantioy taporion SREE MO T@IATATS
Foeoia g ol Proel @ wanlee  wEce-wiRie
(micro-fibril) e FW PN CHE NA@-FRIFAN AR I
@ WA wR-wRfga  (sub-fibril) ew IR« IW
24—40A | Swanson (1947), La Cour g Rautishauser (1954),
Crouse (1954), Sax @ King (1955) ergfe Taeawtan cama-
CINA I AFTS YT JACEA | RO I TR TR
TR w Trme @ e @RAiaNE AR SEE-
Fifee o e O AW e, G 60A)  wRra-wiare wewm
e Teren SICE, SR W 1 TW ¥ ofe Aw 645w@ wrw et
TR qUF | TS MO INATAT SWe: AT
v (bundle) sEtm-FRlem owE)  cmvewIegE  (pollen
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grain) FRHETES JIYW FATANT (¥-19Y) 20N FHE AN~
R ee W W Y aww wemeiere Teufos
mE  (Sax 1941) | Huskin-gz (1947) o WA
BT [F-AIE @A T S5AT FA FRA PN
RETR T PR T PGS FEIFAT 9FF |

1875 ysoe% Balbiani vryferem o wroniaamt ~iiew sem
TS W% TSN WO WS FUATNAR o1 ANTeeET TR
WA e @™ (lampbrush) FawCy  RLMITNER-
MICT SESNI 741 TH1  Ris-qz (1946) o @UATiANG
TSI (RATA AR PAT AUE (AN @GN (Ll 37
IEA M GIV @A O T ST @A
o @ Il Kufmanngg (1948) sre eonismm s
erte oo a1 fASzlerzmts evg =fmmea #fes =z
Belling (1928) ofere @ «@% temwifoam weowd &lweriar
SRiES | g v w1 TER @ @A R &N e
RO AT TR T &1 SCDTATIAR T S ST q7H |
ASEF BRI @361 oo ww AeFioe (2mefas #give
W J Primary constriction) ¢ FLFIN AT @B BT
ot (centromere) 31 FyLwconFE  (kinetochore) 7
IR (kinomere) o Tm1 AR 7R T wow-
O SeNF IR, A aMm @ iR eE ke
g Teofewm eononer afelaly fqraa @ s@a oo
TYA MY @A (TR SR TE AUF |l W
migion SRgm CEiER T e ToFpied maE «aR
CCRITNARGT (FUACARNR S S 10 T 56Ul o3
(Mc Clinrock 1939) (fsz 68) 1 Darlingtongg (1965) sre
TN T ITFOL 1A aFL IV TN ANE |

Tradescantiocq st faewm COTIE € SHCHFEI
oS TR ot @iee wiar (chromatin granules)
@ MaEmRET 7 o w1 Tiio @ Levan (1950) Swrwrrta
Sfer e o otz W IR IR GOTEE
iR 6w (Tom 69) TA— (a) BRGT TR I €I
7w e, (b) erew wmiftrer wonimg 720w s
AEPRET 7, (¢ ETthEm e @I I W
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(T—'ﬂ! (knob)
//\ erent
j—m‘hﬁm

fsaes
oo smieton S wreTeLTa e fWeFtenm e T

WY g Lima.de-Faria (1958) o ox 'ﬁiﬁl @
e TR MEERE A e EIUNINTR e @I
LA T MEORFRT AL@ @6 76 @AnNad Qg | 1966
rw Gull 36 @ G @RI W2 T STONYF @G-
frzm w@Ewe (9311 AN WNITHY qCER TR AT
fome o7 eI Swe (9 w3 g (bundle) SiETEve-
faGe  (microtubule) 1 wEaA TeoW TW € FPIACANS
Terfootes MY T@ MY AGIR TN VA 2O
@RI ICIPN,T6 (&6 12 @A 9F A GIME "W

it
QL]

CHITRIRTIA @ CHITATAITN
WA A MEAIA Ta

m

e et B ]
YA LTI T&

fom 69
FONTEET W (@WIYE YW ZH AR)



T A9

fron TF W1 @ Ew s sREteieb o
e 77 (loop) 71 ol o4 3

GOTTS @ SIECEEE @I APTS  CAUaa
s B TWeE 31 ol segeE SR fefe w
@GRS (et 341 T

(1) oriles @FEETeE TRE R @ @S
OIS (metacentric) 31 qyRSY FRANTEERE BIHAN
TEA AR AR, TR0 T T GG T TH1 ST
&R @e™ V-argien tram (Tor 70) o

ANN//

I3 nrm%mﬂs UHORF GRS
G EFATIN A

f5m 70
fafen w@wom @S

() vrifmme 5 Tmm N W 9 AR W
qRE @ AN ARASANGE  (submetacentric) gga-
o @ (Tor 70) 1| SyeEE W w@ea @ L-sngien
R |

(3) wiHiNER EACITAR 2NSR 7T A @ WIATHAE
amETAiaE (acrocentric) 31 THABI ARG (FCAT-
T | SRS @A A I -egteR T
(fom 70) |

(4) WA ATE T CRITNTRG! AMF S @ @A
o Gras  (telocentric) 71 ety CTRTNEREE
@A A ST @ @ 1-optes 31 wurgied
(rod) zx (fom 70) | wioma remATE @AW AHIBHI
T O T AW AT Ol CICHINEIGER SR AT 96! I
o AL WEF
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PR TORNIAT  CRTTTER oTE A SR GRERiR R
1 oEATe  (acentric) [FATAN || GBI THTETHN
AEE WO W T

MYRAS: MOF W@IATALT (A GF61 Feding® o
oy Tor; Sfem (@aN ) w201 CIOATTEREE WA (T
e 1 OB @A TGS (dicentric) 1 Tared-
T ERATY T 7 Rewsw WY eRmiiis -
T @ FW OFV1 GRS @O A R WIET (Y
(bridge) oq I CGIERHTHF ECACAN AGAGT AT qH AT
@R @A TR0R @ @1 GTEER e SmR
sfeteds (polycentric) 1 3T, PATTARTE (@TACAR 0 |
oetce  Ascares megalocephala.q' @ Parascaris equorum-gq
oAt @ e Tawee |

G MY TR TR A @A, W GF6T IO
CTHTETE  SREW  AMRS: WM AUF | @RS
s wm cehtme a7E e EeRRee (localized)
71 wifne cedfe @ @t o Sneaatn Sfewm -
s owdlwE ow T Ty Tow Sfew e endtte
TR @UNeMEE TR SR BOW oNF | O3 4AEd
ortRE Tolwene (diffused) 31 sigany owediamR 90
Cvdl Juncaceae romy  STaw Luzula perpureas fatem
fammlae (Ostergren 1949, Brown 1954 3¢ Malheiros, de
Castro @ Camara 1974) foledwe radfamg oeale fogg
gae  (Vaarama 1954), permer @ w1 Tefedse oediamm
ot fogaegr Ris (1970) Philanthus.qg »faany ticdisaa-
& WAL TRET0eIeA ot teate@d |

Lumleg maimm @ Toiwewe (diffused) zr sfzamy
¥wd o) o fafen smher tarw onewm T

(1) zaxzbw  (xray) emme Fam Luzuley ggwsmoms
FTAIVT W TOUK T | ATTIIOT T GFIOT YN TFACATAS
T WH IJA | COHTTERGT ARy T TS A @Bl
HEX IR CREATARIAT N WTe wAlAE (acentric) @Al
il el vl

?) rrma Te Tem wWeTe FANrRatwa  (frag-
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mentation) wpy Luzulag smmfey faqew wige:r L.
perpuredy TeTNICAN WM =6 fFy onw eenieries
CETCTCATS AT T8 2n=12, 24, 48 @ 96 Rty vt Torcace
@, L. perpuredy e @t @ARE me emierie
e e T | h‘qﬁwaiﬂaawﬁvmﬂhm
g'T O TA GWR @A Afane L. perpurea gemm 2t
Tl A ASTONIET EFWIOEHA  oiqme FAW T (T
W@RT AW @ FNAACOAR saewg Luznla-g ceusmanss sgam
LAl e < e

(8) 2m=651 EENCIWEE [ perpuredy HEg 2n= 12T
ERATCTNE,E NS 2eniey Luzulag sggge ata L. perpureag
2AOTIBT TFIACATCAR AL O HFTOF T,201 (@AY TS
™ @R 97 TE@E GRemEs (irivalent) afss z@mi Sme
2ATITSOT FOACLAE A 776 AL (FIA Qb HSI |

4) wr Rerw 7w foivers a1 sfaany oedilERee
e ofen Tgg A Owmm W YT 4 W
qUF | @% FCARAINS A CIET AF € (a3 M3 AABARTSRI

o N1

Teorteorer sifaany 31 Toledse @NeIEE A9,
a—sRie faensd mowes,
b—amicsiioT Taenem SRTEE 2TaANY @I

TATSAEA 1]

@ 2% (T5g 7la, 71b) | CORTERGT AT A BT
EUW W [ VRS SRTeR? i Iw a1l Lusuleg
RIECANE O33N SET %) P Toaee |

11
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Vaarama-z vy fofgdaw a1 sfame medfmmm oo oamt
R 9% IR o EREes  (localized) 7y wgifwe -
Taemaw 1 zome )

TR et feivene a1 sfzany ot st
qiof THOr IR @GR RO ayw qvieie TA—

(@) TRt (Myzophyceae) 71 FYome FaEm e@AwA
(blue-green algae) rFm watoe fAeztm™ o M1 WoFwR
T CWiE e (central body) emF TERATGE SRS
e 3Tee TUW ANF | HEAR [Ret R 2w ME @imeLia
sfiaany Ted

(b) mW W rwa (Conjugales) g epin yarag Swreta
Sler foleene alieam snem am 1 iR UwE Tive & -
i e 3y, 7Y ayrs el W g
oqF A

(¢) TReTa *@Ict e w1 W Tog; Swowatn Sfew
et S TS zwEe o3lie ewilm ans
Fritillaria @ Trillium-gq q1iys o) Fwsaeg« (secon-
dary constriction) @ rZUTANETION (heterochromatin) el
T

(d) spReY e T TW W RAT o Swreain STemR
AT OF1 CUTTNER, GF01 PLFTIFT I U e
AT |

Darlington 1940 yxowsr ORHTRE A FRGROLICH
(kinetochore) wrw fqeier  (mis-division) ey aEF1  Toiw
T (@ F4He FINQ PIrATTaRG Aq@mi<end Ree 71 X
smarenin Tew zm (or 72) | o wdsee e
mis-division 37 gr® Taem 31 wefzem WA W% AT Trenam
I FOACAGR  GFVT AT W20 @I @ DRBIaIad
TIGT A GIOT @A € T AT TR01 @0 e
TR AT SAIo TN SRR AT i T
a% HEMCATHE  ERANT WET T (R WRC-CEuAs
(iso-chromosome) ow @ (58 72) |  FECH-CTNCACTT
TR0 AL AT e ApiT IR T FeTRD e PR
FYAe FWe CHTNIER Sreiem TH|
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@R W PN CUTTINEE €Y WEe ¢ 39T
AFIHS YA 41 AW O HWI TROR] Fatsigem (secon-
dary conslriclion) ars (Heits 1931) | pww-omt FA S
ST [T O] IR T e (g % o1 v3e 2|
ORI @ ATHE CRITHT IAAPR NoF IR WY LF
T | 98 FAE WOF A Wt wyAe  (Mucleolar orga-
nizer) @1 Awed ow frw fAEFtenmt wwes ey me
BN (0 A [WEF teamb1 T,@ Teat o7 gao1 oot
AW TR I O TR TN (I @

s ! ?m‘, ALESH |

! \cmwﬁs
EIEK’ (TEB
fom 72

wieiTvEs arefzer (misdiision), g
st TSR F0o R AN AT6S T0Ce

TRl eFlenmHl ARarTe T TN WA o
EFATS TRFTRT FAHIR ACF O (FIACH STEA T (o
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TG AP WAL AN WA AE N o aws Y
Ty ANGAERG  (Satelliie) Fpm WA CHATCACT FRGARS
it S1evd SAT CaTacaT A1 AGENEYE, & T A 1 GirR
™ @i cmizion segm SAT s sEeny
Im1 «grer Crinum, Araha, Lagerstroemia @ IRy SRS
STerw FHERiTE @ Sofgie v w3 A
Kaufmann 1948 YHIH @ fRerten W ALY
&1oe 77 O IR FATieme fafew ol ot a1 «®-
W YA EUNTANS  Feoa e (coiling) wrrewm, fWbElE
siced SR s 1 IAeR F W AT |
Darlington g La Courgz (1938, 1940) stw ¥ 7 3 S1omma@
@A PRFTRT IATIFHA A1 e AMA | Siwd s
OIS @29 OR¥ (Zoranemiion frm tert1 W wm-
TOH @A IYEQSNI TNEFIF WNAG H B IA@ MF AT @
TP 8 WF I

ATOTF BT oS g (telomere) orgs  Muller
1938 5w THETTAT =51 IRTE FCATREAT | LG
Foroia m 5iam SMR| PN EUACAN TS0F MEA O
2ATSH! TMAIST ©Y AT MY (&Y AWLCS WA 1$F ILNe
CETARTE ACWT MY &1 ANS W11 GF61 G
FYAG INAIGT WEATTACIR Y & X A1 (W RIATCHATCAT
ATST LA S T ZCF LNE @ FIACANGT ST 27

FRATCARS SRS

@FITEoET (monocol) FTerwd FIACHNTA HAURTO: 7K
(for 185, 136) @w Preteem (dicot) et wATGTEACI
TN FPSN] (' W1 Polysciasqg (Araliaceae) rawa-
omer ferg tre'y 1.2—2.95 w (T5m 78) (Guha, unpublished) | Tril-
livm-q 30 p »'s Wi’ @ omem ferawg: Allium,
Lillium, Tradescantiaz rgumome 10-20p  s@<w® WY
zat  Liliaceae @  Amaryllidaceae  psrmm wiyarosy
o @UAGTWALE M @R IR e
WO ¥ tEb il weawe  wfw:, Refamw Rentie
Y e o trmel ®W W A @i
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@ B ANLER W g 4-6p Rfew whww
WIS WH,B Y] 02—50u e warer 0.2-2pu 77
RS @F61 FNE e A vew wuw @t

‘
‘

e
ad
\..::. \‘.

»
L L A
e
10 o

50 73
faqTerem Sfew Polyscis-ax g (FF 20 = 24 @A

YT YT T AT AT (@b @A (W4T AW IG
FRACMNT YT AT 9% Termes zF| vy Agavaceiers
fafen ETARR R N0 WA SIEON] (AT FW I @AW
feams =a 5051 w3 1= e 1051 @ qg e (T5a 74)

I

- o
k4 s‘?.: :x W
4 “ Y
o
fom 74

Agavaceae ena ©legq Furcraea watsoniana (2n = 60)
@A Wetd #Me%) (Guha, unpublished)
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o wT areeoTm

aforerat seew (salivary gland) s

Balbiani 1881 wson® fesrwgE (diPtera) srerwa @em
afeeE I ANASET ST RN 43I IG @IACHN WS M |
TR 9T @A SRR O ©F FA [@RT I AR
e A Taoo ecs Kostoff (1930), Painter (1933, 1934),
Hcitz @ Bauer (1933) srgfe fR@miar R @A AN
Somie I@iee=1 Aot amewd e (fom 75)
YIRS TP @A o8 50—200 oy IG /1 FrAITHed
WM (WA TS IIEE T @UACHANG, % 6 7qT 78
@, g smidert am-wn @omEmeTaw e g 1,180—
2000 Fyierer@T MG TET 5IF° (INF, NEAINIH AT
(malpighian tube), sz ymt g (nurse cell), wmz
(rectal) gforfofaayer g (cpithelial cell) G FCNCAT (AT
I S@ G TN FACAN FANASHT AT TG AR
T T I T Al

et STy ATT @IATCHAIN T8 SJIERFET 1,201 (ZRAT-
AT () (FIAAIE ANRCY (SAT1 FMASIAT LTI
MR @A 2/ TEH MG IATE 8 ITT W I TEI AR
WA AT | 9F A IATE JAa e s (band) @ TR
ey ioE SRR (interband) 31 3w qyReY @A @I
(G q‘ogam:'fa] o) @AY Ffwey (wltra violet ray) rwge A
@ T (feulgen) furw 76 T a1 fog FVRATG WwE
Jqfe @AY I R FA AT @ TSR T W A1l fqtew
e WA fex fon W@ o1 (5o 76)) @R @FW JT
5ETT SR (FWHI 41 ;| 5EYl AT o157 &IoeT @ @or i
FEIO1 T, IT H (oA O AMTI RS J9A 43I
QG AF | WA T GFE MG RN TAR AT, A GRS
(doublet) 71 Fmorfsder (capsule) e QIO AXTA @A
TR o3 TR FINTEAAT ALY AHy @SN Nw frew
LT WMF AT MR HE IORANT YA AT T
qufwoﬁs (elastic) \ Drosophilag waers oAT CFCNTCATE
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ST (TITICANTT I arE

IESE fdie e iae S
k)
I CE ) &3

e (@A i
I 3T &

SN CTFICANCAIIT 1N g —

55 75
Drosophilag syiere™t sOT-TA TACAR
2000-97 5wy WT FT YT AW (I @UALAT JANTA

e wefmieT o wmeen aple, w261 ICTA IO
XYW € T 5iF (WF FRNCATSR (FA WD ST



168 e

LR T T G3E OF (U0 BIETATN ATow (chramosome
map) o FA BT TR | (FTATCAR A6 AT G-
IR (W SrRTeIFel FRrEs TN I Im I RS ermien
afaert T FPEECAGR TN A OTHA AT M €

fom 76
Drosophila melanogaster-qg wnieremt sy
59X AR 515

R W N A I R WS SN SEW
@IF IMT O Wy Fa1 Towarm | @R gptey sfarew
=rener 8 sfwies Aiaert are @R o I3
AZLER AR T |

ieremT oMTE NI (TOACETSF  FOACTRNA ST
FAeore IR AT A ATT AR P IS WE SeeE 3w
q e FELI RIS AHFE *MIF o7 SEH A0 | YOI~
oo 5@ el @ (n=8) mritvEEr s
TOMAMITGN P8 "7 & A @INeonad  (chro-

CRICRITAIR
53¢ cFIaTAm
CHITAADE

/] ?—m (FITATAR

— 7 (FiTAm
fon 7

Drosophila-z Fyferemt oite© EUNTARALTA FTNGER
YA TE AT
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mocentre) (Tog 77) AT IW|  FUACATIE TGN1A @A
PO TF BIATNE W I Y [FRATANG] AL Oy
ool e oAl ZeWW Wl ETACTURA ML
LG AT | WBOACTVIET ANY 9F61 3§ REFTea™ AT
T | GONTAR T AT @INTTOR 41 T 1 [qTen
2GTerS (TR INRF ([XLTATEOE i &m
{797 I FUACFOLI TS QG T IG TH| W) T37rs-
L& KA TSR ST (I WA AT JH A
fafer faemioe AmiaeRt sme-wr @ERNeNg 2FTe
FLACE | AT (WA TR S ANTASIIT S-SR AN IZA8-
& YR sifesia (Polyteny) agpieg | Hertwig (1935), Cooper
(1938), Painter (1989), Beermann (1952) 2rgfe @i awe
9% PUNCACTY  @NANANG IRAE  AREIRerd  KeE T
W weaiaaeR (5 78) AW FA  («ar-STarEwii) |
iAeET MCTA AT FCACACT IANE IUNE 9T TOIA
oW Rl @EUANAAn] AUF | @UNCRAd O I

a b c d
fom 78
TSR ST @A Geviia
wgns ofewsty qeer  Painter (1941), Swift e Rasch-g3
(1954) e oMo TFRNESIGY 102457 C@IIANTS T |
Kurnick @ Herskowitz-gz (1952) w7o @61 @CACALT



170 ki

@UiAGE W X9 500 93t Beermann-gy (1952) ww
AT R 16,000 2% TH )

TniaeR’ M WG AR WY 0l T Tiwae
gonieam foabl QI BUACAN STHE oL’ 93 @3
LN SREE A MACET MT @A AT
wteag afeiafy)  Painter-gg wre @& 3g; wcniwam-
TLE BONCINT 2NSF @OAAE GIE M JY TR QPO
TEE gy’ afefale  afels @omivam @m Wi @on-
AR 9T TN ATF 8 AP TE F GFOT AN FIH
Fz1 D' Angelo (1946, 1950) »feeot SotE RadS AN
fofq myw @ @31 awE T »mrente om @ oA @
AMTY! FEFM 1 AToq T@ e qy e @A At 7w
T ANeert omv wwaewd DNAg sfamae  «fa-
owiq soman Awq F 1 Kurnick Harskowitz grrem ¥ wear-
e ANfeeET ST 47 I8 WSF T Wrerii WeF TR
o0 o 420 sre tat DNA o1 Swift @ Rasch-g (1955)
ANETSRT Y @A =T DNA-g Soigle oy salee |
Dobzhansky (1936), Schultz (1941), White (1946) zrgfe
framt smieert ane wraemad Tfex sfamar sfanig
Ty FAR| 9IR IR R[ew @woemw R «3d
wey Tew Tew e ofersiag sifmmer orewm z@
Metz.g (1941) spfererY smre eraemwm *famia epfen
AT FARA 1 Toiv v epfe amam g alveolar hypo-
thests ody a1 Metz-qz T P~T SaATIe 20T S7EA-
Teeamimmm (alveoli 31 tes fe@) FeEFEa @WIGEE AVES
FEA TG TERE |

o 7] Trmmta afensia soaw wwew IR % ok e
AnfererRt AT IR (F36 GAT6 Hg AT AL 9% AT
PR ATI(RST AP *FTe TEAF TA ANASHT MTA
qieI™ @RATACE F 16 T 1

Ris @ Crouse-qz (1954) x© wwFmA AR NRGITHAR A
TCTAAT T (@A JOo, 16 (@A s e 7t
MY WONCACHE I TMAF  @LAAALT oes| g
AieTerRt MM ST @A wielre g wiwe wT T



TR M

zz1 Kodani (1942) @ Darlington (1949) sws wmfwewt
oG TN FIYRe [ETALCATIR O (3N oMY &% 373
Y] 6 2B WSIHE TG T

e (puff) e smiawmia fae (Balbiani ring)

Beermann (1952), Breuer, Pavan (1955) ¢ Swyw; fqewtan
AR (¥ T % (W PRTH ANETSRT 9SG TEALATTI
fo; G g o (fom 792, b) | @R *Fhs W onw (Pub)
THA T ABE FibT INAE ATF € @ qHEA ag7 RNA
teqt 2@ (Pavan @ Breuer 1955, Bectmann 1962, Pelling 1964,
@ Pavan 1965) | GFB1 MBI 1 AN FEHIVT JTA

oo 79

FEriaTi T8, a—Drosophilag wreiizge Anfaert e
WA a3, o1 {ize =wa s @izt Tz
Mioe zae, b—Im@ieaTia Tae

AW WA T AT F «awd| Rhynchosaare
angelae s Breuer g Pavan (1955) «#ifys o 4rF mwd
Beorla oy FRATRCAN | T TESH AT IZHY FAT L7 | Riyn-
chOsciara_q o1 s FTHE TO1 WFT @ (Guaraciaba g Teledo
1967) | Chironomus.q 2my e ST SREE P61 THT 27
(Becrmann 1957) | Chironomus-qz fafenw %7 R @38
TITIF oM 7T g (Beermann 1957) | g RhynchOsciara g
Tafer fomre Fume 93 TR 1 traT g a1 (Pavan 1965) | (3



172 wrbwie

@H e Al AAfAdlen AW W 9IW W TH WRE
T T F1RE 6 RIS R IEIH T IR WOIR
%, % (FIRF [ FWEF AN @ JHE AT (FNIF A[S[13F
IR AN TGS | AT 1R @ fon few zamnw (hormone)
AT FAA AFE QS TH 1 W0 TH 191 1% Sgeen For-
[JOT T M1 ZIWNH IITCIAR ASRI ARF (4T THR |
Rhynchoscwira angelae ¢ oy fog; Tworw  Tafers  orecs
(diptera) et 7 @ Tog; % (3@ RNA Seove 3@
e Tin1 o RNA @ porfas (metabolicy DNA  @e-
Md FACS ANI1 Breuer @ Pavan  (1955), Swift (1962),
Gebrusewycz-Gracia (1961) Sciandacgs DNA g wry-
feem T Qe ETETETER AgeLle e T W
WU AT @I (A0F @RI a7 TR A ey
(loop) epm FLA |  EUNCIED G @R % A PR TS
NF e 36 (5w 80) et Balbiani 1881 yshay
e @} T (AT CATRIER |
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g e (lamp-brush: chromosome)

AT WEAFGT (vertebrate) snaly ¢ FewLiE STAmm-TY
oot Tomer TeReTE sfzaier sy Torenfon s@ogw W
@ @O 43 1 T G2 WA 21 (90T TR
giorm (loop) 1 @R (hair) 35 wew wifafmes wiew s |
48 WA @A o™ e (for 8la) awen)
AR @A (A Faw (P WA T/ 1882 <prar
Flemming g% @waeAim oW (e 1892 ysoesr Ruckent
@3 WOTEE ARy e Al IR AR TS
TAAT THT A 9T AT (FCTN AN FCAN

TR [ORNT, MGPFR AT TS T ANF AN 718
ATPRTA (FTACH AT T | A0S 92 2T IY OF IS
R AT WA WE AT € GATH @A (FUACHICNR A9
800 rorz 1000 p »@® 271 Torenion SRwm &% A1 FiALTER
T @ L7YT IO T W1 T ATl 7O Tt
JgE ME R Z@ TR Aol ('l T AF 8 UIE
S T [T | AR AT AT ALY AT T2-
O 1 AT @A @I TTd Sed 7w 7 g7 (Ris @
Crouse 1945) | Tome, ISINA (XATETNT  CFCACATI, &1
Smeronter ATE @ (FIE FTIT YL G *TT T,& & | 4
TR RN oA od e (loop) 3 wiwerer sids zw
@ YR T7F &fo NG| MO EINITETE ANEIS: 9F
mmm(fﬁa‘Slb)l B FILAT WA OF T«
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{55 81b
RN 8 I AAF IG FQ WLN ZCNE

T WS M| 7 @A TR0 6 (R ARE &,
uqNF R @UATNERGT FEA: IIOT @UNNArAd {vewa
TR WG TR | CEHINR S BN A A A1 G0
TETCAICATN AR AL €@ GFV1 &7 (AT T LT A% W00
771 Tfewm #@rem MR 0 NYF AT T TSR -
T WA LR 9T 95 4 (e 2004 »T TH1 OA-
iR falrss wm e A aem AR @I TWiss
MEN A TR TITORM @I TETowes | «f -
CIE GTCe @R THReY S JG T e oA TR
.04 MR AW 6 (RS A SR SReEE T WA | A
e U fog, IoMEiNE omINd SHI AR (FHATCHTNG!
AFHe zH1 oo o DNA Ty (wql1 «¥ o%
F @ AWy AANA pIAiNE 'R ouE oivier RNA
@3 tame frem teat) Duryee e 3w W o @A
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Tt 7 wive sme’ fww afde 1 ot wwe apmegiar
AR SR, I 1w e i Shmw wgive
31 IS FA IR SIS W oot UGN AW | TG Ris-az
(1946) wr® @orlel CocamioURE SRt Gall (1956) Zreedn
YR, T T AW WIEN }@a Ris-gz worwd wwmew
A | Ris (1957) @ Gall-gz (1958) sre werier -
TG S0HA MY ARTRASTI qNF @8 97 (UF [@RT TR
(q NG (@A U (axis) Sgs |

TAEFTEE IR TVATE ATHIE @A (S
TRy fAeFTEAR ATPS (T AR FIAHE IIne AW «F
el [ASwtem? NSFlenma (o [@UNe AT T OF
TRYY ATST (AR W W% | Duryeez qre @ 7oz teamoria
AERIETT T (Aepledmiere ofa sz RNA
GR AN qRE WA Te=E iR wEmer ¥ |

B w11 wieias mwammw

B B SR 1 20Ty (FNY ReS BN §0.8 93
3 G FTOIAE [FIACAN A1 qF | TSNS @A
afe FIRT TR qReR & SofaRE e i T, SIS
8 TN} 5iAarE @31 Ferive IR g RrE $or wtetae
WA (W 2SR’ QT All &« awa frety faemts
BAAN A7 toifes @wawAw a1 B e e Mela-
podius qzg gFaew srerx Wilson (1905) eyesy ¥z@r waes-
N AR @7 *[ B-ramamam ww wme Sfen e enatcs
snex Tomrgi1 Lutz  (1908)  Diabrotica punctateg gzg
Kuwada (1905) Zea mays-q g% @GN (A0S (o0 TRCER |
«gryr Allium, Centauria, Poa, Secale, Sorghum g Trillium,
Polyscias (fo1 82) Zeniv wwz Sfem B-rewamsim snewm I |
wolyE oot @ MW Aaits B-rmamew enemt ferave
(White 1973) | wrew@ @@t oo Sfewm B-reomamsm
BoifwgTe a7 33 zeace (Muntzing 1967) | Longley- 1927 qs61t%
9% EIATARCE B-rereT A1 stelae @i Ay uieize
FAA |

Bamaome  SreidE  @UACATNE 6 T Ul O
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I” o‘.‘i” '...

l_.__._—l
10M
57 82

Polysciasq (2n=24) sro1 B-rwmmam (oh foizs)
o7aT gg (Guha, unpublished)

TACHTITETAGT TYRee: SHATEYy a1 2181 70| IR F 13 Tafen
RE GWE A OO TH | @ T (PN 93 I, %S
oNF JRE O (P QIO (AF A6 *{T Bgwnem
WA AW SR GF ST Ten FE CHABIRIA T HAaqe T
M Al G2 WA IYNE RS @ AT AN T
TG IR A FANE FINE OFZ AFNOA (I NYeTd St
B QU SRR O W e Siem B
oTeq W AT AAWTS A 5 TS w7 B-rgwanemw
@t ot Iw B-rmeme fTume Sewe iew o
sfdeme w@ mw e @ @ Sfew tate B-ramwomw
A TIICH IW T |

B-pramA AMEerss  (RUIEn@Eon i teall e
Tradescantia @ Trillium-q BguameAm T a e ZO@™IToN
(euchromatin) T wide) wim Biemaem siiweremd
EHTRATERTLN ¢ wivrery JeEnion e deat

T W AICe B o @I (F tedT TH |
Mectapodius termnalis.qq ‘Y’ [@TaENG (FH (T S [S0F
TN O A W IRY @I cReeanisaranr diffused 7 stz
@R @f oy Y @I (ot B e w5 o3
OETOT TSI FIATCHCR RSCTo ey 756 208 T oaedr-
T o e (mis-division) gree B-rEwaATRR 11
zre oz Darlington peares wroa TWAT | FH @ @
T (A (T IYAG IAHG [(FIT @A AL I TR T
B-raremeams s (by-product) fgamg Sevm | WA OWE
SV TFONTANR  [SAIGION T O FPACEI*TE T
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W FRACANR ARY & TH GR FOERET € OF I
TZOTATCETIo g B-gomom o 303

To MYW B-BUAIGE  TyEee: W 2OR UNF w1l
Randolph (1941) oem @ wim wewwian B-momoms
gofgie Hierq1 W W @t 5w 3@ @ B
wwibFers faien) iy Randolph-gz smiwr tears om T
@ O TR’ Tqlww a1 FB-q (Secale cereale) -
wia Bramomas Eriglie 89Sl € Wewer rw wiewd |
FOOIIAE  FRa i@ Sulnle  faomem  wiewa |
Rutishauser gqram g Trillium-gz qrusen a1 700 ToqGT
58 BLamamaem Euigie wfema a1 3w W e
gieiae @oneae fFfve Sofgle ewra fomw anes ghre
¥ Muntzing 3w IR" @ B-wwaenem few; faxmat
el s Poa @ Sorghum-q B-gwaamw e faewam wwg
lagging-qz (A1 TreRaTenteTer) & iz (P T XAy T
g PR PR (0F T (IR (83T T3 TIANA aiid Al T
QR R MFrs B-rraeim s s forrg Amy wiet-
aMEER (A1 Tveae) vwn w@enen faafse zmy  Polycelis
tenuis.q Melander (1950) ey« (9 B-Gaaione g (W (A0S
oy 7 oy foed @ e Sofge Ao W A
AT w® TG @l ofrafe {amike @1 @g =
B-wwaemrge  Polycelis g3z Baomamizz = Polycelis-qg
T4 @A GG 783 ZW w11 B-gmwemge Polycelis famem
YT (I G PO O AN Ty JA | 176 AR IR 2enie
F A WIA STew BL@IEo @I IrAeNE W
FW THE 2SS I |

felee a1 B geRmaers SRt W e
W G AR IA (seggregation)  ITEIAFONI TH!
OREEIE 2Fien &N B-FTATT™ SO0 TETH aivd
T-Toweees  (non-disjunction) zz| WReR @FW FE A3
Sietae @ Ao @ T PR (fragmenta-
tion) wrar e’ B-womomew wpted #faqew w1 Muntzing
(1945, 1946, 1950) Secale_q qag Randolph (1941) Zea.q fafer
T B-wwamay 3¢ e |

12
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EPICIICAITRT AT sS=

AT 2 AR G T0% THeF 1 e e tani=i
@A 7,2 3 AoFte Smive wned W, A X9A--
foatsBriwesle wminw (deoxyribonucleic acid) 1 DNA
AR FREEF I oA (ribonucleic acid) 3r RNA | RNA-g
(12-14%) wowm @onene DNA-gg (46%) +imng S
@I | AT (A iHe YRS MR IR
emts  (basic protein) g3 wRiwwE awiw  (non-basic
protein) | fgrwow (histone) @ tamGEAR (Protamine) gm
wine ant wEbw 3 epivies e st fes-
" (tryplophane) g GEETRA  (tyrosine) agfv; st
e oIt camw snem w1 «f cems i SRS tensine
(residual protein) e gUq AUF |  ORIGT LT INETTHIIS
MG IR | FEAIEW @RS A6 ATS AR FA| @61
DNA-z #ne 3@ e (Burton 51, Mazia *54) |  gyeriwamm
WeR WAL A wge: reex yw  (Steflensen 1955)
B BW B0 @TE (aw onem w1 o faivw
RIS FRRTANG T qne  (Chayen 1959) | DNA
e 2o MY TE A Swoaety STemm wmEnie
DNA ¢ fzrimmm seme mom,is 1:11 smiwtes camste
Tex e WEFte amiwey Awy T qwe (Mirsky @ Ris
1947)

Maziag (1952) wo comaAR WRUT oW SRA TA—
(1) DNA—Tersb W @ () RNA—wfors zamsty s
o1 B WorAes (metaboke) fa¥zta DNA 9 wopes,
o™ 11 wromeer @ s comste 14 sreieer e (Pollister,
1952) |

1947 «wimw Mirsky @ Ris mmawoncs wmmiae s o
T W o T—



TP YW A 1

(1) DNA—fgrsm 90929 — DNA %9
(#R% T Tawrive) oot 85%

(®) s @i 8-109% — RNA (12—149)
DNA (%%)
b W@
A B
(82—849)

Mirsky @ Ris-g7 sre @& Riwres comstq wieasig e
AT N IR 8 WIATLANS s e fog Kaufmann g3z
S TR WA FEA T @I TS (I Q0T
T sy O TReT w3 A

fTxts wmise (nucleic acid)

Al sl wurers  Meischer  fadzly  (nuclein)
iR FRRER | @8 ReFIwes 3w fNezterasts (nucleo-
protein) o @i TNewterami fWeste witve e el
T |

7R @PEE (weFme WeFle wniie enem Imi Wi
R AR WeFte emiwg (RNA) orw1 f«zle
TNTACGT [T 47 T G938 GIHa 1T 6T I TEE
I IS TF 7T W

faezts e %% wea— DNA e RNA, iy
Fw FRZ DNA ¢ RNA o or fog, o%am @,
SRR Esd (°bacco mosaic) @ ontaemataten (Polio-
myelitis) MR SRACH 331 RNA g1 o ansioiac-
e (bacteriophage) g3 wifoiAreRans (adenovirus) (e
DNA snem Fw! R Aoyl wmwes FeFwia =
= wew frew feal, amm TSz tebiRw (nucleotide) emi
o fFopebRre foavr sm ez @} smeria TE-
e wive @ (nitrogenous base), sify FIATE URHH
waq (Pentose sugar) G FTRTIE WG | WAL Towi-
M (deozyribose) wum T @ Tyt e fouis
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™ WOoFlE wnHe w1 AR (ribose) ww rugH
M Wowls snine aise o1 MR vive i ayme:
WX mWeE—iadiaw (purine) e fefafwfen (pyrimidin)
forfafaioe 3RS @ TEiTeTR *@wer, W (o3t @01 & AX-
e fae (fng) a1 fodiaw #ls o & FRE wRv e
frm deat1 @ Taeelere IRE e FRUTER *Rwier fww
Lirofl

oy W RO fofam W ze smielam  (adenine), siamfaw
(guanine) gxx fofafafon @asfar Tar  eRfaw (thymine),
TRwITAN (cytosine) @ RBaTTHer (uracil) (Tog 83) | DNAs
AyRere: WGl (A), sratiaa (G), e (T) ¢ e

I " i
HN C —CH, N/c\cu /c\cﬂ
S AT )
\g/ \N / O—C\ . /
i . i
r i
~c N SN
uc/ cﬁ: TH . / \“ r‘m
—~ \" / \N /c\ /C—Hﬂ.
i oufs
fon 83

forfataion a1 — o &faw, AoiTAw e g8aiwer wx Toefam
@ — Sqieiaa e srETiag IS S

(©) a1 FYe FHe FEWITE »fmre’ 5 Toerdar Wiwor-
foq  (5-methyl cytosine) snem FW (TR ww)1 RNATS
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feiad, sgaiem, 28at@ (U) e sRwim ans | #am e
gAY TAeFteME (nucleoside) oy A1 [AeFYewRren
MY FAFIEE WS TE T MOFIEORE toAT ZHI
AFLIA  [TOFTEORE " T W GF61 I7; WoFTe-
VRSE FE A ATAIOFIeORT W (Polynucleotide
chain) s¢n @1 ‘DNA fqemrlm DNA sfemmas «a-
gRe @31 TOFTeRET MY OMEwGT  TNEFYeiRten
MY eI AR I (Kornberg 1968) | @zw1 fR¥zte-
O30 TIAFIAE WG *AR AXY BV1F Aux (ester bond
gyt C—0) Fuws o&@ /| *FIR ANY @AM JIICNZT
3% (Te N—C) Trm 3 Az

feuisReiaests wmirw (DNA)

#3 Sfew e ooty @Ay DNA snem 3w o]
Tog; oRa DNA-7 et RNA o3 | @A grore (FEd
oW W 3 = DNA oz swwlagrm, wfdre o
Paramecium-gg twHimpers (centriole) DNA onem fomz!
Drosophila g3z $empa vty foirg {q@ztesen DNAg
Eoigie are s @R |

1958 =iz Watson @ Crick DNA-g o wfowend
391 F0E | 7R & 1037 DNA-7 457 wzrsreeng «32 | DNA sere
TR0 7Y ~ATATTSFTGORT A g ANF | G WA w201 GV T4
@Ry (central axis) priaine *@=@ 60 AT @ IV T3
iaw (double helix) poxY Fta (Tou 84, 86) ol DNA wem
grpie @61 AT Frfor wo1 TASFTebiRT ATad @FV1 175
Foorel IIRW G T THEFGOIRITY 2T GIR GFVT (307 LD
AW LI 7% 34A | 31 DNA{w 3000400057 fadzte-
UI3G oiTF | X INAe FuNe «b1 DNA gerrs 80,0005 +1S
fErtetiiu uRre a1 DNA sz omg 20A @3« (793
20 TR e T AF | DNA-g qefee e 107

DNA weg W@ 7261 IV FAFIAT NG e A WA
toat R @® WE WRST AR @7 W TEEnE AT
TN TE AU SR IV AEE IV A SN A
I RO MY T ARF | IO A (AFTebiReen



182 mdmie
wrm qw fmite WErterRmen (Wm AR wBA twE

m LA vz a1 o} WS e e oow reem
1 7 qir Tedhm o e o e Teriataten g3

344

A
| 104
p"s

S—T
‘13' ’-Gs--c'r*s"p:" G-aRR
.5 3‘5.1" c-AReBIfA=
f,,ﬁ P-SW(TH
A s-a$a1

f5a 84
DNA @z s

smislan (A) 71 s a@fucva (T) e (Tom 85) wgst ey
mH AT TR @R aEian (G) Alwriwan (C) wmy
Tomr T¥gEm XTI TG LF AqE | GHN @ 2Aeed
smfefae »fand e efar ofane = w1 «3f o
Al e TR wers 11 zm Ty emielw e



n B
[t
H\ / \ \c\ /N\ A
C\N /"“”""'( \ ;f
/> ~c
Y
L] wifeha
fou 85

DNA wergs fofafaien @ (mam a2faw) Todfw @om
(A SM(TCTAR) ANY TG AT T 6 AT

TITAT TS A QR 6 ARG Sw,omwed srEewm
T AMF | G I, FHARerse 0.7 (e 1.7 %W g1 Gl
DNA sige @9 @onids (AT, 1-A, G—C, C-G) ffen-
oY AEW e Ama 1 DNA gz wg 73013 @bl SR
ATINFT | GIBT AT (W ST 30 aw 3w CTGC Fepfw
& @ I AEd @ R [@eE W 3@ GACG gy
(T5a 84) 4

DNA &, T 270 7201 @3% wpien @ ergfen DNA
o, mos zH1 DNA Seorwm FBR0wE @361 Rom *mm
T 9 98 W Sy (S=synthess) a1 EebrTwEE
SsrgE W *RTEE G (G =9ap) T3 @ A KETS
G; sg1 @t DNA 3 3z faorne 23 o1 wifdweng Watson
@ Crick g1aw 3eraT Frw (fom 87a-d) | g Korenberg, Stahl,
Taylor agfe fammtee @ 70w owFen I DNA wmmy
fealt srafeq smumw  fesge (veplication) zxe omm1 @R
HTee i T s—

(e) =miE gmeprle (semi-conservative)

(b) zmes (conservative)

(¢) Tafwpey (dispersive)



i i

wifefom

;

fsa 86
DNA sz ganom oo

(@) wmfus Fwpate (semi-conservative) (Tsn 87, 88a)

DNAwmmmac%mmemwmn )
TRV AT Tenm g RS Ferier (hydrogen bond)
TSTF W LS LR LR T P — @ gl
TR Q0T ﬂfqm 7o (complementary strand) pert zx
8 FAfem famm werfmtets e & 7o DNA s
A DNA-7 erasr a3 o7 DNA sog wait stz oreen
° I AT ToH o |



TN Aot 168

a¥o1 DNA o fag zeqm 7o @7 oF oS (0 WH
TR TS PR IS ONF | AT IW @ @I% DNA werm
aF 2T W A7 T2 gy 707 ovw @ woEd e emw

fou 87a, b
DNA %, fasr zvs, 8 — DNA ez 7 w201 S gre

AT, AR,
b —fafwss faemn S ot *ifasze @G sgen DNA
A ROW ARY & TR € 93 T@ 7361 DNA &
af5e zmm

%q #p i5e zre 7, e (Leewinthel @ Crane 1956) |
@7 et DNA seins o sgm Y phon oy (fo 87b, o)1



fsu 87¢c, d
DNA @, faore zms, ¢—«3br DNA @ tons w201
DNA v, toat o0,
d — w281 DNA we; sfow zmme
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(b) awwtw (comservactive) (fsg 88b)

a¥iit DNA s g w201 wemw o0 a1 fog @8 DNA ==

EILTE o0 A [ A v 31 werey; DNA
Y, TR GIG1 A ONI AMA 8 Bl FHACLI A,0A
L3 f

(c) fafwey (dispersive) (fgm 88c)

DNA @@ A wRSW W4 (50 48 W ATORI6T @
ISP WO O T TR0 woive DNA weon e
Haq TIRDT I A ¢ TP, W 0w owF |

AFHIA 6 SRIE OO SITN (T &1 qm @ DNA
o, IR FEeia omteres Ty @ (ewiveR qEiaieA
(thymidine) errmer v Taylor-gz (1957) st DNA wera
S THEorle SeTe semiconservative orgleres Taarg
QeI YA A TTAEFT SRR PRNACE T
TS5 0% TG (TSTR 17 (731 TH (3 OIS SPER @I~
TG TA0T OS] (@MIbIe (O ed QEIiaies oS |
rougn QNG SNATEiere Wi e et faem
TE WA I @ PRGN GO SYE A O
WO WA OF6I FA FWIOG (SHIFH RTATCGH
Mew FFI T M T @I AT MAF WWHACACTA
OFHT FE @EGS o ey qmninies ows (Hughes 1958)
Messelson ¢ Stahl-gg srtwe T FFmta smiers
DNA-7 fasmq Zeae AT F(A| SORMG @i *ATH (AT
T AW 7 MO @IS A «Io1 fengge DNA o
T |

Fimw Ty DNA 7 faore zre »ma1 DNA-x g3t gl
Boifgtore DNA sfenmae, sao1 o figwswon e (ATP,
GTP, CTP, TTP), fow, @@ (64 SACAAEN SE)
geniv foms @ eiwa sfaszes DNA 77 sfse =1

DNAg s s
sy DNA w; feoizme e oW a1 Ty fowg
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i
3l

a —weters Iwemsrien
b —zpepater @3

C—
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qrfoimn e exew DNA @361 #g o et o} s
yomiae R WpEse DNAg seq: Escherichia col ¢
@A @ SRATA I8 DNA we; snemr forame

wmex DNA

DNA 100°C wiouman *1<® S8y 33t@ DNA TE AE ﬁ:ﬁ!
e T W af aAfgune denaturation @ @IR OB
o8 ow A DNA wpr saAxe m1 @} ofems
renaturation ey ) ‘ﬁiﬁl eenienr DNA Gay 393 R 999y
e oE W ST FAw AeFa (hybrid) DNA sfss 231
&% ergiere waieE weFqe (molecular hybridizaton) rem:
7201 fafew DNA Wz AWDR @R OoF TooeR T (qeq
A TF ¢ §rram DNAg sy wo@ 7@ %% DNA
8 RNA szag sy w33 oom 78 zewe (Parduc ¢ Gall,
1970) |

weaiests wmive (RNA)

AE@AGFIF WG a1 RNA  {q8ghm e MRworemsm
e I TAOFICR gewm mRwemw RNA-g srfgme
@t | Tepea Fywe FAWe ¥I @1 iz RNA
a1 fafew Az wwrn WeFtear DNA ¢ RNA7 o;-
ST Soq ZF I m (liver) [ e DNA 8 RNA-;[
TS 10:1 SRE (AEE WIA P @ S, 3:1 ZWI
5o fremmia f6dam (tumour) Ry AWRI R BE
o @t RNA oz

Caspersson tamsq Sesmq RNA-7 sy Semile scatecem
emts e RNAg gier e famerr s face
RNA gfwm eense (crossing over) wgmer Iz Irades-
centiagy AT Twel A1 AL ww-epd RNA snem
feme1 W W fTEmt e RNA feefegar ity sgme
Lol

RNA gz wfas e 20,000 zorz 10,000,000 39 ZH |
e fatateile & T g3t RNA o o7 )
DNAz smw RNAz smmiae oo ISINia *No3) e !



190 e

(a) DNA3 w1 z@1 foniamdaw (deoxyribose) wam e
RNAz wqn T91 a8@e (nbose) wam1 (b)) DNAg
3t @@ vface” RNAqe oaiwer quw1 (o) DNA
s, fegee 7@ et RNA qare o3t g s |

AR AT PAFH TG 56 0 RNA-7 q@ztesire
IR $oAT IR NI ANY TRWCEA @G L& AT |

RNA wo; @361 7a i (o3t ziore I4we Ioqe «f ¥
HEO! R W ST Slg 76T W W-ege o (o
89, 90) WY W [FAM,[E (TOR IIEW IS AN YR
R e e e smielaw RS MY oo SRgW
IAC MA  [FAME TRGREA AT T 2R G
iz RNA @z 57 s o 2@ &1 3 s RNAj
YL AR SR QU A1)

RNA3 @ ioat1 ol g0 &1 TI2 Se61 SATTAS SRR (0T
S ST R I09 I (7o 89A) = slemin Siwwrer
oloaE W IRET T Sord 'L 'l ae (loop) I
i w9 3w (Ton 90) 1 TaTew wma RNA5 weafas eo,
fawsig (sedimentation) z @ FInwy T Telg FF aywwe:
fomor teetee e 331 T

(1) e RNA (transfer RNA z1 tRNA) 37 *faags

RNA,

(2) e RNA  (messenger RNA gz mRNA) g

re@z RNA,

(3) zBwYy RNA (nibosomal RNA 1 r-RNA)

(1) rfgags RNA a1 dyrers RNA (1-RNA)

«?¥ RNAw= mtge RNA @ (soluble RNA 77 s-RNA gz
adaptor RNA) zerr zrg a1 s RNA-z 10—15 wees
a1 sfaags RNA| 7 waies eow 23,000—28,000 wae
ey amm 260A @35 G RNA wege 708051 -
Fhebi2T AT |

t-RNAZ 361 oM 3R FANW FRCOTAR-TECE A-STe e
(-CCA) == oz (5w 91) 1 omez smiolam @7 owoad
i Sie 3 @ W W t-RNAw emes -C-C-A
urier T Ao SelEe quE  o¥y t-RNA et



wifes1ea

f5u 89
t-RNA-z o9
A --t-RNA-7 W BW Smw Sig zemd F@ A
TN ST AR, SIHT I AT 2AMIAS SR TACE;
B_t-RNA wqz «3fie wmidmes  ons  «f
wmiecTera Az t-RNA m-RNA-z {37 g 7@ 20

SNIACT AN T 0O WA A1 ad SFEIAT t-RNA o)
fafenr ommdom ame *@ eIt t-RNA@ =meie
It t-RNAw womsfae a1 am
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Ic‘ .c.&
A A—o1 A B0
¢ ¢
g U
u 7
“c—¢’ CRIS 7 (loop)
G—C,
L
A—1 &
y—A ° \
-u-6-c® C‘A~c—°\>&
o
Q
5 90

t-RNA7 @3nom o1, ¥ TF W 3 GEeamw ole
TR GR ST ST oo A1 FIH MW I"

o5 91
t-RNA-z opm,

O T 9T 7Y Wn -C-C-A @ ows, o} owea
e falvw smiven wniwe 72 =@ ’
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te RNA7 5001 W 3.4 sy ofe o < | «2-
7] A AT PLIA I AL I 8 IR HH 19D
& ey (Tom 89A) |

g RNA fofen sz 7 2o siifwer smisices
am S¥es «3e1 Wi L-RNA omi  seam wis ghest
INICAT SRS & FIGLT A ©F HE 9T MGF M
g RNA wig 1 fafwss CRNA {]irss enifwen wiisices
AR @ T & SN SiAGCE (AL SerwAT Bt W
ot t-RNA-g g3twe Tt o1 T aifoe sl ans
(58 89B) @3t @ w1} m-RNA-7 {qiw'ss ww VRNA-7 1@
;A

«@¥ RNA DNA7 g5 (3 (o3l =91 DNAw @@ w=o
@i aF CRNAE o ofaeiae @oecle a1 Brd
RNA ot et »@ weqes «eriewa zend -C-C-A 2ran
oS TH |

(2) wAmm (messenga) RNA (m-RN ) qp qreey  [INA

s RNA-g 5 srereer 3 o1 taiesiag BRNA L % RNA-g gefss
@& AOTLIG 1000000 @32 275 10—15A 1 @3 N7 @3 (AT
3R, AXH ANGEN RS zro AmA1 m-RNA wgred G 1w
T MgEee: m-RNA sfe 2t Raase SREE 710 3@
1 Rz RNA R8s ¢ Ao snesr I m-
RNA ombimm wmca @361 w@ler (complex) oy I ABOI-
AT A FA.® A1 Q% [@INF SAT A (L1 forniosome)
Sl

932 Tlaw o= a9 7T s1wd DN\ o ciiam
RNA-4 (m-RNA) g 533 91507 2R60ST MR | S@I9 AT
77w DNAg sg n30" Wyd RIS I (S0% 7|«
DNA-F B 51761 T 3 <FTo KRGS 36 Leql 2T 1og
Tog; @ AW aF | 9% @EERE e RNA-g arg e
z7m DNA- RNA 3igq7 s 408 I |

oot RNA DNA-g wisa tars teat 2@ DNA efen
woarte wfavgs @ @3 RNAqg aieet 3fw «s61 DNA
eit7 @ framm A-T-T-G-A-C- Zerniv 28 o @ &5 0=
¢t RNA-7 roerfar 2@ U-A-A-C-U-G- geyfr1  RNA teqla

13



104 miomie

wm DNA Oz 77 TR T TREIER I (S IR
T Weptengurnia DNA sz qume 20 @ 7 m-RNA
a7 FA1 «¥ M-RNA sz qi¥wiaee oA e (@nis Te-
oM AR FA EniE [fenw smtwen smiwe fawm
e RNAg ey DNA fageae 3031 @8 RNA DNA-q
AG eI AP IZA I ARGINEW 7 WA I
Jacob @ Monod qwz 31 RZ 1 Wi RNA qumas a6 |

(3) ot (1bosomal) RNA p r-RNA

SRR RNA-z s RNA - e 1-RMNA
AEFEIT (AT TW ¢ o sEwiET Al -RNA e
t-RNA sgmmsigawee »nem fame! s RNA-7 am s0
wos za -RNA| @3 wige ema 600000 —110000v
Hefae euq e fqemg (sedimentation) zwza $og fFea
r-RNA-(3 stgaot cueles e 331 291 Lsdhenchia colig
235 1-RNA-7 wq¢ias esw 1100000 32 165 RNA-z7 wqizs
@& 600000 | 1-RNA-g (3 (FH A ©fF @ [9908F S381
A1 zro sma1 DNA e r-RNAg sy 5533 arfde s 2ma |
@ RNAs 27 sfqame smiiae @ ARG qUE | 78198
r-RNA speicatsmm 3wz sy m-RNA ¢ ¢-RNAz 381-
(I ANY T& AN |

wis (Proten)

PR WEiRE euw 10°—10°| oo (AmIN AP, e
s oG Trex teq (Toa 93) 1 I STiACAT SIICGR @31
o= v oo (amuno group) e NI ¢ s 2ws
QFb1 INIATIIE a1 (carboryl group) wefe COOH oz |
@361 smfacar syiisicea NH. st sy smifsen smiwges COOH
AT W F,& ! 98 fgmm (reaction) wmm 931 wrem
T, (A7 A W € APHRT 3T (Tom 92) sifve zi

oot fafew ag smiwr Smiwen aW1 @@ wEwed
(combination) mm Texy Toy wam tawiy afde T

AR IO AR T FACATS (319 € WRTHE T2 o |
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wET Fres
- - ordits 79
E E _____ H o i ;f,’i H, CH
H-N, C-OH+HN, C—oHw=H-N_C{ c{ ' .y o
/ o / ( S lﬂ/ —on
% v “cn, Hou ki
'
argfm waiEa ARFE-wma
: f5a 92
7RO SNl SiAT—anZom ¢ WA eeEe e
T T,& ZR

fw;; (Imlmz(') 4 RS S T | LB (P otanune
@I N ART e MR AMF | @] R IOR @A IR
M TR R @1 FivA 1 fRriia ernwe: e A
(wigmme) g #giwm (hune) egfe smfvar wifwe ~nem
AT TZBiER waies eud mb‘rsnima QAT T S
@i DNA ¢ fzottme weie mowis 1:1 531 whwa 3%
Taxenc TROONAR WEdT: «I1 glwl SRl CABWIER e
AT [@AAE (AU @R @7 T9iRE eud G I CABEIRE
90 wroRe BTTEE TR A |

wiEE et fevrem (fryplophane) et i e
Tivgfan a9 auz 1 @} el EEiiw e Fowew fWe-
FHCA Neq W TAfen 4 @R @R @R At
TReN zH! @ (melabolically active) =y 25F AT
R tAGIR wrem w1 few; @b emwls DNA-z smy
LT AF | G®Yl S el a)e i feme sam o
T, Wt Mt wehrs (ot Am) Ans

werAEEnien (helerochromalin) g geggmytea (cuchromatin)

@A GF61 YW SN Z& [Aoate et ~e-
FRe WG @TRCE Fe e MEEy @ T TR
veR fafen oo qe e wwew Ny SROW trAT W IR
wreTeR fafer moer  ammEiae W €% 3m ATl @-
TS T3 SR TSI MR G My T TSN 78
T @ Sege CRbTATTeRTTT  (heteropycnosis) xgEy oy
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H H H
’ c—C
c H \
°=H:c_e_cf \/c —O0—H Bizcaifa
7/ J

H'Iil H C==C H
o=C H H-HH H'H N d
B C—C—C—C—N ~C = fowfom
H‘N/ l:l H H il

|
0=C H

H>C——("'—-S—H ﬁﬂﬁq
H-N H H
o0=C H 4y O
ulc—-t?—c—‘.;‘ =315 wifas
H*N/ H H o
1
o=C H
gic—C—H i
/ 1
H-'t;! H H ’,c\N
0=C H 1;‘ |
H-N' H H -
| H /N\c /C\\P 21 N
o=C_ u § § firsmim
H—/—C—C——'C—'C\c - ““H
HN H
[ 1
o=C_ .
H>C-H HIEET]
H-N
H
58 93

AT LI @R 1 AN S @FALT F R T T
71 (COOM) ¢ wo anew wirfar (N11) ooy ances

e T o1 &fbs (1 0%t €) 71 e cerantom (et @ ZTeT T
e wwafts (ncaatine) a1 o tzvicatomiom 7o 291
OI @I 1 fRener fatemw swa few fem e
IAC AT TR GIF @AM IIAE  HIVS TR
NG I TNADS  (ZONANF AN a1 | @RATCACR
T WM FW SRS ZOTANRCANTN AT T O
YT  (OTIAMIWIGN 06| IO (4 S0 LZOAl-
o>t ot T W1 o7 WAE @IS A WA
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(IR W (P ORI TR SRERIR MG I T 6 TGS
GRWA ANF ©IHA VA FAE Gy Heilz (1924-28) rgoiar-
@G O] IRIM  PEREW I (FCANE GF WK
(BTSSR ('S LA AW A1 1Y w@eAiwd 38 ioa
GBLE (HEATCRS SqISIIIFONI (A5 AT I | CEBIACFUATCAT
(hetero-chromosome) 1 3 TFUACHN QI (OLANFTNGH
WG (RGN TR IR T (FIETAN O (@A (5L
@t 38 w1 Darlington ¢ La Cour (qp3q (3§ (ZOTATEWITGA
A TAOICRCT  GNATGS  (ZORANHFEHITAN @ FBUFT IR
AGHS FOTANIENAA (A1 @92 TP BT SCET-
ARTwe (@locydic) Spae A1 FHA (T ROTIACIEITG SK*
(EH SRELTE 26 (N W, [REN— (A TRAT IATIFAN 9 |
WeGT (ZONANFIGAT WA TEACKI ZTF, ®an— (@) 7
SRR A 3wy (Heitz g oateeae)y a1 () 51 s=egw
W WA (A (UTRT IAERN IgE) =1 (o)
Glmﬁ'l’ﬂi'f?@ m 3 (Dailington g La Cowr g
meafecE) |

CICATERE JNed  SEeE  (ROAT@WIoA AUd | 98 T
S B (@A oReeeRT s, o (Y) @
Foniire WA @FW @F FIF FUACGNNE 28 ONs (ROl
@eN encw 1 ). mcdnogastor g7 MITETSRT ACVA @A
(FBE SEE CEOATETG 73 (AT |

wiaramiva  sweE. w30 (malte w1 ¥ RF, BB,
aprEd q GefRmE (¢ sl EBrATEEILa w97
lws a1 wrEEwise (e dlatiee) g QUaETILA L ¥ 20
PRI (ARR) RN A Qa8 GEam +aisioeive «
SotaE (ROTATEEo SoTEe AnE @R aF (RBTATEWI TG
Seariya Im aF I TS WIAN QA IW e FFE A
FREGTS  (ZOTACEWIGH R0 (RGN CFSICATS
[@E GBS A1 AW 9B 4R ESIETEoa A 1
W T e T @R I wIeE o I AT AT
TET & IF A G |

TSNS a1 SR orATEmita @i jaiTs
SR AT, (IS, IR S, (oo o, e teaet
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IR T Bonin | CCHITNATRR w,E *n0er @& oA
qUF | 9% TP OTTCE F6 NN Al CHCATHIER A AT
a8 JPA o (W IR LVRFH IR AF ITHE CATFACT
et o eeee RN AeeeE  CATRTINETS
YA (OIAFATo 2eT1IC FWe »MA  Drosophila mela.
nogaster-qg  FAfTeRT MTR FUACTOR WA A S
oRTEniLy W (S9tl W W Sfew @
ANTA (GLATINATE PR [6 (AT HAST CFCATCHACNT  SI)
AT TO T A1 AL @8 FYEABT (HIANIWI6q TAew oAt
eSS IMHTIY FRIAT TINF T%1 IF | (8-
FhEH AP TAYA AT ZAT VAT FA A TP (I TSR
T TIELSE q8 (W8 N 8 NN ACF | G2 WPAS FAIG-
Beve tzoramEmey frw tewt  RBremNioN SO S
TR AMTF (band) FRTE HTLACEFWIGN AITS WA | GT7
SgRe T q1 intercalry  (FHIATEEIGN 61T el Djosophila
melanogasicr.gg  qeeaioite 393N (ORI  ATCF |
ARG, TP (I THCa N SN (ZORAEiion apten 2,
W, @A FW Slemd T @A™ W3R Wieias 1 B-
TR (CqTH 8 |

QAFFE A FAECGIOES ZOLATPEGY FIRA I1@d FIW
{oat z@1 SWemET Aatr (mammal) spite @Io1 X tEa-
B FTE AN TSN (RUTANEIA  AFTed T IM)
TN, A3AA XY 5 @A 8 Wid XX (AE @A
W A | AT X @A @R FaTE @I X @It
gmnicy apfer a1 {3y AT FROMW 0F GUR
szt s s X Ewamcemn sfzeies 2w oEemive
(heterochromati) opfor @ Tw1 @8 X FUACAWOLS
tgbRTEEnivE X ar g6 (hof) X zem oz @@ X @
YIS IFIAT X (FUACACAT ANY GF6T SRARG I I
IR (TR IPITSIIF U0 IV X (@A T T (ATAS
@ GIBT X @UATCIN FRAIAT qTEF 8 T X @TIICHT-
ofa et aFpten T Rl (P (W (R (CE,
Pseudococcus obsanus) TR Torerg w1 @UACINIA Ted
AN (EORACITION 2FTea 20 amF )
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roATETioN {Afen IR T 93 9o GO HTEe R
WAl TH| ROACEWIOT TR (HEATIONA  WIWW  AA
YRR TRGAT WA FACOT FRAT O] TWHA I ATIO T
Al 9R 9% TYEF TROLIRT T FNIA W P A0
IRl TTQ oq Muller-gz DTO.\OPhtla.q (Tl STITT LATT
oWl [IRR @ AL (TonAneon v teat Y e
TINe ‘AT, BUAR T AMF | GG FFF 107 G Te[
G ST T e Y (@IATALS AMF | M CZOAEW 63
Y} @A @Ee (haity) I HW SRiwme (Gates)
ST TZOUANIWNIGN 9 AT &I *meqn Tawag |
T,OAR LZUTATREIo7 Sgtere o, Tog; IRIFAT & W qMIF | ©F
LTEmIion wsEr QawE (oISl 6 e et ataw
T AT I |

ETNCATNS  (RUTACSIGA S9a 43 qHIge SREE  AF
(Ris @ Kubai, 1970) @3t @ S9ce1 @mive A@a (orpoial
¥ INE INe Qe Coleman (1943) ¢ Ris (1945)
AN T 4N LS@WION T (FICANAAR TG SAe ATF
NG (ZOIRMEFWION ST DT A AT QTS |

ARG 1T & N1 e, FNEI G (ZOATENoN AFToT
TR @S AMF | (W W *reesr it focare (@ waq sfaafer
AT GFOT (FICACA (ZOLACSHIA 2FTeq IH T 3R @ -
CTT A AR ZSEF0N 2PTed T AGIR & IHF AMITS
7yfeaior oW @ YA OGN 2Fied TS 2MA |

o TTen QIEIINTeA AT FA FATH (WF G TR &
SBEFETON AT (50N AT (ZORATEWIGN Sgera DNA
e T O @UNTCATAR (TR e (I A LS
23To W3R FING (ZHIRNEFWTA 215 ZH (AT PNA saman
gSgTnion e DNAg sy @32 s Taone 231

VFATINAT TA T I (I O T FT@ATIoA BT
INE OISO TP & TH O @ FOAEEoR 1735-
oY BBEWIion S9Em alae AFMIT ASMIC FIAS A |
‘g'g‘rg Ac—Ds sqgrer @333 SIWHT ASRK (position efect)
wal el TUNe FANe IRE ZTE@WIN S oW
AT TZONRATETGH TP ro1ie FA | [@UAHAR (77 0



200 AR

R SREWIET RTex FIE My (@ SRAW QqUF O (TS
Z6TH TR ABIC: GRIFNF AIAIO A1 IH |

TAOR CHES TZOTAEIGRA AN SOCETTOE *NS W
T QAR | CZBUALFON HYANIAT T SYWA I 2RO
k| YT Amiaer!  ameew oW @R
(ZOATFGA AT T2 I,E A (SN 5o FH |
AR G LBFETHET TS FIHTD Grael gF 11

A (x10)) g Riexy IEINE B, TN, WIAS
mﬁm@ (malic  Indrazde) opme A mfﬁq
Qe AR (W (SF T |

McClintock-93 TS ERATCAGE @R GEAT TS 26087
@ BN {F 4377 @Iy Wne o7 $oR fWew |

(RORANFWITGL I 7T [ien e oneg | Darlimglon-gz scs
Siemd FE RUTAEEAT [ag; W1 *aer owg, e
9% g FHTaEE” qF !

Mather.qg e 2414 wiAscia (oligogene) teria sm-wetn
el O AT P T (AF AT 0T T € YW AW 517
[FEea 33 Gigla E8@oNitA agE e Mather  (1943)
@ Goldsmith-g3 (1919) 317 ¢ tzBIaramTea SR S@PT,TE & 17
AT TMAL ¥, GFR 44T ¢ A I9IT SR IMR |  GI2
Sieom fafex W we (@ AN ANYFT WA AW TT GBI
A ARz Maha 9B FiW i sAfasw
(Pehgend) Fqm Tveaces )

Vanderlyn-qg (191 w5 (Sramemiicn sga xSz
WAEN AT [NEF A (IEET FNR ANE G NOF A (AF
ARsreme@ RNA ¢ sgaae mzmy @1 Wiekd B wmsieE
fTeT (T W Fa1 7¥ (F wiclae siiame zorasmity F4we
FAre 47 1 Srd SRIINE FAI

wwiss sy fooma DNA

e fafen femmiar fon fon @ Wit s’ 1 @
fzoma qefar st |

(A) Mazia, Mitsky orgfe fammisrm e fAoste smiwed
LA AT 7Y | WA @8 Wer Afeaw Frateen I star
TH IS F—



TFINTCTNY APTR TS 1 201

(@) 7e3Te e (I "R SEH ISAW AT AN
(1§ RENIF (FH TR T (I GU0F AT Q1

(L) TweFis wmimen avmiAe WOE fateger (veriability)
YT AW AT

(B) Tiey-Wysshng @ gojia1 @@l aafeem @ @oiag
g TN I QR ARG oA () T]Tem 90o@
oA Sisie otigieq o sl fafeser mn @)

(C) Schull, Sena grgle framitig wte Wowte-tamta
o, AN G bidg [wweaa w@ @2 @l e f7e-
FIG-TAGTRT IGAHT Y D FHALT_IME |

I IR A RN R FE@ Avay-g ISma
ER T (Preumococcal  hansjormalion)  SUTFE  LPWF
iqeArtz e I @ DNA-R zom teaioe omme’ |

(P19 T IOIAR ITF Z0C A TR S9N, 167 T04F 43T 13T
RIQ | @8 e xom - (O FIAER TR SRR Ootgs i
giee, () g-laaerem (3 Jf duflication) sy geq 7RI,
(¢) zwEiae fatemer (chemical vanabilily) o waig, (d)
(EAILS SR IRE TEAT SATHTEH |

1Y, TwE IR 13O MIIAN (F AY SR [STeCS A I
® @3 wwg DNAg wpg1  Maza, Mitsky @ sy
17miald W w3 @ DNA & g waivs 331 @8 338
fafes glia Rrovm Gw WY1 WA @REF  (Morse code)
fafer qreT NN (FE TH' (dof) @ enmd (dash) Fo Tete
FAZ Abe W 8% (oNimeid DNA-g 31s7 oo 29@ I4H
ST A=T1, G=C, T=A, (-G) gog freiTe |

@ faiew 2 wuE @R TE 13 DNAZ e@ihs ag o
FoFN, AR {3999 heT A

1 (2) {Aeoneara T.MSq (Pncumococcal transformmation)

frecariam A issert aiciam Inplococeus pneumoniae-g
[ TeRere: TRGmEam  (pnewmococcits) @ T AqUF ] 1ATew
7T i (strain) gy Grifth 1928 i oredd @@ @090
Aivert Weoeerw @wee mfaine «Fe1 R A
fAse (capsule) omm1 W W Rew wer D
PneumonideLs [FW IRFY A1 INOTHGA AUF AT IRA &



204 Rzemter

{i7ma FIET ¢ IW M| (IR ASIGIAER GZIINa
(ATFIE AMIF ©IT ARG N (Wysogenic) Fgieiam @R @
(T 06 (lemparate) 5 &A1 OF =G F
2 IAFIGIAR @RACAGER DNA-7 G307 e Sigsiced am
lasty ameibiamm Avriae sue a1 e¥eng 7361 alsinm
@R WYy fqewiqes@  (recombination)  zre  ongd
omeEd DNAx ompq . eefbiaam (@ Iamanss ANy
Trga @7 (rererEd DNA) w1 agpte fqm a1

(4) DN ¢ @rawanad I4-wsT

o (@A e HigARARSFIEE WE @ @
WG (St AF 1 TG LIS JT RO 1T ST FIE
@ HAGI (St T Al @9 (AF QR FIF FE2RET (FINCAET
Faofa DNA fwag teal1 o womss 7 s (loop)
q wiEa sg RNA (et ate mran forme @z @8 RNA
MEOTRNGN T8 1 @7 (AF eifae 27 @ DNA e RNA
e T

(5) DNA.g sfgam

Mirskey @ Allhey tqea® 13 (@@ @361 oien AT (oD
@IE w3% vlame DNA Qa1 @ STeom giawe es i
97 T F AT 3R WEEe ReE e s WMEF R
Taare offzsme DNA sfeqn a1 WoaR 2SR (IR TG
(set) way fatwss sfmne DNA a1 znecas festmesa
@G &l A Tow s ST TN AT WHT | AR
DNA ¢ w7 sy @361 996 7qm SR Ao (o i
DNA-z faW6 srigmer (e @1 T @ a8 Qesiia Immiag-
TN WO FAT

(6) 1953 gpicer Watson, Ciick ¢ Wilkingg 3iq's
DNA-7 o3 10F GTAT -G, Toreew Zonin #gee
71 71w DNA gz sfaiadztesv Agg fo@lam a1 {afz-
falon @ o @ oW ST e AME 1 @Ne AiRTWA oF
wmfeiam e sgriam seRr ARWITAA fa1 qiRTae @t «ma |
a3o1 Afeindrtetide wrm oy WOFtetBT o I
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@ew fRfen a3 foam w831 @ew 98 Sy 3weE
{1 DNA-g TS falemer (vanation) tma 3w

DNA =ogq T M3 SR @361 DNA o @3l
sowa DNA (o3t i 9w

Fyne F9me DNAZ g5 (03 +f3or3e fwoatetie wowmr
a7 o18 Afetais (mus-copy) T @ Stelad adtNeR
MY TF A T G (viiTen @A AZHIIW AN TE WO
AR RO @8 ATRe e F0a Weem 241 W 3 &l
TR T A ATOA A (NAS TSR w1 HR |

Crick-qg Tt @R 7e [ @I61 1T TF9 A
TRAIGS FG  (yenctic code) oFq IR OF FCRCST MU
ST T ABGEEE WA ¢ @y Atew ofems fwwad
A

i S 3o &1 Tatme efemmt  fafow otw
wF o forwe @ DNA tamter fafem smiwanr smiwees
=x fmae 3031 RNA DNA-g7 torss toat 201 DNAg ot
oot e m-RNA sigroremecsy faew oo e tamsis
ERoT BEAATN iNF 7 |

o2 fafen oy s @R 7@ @ DNAR a1 mAivs
MY QR GBIR (IR TR FE qEAT I |



7Y ST
(IEiTRITATST fifFas | (fxS»was )

qEEE s AfIgeNE TWewew  (mutalion) Fem T
@27 TSR T T TR o4 5i9g Al WS oA
TR 369 T AOT FH WRAR ew 2| AgEere:
@R IS IUAYCTI ZETE FA WG] & 17 A 17 I35
W g IRPNER W Ienm W e W
sizate T el A1 z7 o Term z3

1901 sprar de Viies Ocnothera  lamarckiana-g fgmowe
uifeserm s@q) Telw 0. lamarckhuana.q f3feg 730z we-
AW IETRGEI | 90T TSR TA MRGT AF G AT |
Tofq «® smeviee 8180y W Tweatetew | SERGT TEHARA
o A TPTeR A nanelld’ qgrmy . lamarcktanag w75 731
RISl S 4AE et o 0. lamerchianag fefeq
A P, AR [N AAT OROW T A FAI (WA
@@ de Vries-qg s Ocnotherag fagmemsriar f«fen wma
HTROTR T TEEA |

Weowe '’6 A IT N TICRE TV ARG IINE  JT
e W el e  werey  StemR slAEd
JEE  THR A W URE FINE AT [AGGANGT @S =D
T (7 O AZLH (GRAR #0% W11 TTSHAHT o @ (W 5196
sfReT zre Ama 1 e Witang wieed 1 R FAe
TR TAEHN FE IE,FA GIA@AS TG T HIeIW Tae-
(MG TR RMEI1IF &7 AN Afc@mmem SFes® 2
Ffen zm a1 AMRTS: TSGNAT TCA (I TR AT
T TR

WeeE TR0 tatte S I ZH|

(1) &R wSowm—

Flma oaPied AiWeT T OnF W TWewww  (gene
mutation) @1 N SENN T @HATHNR [&FIA GF61
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afa's wa *TReN o I Brew WO cwEe (Point)
faCrme 3o ZF |

(?) @ W R 3R T, @NE—

(%) RIMATTA AT #1910 «
() ware fen wow Rer sfwew

WA R [Sam 08 3T SO RIS AT
FN AR

WM SR T GNAF AR TR SR
7AiReT = 7% TR opfon R sfa@ew =@ @11 wem
ATR AR G (I G WSHMAT YRR TS TH @R
RPN 9 TTSOTR AT ST |

e TR AT a1 0Tl W @R WNSORR Fe
a% I ATIACH TF 7 O AZCE BUY 20T 11 FEI©: Q27
=l Twee FRw W1 Zed 2! Kiew wiw @3t «sd
wiaa Ton Toy wrnems Weeae T oo 1 WS-
tma T falnss e, (oaite 9w, ol agfe e »fz-
ReR $7F eI (FW (W THA 9N G GeE @t
R T . @R S I¥ AR eew W enHd
TeroemeRe  (nutable) FHYy Igarr  kmerson (1914) s
W QW AW eI WEeREt aeiTe (o) & iWem
AE? NSO ZeTm @ FINGT SWAG (2F@) FiN A
HRTOT ZH1  GZIFN TSR T FMT ITONFA WYY &
RIS 16 ZH |

Delphinium-q gzzs WOH*R2RE iem 2rewy  onEe
JLeT Wy Purple (ets @) &bt R RIS &4
TorETTef 1A’ RIS WA Q1A & (Tt e FOT
Af% T TSR T @b Sl s AT e
“HFLHA” T FIB W FeAg oiFaied ANE T AMA @
TSTom 28 wol “omReeE” (purple) wesiia 90 WMAE! T
RTTe @ EE-2’ wiwe Teoew o Tacmcg 1 Muabiln-
98 ¥ AR TSI Giwa Befgle @AW FA XCARI
Mirabilis-q TqEHwAaRe SXAT ST AWM Fr& & 717 W
T

B meRY & Fywe FuRe Twot TR FH R



208 Rwsmier

oI TR U @R TOAEE T TR TR
(reverse) Taeroem fo=r Teafe (back) TSwew M =W
Drosophila, guetoiam Zentree faem WEwem o Toracg
]Me1i7E ARIGITA CAABIRIAGE FFAR TUR IS A |
9o TSN WA W AR IOIADT  GEAGmR R
WYH <TGCe 2T ATl IYNe IAe [wate Taoroemwe =
cRAEIR  Wewle  ASIREDl RO IR N
TN WS 207 YT’ TR S]ISF AF iz sizafes
Ex:fl

fatem i TSt e Fos oo g7 | Dobzhansky-g
e Drosophilue-g afe xpa &1q TwSoensg z@ ga 10—
g Neurospord.g feoaag 2@ 2@ 3x10—% ror 8x10—%
T AT AR o wEt faeoemae o afe ke 10-°
W 5x107¢ Zim wr w1 iifen Fiw Wewwrw @
sfgn i eretiae z@1 @t ormEE wmieen TG
AN AT | dAA  (r-ray), e @t iy (ullra-violet
1), T @ieEm Feniw Kivaem Ao e T ;s
ThE 7 A AW IO FIR TGO 2AReTST I &I
frm erofas =1 @i &iw Dig (dotted) zrewy &iq a
(R Bfen) FaEel §iH Ar-a (oA Stew) sitmaies z7)
S eferr «’dg Drosophila melanogasier-ge @361 &I
TN FIAG TSR 2SI S0 I | @1 O TN
Tememg faie a1 2omy T 9T (ISR SREE
A G3AFA TTSOAN TRFINGS (0F T S T CEIC-
oma Tlne ea T o1 SEweRE S helerogametic
(@ XY 31 ZW) Swgan 2wy o | Seereme (aeive e
T7E € feot I PO W A IS TH AT

Bfew a1 2l T 5@ (@ (W SRR WO TS AN |
w@ya Sfew (sporophyte) 7 Toryym STew (gametophyte),
7z BFIE T oA @R Wt o w1 WS
@Y E A6 AR IRz wOrem o w i ey Twe-
o T O WIoE fwooww  (Somatic mutation) e
TAoE TSR ARTe: @ HNIT PR ACY AR 0T T
W R Toe; Sfem wivew WSaw e S A W't
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I I TRCR | I R, AW OIS GRONR AWIOE
TS THT IAT TR | NI ST oUW (mernistemetic
lissue) fechomt T @ TASwmr wmw TR (bud
mutation) FF 1 e =reriae fFRr Flow o Ai
O AMI Flow A R@NFOR Flewn &1 w7 w2
IR TSR oA | SR FiAW THAE AT R AL
TSI CHaT TR |

uFtes v (y) e oins afwom orona e oo vtz
(0.1 srere) To¥eoem 231 Fiow Toma Fawatw, wie @vEt
A AT FE, SEER AR 37, [Kiew o v
Y WA APVRG, WA, AATHRC Fenin om0 TN
IS FA LA

Muller 1927 oo Drosophila-q geaaiors acme a2
Fion WO AT Iw@ferawi Stadler (1928) 3
(Avena) gzt ewame 0 WS tomEleam 1 @R U@ AL
Biaw e et zamaterm s Fiow TS W Fa4
e | Afewen zamabwr eome oz STewm I,
asgfae e, TFE, wrargs fafeze mem zm  anaks
wFe, foeres ek e FYHe tr @wnEe kiwRe mrem
T A AAARNR AR O Wl T fAe ¥R
O GIFT (I T-0FF) YW IANAAF AN FAT T
fafemem wfe a0 @t 3@ A AomR TER W 9N
ro33q A7 H A g1 Muller peam v gewahe W@
TS W JW T WO TR e | e T fafew
e e I zH1 Tew ot enemmrs (lethal)
W YR 9T ST @ FRO! X A0S ALF A1 A
BT T W Siwen ofFwe T o T A -
e e TSriueT T AisTeny Haw A I N
e T v qeNaTeE SR AOR AAIASNI .-
afes zamater 2end @ Ty, @O TR
(Tefebmatm, glam, ST ¢ ENerw) AT 2!
GBI WA SRRSO AYRSs FUATHT 7,207
WA TRF IR | GO FUACTN T WO wSFq T F8-
e ST A (square) www wentew | wY TwSTOTR

14



R10 aRThi

o FI GFV] YA AIRET TH AN GAIN HOWAT T
FNTINAT TOR MY AR ALATOF T |

et U1 SR AR 1TeRd ecme Iwe TWSTeTaR
A I I TAR | FOEW i e (@), {3 (B) e
st afew (y) 3wl TH1 Were e 161 ANE AR BTR
AN I TR e CRATOAM (W CANPGT FNA A
ofl A @ UG XA APLS A1 A1 AT SAF AT
goataR o fom; w1 Blakeslee @ Gager smy ahwy oG
@ T Ao ¢ @A NS o

werT At e TWeiwa Teiearm aende Terhsam 7% &x 1
i erend *r7® Habrobracon.q wismyes enemms (lethal)
Toeroae »mean fotat |

9wyl Ife RAAT g wenRe WO AT T wie
WAL IR omel 47 I ZEWH G XA IFSH &1 W2
ASTHA A FWE ANA A1 oG ARHBIFN ¢ T IJ
W FRETS 98 aha 7RER o I € 97 eI TS
YT AR ATD T WS @AT AT ASHT ATATSS
T WOoae A6 zm1  Stadler trryw @ QI PRIRGLS
1800 terg 3100A w3y tWTTa TS AT AT 2o Tweow
% 27 o) 2600A waw HAR AR FRGE @1 IRIIT
AFTTEE PRI A ¢ TaGEE @ W Ay A @EAT
o wioey oo Swm @ FA© AT 9k @@ afEn
e Afetem  (bhotoreactivation) w1 I wWA Hi©
RAAY e erewy SRR TR Taiwmem sfwmem oG-
nies T Wy wfe @At b wfane awar Iwes
TR T ¢iF g me ek @t T wfe RaAT IR
ST THTHNAT TR I RS WA |

ey oo aomEiae Jga oremRe TSAAT AW &F !
Auerbich @ Robson spgFe s [(CICH,CH,)S] IRg™
o O romlerEe)  ATUIT MRY AR A AICNR
TR T SR RTINS IG SO WIwH A 4T IW |
G% MR ASR AT T (A0S AFMT | |

T ATIAE WY, NA—  SORTAISG, IR,
TS, IR, B8R Roniva eide TN @ ®I



GFTRTIERR e (TaSohee) 211

FPURIG oY @ *NTITMRG Z'a arigrerer} fadrov A TSwat opmed o
PR (¥ AT “M° 1R 16T @3t faom "R In-
FM @ ISP e’ IR @I el TS AT
g o ENT GO I ACW AT N1 AN [A TORA
remmte R Siemm TR wemE @t g
TGO T

NI 2rONAS TWEUAR W% zH! Muller grew ox
STommEl qons Twewew zm1  Plough, Child, Ives wrommag
sfqqes g Drosophila-gq TBsm toatetem| i e
® SroEm oA A (lethal) fq¥towtmg e AWH !
fafony oo wonfear ¥ m wrmmE Zenie SEew 2|
orere! faien s Wi o oW T
WAl T MRS SIORTET TN TAGOAMAT TR AT 19Y
a7 FToane w3 FR 1 Portulacca grandifiora.q siemmt e
@R @ Fiwa oot T J g (1abeige, Beale)
QoS I (FW S SN JGR ALY AN WG TE
0 |

R I AR A T T AT SR H S ATRIS A T
TSR T ICG | TG MTS AT TR T50F AT 204 T
T @ s wEten Slew e et omem A e 80%
bR dute e 58% et ety e B S
sMex T !

fafen Coarm Twomwem Oefgie fRaT 3 sm1 @A
FoT A el srmlen I rew THA |

1 gu-X-omie

Drosopkila melanogaster-qz goq farai=e (2g7) DT A GE
TE AR ATRIST TH RN oA Soiigie TE-X
spTore @RI X1 GENTTAR LE-X ROV 7,201 X-LFTAHAA
"FF T SN AF 6 NEACR T @I RS TN
7w X =t e XXY @ranen anF | oFFew At fewl
M ReiE HFF oeed (XY) TEmw wE bR aeed
sworr IS T @R orewie Ta— gE-Xent (XXY),
wretie AFd (XY), fisgan X sg} (XXX, super female) 32



214 momiw

“ZR" @ SIARs wed I ww W Fred I Wt e
I IR’ @ TR 4FA BN AnF | RIFAR FE I
eomm TS A1 20 Forg T @ 733 YRIearR 3,218
@ L1 T3y @W aemee (letha) TS Seigiers
AT e FFRT IS 21 T, IFT WIS T
T AT AWM TR ASKI IS *MF 11

TSrovz Frae wvs fafen Toam www 1 oUW T RS THAW
TA—(1) 2ropF WANTST ToAW 9R (2) AHINE TS |

1. eremw e wedm (Direct hit theory) 3y brarew Tyeat
(Target theory)

Faw b a1 S fafeza e e @ Fharg iR ia
TITFONT FINF ANG A @ OF T G SO ZH |
EFUT ANTCST FA FIea IS ATaqeN 27 @R *ia-
™E W siam Afase |z 9 | Timoféeff-Ressovsky,
Zimmer, Delbriick (1935), Lea (1936), Catcheside (1948)
2pie @RI 2orF TATen TOIW T F|AA | O] TIW
FOF T FEAIHAT AN TS AGR WGLST ALAE T (T
TR 9} TGN THE T MR | GOTHAR X-@INIATT
FOTDWF AT @ TSR AT Yy G3IIW TAF° TF FA
Qe |

AT AN TEVL (I TNOWAHT HI% T AT 4AR
(C9%7) Drosophila melanogaster-q % @R JA7AT 2T
A AR et fre Ty fafew wemw
D. melanogaster-q «3% @ fafwae e W@owma zeza
YT T T R @R TN SR Riemem Avmw
Fiaa A @ T Mg Sy WO TRE AeNT FA
11 fog Thoday, Giles, Riley @3t Becker mqram @ Wi
1 e Saigters fafena fra Towe dvinewae sfaao
Tafemem ot wwe @t e WOE tert T | Ao Herw
uNTe TEle AW W Al Wehw FiNre Imedt eiv
g A

2. oETE 7 AAEIAT 93w (Indirect 7y Chemical theory)

o] woaw Soma fafemen s rewm avmlae efmEeS
o fadrowtma i 7w wee Tfere sarwena Teomw
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toA WA OR VA MW Gonieaw ATen ¢iW @Ig
AR FATAN AT A @ TWEONHR ZNAA OIFSW W Ol
R I AW GIR wETen Tfem pudw (stram) tewEw
ASRIA T AT WA O oA, A TG 2SR TN
fey o IEAe AfRE T Ter WHR TRe W =
A1 Rboades gpm 87 M3z FF ARG TGINGE FNYR
LR |

Giles, Koller zrgte Tematvm wree RiTmem 2em *wars-
R TH! TSR ARt Rfew ammmiae emie AR
Hee i T w1 @ wiwios adwemme e
Tezten afclem w9 e T EEeNTE WO T
GTT @ T RAA R AoNd foqt WeHA @3
AAWIAE A ASTI 35 TWGOWAT N0 AT SoF CHn2
a3F% orgpiey T TAEoAAg AiHq &fe @1 Duryceg
F T FAET FAF RPH AT AS  TOIMCIR AN
FA 93 *@ T Duryee Paramecium-az ﬁr,wq;q witEas-
e [Wes s faieadeny MG FRR I @ 0 W
OOl TR FEG (fragment) o1 Tog I TiFgeeny
faeatm Risgais MGy FeiTe A1 27 ©4F @Il-
T #TaRS T TH A1 AR FARGIEE FIACHA ATRS
oA ©rer Iradescantia @ wwyw SAw e faiedrem
o @ Tl T AAWi A F,o1Tes 27 A Giles-g3 wme
femm @ s o oe 7@ H ¢ OH wmeg 15
N1 SiwEEa ey RITIE @ 07 (00F TR ARG
toat T | FATAT ST IAF 2 (I LAF TAYNE ATRATIRS
one e @} TENEH ARTHRG WO A6 I
oAl «3w o Tarare Ho0. goie OH-g7 rerae Tooe
teat T @B Tfemw o EATE I AAWNS TEIMFE
YT IA|



ST ST
(ePeTATRT Wiyl =faass

(Structural Changes of Chromosomes)

7 ofew a1 ety ere iR RN Wi wgted WS
MY @OARAN AT WD AT @R @A
OFB NI A oNeT TH o Faevizs (keryotype)
A INACHRNE TR (digrammatic) Forgiioe Fae
gfveamy (idiogram) 7o z3 (5w 97) 1 T FF WWF O
RTE = 93 309 (0F 2ET RO INTIEHRPR ToT7S T et

foa 97
Punica granatum- g3 g g 20 = 1651 wonenw (Guha);
a - gigedRs, b —Zfveam

T 3 (1 enw AN @A I9RY Ienew vF |
YRS LI ST FEA 3B 7201 WG] (PR ATOCITAS
AL 6 TN BN A | 7g Fawe IAe G0
@R @R ZoR Ipien for s sife® o T
% I (T AT R WG] (IR 7,07 INTAGHRA T qY
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FRq ATRTCT BFOTAELAE IWEYEE RoE W @R
#Tqe T PRE 1 Thee Tow ommste (vanety) e
0 TS A0

et AReTIF W21 ke faew = wm—(A)
gpted siaaew; (B) wrama sfagee1

o @ AAROTR AFTOCS WA IF O@ GE WA IJ
I @ (X-ray) @ s @wd ’iswem (radiation)
Az @3} fafen aPmmiae §RR 2 I Fiaw SN @ew-
R #1iaeH FAT TSI TONE |

@ANE IPTed #iaRe e SRvl corive {fom 98) s
FA W «@® wtegiE TEe—

(1) wmfe (deficiency) ¢ wlatom (deletion);

(?) Tererer A Glerem Mupleation);

(8) geRMm (wmwerdor) Sprie T R

(4) et (translocdtion) wiefTe "W IWeT |

1. wife (deficency) ¢ wimws (deletion)

IR (T SR 17 L9e ORF Toiw e a1 Qe et |
@HATCATAS (I SHONE TS0 (91 HIYJ0: GFBT TACHITAIR-
& WA @ GFV1 FATTRRIIZ T SO A1 ZH 1 CRegiTag-
fazts a1 smiwfads (acentic) supr gt 27 N1 IR B AT
R EIAICAINGT RSTIFONR NA,3 7 TS 2T Al | AR
L& WRO0T W] 2H € W2 @A (ot (deficient) 3y
TS @I @1 Ol IT0 TRy TG IG TF 8 @AMA
WA T ANIF O ARG SAoIe T T W |

Telehmaime (defectency) w251 vatrs o 3 =71 (@)
PR 287 ST iy @ (oA A T @ R
o vriTe foletwmiem (ferminal deficiency) 37 2maty K5Te
e =% (50 992, b) | 3yme 376 SAT @NTATIR 2SI
MRBARGST IW T «@f IR qTecE emiwentss (amphi-
plasty) et

(b) RN TRA W KA W LA OLF SRS
fotetwrate (intercalary defeciency) 71 syReY wfe @A
(f5n 100a, b) | FW RFTNCIET 261 W To0F Tm T2
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o1 99
RS qHTS,
1 — PR WA W8 STHAE (80K 110 Fd e
W TSN T RO I IHTSAE AR FRAA AT

TR,
b —smaiws =meie ¢ wWReY wniere @Al
T TS

el

T Ty

51 100
AT W,
& —BAA WA 2B TIm, W IM FIET FCe
AR o TouE NG FOAHANT 7,1 T,
b — riraEn®er Wnfere Cfew awmiwey =reriis e
TS FUACACHR W ST
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AT TN TZTH S ATE (&1 ST FLA YRS T OISR H, 1%
T TROT BT ClME e |

oty Ao FyRel’ wnfed wEmm S I MRl I
GUATTETT 281 QTS 13780 1 AT A FEF 9N AR
AT TS T AT SR GEW ¥ FSI, 1A AT 1T UBTS Tra
Torane | 2ty wbTe 31 SRTwE Tttt @R e
Tz (telomere) w1 I IR | AT S 2ATIHT AZLEHL B} (T 4
AT ALY TGS AL | T TFHACHICTA @08 20T 9FL G
TS0K UONE LS TR AR SRRE,G CTITBIGA Oigel 201 36 X
0T TR-OATARGE 31 CREATES  (dicentric) (FTATAR
AN A CTABHRART N T 72018 L& 0O AR 8 R
@ TG TV T IW| CROUAT @WIDG AT TR
e A vl M-S Og A1 TRETE 3R
(dicentric) bridge) =5 I HWRIE CRATTREG G207
vRte ER T (RS 5 FCE QST (S0F T IR
TE W01 O WY TR0 e NOFTA  TWI Tere
@RI ©FT  @WINed  (TMoF NEL@WGT) 7207
SN AR WY ARS8 W Ty A9 W1 GRSRI IFIR
SHST-RA-Tg  (breakage-fusion-bridge) sffys zre oT |
T AW NI O% TEUNCINGT 1 oo’ (FRGR T T T
O¥oT GRIICR TSl ARGEIEY ofRe N wWe emy Al
McClintock gz (1941) =re Sfew arein witTen @ aive

57 101

FRrReid 1 fae @
BIF-IME BTSSR IAWSE (FIATAN, T
PR @FACACT 207 &l @wiiores sg s ee
AR, TWiME @1 T R Te-eiehiwe
FTEARR (@A A1 ZE0E;
TR—e-ord i e e SRy SeE terw
ETR TFLA HEACHIE TR0 AW AF1od ISR -
TIOR 7,15 XCH0%
To—Te-rrlfarTE EremeT oW e cery
TR TEA HEANEE TR0 SoWH WPIeq FTFE
QAT H.16 Z0e
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222 ntdmie

o AW YRE WMEIF X I 6 @A AT A
fateaer oG I N LR @ W@RATANE ST AN T3
o o7 7@ v owm @i [ivae orewm o
e $1 () DNA fooga @ smer faleas ecme e
AR ©wel it g1 () DNA fgorg 231 o7 fafeas
M ARG PRI 0,201 C@UAIe: 38 Seny
tox g (Catcheside ¢ Lea) | @ 33@e IER€ (3 @61
RS (STF a1 |

AT AN GFVT @UACANT (AT W2 et
T oriRReE W 20 E S e IR e
ARCS AMA| X IR UFOL CICHTNHEIRZ N ST 2T T
TE FI CUITRRGE R TR0 O AW ol
we ImRr A1 fze (ring) wwammm (vg 101) sive
T QW R YONIRAE IAHIE AN a1 Tarare |
gt e 1 TR X-@hanAm new I g wmI
wo™  (eutosome) F5ABA THT T ATI WRLGIFA [ASTHR
TR IS IING IR FATACE ST W@UNIGTT 04
aF1 FiAL-@TR (crossing-over) zHI «@q JEA GFT Tasge
e Te-eitvre @ a1 TR @wEitey Wi z@
(57 101) | ST w201 eivtifsmg favrte mra e e s
A @ 136 I R @IATHWG! TS0F TH |1 GIB] MY 93
TALS @R T RAGT I WALS IH1 WR01 1Sy WO 1R
W SN WIATOOGA 2AT8 W,201 LTl oS 4,94 178 I 0% IR
FOMCAE A% IR @G IEIRE P qeneR  wE
Tew QR ¢ TRSET IATFR FUACAE A% TN IRAR
ORI SAST-ALH TEAR TCA T @ (FEMIA 76 T T |
3T opTers A I IR @AW FHABRA (TS NS
T A

wengems  (homozygous)  feletaaions  czwamemsT
QTN 801 319 Ta0erg See w6 Z0 A1 CEeenRers
Tetstatrme el Mmere: ' arts smaart 1934 g
Creighton gm a2 folefwmi= trare toraleram
McClintock-«z (1938, 1941, 1944) 5rs g ¥ 2 rEwa-
iR fefeim= = & Shewdt @' qrwe omzt  Droso-
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philo~q X ows e felfwiwaie o@ gomtwens
A5 =S AT

oo (heterozygous) fefeiwmiews e
@A % (W @Fo1 7w Teigiwwats orar 2w (Ton 99,
100) | FW FW NI WOCHERTH Sgme Toeiaie v
el 1 TE @ HIRT [0 W AERAT IA | EAEERAA
Tetwiwaiem wamm rronamenem fefgtnai e ax wieaa
QUT, O 4R A 1FE, TEW W @A @l e
W @5 & QBT A @I v (20—1) towEe BiwHsT
R 4RIE AR | HNORIRS A o Shew @ W Tols-
i e @ Fra e Sfew eme zems
Teletai™ 2% @ TN W N @R FiH I %S oz |
genieaR Y -@uat G (3 IG I I LS (I IS
W A IR Y-pranad i Sl Wed A ieen
fafem

ATS LTS FUACTERLE G FII6 e Sk [
R oy Sfema ot (deficient) syas FHama ./ T6eR-
TP TR T AT GRE I 6 X0 AW | O} o, STt wbie
=t e (fo=i) Wiee e sma fog wie g smow
=eifes s sy afermirew opeeR’ W1 @¥FW
e Tefsthat= = orar amn

e a1 Tofebmis <o a1 i S i
TR (FCE (O e S FR el wE
T 7,201 (XACETS 7 Q3N CTATHICNE W04 F1IR GO T
fofstneaie orar a@1 Rick Tradescantiaq zgwgierg ewams
Iz Toleimat= mate crlee  oiE Sfe RawT aeE
AN IR AT WHTS @ FATI IS IA RS T WHTS
oiar T (Stadler 1941, Stadler @ Roman 1948) | @i
(X-ray) emmer 3¢x Stadler @ Roman (1948) g ‘A’ %R
ottt rzbrATERam Tete Tt coraleem 1 «d e Tofeinai
(TifeR) w STerr sy (anthocyanin) @ rFmATRE
o ZT M @ TITRA HIRA I I AW RO AT 2
ez Stadler Gi T IO 2ATH GF THNA TYT Q0T
wife @ e GEReE @S T



224 witchriv

R QiR e sEmacae; (pollen) smiepRY (anther) vogs
(A9 TTR IS AL T T IAN

Burton (1954) wie wegwY Fhey (ultre violet ray) sizmer
@ wyReY v rEteew e wom Risww ger
fery Tory Sfem &M T AWF 1

gonigam smiaert s =reids ¢ Wit @y
I GANT IR HATSFE SR, Y AYA S TR FAT AR |
woEmene Toletacien (fon 102a, b, 1033, b, ¢) spisfx

f5r 102
Drosophila melanogaster-qg wyfererat TG CFTCSTICHICS
TR SRS Y qnie |
a—vR Tofze wRA wr womamt wew Rt Wi,
b— ot frize Hea w20 amewa TuReY wwite

TR I AT @RI AW I SREY T @ LRI
WIAICR RTSNIF TROF T4 ST @ M A1 g
Tk 2t e ST A AfeeRt e @R we
IV THTCATCN THAT I 1 G 43 tew Teteomaiar macsaten
*TRTOTS T A A | C@ATS BoMeH e @} 7 Toeiatow
Soriele amn am



108
\ Droscphila melanogaster-:s: X-woar oty wnhe;
a —RTe11RF X-BIACNST 2rSen, b e ¢ — X-@emsa
RN AW Wi,
b — e ety AT wHTS,
€ —W, QRG] AV ANTF e
ey Tetemmt= a1 aifer v &1ty ga e @ oF-
G 97 FOR HNIT CF HIoIA1 130 TN 7 sAfawm
e aFTed g »3 Fiea sfame fxe7 31

gleres (duplication) 77 Twrerer

1919 o=piraq Bridges pmam 7 @361 tmwen®em faciine
(recessive 1 ovRE) ing,e Drosophila mclanogaster-q @
fate oian oo 1 @ LR Slimns (21e) 5
e Zog 1 Toid U3 IR AT FACS 0 TN T @-
R gt 7201 fariae el wete fWiWs s w3
ofyes &l T I FIECTE W S fwEire SreE
wielae o ©vF o Gieweem (duplication) 1 Taereret
@A YR FIePE A 9301 Toers Bfew 1 onate I
AT BT SR T,3A1H AR (RBT TZRACHATTN) SO
fomm 71 o7 A RE aF | @} Sielae e @-
I ANY §F OREW 10 s (fragment) Swm aRUS
/M

forerer 1 glarem fafer 7om o)

15



226 ezowie

(@) % Giehe WLl (@ FNCNNE WA R @-
IR 3,7 SO S UF O3 SIF VNG Giendee
(tandem duphication) zgar| abcdefg AR cde SR
g% fae 29 @ abedecde ig By auw w3 ¥ TRerERE HiM-
oI glerene e 391 grniear “qr” (Bar) wry (Tsa 104)
@ T 1T GXFR TR T ZX |

rfl wa w!

PSpepring ;.".:‘
A ey "l >
..0;.1
« -
gy

5 104
Drosophila ‘melanogaster-qq X-grsmmad 16A wge
(bfzs wW) o area =reries BrY, *RR 2317
AR TR BN 9R 7RI ToTRR A M TREA' BRI
7% @l Ao geniwer fdfew R G (Rieli,
X 9R @ CREA') WA AR

(b) Teorte nwem giewasm (reverse tandem duplication)
YTIRVR TSR (&I QA fasge woed1 Srvreny quw | cde
7 wfelaw W 27 o oot Gimemm gleram zrg abcde
edefg) feom wow feomls Taaem aabr oowAlHE
TORATCATNR W01 IR SAe (iBo-chromosome) w1 «}-



TERNTTON Wpter e o027

T TRCT-EUACAN  TANEan »pmente Rewm w
T O AR FENFAR @-X @A 9% & |

(¢) TomeRwe gieaww (dwplaced duplication) 37 wgare-
Tae T oem Sice SRebT i (@UNITATNS SR (AT A (S
TR} FTAIA o1 | Fi7 abedelg @ kimnop w261 wamene <
8 cde Jo| Siefae STEm AT O BHSiFe feoneren cde
o1 klcde lmnop 77 kledclmnop wawm oiFte #ma !

A FIAR SOIAT &) TaereT ort I (Tom 105) | Drosophula
melanogaster-ag ‘X’-ramamency fafen zvom wwaesr Mgt
ol W1 wenieeR X-@wanema ‘16A° (At eTeE)
Ty Hisiae QA ‘AR BINd (Bar-eye) i ) = itw
HFI gouiwAm 16A’ WgA @I AT @R ‘16A° wgm
TRAR ARA AT @32 Torqd Arwd “qR-viaer (Bor-
double) szTEy TG T ‘IF-FWT GONIEAE IWE FON
SEIFE T WO <1 “qR-TT” GONTAR A% T
oz (Tog 104, 105)

McClintock @i & Bm-gz Tewrer  oraieE= )

‘217 (5 e | ——
‘a3’ ¢5iY -—ﬁ:_

!

fa Srew’ Y eemeEEE—— | | S——
wreifrs (riv mmee——

om0 105
w201 ERATAINE N4 SO F1] SOTAd F7a TR OReT
(Taora IR') @ =rerfag *retwd Ao TH|

O W bm EuEenRe SRR ARE ATOT AMET -
o TG 2W1 @ wheAw syEter (allele) Bmogg Geifwiere
oo wyiteRn s zw!  McClintock orem @ @31 TZWONT-
e bm wtE v (bm bm) gl Bm wfeiae omee
@ Sfeom wrew wafm E T 9F IEG LA @ @61 Bm



%23 .. ghmiw

¥l 20 bm g Yom oiwes 1 gim o} wielwe Bm
FIN0I GFHT @B FWFR (1Y) FACATH 9TF | (T [FRER
MW fqenem AWy 9] @UNCAGER AT WREIF |
FYHe FINE UR WIAIWGT A% TH IW AR IS AT GiH
e AT W1 WK FoER @Y @ @ 4,8
@ TIErR TR A TR AWt ZH | OR IERIRTE LRI
o 3 Sler ¥ @ YRS T TH TH O@ A AW
IwmT TnheEn o Tm

Tegeror (duplication) sprey (TG WRACHSR (31 ¥ JTS g
I T EEDE TS ARG W o) Tuiwmiem
N QI SIS IW HISIF | RIEIRNA ST Gin-
@A 1 Taererer qeE, TR Aol Y3 'l AT I @ &I
QT AR FERAI I | AFTere AWEIS: GierdW 1 wereer
OTANRST SIEE TR I |

QONSA FACRT MIC FUNCGNN  (Ned 7 o
FRoraeT Ao @RI IW e BTett ACATCE Feel
wF Terrer Tatgle @R @ R W S T S
AR & BT @ A A SRR T T, ZH |

dferr wife a1 e s WWETE !

eI (inversion)

W (FIATATCTS QIO BT STF T & Tb1 SBTeNI w&IeT
M SHF TSI (nVerston) ey | HYETSE GIVT FCATT
.2 ST TS0F T € TR o Eere 271 ABCDEFGH
@ DEF oot covr forw o ormer et ABC-
FEDGH wmmmam 9% e *MF QR SNeRw TH1
TS WRATINE TRCT TYA SAO" 3, BRATCAT
AT TSR F5AGT AT AW AT

1921 w=pirar Sturtevant wranfpes 2o SRS A0S M |
TS gToIe J W 2t e 3% BTew fapre: Trades-
cantia, Paris, Commelina zebrina, Triticum Feyiare SHoTRM
iyt Terare  Sears Triticum.g Serww e (inversion
bridge) wpm; FEW! W@W W oY, (W, wiorey (gress
hoppery zezeie ernfe, ariwelom i Lenine smmere:



T Wyt e 229

gep trat I A1 (White 1951) | Baepmaa o @3@
T SPERAE HIFAOH X G 9T T FW I TN Al
BiZeeR TS« (W I tiom a1 vanegation) tier qF |

EAOR AYSs T8 FFGE TH— (1) M @RACANE G
JZLS FACG! FINT ANF X SNF MATATEE 2N
(paracentic mversion) FE | B BASIN @1 AT TEI
McClintock g @ay Darlington, Stebbins ¢ sy fr@mtse
fen FlR W? oW oRuieEw | TRICTET SToRew
I AR TSR WACHE @FWIvE IS (TTG) ©
CICETHRRIRZ I S T JH |

() @R FTeRMA PEtER SYee TVY'E AT SIHE
ofaoatils 3ve. e (pericentic inversion) e rofaiivdE
Sqore ofenw (symmetrical) 7 werfeswm  (Asymmetrical)
1 Ao EORAR TR ATORNEE SEE (IO G
R CrliE e g Satow HerrAd twE G-
EEDT T que A1 Sefenw A SNSRI ST
WZ R BNCAENE WPied Ao d e o (5
106) | QIBT FAW LG V- TS RN T CACRNHACTA

NN
A

t5g 106
toffarivls AROTRA T FIETATNR SPIed Haqew
X W WAy 1R, AT cerw faw SreeTend HTer Ay
WR @ EHCECT B A6 @I GReed TRt amed i
wRAI S_E 931 J 71 | arpfen @amm (o criacriale

ey oo V-uiplen R A e S|



+ 290 wizomie

vifaciinie SFeRMA SR €OER WA WHi e

ew CUTHCE @RITGE 1% @ (IR W SR (741 T
A TR O REwE om R Reiie e 7Zu siwies
@ e T (Toa 107) | DS @I TR0 R B
oo TErST SIRIT O RO SIS A | TR AMOCs @R~
TR AN YUF ST S, 39 T |

. —0-

b o- -e- o

R S

d e ee— ... Ocncmmmccame—————
t5g 107

PTACTIE SR 3BT FTo GOUI FCA 1261 SIS
8 M1 AT @UATAT T1T AT

O] TITATCHAR T,257 AT STACGLH (AT AT BT et
@ e RMINeTR, TEYE ONI I SATIE © @ ARE
sz 1 Dobzhancky wrotwems fafen aatwa germiag I
TacaTes |

(1) abedefgh pramems od ¢ fg sy =l SRR
gre abdceglh mrammm w6 21 W] SRoreE ILe
FYNe *mtenia (adjacent) ZNeRmwe IAT ZF|

() abcdefgh Eramma  bedef Sg@ oom EReRMGR
o afedcbgh @mmamE AT @1 ede St feely



W wpivr sfvrae= 231

geim e afcdebgh @ramam sfde 1 @I el
ZTORMFDT 2N STSRAIAT WY A TAG GRAINI BWEA-
AT TBGET Eeew (included inversion) e

() abudetgh FramsR bed W «atr EvemmTa
et a deb of gh @A™ S1f9w 231 bef Syt oty EveRIGR
e adcfebgh eramaem Wi zm! @ ENeReR WEST
eodayierg  (overlapping) 4 Tofasey yagmg Drosophie
pseudoobscura-g 3TN ZNORAH T THI B SASRN
(ZORARIRCIME  ECFAN R TSR YR TSR 9401
(loop) wiver =z (Tom 108) |

i a bhbcde.Jd g .hij k.

iv

f55 108
Borfarpy (overlapping) SNOHER: EUATCIGE 17
i — SRemTAR e, i — e BNeRME o, il —feety
e o, iV —Gofeeny SRR rRBTAmGRIemGA
TCETACA ioer ST AT WA

SWERME (TS 7 3G 251 Horton 1939 yspay Drosophila-g
GFV! T TR AT I @ VO ATS WA | €F I



232 wikshmrr

ECRM WAE TE BTN A e DT A (e
wF

AR S AN AR A G A3
e 30 z71

(@) TERRE WG @3% 93 RIS ZITEAIL]
goiomes (univalent) TR aNF € GMF WU TAST X
M 97 FE BT MTADT HH ZH

(b) FTERTIE @A G GF RTS[IF CZIACEAND]
TV TGA A O FTCRNA YA @ RTS(1F WPV TN
wIH I A1l 9% ued v Ry emte e wEsr wiw
T loop o3R I IS AN H,201 [ HINOSII I
@ 8 W3 FA TIF WMEWT FI% T

(0) -mishm FCRFEE @AW € «F (ZCATEMA
qe1RF FACAER TR T2 TR ;9 AW IS 57|
RIS TG @361 a7 (loop) 31 T B I3 ¢ &xeiz-
T WD @8 AR T&oq I01 ['5W a9 I IR
NG IR 9T FE EFNSReW a3 (inversion loop) (Tom 109)
oi5e 771 ENeREW wEE W FR @SR AMETS: T Al
T IYAG IING @ IO @IV AT GIMYT FIAR @SR ZA!
O RO 79T, WA ¥R @ FRIF FW GO 5IAET
o ETOTIE APTER FIN, GO TR HEF I | TSR T0H(A
T TE IWER @ APE FOR GOFA FASRAI TO T TR |
(EOTRAEES A MRACHAIUS Sverers  (Paracentric inversion)
TS LR WA0T [IITO00Y WK FFE «I5T FHL GOR A
oW R-FriimrEe 3¢ EWite ¢ O 3t GriTEEig A
RIS SROTF TG T 1 O WR0T (SIS AWHA 0 FIR €S
T TR R w20 wefmte’s ez (Tor 110b) | evesr st
frenm wneE s afe  (chromatid bridge) zn iy
noe TH!  ANRTS: @2 TG TF Tard w201 B wee faemte
WILS T IAFe FYAQ TSN T A1 TG (AW TALS
M R T TRATR I 6 A 76 T AW S O
«d Y T TFW G3I0] TALS T 6 UK OF 6F 30T 10T
e oW Ate wEt T @t esmEm ¥ W
orimri gl o W T er fterw w



8 —TS[13F WRACHWGT LF IRT WF TR ;
b —arem foormm e <rerles @GINGT FERR |

PIADT 7S] (ITRA WZBITS TS(1FF € TR0 AIRTST tsr-
w4 |

o AL FHes Towbl A1 BEUI @WIbeR W EE
LA TITST FTH AW ZTSTIM S0P GBI (@TIOC8R S0y
w21 FR-GOR T WALHE 201 @IS TG € TR0
T g Seqe fragment (g 110c) waT TR AR SRICHIS
TR0 OIS TOTK TW | TAe TN IR WIUWLIS Re1eE T
1Y fISTeR T A6 56T Werey AR famgerer (duplication)
e Wife (deficiency) o1

Bore Aot Tonul aITored W F201 FHESR T GBI
WHeTRIIT N (non-crossover) @EITGS, GF1 FAESSTH [FWITHT,
o0 Ta ciTEREE oy (dicentric bridge) @ @1 A
frmferta ea wor A7 zm (o 110d)



234 stcbmier

STRBT cETiore wey Tonnt a1 €€ T vRvT N-raeitng-
L& (Y © TR0 FNMGCHR 7,15 27 (g 110€) o

DOHD®

fsullO
AACATIE BRSO (ZOTIRNS  RACHEA 53,
8 — ZToTRA 77, b, ¢, d, e —EverRem rom fafew ww
ﬁmewsemmmmmaﬁmu
Bomem Tomeriene e SIS @ik w5 ToriAre ety
TR CFLATATN S6IT A TR | b—iﬂw
AR 1 W 2 WA T @O TR, ¢ — SNSRI F 0w 1
ezwmewmw%MGﬁtﬂﬂW
ETAE W53, d—2 @ 3 WA g €OnIT T A6
@A 1539, c—1, 2 @ 8 wWuA IR COTEA WA
1oe BUATAT 53¢

GO SO oo @ SINwE @WNe 3t € Fe-
w7 Sofule (e RNer e (TOTATIRG G AW SR



TFTTTE Wt e 12

| oo oorfaTATE ANETR 90 T WrpTeR Ataae
ZGTR TSRS Boigie TRUER WRT TWI W Biew A
AT ERABRAN TEM G R-GCUE TG
e FIMAT WS *Meq IM A 9R QA AR TGS
<oldE T R ReNIF OIeWd ANY SO (ZINE-
oA TR MY O IAAW | G SRR T AT
TG0 T T, RS AN (FALIRLPE Ao Ae Ml qH |
SO TZORARIZG NSRS SRTwerRd a1 T e
P, GO) TF I (| FAGON TG (T MIAG FHNGSH
@G JH ORI AYRTG: NI T T LT FITE IS
IR WY I W 6 ¥R fReTEF 2erite I

Birieeww  (translocation)

AR (FIH S0 B X AT K201 @A S
e Tieae GeeeW e zmi Bridges 1923 yiwer
Drosophila melanOgaster.‘g ERNN 2 (TS AL
BRI e ARG SPTSIAPel, I3 Tel, Fonin
M1 TR

e fafen qmAd TW, we— () wRe (simple)
wreeew, (b) w@iwerE (reciprocal) 71 oo Taiamm
greenceeE, (c) Teres (shift) 31 @IZ EUACHAT @ TR
TR 77, (d) Algiass Gremremea (msertion) HeTe FCAT-
Y TR (1 T ©F T @ WO N @ W
wReY W T WTE o () weEmE (Robert-
sonian) BFEAATINN I (FETN AL (centne fuson) |

(a) o DETAT

GRIFCN WA (@TNCATS ST W ToU% 191
XATER 77 @ W @GR A0S 5@ o8| O3 e-
st Sfetr R $AT ITAENR (T W1 AEAS: AE I
TETAmEiA Toigie ¥ aAfeRns Aom I @A
IS GFH A TSOX 0 T DA T
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71 To oA ST e @TEOTRR AT W20
4 INE @ GFT GFOT GV TOH H6A IS AMA L

@ AR Fvmte afem ga ety fem (fission) 7
Tearen (dissociation) | @3b1 7R TOTATES 31 V-SIFT&q G-
TR AN G361 TQI6 CFTHCHATCHN S SROTA WA
A 201 SETATS (acrocentric) 1 J-ugpies @weneE (oo
113) 315 700 #1031 9 TP B faaerer (dissocia-

VoA

f5q 113
@Fb1 V-agpied @ENE AN GF61 (20 TICATNR
TN IO DT T L30T IR
@TATCACNT H,150 TR

tion) 31 (R 1y Twwm (centric fission) | W @W SiEw @
AT AN IO FEN TR AT TR WA G
BEYEN | [T AL 932 (I TP T @I
PTG FINE IYNQ FUACINT AR 7 aqew TH |
HFAETITR FE o7 @INTINE G601 GRS =
8 Il TeriARERTe TE PR SN A @t SM5A
TRTSTIF T @ G FZE2 76 0 qH |

(XS (ANAE) W G 7,201 (@UNCNT T4 FIA
CORA F(E WFAEATIRT 7,16 20O A |

=renae Bfer ¢ ont e SreEm s Aned W )
O WA ¥ IV Fiaw oty qawahw ¢ fafem ammiae
HAR o9 I e Sfew e smem ez |
Belling ¢ Blakeslee (1924) war fafem waaa S =
T s AR WG (ZTNTRIACG AR
AR eI T e Bewee R Sefete srer @R
W A TR BEAARGR e forsew  agem (Uinkage



TN Wl vines 239

group) 3G TH IM WRFNT AT AT 720
F Q@RI FEI GEEN  CORAeReNGT R
B TRMCIRT & 8 @8 7wy Eew (w 111), 3o
IF 8 W (cross, mning, cham) e e 11
o AW W CRem e¥rwwd Tfenw wpler e
ooy SiETe (T I AW @ @ Sfewst T G
oAt | Rhoeo  discolor, Oenothera lamerchiana,
Datura stramonium 3eyfw fafew Sfem sl frosm
mwm (ring) 7 FemRT NI & (Jor 114)
|

fsg 114
Oenothera lamerckiana-q SemER=E & A

AT BN &6

WA 3 (200 A1 T0E & RO OF T IS ILI
A 21 IR WA @ SR T O L@ o
wple e 3@ 2T IATLC VO GIV] INFAA A10©
TE 8 ILPWE  ATTIAY  (lerminalization)  wwere’ TA
woTEE Tae a1 39w o 9w (Toa 115¢) 1 Fmr enfewd
et g gongten (5o 116b) e tors T A
RW a3 AELS W FwEm oafSe N 2¥ O) FRUT (-
T @31 weaE (chain) enem T

AT SIACHS ISR | SIEER AT (oA



it
Iog %
a
b
c
f5m 115
& — BT (ZOTRATEIRLING K201 SRISIAE @ T35
»iRTeT T,
b_feenfon wREm WOR @A W26 @IS
| 9y ffem remiitres s W01 FCEAN AT
TCE,
C—TOFE TIEH INPWE 2ATGIAT T T aFol
e 1 a6 A T
OFV AN GF GRLS 8 SR AF RO RS
CATS *RWEW™ T O3 FTE G0 GRS TR0 TSI
T @ O] GRS TR0 N meg @ o &
(Tom 1162) | @I T*1T I F,EOR FHTS @FETFTNA A
O TS 1 TRST 1 AT LA 3T TN @R A
et a1 AFw (balanced) syt wem zW
GETY] (T (FW T Ao @A a3IoT GRS &S
Al a, b, ¢, d pRE" @FOIAT 8, ¢ _EiT ¢ b, d

VETMANTTGE ECTN LT SIS (@A, o1 35
Tafew sz e 2ma
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(@) & c IS @R b, d wW CETS oo TEw s
teat == (T5m 116a) |
()  ~meenter ¥ 2O @A wee 8, b qIT TS WAe

¢, d o wEEs @ee R (Tow 116b) |

@
9 G G

i i
iz a

f5u 116
TATRE ISR @UATAN  Eed RN [er
T IFAR FLA FA FIAF MO A1 ZCAE

(i) b, ¢ GIG! GATS @R 8, & T FEALS WS WA (50
116¢c) |

TR W21 Sormew WG MTAPILier WA T XN G GHR FOT-
16



242 iz

fagla (31 unbalanced) sy’ FoM THI WRSTA AW WO
ST, FUACATR [P SRR GO JRR S0 R SR
Taorerer Q1

SATECE @A To7 TARONT T [ &4F TS e
e (i wem ) 899 TW1 O G @R GOITEAE e
T 4T LR (9 OIS 07 GITenY X¥ gre
MW T M deAt TS A DERATITA T A
@ (7ing) T TNl TR Wiﬂﬂ‘lﬂﬁﬂv’rm
AT AGR | SALHE @ACIEE 57 FRATR e,
WA W, SN TR @ GG, I AT
agten om faes

WA CXOTARRIMS  SR-ST A Tox  7900®
Blew 1:2:1 wemce snem TWI @R STewwia TH qumw
WA IR RMSTIF  [XATEIRCA, FAETIIN (ZOIaT-
WIS G} AT (RTNIERU | 2o 6 GO 4T
STema AT WA e 77 e we Sfewsr 8 T
Taete o Blerm TG eE, MeEeE A e

WA (&6 T A 8 @31 Aoy §31
Datura, Oenothera, Pisum, Paconia, Tradescantia, Tri-

ticum, Zea zgle fafew Sfert e *TR ¢ wwW 2ralts

et Tarmz1 Blakeslee qoam fafew w@ew
DA IS M | ST FACHN H TA 2n=12)

9% IW WY @INCINE 2eReone w201 Awm e fofre
1 5% (1—2, 3—4, 5—6, 7—8, 9—10, 11—12, 13—14, 15—16,
17—18, 19—20, 21.—22, 23—24) | Dature stramonium-q3
(=) @R [iew 790m o2 e new IW Onid “andw
Oi%er (prime type) e BN CRA (F IO eAen-
R U A CTewrw “Bew aRw biRer (derived prime
type) FE1 WR I SRGE @ MYT DA T
w3 Slems TRt Giger (secondary type) zem T
“omEy OIRY OIF'A WCHINCA T TG TSNS A
AT | 2R DR OF G TRCRR WYY FRIAT IAA MIFA BRewen
e ACNTAA RS T P [T AT IR 0
IR € XY 5L FTNT GF0r W (Ting) adw I “endw



aFoCToRY rptey ofrew 243

O TETE WRAN WTNTGE S DAIRI TeET WA
S 2NN GRS QLI AT LT SO gH | 12 @ 1718
TR 2 @ 18 2ms R0 7y ey s 1—18 g3
17—2 @R 7,15 ZaE | 218W SRS 4F @ TR0 S 36
w3 BT PR @I et f5a 117818 trW 20w |
R OiRH wRER AT Renew v W fwe cnem I A
qYTe @¥ BTewor Ta s emam rxaTensems (translocation
homozygote) |

Ry Oi3e o TaTcie ERAeIeRa T8 S 3 |
o} STetrr WMy 2B ORY GIIT MFAT I THT IR
@ BRI FOICACNE @01 76 omem T FoAR ondW GrRe
Toq T drewemem EaEnRes | el viEet vR e T
DA @F P31 AR & @R T 201 STewma st w3
AT @R WIY Sfewmy ACTHA BT AZENEDT € ST
@y o te3t wE0T Tae hT AW ATAR oW BiRe wE
6 Torma STamI R T 201 WMl *RTH IA Al T
7 23 B3 Torma of7ale® @ w20 Ta 11—21 g3e

o 117

o fafon RNGIeR W HFAIEE T STYS
@y (ring); a—1—2 g3 17—18 [FUACHN T E0W T4
WA AR,

b—11—12 @ 21—22 [FTACACNT T WFAENIE TR

1222 28w OB Torma ANY 21T G2 GiFT FIAR T
a8 men Sleora wwtem Fewsr for 117b wmaEmY =



U4 lnbrier

214 SRS 9T AR FRPGRAT UIRY FHAREHT WRT AINW
T A T ST NI T IRGTOPT @ W LA
TR @301 T7e *Tew FW 1 TUIURT Oider 94-g dyemer-
TR S q:u@ mm zw 1-14, 1318 ¢ 172
T YA TRIR B Tonmi o Oferm ey
oy GiRv (prime type) @R WeIFAW FTW AW Slwrm
TCHA &b R Twe (Tor 118) emem 3w

fom 118
e Tfen momemmm (1-2, 18—14, 17-18) sy
TATTAT T 90 I8

AR TR TR @ [ANREET W4y MIWR & 0 Sher
TCTAGT W01 IREIETS €@ SRV @AW Mo S @I
e *mem T

AR ORe Tor o pR? tww AN W Slev st
AV IRSIEFD, GF6T 517 FNCNGR 1206 @ Gab7 & @O-
o e (Tor 119) smem I woam swmm enfewad
(terminalization) o Feeret TF A STATHE AR @A
I TEWHR GIBT (BTN OF (NALS 8 ©TA SM0R & eI
forte eRgs sRTmew T o%ww el 8 T

AR I WI B ST RN B e |
TS 7 @7 W,201 BRARATTT S04 G307 D
TE @IV W o fae bRt T ok} St
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AT AR S AT WRAHen e m (frsty)
T @IV W TR (T50120) favew WG o1 @R dew-
PPWEE ERNCIAA (PO AN STRAROT  [@RACHI
YoR WRORIY T WD @A 78 A1 W0R
AW ZTHI GFENR  WAIMIA  OPNATI T (IRER
R ERcT W (ST @61 @ fAe onem Iw e
GO BT aced  (translocation complex) e |
Rhoeo discolor-q (2n=12) 1257 ewacAw Tw toat @301
i7e a1 I *nem Taware

Oenothera-q deVries fafeR yAtg Beseeas TR R |
0. hookeriz TEATAN AR TA 2n=14| @A ATHTAA
TSB! JRCICEG qy1 A | Oenotheragy sy eeniers GG
AN 78 (e SHe ;WA T @A Hee e
»rezT I8 (Tou 114) |

5o 119

g fafew waemeR S SRR TE A
@FVT THOT WEITATAN € SRAI6T 5161 @ ey aios
N

TR Fe| (position effect)

1925 osiww Drosophilag «qi” (Bor) siaam To@ 03
0a Sturtevant wgTAR 2O 1 posilion effect e AW
Fateem ) @7 om Txiew feamley Drosophila (Lewis 60,



246 wiwbwiv

'51, '52, 55 ; Green '49, '54, '55), Oenothera (Catcheside '47)
R gim (McClintock '51, '58) SRR 2ER W] FCAEH |

e T RRORMGTR B0 W RTINS (IR
S 7 TRAW T A 0% R AR TR T 3 T

fom 120
23R WA ERR TCe GF0T QRO @TRA™ Tacw s1ise
WA TG TR @] T cww orfetw mewm e
PR TFTIT F IFR 7,134 T |

B TR ARG T4 9R 95T IIAE IARG [FHIBEE
(phenotype) simRes TH1I @} ATRENIT SPGER 2SR A
tonfen@ uiwd 3 e ot afert ot e astr
SRAN W [ KAl Fhan fTnew w efmew om
GR S AEE TT 6 IWE IYNG WAL AiadeH
YT TR ATAR TFADRY 3 T agten Sw fRew
I TR T G SRYRE WANRE 2eTTIT I |



TN wrptew sfvres 47

T @AW W g w20 X-auamewn afeiics it
16A oo QIF O @ GENIFAR B ARSI TH | AIF T
e @30T X'@aTm oiF € & WRAGI A wRe1 16A
| AT SR IR (Bar-eye) 75 z71 Awam 3ive
7,201 CheaR 16A soe v Ram sy Ty e faamew Rafemem
&N CRCADIZCYR MNP (41 TR | I GUATTes @31 X-
B *@7[A form 16A oeer o “qm-ore”  (ber-
double) we@ 76 Tm1 T X'-Gwonemw afw aIvr 16A
TN AT STAG “TR-TREA” GRAR FIB TH|  GIR TAF
YT HRLI 16A TR (EENRAT IIYE YRCA IR-TREA
®UIF F6 ¥ ATl ASIR gomwgeaw 16A SgEm g
WELRAE grelive R (Toa 121)

? d @ ?

16A

X X XY X X X X

qretfas ‘wig’ 5 ‘T e ‘R OrWw

e\ | >N
o 121

woigey X-@aATy 16A S @I qIRFE NS
BN, W H 2@ AR AL G @R PRR ToRam
QIIE AF-UREA BT 1% TH

RMeried @ @nw o (heiry wing) grwfwens $om
FRFF (UFE TIYLNT 2SR @R T | X-BINCACAT Q6T
I WO &N EEEE TR FB ZHI XLEREIT
TaTa'ss et WA @ ASHOR AW BN qeF AL WY
TOHT TR X-BUACINE 2OFOLS @ ATTH @F0T FH
O G WD) At @ geiEes o e W fag



50 wipiwie

oY’ 0eqT FAR CHCT UF OIT ATOW AW I G I
I A Siwnr ayEenie (My M) oo f&iw'ss e
Beonm RMeTieR Wl Y W I &1 3 TaTwe
g qF (M1 M) TR @ AHILT e ARS T R
a7 w= faaiwe siam e @i

SRIYR ASWR 1 TNTenW UeET IR AW 201 TGAW
g |

(1) Ephrussi ¢ Sutton-qy (1944) <ngfen se (structural
hypothess) MR TR TSGR ARETR A TR
FIEA ATAC T T 6 (I WAL ~aReT Tl ¥ #Te-

T AeRE T (reverable) |
(2) Tt wem zw Sturtevantgzy (1025) sfewiaw

(kinetie) ww1 Sturtevant-gq so wamma w2H aferat
TR 2SR FH *YT oy i fofem 11 Tog wiow
ST ARET T @} i qqmeen 2TT M AT W
AR @3 28R G | Lewis-e (1951, 1938) ¥ sreg ww
A |



LILG ATt

CFITRITHIR TewiF oifffaes @ slfverafc
(Polyploidy)

@AW A AAROTE AMHGs L1 S S I
T |

(6) R GYAT Y R @I WA @ 2eten T@
Fegr (basic number) gemy s X OTHE LSS (euploid)
A A, W 2EIed RIAT MY 6 T RV LOT @G-
o w18 (Temre), 24 (thienaw), 90 (rorbizcRe) Reniv
T F | e GRF wAfereme I @ Al gEew
Slem e @t wfeenaie o T

() R TR T FET WA I @ 2etor iz
AT AR TFe TH A1 OTHA MR eeEe (aneuploid) e,
TR RTAF AT 6 TTE WALSLCIGT IATAN Feyt 10—11,
19—17, 1948, 25—29 Ruylw T HFLGUET TRE
woraeRe  (heteroploid) 71 wimgine efeemre  (irregulor
polyploid) zen wH1 WBW GNIF WO WA TOHS,
Tiercrs, tireee Fonfia o for; ot T o T
(hyperploid) gy & TR 507 TIT; FA T OHA QEMUHG
(hypoploid) 71 =i Toenme wean 8 ¢ flewws weam 12
T R 0—11 EEIe™ MYEE Sene nRrmiveme fan
RS o W

AfAUART FEE IWE RART € THITHT @¥ 7
oehe o 3 @1 @R AT PR &R @
M T Terw T WA i o7 e enefe A et
(primary) sfarenye IF @R GV GNI TG TP & A
R R afeme RN eNRT W MIWW A A
T O TARITR sferenTs e, oW, 301 fors e
TS Ry faer 2w Rt rferenas (qoww 4n) FhRA
T M, o7 My omEesr Torme @ham  WmIW WA
oot ofers (avwt 8n) oYy nidw @wo Mma



252 b

gowwe (euploid)

@MW TR Riew @R BIaem F@ GI61 IE NI
(TR GV FNAW I WA i) @ HIAT TINES 17
A IAEAC FWY EhELam (hemizygous) | R qYEI
RMR RTen BT @UATAN ASFVI 1201 I ULF SR
Toemwe (2n) 3w oo Sfen a1 anvln w201 &l «F?
AP T T TH | T 201 & AT 045 ~N93 et & Gigms
Teee wen (hybnd) Sfew 3B BW THIA @@ Toao1
it e o fiawe (3n) ;a1 @ITSTR 59, s, =7,
LT FhAmTE Aot 31 Siens g wireeae (4n), (oFGT-
AFG (5n), IeHE (6n) @R SrFewG (8n) e

T AN WR IR TH ! (R ROACHCST & AT
OF% 7N TN ouwa weerfweme (autopolyploid) e ‘A’
QW m A, qmm (autotriploid) AAA, q’c&[‘cﬂﬁ“[.
@G (qutotetraploid) AAAA zER| ©®W Wemre fafon
R FIAW AR SR weenefaeme (allopolypolid) et
I @61 FIAW ‘A’ ¢ W WERG! Hiaw ‘B’ 27 wrg AABB
Fiomee Slews wmensiismwe  (allotetrapolid) e zm)
weFaeR  (hybridization) @ wweoiAwEe §WIE  AIH
z3)

sasaies o Sew fag; sfaaew orar am  sifaecrs
ToeTmes TR I, WA ZW; A PN WHTe oA
@ T IS A R MR AR MY AT
v a1 sfeeien wm s i wieem (giant) Sferm
TS zm1 ¥ IT iy Anterrhinum, Amaryllis, Tajatus,
Vitis gentr (for 128) wrar Torae |

qewe  (haploid-n)

ety STerm org svee: TeEe T WY W Sfew-
sid A w1 (e W W W TemR
I TG W, FWR—-WIE | G2 F A TNHC SR
T (T SERATSTAFST (AN T ATl QURH AW TS @
zm M foy el Teom fmiveer 27 ¢ sowd deat @



foamae (2n=38) wat wiwmIG (20="76) WA

HeTiaFeny foame &1 (W IR NAES TE, & SR
omr Wiww fWre oma A1 aor w43 wfwive @
TEANTOE ARSI 04 ST /1 T6TW SIS 7
@ EUACTN § BW GRS W1 93 ET IO  CEIT-
TR qiTe orF € uPR TR A3 T OR FW T
SRS 7R RICHRT, 1612 GFBT LIRS (A TG A
Tz %I WEH sy fvem re srerie Towrs
et A%z a1 IYHe INWe LIS Sierid B
W EINAIGE W Tl wat I Sorghum-gz gmeEs
Sfewa st 1—861 Remens (bivalent) onemr Terarg !
Triticum monococcum-qz TNLTHT CTEHA CRIFPEATACH 7K
T3 ICPIA BN oo L& TN A (chain) o
¥ G A @A W0 TeWel A TR TSR
T ot T |



254 e

AT F19 TOAGEA TANH R, WW, WAlAS TW e
@t 79 IWH AT

fafew Comw TS wYE AW g (@) wiAlge ot
TG TR g7 T «ae To=ne s (0) fon wiataer s
(o) 10T TG HRF WD S A1 iR HiaRem
ofaReq T e At A5 T YTH |

Dactylis glomerata, Hordeum wvulgare, Phleum pratense,
Poa sp, Triticum vulgare ergfe @ Slgva qewEe Aws
snex Tocare ! W TneES SRerH 8w swREn ¥ & Sferw
RIAF T 7 FRACAN FRYN FRCF YT I3 FW QAR
CATAG FPAST YT UIA CIRN AR ¥ 97 GGG AL
@ e a1 e e faereer  (dupheation) g |
TS LMENIAA @AW Ay n=12, fag ot @
YT @A SRS DT ARSIES A1 T @3 I
Christensen @ Bamford (1948) 5% I3 ¥ UG FHTAN-
T35 TORTHG (TG SIS AT 2T | oIS W FTACR TACHS
@ TooEe (TEATAE WAy AT, T, I MR A Y
TW 1, FiHe TNAWS (PTG Qe averRd =l *my (T5a
124) , I SR, 8 TG F1 (S ST T |

!,

fesicas

for 124
TG @ TOUT e ass “uaceud oA 6 MY MYy



TN MeE wfReT ¢ fwste 2B6

ARG SIGHF IAMIAA (Colohacine) ez 303 4T AR
Ao EeaEnde Teume Sfew omem T Sfew mw
ST UGS QI ORI |

wohvfinamre (autopolyplowd)

TOTT TAH OIS I6 T OMA (IEE @R
YT ARSH (1 TH, MO 76 oy 7R\ TF, §A A S
B Q3 M 41T 4N LT ORI 2N WA
1qons woRTw SIYw AEiveners (multivalent) mra g
HITETHIT T50H B0 ATeTETHEG T T TSI, (3,
WPISH TIA e, (FIFGH oMol Fonw twar Iw (Stebbins
1950) | sfmpmion W WA WPR wiew F=MERITO!
o R O FEied O femr @ falwss smer Som faew
I

Nicotiana langsdorfu.g TN, fgm' fﬂm’ -
s 6 weEe Gfew fam *rtw1 @ Smith wmem w
NNHC 0T WIS */T @A o (set) a1 shnwa
A PR ANY T wermewer (corolla) peyr T, HTOE oY
8 LR TAAMS INY; (INIX WA [ Tw1 F9 (Juard
cell) , >RATA I, *TT @ VNI (I, FOniy | ING» e
Tafer W wa 27 6 MO G @ WA W I s
SRTSIIFS! Tyt T |« BT (el @ ST TF, Ao e
wmT e v F (o 125) @ Ws ATt ot TuIs |
Sax-q7 We vy [ stomaley zm @2 “faeEivy wow
TNAH R Wl [riticum-q [@TNTATRS FRA AT AN
AMY CHWDE WS ING 19Q AT I THI S &
mw e oomeR T e faemion aum W O3 A%
T YRCee WA

weorideme  (autotriploid-3n)

e e Sfew onem Trme; foy wwriiers enat
MAGA ThT ¥ A gerigeE fide =l eew e
oG *roTHT QI FH T @ GO YR PR I T |

Tormmen womw soiricre Ofew 36 @ o 7w, swrelie



f5u 125

Nicotuana langsdorfages fafew smr ofnerafenr =&
O WFE € WS YW T

WT 6 AR AN AEFE Mg wwt  fiewwe swatww
givaive ZerR oW SxTer ww . fag fiews Ins ¢ Zeo
™ BT



TN N * T ¢ *fwcte 257

SOMIERME ORI FC USRI ormenioner
A GRS (trivalent) oy I SR W @ @E-
o AenEes (bivalent) ¢ fEfemens (umwvalent) foma
qIF | SeoIdeEG Iradescantia biacteataz syt 90%,
TREIES @ 10% AZOws @ RBTTEETS onext Im! 2o
FRENCECBA TORDT @A (W W WETS T A S
o geeEe e fowmae o o TER X @G 4@
@ I (IR A5 T I | @ W s - 3-
& g (dicentric bndge), ey < (fragment), aifan
(lagging) Tefe seeRertewteTer tram AT |

TR AT gema & fHewe Siew @i aww oE-
SI TTO *CA ATl O IHE GAF AU 8N T & I
TWeae STensr wmY @W (clone) adx e »ma1  Towares
R OeFw A Thenae wmee, f68fers, Ins Reniv omrer
GAR T FHT IAT A TENR |

witeme Shew (wr dext Toewme amws (2n) e Towrms
Sfen (o AT oS e (n) fwewaw wer fHecwe (Sn)
FIRA AT TH!  G9TeT «3o1 foame Sferm =meries smen
(n) @ 7 T MW AR @7« smeesa (2n) fwEww seve St
Tomrer A% T S|

ez (autotetraploid-4n)

epiore  woeriastae vany owl a a1 (Clausen @
Heiscy 1946, Stebbins 1950) | W@ Saa smwizsg Galawr
aphylla zw @361 srelE SowsETEe (Baldwin 1941) 4
ot e formemt Sfe ol TETe: NPT AT
soneiteaw  Cuthbertia  graminea  foerss q:q‘mq
T e G @ Aer TR (Giles 1942)

foerares womm woTiES Sfer I@ € A TWI aWd
R, T, T, I, 1Y, RO, cmy Foniv Y T,
ST HEYI, BT € MG AT Z¥, Tovriwag arfame et enE
8 @31 e e wzred wiwg fare a1 o Sorsd-
e Towmren gomm wTe aferne wwel I AuF |

TOHTERATR ITHTAT TORTATT TANTT &T6eT | QI (P CIArs

17



258 Tkzemie

(z7@) w17 (R) ¢ «3 faviiwe (emey) ayerter (1) fafew meoam
TIEE ARCS WA I GFO! DIUAS @IoT Sl &
(Rrrr) oue v @ Glems Tcem (simplez) e w&o
eivenrs giq (RR) oreear fwsrew (duplez), fompr wivames
wtn owe (RRRr) foem (triplez), spor ofamums &t
(RRRR) orter rammged® (quadrupler) o (W Giwwmms
wtn W R (rrrr) fercers (nulliples) o Ty

BIRGT (T (FNTIE (X (3 201 4F THES @
) H,201 O ELS AW AR «Fu1 fuerem (RRir) Siew
oz T 33w wg e RR, Re, rroopeas 1:4:1 Seme toat
zm e Sfew (Rrr) Rr @ IT suas oW SI,2M0S
(1:1) o3t Fa1 Ticerw Sfew (RRRr) RR ¢ Rr aas 1: 1
uome teat T Totrem (RRrr) Sferrm wmy wfewes
(rrrr) Sfermm Toew e ofwaes ¢ famitss Sfen 5:1(R:r)
GE,AMS (o317 I «3or Totrew Sferw (RRrr) sqomsr-
@ T orE few Themm o»me T@ $R:1r1 fewme

8 IIEATCHEIRNTG W8 TR S, 216 AT I 11
Soesieras Iadescantia virgimana, Scicreasia breaifolia

gentr Tafew Sferm st mnigemas (quadrivalent)
ofeq AW OENOHATC LINOTS  ACHE (I GOIED
216 TR &g WonTE 2401 ALSNET AMF | JAS SOOI
PTG FH IFI IO & OF2 (FNA 1ITSH QAR T3 A1G-
CICE, AZCICAD I IINE FANG VIRCIEAG W1 TWI SR
AFS HHHAET FRCTETG AT AN, e AT |
TOUTACTR TewE RPN FCFTAE AN I T | YA 2
T FEANR ATE QUF | IR T @ TIEA o T
zw ey wom @mEigeners, IRemes € fRemwes
(oo 126a—p) a1 T

SEBbiTeTTe R fretr e, s fNaive e Ty wifa-
T PRI, JAIT TF IRV @ B T (RGBT
GG P9 AR T AL TSI TH 7| SORHATLIS
Antirrhinum-q TETACE oNER e T o e
TEAITST AT AW mwﬁﬁﬁmmm
e et B
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d e :
~| |

v ¢ X |

VY ey o/

/k\ 1 ! \m'
t5a 126

WHTE FEEER SREH e MU O Wed I
ey zwom emEigenes, IS, TROET °
geTremes atbe =z
ﬂ.-d, &, j'k—mﬁgwm. ¢, hv ]v m—ﬁm A}
gefxeneas; f, i, p— FBENEG W3R 0, P— IROEAT @
2 TRemers

Tootae wewamAm sk faone 0 Seoshees Wi T
R frem o ETeR e TE @ R W
A e T @R wRrelite e I |l SReEE T
oo’ G0 Wit 731 Tog u¥een freer Serm e
RRCT PR T e IR e HiG T A |
QETYT MBS TOCIT (A1 I ACHATIA 1 L (ameiosis)
foaae oo teat zTWI W% WA WRS fowwe emwArvd
e T hiverme Sfemra wT6 z7

HPATT IT T, TA @ SN Ty FIOW T (HUTHCAEA
7 o ) e Wae iirme Bfew, @,
Sowst, A, e, fafer wvcmn fafer Ronfvm 71 0 wce



260 e

Swer weervierecme (higher autopolyploids)

SOIHRTLTNCR (600 SHoq SHOITEALNAT F6ADA 7T AW 7 4
a® @A Sfem AMEDHH 4RI FTEWS ZH e 9 TIA e
IFTS1IF TF |

Navaschin (1925) =61 eoiecae (5n) Crepis roafes=
(PFDIRCECS] NCAAT RO IOIES (WF ARE FF FRAIIG-
Omers (quingquivalent) oF® 77 IICER AN ANGW A

U401
eneniiecae  (allotriploid)

SCATTIRCEG FURNS: GI6T SIewd F,201 & (AA) e
o STerra o1 Siam (B) QU @F I TRB1 & AT
(AA) EFrETARALTE ABOWETS N FE, I Fiewy (B
BTN $BAOET SRYE qUF | IS IANe B
FIR RTeN (@A 4T MO T ARSI A1
T URE ILAE I A FiAW € B FUAGE 7 & @0-
TR S04 T 0TR T GRees side 2@ ans | Tod 330
gl aendeae (ABC) «ztr w3 dfema (AABB)
MY N GramEe ot dfemr (CC) wawmem wwa
0 T AT

Crepis capillaris (n=8) @ C. tectorum (n=4)-93 T4
fog T SEiieee WA Sfew enewm Twamml @R
C. capillaris-qz w351 HhAw e C. tectorum-g3 zo1 &A™
AT | X SETHRCASY NCAAGT TeqbT ATSIED @ 51RO
sefReme smem T

waeceihacwe  (allotetraploid)

201 Toemms Sfew AA ¢ BBg wuy mIAw WA A I
Sfewsr (AB) sR37 zm! % Ofevm @A™ WA T
oIR e 2 Sfewsr (AABB) 8@ 771 wiweeE Tiewre
weohieEs  (allotetraploid) a1 Sewr hieEe TS
@7 THA TOTT TS FRA GYNR AEF YWAF AN
AU I AT | [OLHCST NS WHAW & SRR IAACS
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WAE TR WIHICHEe  (amphidiploid) e zmi  wwE-
THIPCHCE «F2 BTeW {903 1397 @I GO’ SIRa ST
(A IR MY A FIAGEE) AT YT T 3R
TLOUORTF WOTANCGHT (aulosyndesis) a1 w@ Tom Sher
(0T F WRACTALT QP ONAA P (FW LT g
FAE AMA | O] TAONF REATFNCTHA (allosyndesis) agar |
W ANCTATE WA @EgenEes  (quadnvalent) g1
giReECsy (trivalent) 7is 7y e smaweT Tow; Tawrewar
W A AFS SATHHIG (I8 LSS 2MSqT T7 1

i o e =rerirens wmfeleoesmwen 7w =7
Karpechenko iy ©omg Raphanus satiwus g Brassica
oleracea-3 sy 7eF7e (hybridize) g SamBieEms Rephano-
hrassica.z (Tom 127) a:fsg waTeaw | Raphanus-gz 7551 @us-
tna Brassicaz Fgh1 (n=9) NG (MF GRICA AR
e Toms A Sfemr (W TSl 71 I A1 8 Tiews
AT W g ARG A @I, 6 T26T I
IR T M fTive 2 2e s 961 Raphanus-
93 932 961 Brassica-z g a1 @dsy Raphanobressica
&7 ™!

ICIW A WWITOATS PR 0 (venus)  Tfewm
oRTITeR (species) WYy FFIAR T A0 ZENE IRW AT
ToN [ (9197) WL2DT 2SR WUy FMIAF TLA 1% T(E |

GFU] =relize TTisieEe e Spartinag townsendu, 7
1871 51 2o onew foafest)  S. alternifiora ¢ 8. stricta 3
Wy @™ Toer e Huskin grges S. townsendii-g g™
W 20=126, 8. alternifloraz 2 =70 gz S. shictag
=56, 8. alternifiora g 8. stricta sryy FFAT THA A
Sfera eI A T M =63 I} BT THRF! «¥
Sfemra o i T zow 817 S. townsendii-g (20 =
126) 715 zwR | .

g3geng Digitalis purpurea @ D. ambigua tegg D. mertonesss
g2 Galeopsis pubescens @ G. speciosa e G- tetrahit-ag rfq?
TR 2 =52 BLACINGE SAITR Gole I OeEs
(amphidiploid) \ «% Sfews1 Gossypium arboreum @ G.



hanus sativus Brassica oleracea
2n=18 2n=18

(9R+9R) \/ (98+98)

fesire a3 Bfge

(w%fa)
n=18

(9R+9B)

GRIRICAR Moy fReq @

|

2n=36
(18R + 18B)

i

f5q 127
Karpechenko Raphanus satiwus @ Brassica oleracea-g
YT ITT FA GIOT AT I Ofew a1 @ Slermr
T SR Taore 208 Senodienas Raphanobrassicag
Wi zm! «ayww Raphanusgz mamemwE R a3t
Brassicagy tgraceE B e Toiws a1 wate



TFTNTT™ UMW e ¢ *fnwis 263

rarimondii- YOy MIACR TA AIG gECRI 20 = 4857 @A
TR BRSO 2407 WINICINEE 7,301 2oTeR SeHy eaae
@ TFTCATC AR 990 TeqR ¥eat 1 g o (Triticum)
e MZaA (Secale) wryy FeFaR T 7 WIHTCHET BTew
g® Triticaley Muntzing fafen zaom ™ e T w0 7%
& R Triticale gogietem  Triticum @ Haynaldia 7
Aegilops-az T MIAA TS WWTFTORETTA T ZCAE |

SNIFTCHATE AT Ry ienes, aRenErs, fRenE
e migenes (oo 128) wtrate smewm a1 Towtmew
ANE QAT AT e T

57 128
Elatostema lanceolatum-q3 GFRIA A

(TR YIS,
oS g 2oiTeneve Suiwle g Sterm sfawas
ogple famsr 3@ (Guha) |

e (allohezaploid)

Tpeedrecie (AABB) ¢ fearme (CC) Sfema wug
Ao (hybridization) g 73 Ay Sfewwi (ABC) sw337
T AT BTema e A R T SIAT e A
7% g1 «® Sfewsr (AABBCC) 371 Triticum vulgare
T WEANEHLNACST QIO A OWIZIT | AT RIRECA
fatew Slew tae (91 @ ST SR LFH THTH0! A
YN FAS WA GFICT SCeoe e  (allosyndesis)
T SHCACZTIRCRCT BITST I0T I
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631 244

-N -h A nN
o) *q 'q v
oﬂﬂﬁ 95.«&# 95%5 SEMIR
n n " W
o5 imm ToTL 'q'g 4 v
X Y17 ‘g — f 8 «-—goyap — Y ——vejem
.m« \ 'L ur.h | / L

T vvv
1 avy r@m_ r@m_ ool
ey 4/_..% 1aRy WIYIge

o — AT, _ _ h v
9 ~:.7 it N Mgl Vg

aqgqd L P
ga'avy VVVV
by 28140 kdite woY atpIdQiwite  aiIRIdadleIn
) FYTNIY h h
12 u ¢
L-gUNL—1
20'd'avv ‘q9'd VVVV b2ty
DEIRISI2 1) CY YT SISTUIST V]S A_
Uo—pz “p1-¢

'a'd9'qa'd vvvv
WIRIZ N8l



TS e »ffaeS ¢ wivwmie 267

AL @R 6 (FAW) eiE |l W Terms wha
ATHTHCAT BT TOCAG TEGT FUETS: Ao NG 5 #1171
Y W (W AW 7201 R @™ Reate mags
a1 T @3I% wEIS T WA GIo1 o @ TR -
(AT QTS @ SApE farerst trar a1 Bridges (1916) ¥
PR WRTSIIFel aF IReww| Toly grnieem T
MITN A WA 98 TBINF  “o-Tewanee”  (non-
disjunction) [ A AR-TCANGHT TA T TRMeTRT
MG 7201 (n+1 31 n—1) 3w =rerier wEasy (n)
ixfers z@ Wizt quww W+l @ M- 1 Sfew wESE AT
TR oew Sfews G¥wNNe (tsomic) e festw Shewms
(AAATE  (monosomic) e TowrEe @I R sfeee
B WWRGLATE I wiewd !  wferenars @ Aeam et
g @Fo1 weire (T aiwe) @ et
v @ Sfewe w9 werive IR 1 oEm Tewme e winwe
a Tafey 7ow oymaveraie mar Toawe (oo 180) | Sferma

c?cw (4n+1) (4n+2) (4n+3)
(4n)
fsalso

o foerae, wienae 3k fafen IRICAET STerd
ST T ZTRR
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5
7imm 8
necwHIifie
13—>14
froate st
197320 zlg:'nzz 23224

fom 182

o forme et I RWeR iReTiw Sfer weecia
(capsule) vy TR



O
]
O

fon 193
Tafen o d¥vnive TEtoR wew  oTEE

o el Gt G G S

RN mmmmcw@nml

T teat T W gem 12 @R 910 @A
Ty SPAETRE T 1—9 @R G ZH 6 @R @I-
oml Sfelie R & Sfene trtwmmt dRenive
GO A 56T @A (R0 1—2, @bt 19, Wb
9—10) gy SR (133d) F3ce *mA



212 mdmier

fom @1 e@w dkwniss (double trisomic) (2n+141)

W SRem 201 @A Tool ITH W SATES Y
GF ORE BRI A1 4OAE URe GRS omew
foare | TR SReor gEEm et aemiE W ZH
wdiemise (tetrasomic) (2042)

Wi W Wi @ wet @t 4w sy few A
BEA TS (20 +2) OIBT QIOT HY FRACAS 301 T
oF @R @ S wuaeTe srer anF | wienive STerw
BRGNP G (EATDS SRET WS (N TS T GR
G TN TWI st e (self-pollination) zuw
Tewme (2n) Sfew, witwiss (2n+2) Sfer To=n amgamt
3 oReerRT GRee (2n+1) Sfewy wiw 1 Teenares
AMY AN M TA [Geras ¢ GRenNe Sier
AT g7 fog oW o Sfew toat zm A1 n4 2 o
e A1 TR TN T A1 S HATANET B -
oins (60 +2) ~nem forarg | o0a Taota @GR T iNE
Taen AT MifsentNeed  (nullisomic) ereR LI FAO
oAl Aok feely e e FUNIEE WU AWeH; S |
g @} AMGT I TN OO @F [T T TR T & TR0
EUACAN T SN IS A |

AR (monasomic) (2n 1)

B IR RMGNIAFT TR GIVT FTACTN IV AFHA STF
TATCATNG JeT | RTMTNIA Qo AT o T (el T
HeFA | TIACHITNS (RIS BFUATATAS 51 AR @ & oT
R IS MR [TF IG BUALACE qHIST FEA & LA-
TN SO (A5 ARFCS 2T 711 5GY (@A CACACH S
(haplo-1V) gronien X5 YRS *MA TMe @A T7A T @
R T WO @ T S0 I NTE(1RT TIEH
AT TR |

Sterr Torme @ (3n-1) mm #fewwe a@ (Bn-1,
4n—1 Zeniy) e @t orar g1 McClintock ggm
feems gtz (20— 1) GF1 AN (TR | QT T~



T e A e winnte 273

T @Fo1 EOTTONEG T I @R s (n-1) gEwan-
(A 9BTS o GILie % T W RACHINGG 7eds:
PR foww s oW feiNemes e wEe
(telocentric) 1 IRATFTACAICNG (i80-chromosome) TG T
qF | I (I TN LTTAOETD0] O AT B0 A
TB WA e W e rW A WorhoR SwyE ze
A W1 @F FA TS QT MY4F n—1 oqess toat =
McClintock @351 Qi1 MR PRI, TGIRI FHT ARSI
8 WFT TBIREIETS ™WAte oW Ty «a TEwew @En (root
tip cells) TN AN TA 20=20 @I FEY TA I @B
T & STetid W T Ry MR T s
BT W ATCATATNS ZCIE |

sfarenas wrg Nicotwna tabacum-q (4n_1) qzg Triticum
vulgare-q (6n - 1) EARETSE *nex Mg s (Triticum
vulgare) G IR ARACATNE *1SH I | SHEFe (0 =24)
TGO T G T Ty | MIRerSs SO -
TATNCEY TR B (o9 (T 2R AR | O3 IR GBI
CACNE  AfeAeEme &E ! @ WA QIB1 W0
ATACNE  ®EnEy oiwiee zm ¢ «izew Ifews
“rsoEsre” (speltoid) ra|

Tifoeontws  (nullisomic) (2n—2)

Tieeniye Sfew @ aatr Wi @R TR0 -
IR SATES AT | G (HABRY wreris SienE T
T N 9R GF GAIT @ TIA T AN SHew Araere:
RE YRS A A

AT STt R-*RMANSE P AACNFR %
T AU | ATACATS TTEW (305 A A ISIAL A IE
IRTR I T @} Blews watE I IAATES @A
@R @ bed s etnia atge fem o1 few s
T AN e seris Sl wewm (hybridize)
I RS ISITs MEATHTNe T AR 30 27|

18



24 i
sfecacen Senfs

e Blen ¢ fog; ot =rerias s sleewe | e
wg ATAAGITT B UG WA I W @ [oeAe (IR
sffeterares A0 zonE! W2FFW Slew =rerIFeny I Fiow
G A6 @ ANF | MR (FREAA WA FRAN 1% TN
AANETT F1D T RTYT T (FNF T AT AT
qE 6 & s {WfgE (fertilized) g Afaame aid A%
TR ACF | 5T A AR NG (AT AT A Terewer
T TouEs s (2n) o3t e AR @R TewEe s
Zerwe T foeume smowsa sy s @ sfasme Siew
{ext za1 wleeme ST sv-wmmaE L@ o @8 Sfemd
WY I foeme a1 vfeeme Sfema wrser (hybrdization)
et Talen e wifeeces T o)

Fiow Sy orfaemwes 7%

Tafen e sfaeme opfer wnieem it Afaetaien @
Sfema oo e WSl % oW REWE Faw sAfas
w67 o aomens wiert 2 wfdawEe Sfema 7w @
xfen mic avge 731 Tone v W mic TEEETT MW
QI Fiaw ATeAeae (oAt I IEFOT HETO I (FeH TA |

(1) e FTH7 @I oI O TH “quer AFIS”
(twin method) | Tegige INT FIAe FIe TG g (embryo)
Meq IW IR U orAeEe Siew foxt zwt  Muntzing
(1937) sferenae Fiba o 2ew OB *&Te IRTH FRATEN |

GFYT SR YiaRed ¥R, R[iew armiae w awae 373,
TGS B*R (osmotic pressure) e UitrH, TN F17,
Ao, orox wele T e e RKiwaa aoma
TR TG A% I L |

(?) o @EEE oEY AT Rt SrmmmE 2y Randolph
(1982) sfmene Sfer 7T FRfeER| OvEER Y 13-
Foq ¥@ Rhoeo, Tradescantia gz wawy STem *feerte
snext Tware| Sax Tradescantia poludosars w2 wyrg 8°C
TPEEE 8 R 38°Caq Y PRIMIANI IS TRTS[1IFST



WA Ry A ¢ fwemie 275

rafeew | olewet qqmesiy 3% N1 AW G0 @F @
ot Tt 271 TSI 51 wrfsTim ;e orieey
teqT T W e A Teawme T enahies K wmr-
TR HfaRe T T Afeewawes Wi g1 Tnturhus.q aw
STHER THRTEER W% W1 TeNgs 0—8°C Tioamn Ias
51 e Toenme fomne; doat 21 @ Tomeg sig snwsa
ey Tiere zem flormes 716 @1 Ifer 33.5—45°C
TroETER 5—50 faias mata fRerme &iw AT T Iwe
T TRt STHETATE ACHTHA re1iIFend TF AT

(8) Greenleaf ¢ w@ wgwiar (1938) Twaw ¥ FTaw(i=
s e (Nicotiana tabacum) wqnemst =6 od @ FGT
e SMeE-SiATeE  Smiwe (ndole  acetic  acid) aema
e fo5; (callus tissue) srgreriy toqt g1 & e (677
W W AT 790 TS @IACHN AMF 8 G2 (7T (T A6
AT AT ZH| OO BEOTOe HUITAed J1% a7
AR | BUICHT MRS ¥ TF € 7 AMT T T8 S SA9MT6T
m T W1 SR CodTeEW (rem TW ANS (FROL A EF
qF @ FIA INETH 6, (SAT TH1 W2 AYWZA T @ FA
oor; Tt SrEriae WA (94T TWI @9 NFA @06 1w IR
10T o oA FTX AT L90R T 30 werew GTerw Tase MmyT
@ ez Greenleaf Fp-wrer eminivs amire (TAA)
IRTA I TULET SWIF Mg (20F 13.7% wrens1 pieEs e
9T SR SCHTACHC oMME AR |

(4) wmfstaa (colchicine) ogme F74

RS @A S@Ied I FA TA CIONIAR RIEOR ToN
OGS 7| FABIAN IRLA I SAS (AT HAM ~17aA-
TSR FTH FAT 7 TR |

FATSTHR @301 Sorwra (alkalod) = Colchicum autumnale
s onem w1 Tafem Tomm w@foiwm evaner w21 z3, .
Ferly waea, smcnew  (lanolin®) wzzaws, omizs wmiwe
watew s, Sera (ager) sgww feen fepniam wmd
@ frenem wum FAGIAN Poleva oo @ IR 3G wwA-
omrla eE ™ GUTew SRy SR FE1 T



¢76 aRemie

@A a1 Ao € BA ZH|  W@EIoeie (e -
TR SR BTOT SIS SN WA QO AW FAVGIAA LA P
4T3 AT FACE FIOGA, (61 IR KOS FeTT T T |
CITFS (3 (FRGI WA SVREE AP A THI @
A @R A 991 TH1 O FYAe FYAG WFIAAN-
i IR AT T EAET A ARAT BHeq HATeATC (I
a7 ;A1 Levan FaAfpham awmme I3 AT R R
500 ters 100057 »FW RGN (HCHTREAN | FATBIAN AT
T @ AT WOTTE LT AW ONF IABIAA GO AT
C-rvrrs e e @ TRwiTre C-akewiisw on 701 safsiwm
AR FAA FW FW A AR 2HCeAG (aneuploid) Fiws
zH| Derman (1940), Derman, Smith @ Emsweller-g3
(1953) 5ts FABIN *raTe IHIAT IS TTA I 1T SABTAR
FABDW S FAT EIE |

Therra fafemw oor Tom fom s s=fsiom (colchictnen
AC FA TN ARG G MR UHa @} T 0.1—0.4
aere, INE 0.1—0.5 srorer € vfgre Sfew 0.2—0.4 wwren
@ fafem ofaaee safcim eomem seien o@ewm zo1
FAGIAT 2AENA FEAIOT ARG ITA HEA A

) Ther

(@) Fwrfae 05 wore FAGBIEHR e 0.2 wows SR
TS TFIAe FAT ZH1 o A4S ZAF 17 O T 40
Tibre anem TH |

(b) Ramanujam @ Joshi (1941) 0.25) wrepsr IABTHAET
F 1y w0 ITeegians 30 faias wny om @ I W IR
()  vw v

(@) Svalsf smgfe (Svalof method) —pmemeerions Soeor-
TR WYR IT 15 WF € A o w I (Tow 134)
0.25 wos FABIAGI FATH BT ITTONT Q1T AT THL
TR G toEn (FevER I (filter paper) wrem zm IMS
TECT WA AT AW TFAGT FABIAA BT G TH A IR @
B NTAE U% wieedl ¥y 30 fuie swiehwem e
oiam A *7 @ SEHT WA Wvre A T



7

(0) aFteemt e @I Wk omE Ay (menste-
matic tissue) oA WG AF GRIA e SeiTe TeIR
R @ FFIAS IR IN-TA Soffaersr e g e ey 321
T 1 0.05—0.1 sropRe FATGIAA CO&H Goll I IR @ JToT SRO¥
PP e T BRMISE T IHTH 131 2§ ¢ fes @
4% *[7Te IRTW AW G GFIHH INT GIATHT GTE 4T A=
T @R oo qA owen e zeg (Loung 1951)

(¢) 0.5—0.2 *owe FHBIAWT Telt 71 yod Trew 2 owetv
5T omed W WA A Al ames Ftwe w3 iw few-
R =R @@ e ¥ g8 (Evans 1955) |

(d) 0.5—1 sromee FATBIT FoTT WY Qe AL 31%-
W TE AE ZH| @8 ETe MiAe GIIR FE WA
o ¥ 7@ (Svalof)

() ®FW @W AN WY TFA I (oo Gen Ay

weT T |
() sifgrs STt

(@) i 1 wmrYs TTA (T FEI, 1A AT M (ST A
TR TSI (OET G A1 AR (elatne) g &



278 TR

T, o1 (Y (T TH IOF A1 QN T (WG LA GIAT
iz g (Hunter 1954)

(b) om=z o FABIW F FA LA

(c) e FYNe IO WIGI WG W e I ooy
& wiog o1 2% IFABIHA QI 11 !

aetes FAfGIAw 2E A C-MEGTIRE (IR0I STeTelg
WG T AW TR FABIAN LA IR TANIS Aleewaion
i T zafeer @ wfeeme erewm yfvaia <reifaes
e @R EET S JAF G |

(5) 1955 «[xocw Nygren wegg  Melandrium-gz Sige
(fertilized) Torere MREH LG ATHE I ATAUECSR ATG
FEieE 1 ofs SmosiemE  (atmosphere) Bst (N GVR
T AT MR TFIT AT FACEA AIGE T AT SATeA-
WM F6 TH |

(6) qwmo1 wRiE, Smismetem, ey, A iAo,
FRE  TR0Ye, (ROTAAIIE, FHAIAGN  ZAETPRITT,
TN AT IR A T weriq wee AlawEs
Sferra =i 771

siterpated fagm (distiibution of polyploids)

Tafen «mwg Slewr wiaecalo trave omear a1 anslolam
@ e AAfaenate aumere: T A, o Saccharomyces
cenvseae-q (gais) orecate ot feiceg 1 Tischler (1930)
Tog, trme fafem gmmm sfwenaten 3o Twowces  aman-
FiRome ofaenate mar T O% ualn STemd W @A
et (yymnosperm) Glewma faqe@ sfaenfen oor
ey 1 oy wiwewRt e maRiEt Sfem (angio-
sperm) qmd  ARE WHAIWI  ogwe  Iuea  Psilotales,
Lycopodiales, gzq Equisctales-qz t@osmms 7N GWa LA
e I iaemion Sefgfon &fwe awg (Manton
1952) | Pslotum-g3 w2B1 oRAITCd (@UACHAN FEAN AN
2n-200 @ 400, T'mesipterisqz tgFwwwy Heyyw (2n) 4007
@t Equisetum-qg tamacs W x@ 20=216, Lyco-
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podium-g3 Teny ernlon @wAIW e TE 20 =48—68
9% AT W0 xS TWI  [soelosg3 A AW A
2n =20 tory 100-7 3t @k Sclaginella-g 2n =18 grery wog
Ophioglossaceae wxsryy ap1  Ophioglossum vulgatum.gz
AT WA 5007 wt, 0. lusitanicum.gq 2n = 250—260
«a3g Botrychium.q 2n =90, IIymenor-ulaccue.cg 2n =26, 36,
144, o519 e W‘Rl’;fﬂ? FIA  @oFE Osmunda-
ceacy ENATAN WYN T M=44| IFRE TS
Aleecates fem 47 @t Polypodiacearg wfugiee 1%
WHTET (4n) | O IHEG (60), IFHAFT (81) @ [GF-
20FG (10n) e trat A1 wiow TommecEa 238 weie «ag
A T 36:20 were T wfeenze (Mchra 1961) |
LR FAT 42% SHiAEe @R QF [T SR HHRRS |
FRAT T SOTIALEC AN IF AT FUAT IO HeA
IRTAT N o%d e (dteny wiwmemmsva (pterido-
phyte) siaaion Solale ume amivwer fam @ |

Fretert Stew wfaenale faasri  (netales, Podocarpus-gg
FEasl gwils, Juniperus chmensis var. pfitseriana, Sequoia
semiperivens geyiiv HHATC 1 «agrer Pseudolariv amabilis-g
HAANET | GATA @UNCTH (O (T WY TN D
(fragmentation) suqa sifevezios 7IS Z@e | MdtET -
M3 AT @ST TME T offaecge (Stebbins '38, 40, 47,
’50 ; Darlington @ Janaki Ammal '45; Tischler °50)
Rosaceae, Polygonaceae, Malvaceae, Crassulaceae, Nyphacaceae,
Arabaceac s sfaeraie Y@ (1T AT AWM @I TEeET Tiew
tomg Cyperaceae, Juncacear, Iridaceae s SIS @ SIH-
282ty trar 1y | Gramineac-g 2ng 75 wrowrw Siew® sifercas |
(@ (T (o108 FRIGT o (9enus) widermo @3t IWEl foeds!
Salicaceaets Salir-g sfmarate smem T {33 Populus-gq
oferecato trar s AT Crepis @ Solanum-g7 (&« @R AFTC
forree Tog W Tt sfeenme | few; me, @
Rosaceaers sfaaraic @ ma I% ACY TAE 4R GZ&
Stemra ooz wioaer Fi s | Amaryllidaceaetse
fafey TER fimecats orar T (fow 195a-b, 186a-b) |
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f5a 135

Crinum-g7 fafem omnfere @RaT™ =AM N2,

a — C. augustum-q3 (TORMTT) FTATCATT FRAN LT 20 =22,

b—C. defizum-gz (Tiews®) T @RI WA AN
z's 33 (Guha)

St o ANy sfeemies =g ome (Stebbins 1938)
TR Ige (herd) siaerzic ot o T @I
w17 Sfewm wfawmie fae @3 3”9 o7  FTERT STevm
TR T TFH (7 & =9 AAEA T AR ATATE T6TR
TORAI @ | RS @IEHFRT AT WmIA Slerm
AANIC T TR WZ TWAR 5| (eg IIEIRL
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SR
d) .//-“\"

lO

%)

/
%\
/X /‘<

fg 136

Amaryllis-qz fafen eeiere @AY FAE 1L,
a— Amaryllis Mrs Graficld-oz (Toerze) e wigy
i‘ﬁ' 2n — 22,

b — Amaryllis Grant Dutch var. Red-q3 (tbdrego) g
A @ A A 44 (Guha)

TN MIA Siew 3 TS T 8 TS GEE WU RN
e @ O W T TRIFATONA QA FATHN AN
o 2@ O399 SmEmbieTmed WIS e A |

FIeoA AETere (woody species) sifaenzic twt AT IMI
Stebbins-qz (1938) e IRTET CEEE ITHA TA WA
(basic number) et I PREATOR AF A JIAF WA TA
11—16 @3 IWES @} AW AwRIS: 7, B, 9 W1 ITOA
ererfen S e sifarecaion Fag 77 guee Faq Annonaceae
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(IR BT AT 2 BN IO A @ R XA T, 8, 9
@3¢ Cesalpinoideae-z g7 7itam e 6 @ 7 (Stebbins 1950)
Caesalpmoideaez s@afs Cercisgx T 1 A7 AN TA
6e71 «F s AR A (genus) Bauhinki-g Ta1 @AW
A T 14 132 9% HAT *fferenaiey waR g | Avdulov.gy
(1931) sz amis=Ty s@ 7w 12 F3e foiv amAt (Bambu-
ceae) @ gyafaivetaey (Fragmitiformis) @ s towatRE |
Ty oz wetaioetn s Bidwm (tribe) @1 empin oo (9enus)
Danthonia-q 6 @ 9 (@A AN AT MR | @7 AT
T q (§ FnevE N eR 12 WA wwe e siaeaier
T 3e ! @iyl Oryzeae, Eragrastae, Panicaceae, Andro-
rogoncae, Maydeae Zeyin 823 (tribe) g wm smar sife-
ARTCT A2 . g ! Rumer, Iwanthus, Mentha,
Salix, Thalictrum Seniva wiyges oonies #iewgs |

fae ™ sferemate

Chemr =eilas sfawaier e few@ v AR
gwe @1 =eiiee wfawmes sme owvr Towme eeten
O < JCE SO 7. o B -y S W X < SR T EON
sfeeaies el TF T IW @FW FH NOIT
sfsiEmes erenise  fowae wer  ferer e FiAw
sferuEs  FIT A TR WS ow@ @R e
Re1eF ATANRCT I 27| «¥eng Galeopsis tetrahit,
Nicotiana tabacum, Gossypium hirsutum gyl ?‘T‘ﬁﬂ B
teat FAT AT TR |

@I AN AMCT A FNIIFHE IO H, 134T T
O RTEAGN IANA M1 TW W, e (Segmental)
TR ATANECTT AN AT SO ARG AWGCT »14-
e fRew swselanmmen ghwer w=es o @ g
T e © wy o 3 7w Stebbins.gzy wwe oFe wH-
wirerEe Galar aphyllaz Toerme *Z7@3 agiere omem
I TFg a swinsiterae e fowmen W IigeeRw, IE@
fot wergs e Tier W onea w121 AwAR QAR -
wAter faom W TEX A% SR WoeiRENET MIATS
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AREOT  JF| R e vumw wmw  weR text A
T4 A TR AARETC FFAINF 799 3q1 Gustafson-
€3 WS I NS PRI oW T A
IO MR A sAierecate Sfew A e fRaww w g
IV I @R GOR T agters sieewaten eum gl wewaw
e WRACAIE R I,|F (P ARTAFONI GFANY T |
Clausen, Keck @ llcisey (1945) goe W@, 7] AFa Slend
¥, §37 Hfememe afwies o7 M1 @ @ty o WIR
Slew aferiorem e afes zm am 1

AT W GHET IRGE WU | (OHEET
AT A THed AATANHICR T FbeTO] ANG | FYAT AGH
W@ A faeafawsm  (recombination) ww gm e FIFCR
4 &% T T Psilotum, Tmesipteris, Ophiwglossum <yt
97 SRRV

siaecates wa foacre wogm swa sfRew 71 7, @3
@7 FFIAA™ g1 wlEeEte 8 FIAR MY I @ I
Y FIGo I @R 7,07 SIEWA H6 O MMA| -
st wiaecares ey fqeq #a 7 o wel R

Tlew SWIRIR Q1A FoA FRA QA oA e 729
fRem wu gfw oz w1 MRt Slewm W oA
(9enus) 71 tomaa (Jomily) Tow; TN O FW 99 I WAT
BW BFW FIHF TO S 7MF qiwe a2 Slewsriom s
B AR A1 W AT opeRTE Slewma waet faew fww
Torew Sg | IZ; Ay [qw] mws Benthum @ Hooker,
Engler, Wettstein, Bessy, Hulchinson srens Sfema o
7eE et e RN @R MNYTIR IR TA T O
feamt et frensm & Smem e sian TR IeEeA |
T e ot ek w1 feetw aminerer @R «f
taseR IR
st A fgwiareew  (recombination)  eymEdemie 6
{5 (selection) foerme wm wow Sfemm WiG IR
ooz @ fag; wifzamee whireras 2a yow o (genus) @ tome
(family) Bex1 Boson wfereraion T (IAA ToF 2ETST AT
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(®) @ (Emmer) pmely om0 Chliecwe (2n=28) T.
dicoccordes, T. dicoccum, T. durum, T, persicum, T. polo-
mcum @ T. turgidum @ ooty ST AR DA X
AABB Fim oF @ «rd {Iegpl @ eferny wer AnF

(8) wemem (Vulgare) 31 Torsem (Dinkel) paerta sm wmen-
s (8n=42) | T. wvulgare, T. compactum, T. spelta
Torses vty w1 Toesea o 43 ©F Ted 199 A A
aferay wwer wo® I« otw AABBDD wimm ot |
AA ThEmEgE cinkorn o ARG AWINI  AABB wiamwE
emmer o WRAFA W (WIF NI TEWE!  GALPGR JYETR
am Aegilops-gz Ay emmer N FIAA @R WIA GTGWA
T Wy e T Tersed s Seoife zomm 1 fafew
*7PHT (AT MY O AF=17F TP ([T T

(1) T. monococcum X T. turgdum

AA (2n=14) | AABB (2n— 28)
e { T
¥
F, AAB (2n =21)
e Tu + 7o

Aear T. turgidum-g3 @361 Sitam (4) T. monococcum-g3

TS R CEW @1 T S IF 8 151 IRSIEAD (oAt T |
T. turgidum-q3 o= giembT EBiNeNCETS fZmR o4 |

(2) T. turgidumn X T. vulgme
AABB (2n=28) | AABBDD (3n=42)
G lI Torsaa
¥

F, AABBD (2n=35)
ST 14 + 71

Tt am w201 Fam (AB) Gawas w20 SRR WY
oo SIEW AW 1401 IBemes toat g1 Torsee oy oW
immor (D) geixemess o aww1 Ao forsesr owwa
AB wHAW 9IF oW (MIF GOTE |
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(8) T. monococcum X Aegilops speltoides

AA (2n=14) BB (2n = 14)
LT o
AB
F, TN.3F (2n =14)
TETCAT AL
faota o
AABB
g (2n = 28)
a3

aWE g B witAm Aegilops (o @R @38 SEAT SN
sy A. speltoddes sFIIR T AN AT G TAE! @R
ard (AABB; 2n-28) wjgy A. speltoddes (BB; 2n=14)
[ e I 761 qReneaes (BB) e 761 RuTRemers (A)

afse zHI

“) T. dicoccum X A. squarrosa
AABB (@n=298) | DD (2n= l4)
@I |
¥
F ABD (2ni=2l)
CFTCATCHAT AT
' TaoLs zETR
¥

AABBDD (2n = 42)
@2 Bfewtr T. speltag (Torsaar om) w©

(5) T. spella X A. squarrosa
(2n=42) AABBDD DD (2n=14)
Terszat

|
%
N
F ABDD (2n = 28)
A T + 14
% I (WF @R I [ Torsss o 9qF oW 8 A.
squarrosa-3 oA WAR A AR |



288 ozt

;ﬁm fSl’d' (TFG 138) W, e, WW e Aegilop&.kqa
ffen sofen St 7" AW TR |

widaad o4n A speitoides
n=14 n= |4

AA BB

AB w

2n=14

GRIRTAN Ryl
fiyy ware

oL A._squarrosa
2n =28 n=14
AABB DD

ABD m

2n=21

cEITeRfR M|
fign W

foren oM

2n =0
AABBDD
fou 138

IR, 9, forsxs o g3k Ageilops-az Tatey erfen
W TR AN TR

e ~iAeEte ma w1 for foy elemn feters qma
fafen el sambl mate o 701 o1 GEve—

(1) Sativa peat—arigamr AA (20 = 24) O. sativa. O. perennis,
O. glabernma, O. cubensis Fwyiy)

(2) Granulata peat—wtwm BB (8n=24) O. granulata

(8) Officinalis gareft—wtmr CC (20=24) O. officinalis
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CCDD wlamEe waiwm oiewe waie o 0.
latifolia g3 O. dlata (2n=48) | HireEES ¥y 0. mnuta g
0. eichingerizs BBCC wtw ows |

fORTAG YUAA ARG OUTRTHT ¥UAT 7WFAq A juewae (Sn)
R IS I AR APIOLOE Ie INAe THeEe AW
Y T HEIS; LS @ TUeRTs Moy e A «R
Y W T IR yee agfers snem W @R AW
oo SRR, O3 Toetaed Gemm 3T ZW, AT eel, TaA,
It Renive 39 !

19



for 140
mwwmwmtemma@ﬁfwﬁrm
wEive? simates

IR z3
| — w201 wrTbren oy ST ate e,

i — b1 emnfiren sty wRSr et esm T,
lii-iv — oty wiiten war wESr ahw e
ey (interference) 3y wfways
Drosophilaz ez eyrager rers Muller 1911 THLH SR-
IR (interference) 71 aforsr wiwm @1 AN
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7201 TR @RACATAA 7,201 (@Mio0es N4, (319 &%
TR FR GTW TW O @ FPR eond W (R 1w
FAe W e F @O T A A AL I 9]0
HAA IR €O TS T QYA FHGORCS I 77 | F TIENE
SORTEIIAA A1 ATGIES W W SCRFIECIS A 47%
@i fafen @ o1 @9t e few s
HEW X1 SORENAeHT & Drosophila melanogaster-qz
X-BFUACATS W @FF q1 O I IRYTAR T 201 FIR €S T
A FAY XS ING FUTACFAACT T OO ]| JAH
FRUTA EFRTRCFICI 74T q A1 AR @F war O 271 Goorl-
Trom X-@Uamans 46 a3F IRYNA LOTATIH 759 9 ¥ ]
|

oA favrte afemme comcidence 31 wwgriage
e T THRATWIEDNE FORAE TSIM 0T ©leTend QR
T WE bm e »r T Wy FM ewwmd TE 2%
(TITe 0°2227) | pr e -3 Wy I GOIFA T T 43-877
foee 0°4887) | bm @ pr @3 pr o8 V-7 WG I AW
T eOag FWRAT T 0°2227 X 0-4337 77 9-66 | oW Afe-
IFT I FHTRCEEA | AICE 9766 e vmem wE61 FIW
oo (double crossing over) zx | fog Fww: 7:75% wrAm
M eT@ ATeW TW! WRHS ¢ ATNING TN 9% THIe
TONAFRCT & TH| RS FAETNIA #THaT TA €
ST ZNAT TANATST FTAFCT AT [INIAFNRCG (coini-

dence) e TR @} SRYEE (FUARARGR TE ;-'%-Z

37 0:802) 2ENive TN AMTST ANY *WRTFS JAWCSH @
MY A ARCA  PCITHERT™ 1 @ FonaewmmI 0 73
HHAR PG To @1 TR IOTAFEETH TR I
TR

e s esm (somatic crossing oler)

FIM @O AT AT G (INT TF | (7Z 1FTE FA &R

AT Al I 11 T3g Stern Drosophila melanogaster-g3
WE RE FIAL €OF AT (AATRCEW, S WA Faw LI
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TANE I FIR GO T AN (IRIIOF GOF (AT FIA
GOER P ASR Wi Aspergillusgy faw Tomm wide
onwe REF T e #i, eerR il e |
‘a'aeaﬁ@amiwmﬁhwmmama’mmm
StorFge 1 26°C wrmmm wEam 30°C sremmm gr-
TFH CTIUS FR @SR IA LH| 19 AN NI OIoiET
JATH ANY AN FIR COMZA TEHE NG| GANTA® Qo 1E,
oty @3y X-@Uans o FiAg TR AMEerSs w1 q1H |
TZOTATGETIION BT T,°9 SREW FAAR 2O I @92 S
CTR T CIWIHE FPR €N T € SREA (ZOLALETATION
wga e eNde THI  GOTea X-[@TAAs SRTEe & 1R
y (yellow body 71 z&iw X) @ &I sh (singed bristles 71
=6 FTPS () X T GIGE FIR GSR | (AR
e 66 YHiGn WIT IRYR Y TN AF I Y FN ey 21
TIGE GFF IR LIS T7E 0 &N 41T | QYA Giaayres
Tiw minute-q7 (te) Boigiers FiHe eoNIT TR M|
SFVT TZOTATRAA GEANPAT ¥ @ SD GF61 (@A &%
Y @ Sn-g7 (TN (FAHLY) @AM A0F | 9% @l-
NN TR0 FWITHGR WY FR SSF TR FIR €ENAL 7
51201 @WIe z7d v-sn, y-Sn, Y-sn, Y-Sn (for 141) | 3fw @b
[AT] [FAF V-1 @R} Y-Sn @rnive TR0 @ U ALY (P
1-Sn @ Y-sn gribeey o oA OoF (INAR SiwAes 5iam
R MR Y FVT WSy T Y-S0 @ Y-sn @ HAHW
v-8n @ y-n wwite e ey mim y-7 W o
wrerter (dominant allele) o 711 232N FN AT o@
7 HTA @ TN TAH W19 AT AW | TAINTIOS AL GO
AR eI Y7 MR (IR TP ST T W1 THT T |
TIme TINTbe M eer T TerEe

THIGE I GCTHE B HA WIHH 7,201 et (non-sister)
&I W T GR FR GOIAT ANH INAAN NS LA
<1 TAOTHCET IR W T |

TN FIA OO
JNAR I TR @ FIA GOTAT I ST A AT
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Y 8S: : = :y:—s_a_—)sn'
n O3
9 T 8 > ¥

| _

y sn
camils
CBITTE }
Y Tsn oyt v 1 Y tan

Yy _Sn_ Y __ s | |Y__Sn_ Y _ sa_

for 141
GEATTHa 3} @ Sh WA W FHESH

(synapsis) 9% TN TH @ MO &I S TZLATCANA
IR AN TN STER FCA | FIR CONAA T AW I AR
@EEToe w21 7w wewr fafeem w1 oy Sturtevant (1925)
e 18 Drosophila melanogaster-qz “q@” (Bar) whwa =
SR FHL TR TX W3R 9T [T FZCHE AR (T R
for1 “q-oR@” (bar-double) srerw 76 7w e (Tom 105) 1
GFRONT EHAR (infra-bar) (e TR FPR GONAT TCA
sreifas a1 &w-a-vRe (infra-bar-double) grmigeR 7%
W gw A" wwgrEe S #1R e r Tanare |

worl-arwteren (sister chromatid) spg ¥t €%

MRS #Ae @O wewl (non-sister) rETAITRCCA Wy T
McClintock (1938, 1941) i fae (7ing) 1 eI CFAT-
o ot EITeR W F1 eT RN TerE | B (@IS

R eOR T PR WA O FIER &1 TW
Schwartz (1953) oA (4 QUMW TN IAWRTA [FRACARG! @F
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e Lagier (r0d) @A AN EORAERNH
SR OF O AT ST F 0T T FIHe IYAG T
eor | folq qmw (1954) @ gonisam @-X @mme
ot @EICT N4y FR @SR 27| Braver @ Blount-g (1950)
ST X-[@UATATNR B2 TN IR AEF § P I
oz I o AT S FTR 6o T ©Nt @iben Wy
1A @O FEEWE TN IS TF 11

"X grnieem Fw eeRtn Wl

fafen Efan ¢ 2natre fasgo (linked) 71 sgge whwm sy
FIm e 71 Tog orerwa st e *IEd owa ofaiEte fon
W FFF GONITAT FR GO TF AT

goTiEeE 43 Wz (97ey body-wiy B) e wi onar (long
winggly V) g mz (black body-ziw b) e rslemm a
swanens Ny (vestigial wing-gly v) Gom igmms (2ReN))
OV ¥ T @ TSivbionsa I Ay ot (vestigial
wing) >ferH MY T 7T € T AT *S0Hd THenaq o
Fi @ @ o WY aEE oo WG W1 ORI @Il
73 ST MY F® MT € TSPOITEA ALE 1 A
foaom 2 (3 R TNT YR LI T 6 TSTHIGEe omal-
TE OR T8 X 8 TIX AT OF M6 TW! AN
FI GOF TR0 WA Y3 T 71X AT @ I8 E (ST0-
Tozer snawE vrow QIR snew T A (Tom 142) 1 g
@351 Fiaz =t oretom me 3 o7 e reiame omame
N7 ot e a5 w3 erenfee erow? (Tsm 149)
miares onem T (Morgan 1909) | gywA 17 wewre oW
FNGCT T T | HBAR AT YA FHEONIT I, 7T o7
zR B e V 7 7.20% tae 30w SENAT & ZH /T | FAECNAT
ST T TA T TENITAR ARG FCAFAT AT
wrgwer|  Darlington ¢ wape fe@whr oW @
YONTOA® o1 SO0 FE  CRTATCENeS (@I & 875
Ty 3 eQ @ Iwenn afye zm a1 Cooper (1949)
FFF YOI FCATAT NP IEF 3G QA 3 FR
GO X W | FSAR IO T 1 FILEA A19S AR I @O
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G
G D
<IR_ g
Sl 5

i

fou 142
3 T (1) e tehoiemm (V) IRE goeniear Ay
© ez (b) 6 71 e (V) QAT AFHR T T
Fi-a3 73 »omm sy 3% iz (b) e rePviawe
Y (V) GO Sema FE @0 7,8 I9CI A%
eI I |

Z@ 9% e T3 w1 oY e ni6 ceremme (silk worm
moth) gt eo@ Y1 W ATI

sferorare Fiz o

ToaaTn EE ARG IR ST T FJivA ! (¥ AT
To% 7T COR W, TR WRNCHGE (IW SRe fHar SRER
o TISAST (i orE | ATRe @31 NCEToe e feat &
TR 50 @t cmeE (homologue) syeenter erTes wed g
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TP GIG] FIHAT (IS T,201 @RACAN T PG FA |
PR TRORA B R e @wemad Sofgie giwe
CONAT AT 2ASIC JE IAT & SIYEH TTCNTAMA (@ICT-
iR W Ger uw efswaiaer tran trm sworerter-

d

Y
Wi
NN

JOR )

59, sy, 85y, 41.5%
FTeeaRd  ameen gt Frewmfida
cd ]

fsr 148

Fi3 43 oz @ WY’ M4 T QAN Y 38 0%
e reieme *MEE ot (TeRT ¥ 5 T
PTTH AT ZCWE
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2T e (multivalent) afys zerm FE FIN €S
FoA T

THeze 0T gemeeR X-W@IaATs ey e s eonaa
TR Ay T et YW #W ewmw TR e wowrtag o
Terare foemed Gomm @t TN TRe F1W €S T |

Toeraren womm T srorrg onemwe (autosome) giwg
GE[FA FMAT TAG ZF |

XXX grnigemm XX @onmem w201 oweiiiem s
T oI, I XoT Qe qnF | fiewws XX ¢ X @i
e G INEF AVEA FIW GONIA TH U et
W OR TEF TP AW NG | TE XX @A 30
W 7T X @R QAT @ T0F IR €O’ T

X—Y mraces ST #e esm

NIE FONITAR T (I S 6O 7T I 1 g @3
SFYATY I (spermatogomal cell) rwTMTGE FR €@
ma focme | greiwem XX Y st oerr e XY o7y orerw
X ¢ Y @ammay s #i €O THI Y UHEE X Al
TN CTRNTEER $Ued  (RUTANSMIoN  SROME ANy Y
AR A1X° I FH I 8 6O 201 Y @ISmeomss
TH LT MY X @A FAESH Z0@A @8 gwee X
@AY & 3qces (Lobbed-b) ww et t Mz @1 Y
IR WY LA ARG FIHE GTR T @f FHETR Fi
REd oW TWE (TR TUINER € TN IACA ACA) TF|
Woar Y-OUARAER A0 oeE S9H X-@UAnAnSd AN
CRTCATLETSTA |

M U WHACH AT

B W URE FE SOTAY AN [ow; AW AW FA
IR wER EiN @, @FOr FR €T (AwtIeY WerEE FW
SORE AT o1 erRers: 10 mATsE G IRURAT [T 20T
#Ti eom 7@ w11 fag Neurospora g3 vy fow, o
7 I SRTES (001 QICFA B IN IRYWA) T261 ¥ 704y
IFICT I GO T RIS AR TYE FAGSNIT AN
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foaor 0 @1 TH Al 9Y IN' IRES TA0T BT MY
«F1ieE g eow AfdT Teww I AT W W TR
AR TCHHA BRAAE SREH 201 @06 AW
wiee Taivacra oo s 6o T Tog 6 @ Neurosporag
(T0F) @3 FATSIN FF A AR FEOT @A Tt Y
GR T Y PER WY FOR GONII FCA (I FW WA BR-
AT @0 e oY, ety !,  ayt gqm ryt e T,
e 939 0w Yt @R 1Y oiF | Ty A6Am FR €SNIN
A W' @ 2 METF I ¥ FIWT GFTFN IAMBTA JABACH
e T QA FAT T AR

#im senas mevmtew oy

Ffve Swwiwd wmer 1906 y3pws Bateson @ Punnctt
Tosatara 3 v R e FI CTER ASTR AN AR
6 T AR | FTAL GOR AYRTS: (AT FHSI X A1 IR LK
S TS CTATETAA (UACAN 7,301 I3 I (A0S TF |
TR FIM GONFT TN 6 T @ WA T2 Wpies
FW RN T N1 TG S IO @RATCHCTT Y
FIM €O T O A AT A |

1931 o=rsr Creighton @ McClintock gim @3z Stern
QU HAW (3 (GAIDS S GOTIT TCA TR
RTCAT V201 *reor oewy fiwem 3031 o waw g Slew
T AT IR IATREAN (HAMA OF (O] FHATCHACTT Ho267
AOWT HAAMORI BN T @R} @ FPUIT W FCATH
IRFE O% TAN CZAEANA (FACHNGSE AR HQF 3T
TR WA A (W GID] @RS SN &)
SRZDT AR AL & T G2 S (PRI (6T
I T

McClintock-gg »@%wy

QHR TN (FRACHRN % 1 3L Sierseanag (aleurone)
e wEt &M C 1 ¢ (coloured 7 colourless) @3t BHIE
q WNEE FAR (starchy a7 waxy endosperm) gy wnt ol
WX 3 WX Q@ | (P I GAR (strain) iR A AT



ANy R h= @
L _omE, | OME B, |, ST
Fngsrafalla ca? FesIT oS ca
o 144

WEOT SN 7R @IS QU a1 1 I Smiere-

WA O BT I (WIS AR O 7T & IR
Tapatarma oo
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g Ca frew oS mwieeny fate cebracamien fr
text 4301 3§ 1 (knob) we swte Wy ey Creighton
T GFOT GYI TR WARA SN [@ATAT GI0T Bew
W @ 73 (knod) e vIReY e T o
@8 Ve N e C ¢ WX i qRF | W] WY BT
R WS BT A 9N GIH AN GFBT ARG TR
QU AT 31 TH | (To7 144) | 9% W 7 FCA € (37
) ¢ Wx (BpTe) &1 QX3 | Fq Sfemm Fw @
TETOTH] ST T TR QIVT 719 FRGE @ GIV W0 7Z W @I~
o A | 39w 9 Fr e e segte g Ay w3
FA T O B FFCR Tiew onem TW! TN € WNEE
(colourless-uary) @33 7 @ SpwE (coloured-starchy)
Bfew 7,201 wTioees S fafwaa e i zrare (om 144) 1
€% TRG SlErr WRG! WoW YARA ENAICAN Rl T, T
TOUT % *RTHR (AT AT [qeuiqameg (Tecombina-
TREE FE 9R TR T |
tion) mry ARCBEATET FIR CONAT 2ASTF LTI (R I |

grnteom Stern-ay s@ter

grigea  X-(eTamAs IR (carnation) 1 #E 06T
WA & Mt & i o7 31 Cr @3 “qR” (Bar 1 77;) A1 R@1IE
TpTed B &N 7T HiW B 3y b aww1 Stern aww @zon
Drosophila »q RamA  Y-[@UaTAGE @361 IG e Bie-
INIENE A X ISR ¢ A0S T, T6TR P& (A%
X-wrawamn #fRre’ L apfer X @ w6 gore !
O% (ETATAT &6 @ RTeTIT Brad &1 Cr ¢ b oz 1 o
LG GNP G361 X (FUATAN 201 T TSCF ToE
el =b SR 5er FINAd MY TE TR |
oreityere X e or ¢ B oqrw v3 vz B et e
e Feed Cr &9 IR (I 1-aT8T) WeT T TR o
TG (2RE) 1 A WIPTeA BUR oW wET B FiN e
gplen o &1 b7 Tom ol onzm Ao wR W
(L wrgpfor e o X @uanswae) GUaieers s AEad
T 91 EHAERe (heterozygous) s oree s I HATH
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71 1L

_ N
ulec uqa o R
relle Sle  Bl» Db
1
|| |
‘AT  am n@

SR
e areifas L - Freifis |
:Hmt!im caft s caft
f5q 145

BT WA & T FYAT T [aewiaenar fsa1



304 mcdmie

7201 Ao 4 X ot (YR @301 L-argion e waest
SSITCA B0H (e’ X @A) o | @2 X @it 200
(RTRY O AT T0F LS, SOHTSNI B Iw | a¥3ew
OV T YOI ALY OF61 TACITAS (20RT) TR IR
(carnation) @ ETAT BEE *AEA AN T GRS
FF € AT A1TF ST W | (FIA 70T HTH [T R P51 I3 L L
MEF W STF [ GIO] RMEIIF XA AT |
TER X-[@UATAmG] SPRTS119F TN AL BT TW 3R W
FINR €7 A © % FTARAR WFIeH HReHA (0T —@RT
TqHI TR AW WA YR A WX AN G (Bar-
eyed) O IR 6T NME(IF BT AT ASHAIAS
T30 AoN FICNA CFUNCAN S(I6T IW | AT YA *orF Y
EETANE ST S X@N SR T S
faoty wwaa = orery SwoPeTeny ez wFien @-
o o (for 145) 1 @% 20T @UACAME (3IE FIR €SN
TEAR 6 O ANA| HOIR ¥ *RTHT (T FOR €STAF
TMAGEATGH 21 26T IH |

FASOLAT TN

TCRRA QT R, AGINA GF01 FAGSEF T 201 -
GO T, GR TR0 AESRIITIN @, Beopy 31 Thr 10057
R, T ATSTire bl FoieeE T @ 40057 @RE T0O
20051 FHEOR @Y, AT VYT FAGCR @ANT A *reFar 50
BT |

FHETFA TR FRR o Fi 7ita Sierm sy o361 famtne
(e STewm 91 (cross) 31 g | @7 WA 73 Sfgwegiom s
fagaiarm (recombination) Sferez T e st ooz TR
ATGHT A1

qUR 0% #N (fest cross) A W TW A Ouw Tewlw I
71 Fo3 Sfewiia tars ot eowzm 2w snmem am1 Fe tate
FOR QSR TR (AT IR TG T WEAE F{IS A
Immer sgfe) w1 7% &1W X @ Y u3% @uamw o3ige
@R P T PR eemmm w1 XXyy e xxYY Ifevim wwy
RFAR A 7 GOt WSy I 57 330 BTew et At
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XY, Xy, xY g xy ool Sfewegions gumey a,b,c,d z@m
X G 77 T2 e FIEE (TR X, x g Y, y) 8:1 Spme
HAI IR T OIA

ad __ 2pr4pt

be =T —2p% +p*

(repulsion wgm p @ coupling sIwm 1- P TH FHGELAT
ga1 XXYY @ xxyy-g suy o 33 Sid coupling g3z XXyy
e xxYY-3 quqy a1 IWA SuF repulsion sy (e 1)

FAETIFT TR P TIBA AZ (HF ST T

p= ~/—(b0+ad)+\/(bc+a7d-)ﬁ+ ad (bc — ad)
(bc — ad)

giw XxYy Sfevrm smy Xxyy Sfevm e 1 @ oA
@3 Y TN 3:1 SE.ANT @ I @&l FiW 1:1 Iems
YT I QR QYA F @01 TA

ai + p
bo =2 _3p+p?

@R P = — (bc + 3ad) +V/ (bc + 3ad) 2 + 8ad (bc — ad)
2 (bc — ad)

#hre o (crossing over) vex T Trew wreifae o
fafery snfaonfees e womRla oy #fi: eoms zeriye
AN

(1) wowm wem

goteems fafen swawen sz Bridges (1915, 1927), Plough
(1917, 1921), Stern (1926) mweaerew ¥ wcedEcaR Tabae
TPed TR OO T AR AT | ARSI I IO
AN XY TR TS FLEHSTR A € gLS 7Meq 11 Bridges
' (1015) toNw w3 sut Drosophilagy mpwt FMGE AY ARG FRW
GO XA T ATRREH TH 1 ToTR NR ( GrTeeE O
20



306 mrtwiw

@G @R A e 2 e o' T wm Teete-
a7 g esIAd T I W (Toa 146)

(2) ORs% AR

GNP *LIL T3 M GO a1 IW A1 1wy w
ST SHTA FIR COR TW AT | GILSIF =T Bombax
moriTs FR SR TW M @R TII ! e 7FI Pen

8or
110—
T,sao-
?50—
g 401
§ 3o
® 20
& 10+
B A 1 .
0 1020 30 40
fan—
fom 146
01 ATTAE TS @A FR €OIAd TEF $oR
[ ACR |

TFER FR eOW TW OWWA Wl e I IR €SNId
T 93% Tw A Tfem wow W RN AFET OF
oS @t #l o T A ArEgE U 6 @ aie
eem w1 Tommwe1 Haldanegy (1922) e wamw =0t @
A e Tensarern oRew o«F oA wewenmn (hetero.
Fim ee@ 27 M

(3) wromw FeR

Plough (1917, 1921) ¢ Stern-qz (1926) e ztm eowzm

TAT BoR ST U AS WE | IR {RetIet
TR SR ASR AIGE @ ¥ Plough-gz *@twr turs
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T AW ROTAFT B I A @ SINEE G
FR GELAT TW NG| @ AW FNF AEECS: @t
IR FPR €A TH INTG G IN SIEIETH O] TA I |

(4) vt 2R

ot Weeel S N eeran qs eEew IH |

@7 IFT @ JOAX S, FW Reoniw M R et
#rofqe g7 Beadle ('32) @ Graubird (’32, '34) GEEW
8 e IRTR IW fafem *rtwr Ffeem  simm we
I SRR FIR GOTAT T AT A1 (AN I
TR T SR T HYRTS: FI GO TR I T 43R
93 T (EATLS TWIHES He 2AeITIS TF |

(5) reSTETEEITRAT e

Mather-q3 (1939) o AR SVER EOTIATEWIOA
Fim eoRrE WS 2erie | Whitegz P eenmm we-
M AR TATA RO@WIIG (euchromatin) ¢ rromATEMIGR
smeroney o AN FIAWEH (T TNA IR €O T |

(6) wrCErirE ey aew

Sturtevant (1919) mx IEw @ IM 9F @O FEACAT
TR Everea Suigier s Fm eondd T IW
T SR @ REIR O (T (@A (GO FIAQ GSLAT TR
Tiw o Tofv 3eom @, afels qmnfis e sim e o
«3o1 fafwes ofzme ofe e w1 =W @ @S
I = i @ T W@ T FE O @A A

»fF IR I N GO TR AYTS A GO AT TNH
*Z 51 307 Schultz @ Redfield (1932, 1938), Glass (1988) @

Macknight (1937) ¢% 5% wweq I |
(1) s wereiaFen (cberration) se@

@ @I STwa T I ave T0d o o AfaateT
WG (TGRSR AR FR GO TTRe
siqeq T



308 mitziwie

i, eorAm Y@ INeReTAR el TRremen o
3T CHR! W WIEN T IOINW0 TGS FAT ZOR |
(@) =g GETTER (TR SAeEeE (tnversion) gre i
T TR TP AW AT (L) Evermmage (inverted) wioR S%w
TS [FIE GI01 I GO LA IABE AIRY WA WA
(¢) EorrTTa TH ¢ i ermiagts weo st eonaw
TR AH TE A (d) RO YT €% WA ARSEEE
T FR @TNAT TR TOX IM AW QR TSR LR
WG FTAR GONIA TR WA TH 0 |
YOMYEAT € QO *[TH I3 T (oA @ S A
¥ FIA GTIAT T WU ¥ g1 Dobzhansky zarem =
T W INES YE FIAL GO T TG I TH| @Fb1
V-orgior @I G301 AT WA O AgE FR
TR TRF ew grerive @ a1 vy ciedtwm S
TG (STF (506 1 QORI XA OSq qTL0R T A |

fafen wmma Tasgerer (duplication) sreps eww fva<
TomE FI GORE ASIC IWF1  GATPA *RTHET IA AT
forae @@ Taoge oo (duplicated) (vey 7@ T FTAL €ONAF
TR TR I

Stadler @ Roman (1948) (e (@ Y@ (@6 WOR WHTS
(defictency) Trm FTAL €ONAT TR W IM| B SREE
eifon FE @ WO FIR GO AFANIR TH AT @ 9T INRI
TTAe FL GOTIT TH I T

fafer R FINCTNR TRTSIFOR FEA FIN GOF IW
e IR TA 7 GBI SPRTSNIPOR FA  IZIATCEMA
TR T CETeNR TowSl (Synapsis) zm Wl WWRY
g eem Towem $em felm o mEsmeivem W
2o I GTTE TS A |

Fhry eerar Tafew woaw

zire #m eom Sl ok vrr T Tog @3 A
AP qyNe TN AW AR 1 IR CONF TS FIAF 1qTeN
@At W TOTSR TR | FIA GCTAT A2 WAA QT
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RE HRTEGA FA1 LA IR 9 ofewz A Fa0e T a3-
R SR ARG N wERER |

Twraety Sfewt it ReET SYw 5RO @ITey
MYy FRST WMDY (P G AW SR R I LR
F @O TWI FBAR IR €OR @Y ¥ TeIW
(@A A fqem) ma g@1 DMA fqare zemm
AN @EoteR TR Tew Tive | Wwar W esm DNA
oo ZeT @ T

GFGT IREIEACT @I FH €W A @ FHGTEL A
721, Teav1 Tow1 p1av1 7t rmena (1andom) FTs AMA|

ArReres @Gl WS wAER Ty wR61 I e X A

Fiw eom ffern Frq ([T I, FUNTAN SRFW, (&HAI6E
1ev, eremm Zeniv) Tw aerfee zm

FW GOIRT *FTC AN IR & Aoy @i Ton
Toy Toam (oM AN QANA FTIN16 TGAWAA I (G
EX |

(1) Sax-az (1932) =niaewer swaw (classical theory)

Sax-q3 TS FIEFAT (S0F TSI 2@ FR @OF 271 Toremion
I, T MOF IRCGNETS I @61 e (loop) st
@ivee e (sister chromatid) @ s FTH wewt (non-
sister) TIETBEAIA GFANY AMF | CEETTAREE AL 7
N ST @EIGE, A QALY AF 57 147) | FIF HICACAN-
WA FFHS ZTH SN IAIANT JH 51 T T @ Few
WG W20 (oF TMI ©OF I ART (HIC AR TEA
FEAT MY TW GR FIA GO T

(2) Matsuura-gz (1940) fRe-myiormm (neo-clussical) sTaW

Matsuura-z (1940, 1950) ;s FTHe G©F YA SARANTLE
TSR SIS SAEE X! Sl WO 0 FINTHGA W
woeier (loop) Ty wTE TWeIW WA INHWR F1% 27|
ARITHRCOR WOTRTET 2w 7E A [FRATHIAT @6G 7,201
@7 torpW (relational coil) oz GTECER o TaE @F
7o' A MEAA WA FEIVE T25T AMSIETCR AN | «F
T @A TR AW oNF | TN (RTINS
O IR AmE fawETwm ww iy «we @i aiw



810 bt

S S

fecsiBa

o 147

P GONAT FNHPIEA TOANAR o8 |
o — omie o caaene @ W 2o Tareemre
JCHEA N AL ;
T — RS age o @b ia v *mma
FTTACT TEAT FWIGGN A T SYH IANE ;
A5 — FR €OR TETR *[ THTHCE 9 |

3fTs zerm A wWiie 727 (3w W aEmaE cfERes
wAl W @R FEiered v fafawm (Fi esR) 7@ e WS
TR @wmioren AT 7w {ve-gniwemer seaw (neo-classical
theory) faperg wwe'q &t F@ TR

(3) Whitc.gz (1942) wom

Whitc-az ste  tzomameiio (heterochromatin) ¢  $3-
@Eies (euchromatin) sgra tamsie WIR MY RSE T TeTT
A FOR €O TH | TOF (QUATAIA FRCARN A A GE
‘UF TOHY ST ATAT WA IA | TN AR e
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fqoE T Y7 SWHE W4T TR Aw I AW TR WO
CIOR 7R ST O3 AN fIeE T 71 BE (R A [HeE
¢ i oo Amerenier T A BReR WG TH1 fAtem
SR (T Nl TACECR X CRDTAREo S9e (A0S RS
| Rew SeEEin St s ReEa ma T 93k
AN (ZOTRATENIGA ST WAICTF Y SN & JPEA T <
o (50 148) | @F FA ST @ T T Fore (97ass-
hopper) FTPFWIHN @ CROLAMDWION SOET  ALLIIPELE
FTEATT C4T A | O A 2T (RORANG O TR 10
RSTE F FYNE IANG (TZ (INF FWIGE gt (chromatid
bridge) T TW| AEAS AW N IAH A T
IR TS EE Teeemamive (diplochromatid) tryt T

+
Iy
= =
byt ;

] b
57 148
FH €OTTA BT (THIANE GLAT e |
a—QIIGE TTNATATNH (FUACH (T MY ST 73T T,

b —qRReE ORI Feea (TMA) ST T 3G
Boamion W fTee TeTR war & e TIE ot TN

ot R Twe w)iwe minanewiity wwe ot
faee e A Toremewite swm AT =31

(4) Belling-gqg (1943) sgaW

Belling st 33 @ ©weT BOR FiA €S1d S ML
*nislon g Tow @ @oniTEEeiE e =3
AW ATEE FATSIAETENE T OF Hh AS© TH!  CESTESTA
BATANIE BT SR (7 oiF 9N &7 T T8
@I IARSILACH 20T TWCHR AT, 13 QRIS 1
I W R wRiwE Tfem W emiTEReie one
@3 FINEA WATNARATE @A MY & W 9% T



31 R

TR BEACTR qenoR A Al #R e T (Ton
149) | Belling-wz TOIM TAIANT WIATCWAT  TAOTIR AT

M e Figw|

e o o @ © o o ¢ o e o o o
aw

o 0 © o e o o o © @ 0 o o

0 = === B O =0 O ~O e = P P e
B R 0 0~ 0~ -0~ @~ s = = = w0~ =0 -O= =

Belling-97 & symz i ey afwmm B
a— ratmEReGie Wora gawe oy ot s
T AZ S T L,
b — iR YRSt @t wite TR

Belling-qz we3m s TRafye wive nEom shi e
T @ INN e TR0 Seimies atz ) fag wgamw
IRV JIEANT TH WA TORBT A1 5By camivee #R e
H I TR 9% oy Belling-gqz wors AT F@ v
TG W8 TSIW ST AR TS 2R 7R ERCANA T
o o Tog Tafow oczeen s o @ @ omcwe o
TG e o

(5) Darlington-gy (1950) wexw

Darlington Jansen-gy (1909, 1924) IFIWIFWBR TSAHT
TUAART IFN| @} TRK ARA AOF ARSI LI
TR WA 261 T¥er tors (coil) @ sz Tavamsmen
wacER (relational coil) sy @FBT ETHARY FGH AT | TAIA
e Of TOPTR WA TZTNTENAT T WD SRR U
A TS SN | N 2WE FCILIA BT RO
W R GO T W | @} AfRreia TA—
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(@) wrETERe TeE T EWITve AT T ST
/LS |
() oo WA Were; wEve TRSE W Tavereme
e (relational coil) ofys zm1 IBEEESA X
@ @I, A ® e e soe e
e wrverims o7 erteiws tors M oE |
() BTN R (T TeNT ANY YR SWHA W WR
TR AF A
(d) TRFITTR ASWIA FA GAGT @AIGIGA W4T STAT T
THI
(¢) @7 A GFVI @GS (SOF AqF @ SRAW ALS TH|
FFAFSII 92 SAST Tl THH |
() wen ext wEniore siatne wmlirer oy o w307
o @1 w3 o Rerle o W R
I TN
(9) @2 THNT GFBT ST @G (non-sister chromatid)
(S7F T
(M) on FSia QISR TETSl AN TF T W,Z01 A SH
ETTGIed F ZH|
¥ FW GO TW 6 o Iiesm fma wwEwa
(chiasma) 7T R

DNA7 o oniage ZeT@ 7 A COTAT &S TH
@i oA Aod A o FaEw | Mesclon @ Weigle
TERATHR @A To *@TH 3 @ew @, DNA e
TS @ AR T GG TN (recombmation) g

@4 Ubl @ Whitehouse-g7 anaimr 13339 trem A1)

(6) Uhl-gy (1965) swam

Uhl-g7 e taw frenm s SR S segm (DNA
BesmizTr ) ey DNA oRret weiensm (double helir)
gorecia Fewmia ARt Wes (link) T T A
«® Sprier wese: DNAg towise e a1 weeeen fafen

Wmmmeﬂ?sfﬁ (stop) Tg=mR I FA|
BT DNAmmmmananﬁ



814 wReefer

1 link Tt TF onF WYTR TR ATEA @ Link oqwF A1
e DNA ez 1 7,801 397 A1 T8 O34 linkdr o1 o
OFV ATAX ANY (I & | «F For DNA 77161 Fos-
i IiAeFlelRerE wov Rew T Wl feg @ww
CTCRICAGT TS0 AW A1 IR SI6BT qe'Re lnkarfer 3 7 (@oT
@IV FTAT ANY @R 1T 161 W9 H LT Y T AT, GRS
faotm e wrfes el @ Sreer T I |
9% SREE I T TAST ZH) OF PR WRE eI E
ofes zemm FwATHIRT T ey DNA oo wiiqivey
SR AT | G STELIGIE AT TG ATH (@GS SR
Tafemr =m0

Uhl-gz #iw eorzd IRq #=0w g 7w Belling-gz
ST AN aPH] I T |

(7) Whitehouse-gg (1965) wswaW

Whitehouse-qg we i eowmm wmer wmifbesiar faare
TH|  SEIAH TN (TR @A A T8 SRy
TR (synapsis) TYF CFUNTANCNG GITES STEMH  AYTESS
wwat (non-sister) rgmiibesiam W #iwe @owm T FPR
CENF FAT (FF @EIOGR URE (T 7201 siafqeste-
DIEC FTAR 0T GFBT AF (SUK TW IR CXATCETON L@TTI600
5 @ W7 gmmm esfem on SnERer sfaiass TeiiRe
AR ATIIF SRR A & TN @8 W IET AT AW
sriganst DNA $esry 77 fog wmar o DNAR sifgmmer touw
FW WA TH A AT eRE AT TSl € AENW
s o ofzne DNA Sesey zwe oo forae: DNA
Beowra aeTe T FETTe ofse e oma w11 Hotta, Ito
@3 Stern-g7 (1966) »>3TwT 1% TOLF YT T | A7oA White-
house-¢7 e DNA Geomtna o wRrnfow #im e o)
¥ few; sfmne Aeeg DNA Seomw o7 @ @ @2 o1z
orZmer DNA 3% zzn 3w ooar Toeaee o3, @ Neurospora
@3¢ Aspargillus-g 3tA2 eowax orafe Whitehouse-qz amam
TEET T O 9} TIW IHeX HNA IO MR ©f
Qe AiGF TN T WIR |
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FiM SOTIT TR

#im eena @IoIe T o Rivw W 3@ T R
EWI0G M6 QT ANA| (P QO T SO N
|

gy

IR GO TR (T BIATAH FHAT TIGW (AT F41 W
3 7 T WA AR50 67 1 I |

AN & AA ARAANE SgRe (linear arrangement)
P GOTFA ATENT 21 I3 T



FRA™ SYITH

A2Bieltorn @ fKSsR=icrn
slisrrifas esi=

AR fAEtm fe Werhmivin wRwerEy
RMERT I SWLS T3 ATl (WA RONE 1% @ I+
& fASF M @ ARWIE TPRE G AT |

AT WMAE awd NEFhm e beat @@ «x
et oue: arfwers o I e @1 ANEReT:
ezl mitwew @it frw 3t W1 wEgER wew
afmePRs (erythrocyte) ramEn TWOFTA MYy TH T @R
G TRAIE q@ FEF AYE |

WeFtmom fafen swem o a@mwly «fe wBenes
T U1 WOFls W e mRNenNE (omis tedt
FRR G (I 2MRAT TP T O HRCGI2NGAR FAIAZ 3T |
FEGREE @R ATReT T o7 o) WOFhmHw 7 *Ke |
@ P A EEemity WeF e MBI WA,
ins 271 Fiow Soncy T30 wfaecce fwow TR I TR
AT ACK AIRCGTHIECNR /(7T I0E |

Caspersson g TRSF T @ FRWGIEER NP 7F fqeqe:d
e I ARt BRNA ¢ wuaatsm DNA-g g
OV ARG INE| KO et PRI Iye Fuwe TAdEte
RN SIOTONG (odT TX € 7 @ (PR % T IWI &3
EF @R TW &, (EE [NoFte ™uEn AT T el
AN T0E T35 Sy’ WRGILIE 18 @ MAGINE 90
AL IR @} AT TN ATRET T @ W% A
7w

»E erw wmn [WFhm ¢ ARWIHNEEY AZE TSR
g Teofwm afde T

TAWINE TG A IWMTAAT  (7-ray) A FA FTACHNS
T W AST @ CTITTHRIRT W @A Seel-
ofn FE REww =W @W GRS NS ATA A e O



aigeremem o fASE W marariTs aww 817

AR 4T | G7F T WO 4R FRIGIHEER WK
YERATNE AAqe A o [ASF WM @ ARBIHNTT O, TSR
@8 AT & AT T (FROT 7% LW qW| 98 7§ISA
IRER T IR 58 enEn fafeme fsfwen s oo s
T € MABIARER AT7T 2SR & - QTR H T
(U7 © FCH AT AW WA ACIH FATRCOTRIOR qFORIR
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teat T R G I IYRY ARCGTHTN N AN R
o TWeT I

TRME I TR ¥ FATAER AONA (FACAN IO, o1
w TeE zm1 @} afeice smvw  (fragmentation)
JE FTCACOICT IR AT TSy TOIM ANE | ACTE
uNTed woAm (direct hit theory) FATF IATADN  FAT-
TN (TSN IO @3 9T LA FRNCAT (S0F qTH | IANA TR
T € (ETATCATNR ST A AR @ TSAMHR FA%T I |
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™ SEE O} FAY T YE 50141 «¥ew w30 BT eem
TR TR W FAE G [WE TERAT AR TEOT AR
T IRYA AT F0S LA TR T AER0! & 1 Ty To- oo,
st 1 three point test T Fa@1 WY IR &N
T AT FT @A AT N FAT O |

AFL NN WAMES SO ;A T 6 At MNE @R
welsa Ao

gontrer froty wracne s)ige ofstr &1 W smte
3 AR | 9 W TA— I (black body-b) 71 =reriew
wwes (B) &'\, oo wanRt (purple) wy (pr) 31 =meniI®
wuea (Pr) wiw, awamem (Vestigial) snar (vg) 1 wreiiae
sy (Vo) &'\, snfepmm (blezus) fegn (p2) 31 wyeriae
o (Pr) oY\, 7o (speck) wrr (9) w s
oz (Sp) o1 @R wheriem wW fame Ie T
Towor Tomtr & Tan et »mher =21 wem 21, vg e
72 TR TNE @ T 0 W @ Proe VIR Wy R
6o T 125%; vg @ Pr-3 W@ P eenaw T@ 385%
GR Pr @ PG TYT FIR SO WA TR TA 46 FHEm




TFUNTTON  WiAT5E 825

o2 oW Tovm fam oo pr-vg-pa faqr prvg-pr (f57 158) 1

pr j"f px

12.5 33.5
51 158

& RN W SIERGT &N P37 W INIR IS LA
BoAR AR (T TP W51 WNAR AL P FNAR AR TH FACS
@l 8P, vg e Pz &N TN *@TE I AT TW T P
& PT-9% T FAGSTAX T 65% @ v9-$P-7 W FAGENH
@ 40% | TR @A AW 8P @E W og 154
IAIET TR

40
I O\
R . X - px__%p
125 335 6.5
fou 154

G T c7 BW AR IR & L s e ¢ T i
'] LI TIUT O @ Pr e 67 Wy Fieen T 2%
3p @ 7 g 315 wowRe FHECR TH|  OIXCA Q% AW & 17
¢ g Tor 1556 SAET TR

2.5

px _ Sp

€
- —/\

21 3LS
t5q 155
tat1foe oeioa (or, o 8P) G T ARA O X

ﬂmmwﬂwwwﬂwfwwhﬂm
ﬂwmmmmevmmuﬁﬂcamw

W A |




326 Redrter

geiens feot @A wRiee eReT W 07 uw
o 39 & b, vg @ 6P &N TN Y@ TH ITX T 0O
b @ v93 sy 18.6%, v9 @ 6P-97 WG 0% 9 b e w7
T245 58.6% FHECW T WML THAT L90R (¥ V9 € P-7 W
IRYW A 40 9% (unit) | g gWisen &1 O-wgw fou 1669
W AR |

58§
r 4 Y
b _pr 8 PX_ 8P
18.5 40

fon 156

b g7 wwm lwr swr1 @ wWiE O @ TE *@eE
GiRfa RS WY AW W O geMeaR THet
AT SRR 0 IS 3T MAT FW qMF | Ao
Hia W WelT 2@ @ @Y & @EEeE SRi6Ed )
WA Fqe z¥|  Drosophilazy faem  wwnene & b
zitwee wae s ol we | Drosophila-z fafen wcmca
sisg f5r 157-9 e ZoaR !

a3 ez fafen whar fon for wrnmemam T=icn o= =
7o g | faTem ot (e Q@ TeT CaTARARSR WWisa
o7 I Zee (Tom 158A, B) |

smiww wAfss

MEOEAITH AFGLS AWIST Aow IAE AN (@ICNCACHD TaTomw
RIS T T (FnTS), GmeRemeeE, ERerea
Eiine IRTR I OANA TS T AN T
BoF MIFN FAT W A @ Ovma fATn's Twivare wAe www
TONTE @ACANE AWISd I TH| (A [0 W58
T B BUACAT (I (0SS 07 JATES O I 477 1!
TR IYNE IYNE fNSTTE AT WHOA € FUNTATE T
e faelt ymen T oW wAmEiem AWT SNRE WY
ST AR AR @TATCAE *RIFR A0y 7MY fosaer




<o 327
arex creme e
e IR " o
.0 yellow (( <<
3 lethal
0.6 broad 0.0
1.0 prune T 20star T 0.0 rougheid
1.5 white 7 3.4 aristless
0 ":f‘ h —+—6.% expanded
% EAbrormal /"-iTG""
3.0 Truncate
23 ;fa:l""‘ fﬂl.j: dachsous
.5 ruby 6.0 streak 0.0 divergent
§3.7 crossveinless | /z 6.0 sepla
16 4 club ;gg :::::y
l; (:)&c::l“x =V 36.5 cream i
10 singed 4821 tMIlltnum- h
__35'3 g::h_’“ /40.4 Dichaete
75 ¢ T : /42,2 thread
7.7 |::enge 44.0 scarlec
3.0 vermillion 1410 jammed :23:‘:"‘_'5:‘
§) miniature 4—46.+ Minute—e 47,5 Deformed
6.2 dusky _ N /4&0 Pink
Jg. g flér"rowed _§«.5 black F=—49.7 maroon
44 4 s et 48.7 jaunty 50.4+ dwarf
2 ‘a":'e i T—54.5 purple 0.0 curled
45 rudimentary +—57.5 cinnabar  TO\548 Hairy wing sup!
56.5 { Y km:'entary 4.—60.+ safranin #a-58.2 S(ualg
7.0 : W 64.+ pink-wing ™\\'58.5 spineless
S small 1610 vestigial F\\58.7 bithorax
90 ;md"" $68.+ telescope | \\'50.5 bithorax—b
9.6 Besdex T 720 Lobeyr 620 stripe
25 Mine 474+ gap R\63.1 glass
-k Minute—n -/755 curved '-\65_2 Ita
5.0 cleft Ir £9.5 Halrless
70.0 bobbed RN\re7 courle
\;szo bu:‘d |
4— .7 cardina
83.5 fringed 762 White ocelli
A 1900 humpy o1l
1——91.1 rough
GEFICRTCAIN H93.0 crulfnpled
. 5 are '\ 938 Beaded
0.0 b 41005 plexus 94 1 Polinted
ent T102. + lethalla L1007 clarer
gg :l;:vlren ] '8§'° b;?wn d T™N101.0 minute
. ess . i1stere X
: 3 Oﬁ.i purploid 4 1062 Minute—g
107.3 morula
107.0 speck
07.5 ballaon
fou 157

Drosophila melanogaster-g3 TGRS NHHA |

FOF 1A

AR T TIER WA ZCACE |



br,
ve

12 | bz,
Nne=fan,

-t
126—-Tsy
13

Kn
ASY

Wy

I
u’:]-v-

162_1'Pe
166=1"T5¢
“172~-1bmg

ii il
O WSy Q=p—cr
Q-J—ll !
1418
1844,
2l 2‘— -J.l
304+8's gel_,_c"
C!
o3k,
S
“p 33":5‘::
S 5N
56 sk 55 ts.
“:—ﬂ' n_| by
74 <’_.t’l 75""‘w
6.1 v 83—-1gs
~1T
86 | Mg
1074-w,
b 3,
13] she
122 et
128-1-Ch 128l gay
57 158A
9

w
&8
U

Iy yge
g'rg:\”g 1

wle.

TR oW, Aoy, TeN R PUY @A AT
TS ISFA TN TN SEA (R TR |



vi

gd

174y,

374—P81s
394 D¢,

Pe
68—1—py

vii ix
O-FH’ o—TDt
\ 7=—4=Y8a
i
v 2.1 F
 w— . -
Wt 3 | o
% Ltp 441-bp
s
:}:-—IJ 9 | wx
a\/
b
™ N
g e
11}
L
109
_bd
1n4pn 104 Ve
viii 134181,
13~—bmy
O-Q-V;.
14-{—msq
2.-‘—).
fsu 158B

o-1-Rp

12 4—oy
1671 Og

E
T )
R
43 ]

57 1R
oM

B 4w

e §P
oLy

329

QUE 19N, T, AYW, WOW, IV OR T (@UNCAE
mhwwfsmmwhmw‘wﬂmwm

Lo



832 L

I FATANGT TEOHTE T fRery T am 1 (O WIYH
TIACOCRATE TG 21O A CHCNICCNS LI SR
TSUHCE O 7% W QW EATOE G HRwien 2@t (F
oy SR o Tele WA @RATATA AL qumEe SEw
@ T o Q)

geiTAE W farwew v W @AW Siiew o
WrAETRTA AEn fRew ¥ gewel Dobzhansky wren-
Tovm ot W @31 T XA MY 5

9 e frea Yaot 1Yz, o
R b

. ]\/
AT W""I

i - Fn
 wrfiy

e vz-Fw o

L1)e]
fafeete

fou 160
W vty s wtaw gw TR 5o



TFRNTONOR WecE 833

SR CUHEAT | T @A GRTTeME TNS-
TOW WY SR WA AR T W S
forcswar oot *(faw©q Face O rary Dobshansky wetw -
o ARy foesw aer fRew sl el e -
R A el geitenR fweln e T
0ot T Walwew | Stern-g §wATRNE AR g0
oo oo ww ey wEleem | sl B
AR T 4% @ fafew wlem g o fgweR
T AR

TR e e e Ay

FOTTRaE SN AR W W TReE I e
RO (TUTATONZCNNG ENOTRM 9o STy AWREES: 3RS
R T W fog @ Swem IWE IR eEW W «¥Ew
Torerer *rtwT (e e TR o'ty Zverme Szer e Ter
Q@ YA T 1 T WIS ST AR AW ENORME EOAT-
TG IO a7 10T T WS AW GIZ @UNTATH
TR01 ENORMI TRRERT @A GIL S9N JWGE AT
wer'e abedefg aTATS 2tew EwerM bed W@ ¢ ety
germw bef WY@ e *mA1 @7 A A boy Tew ERen-
w2 (Tom 161) TRE'E |

[} ]
a _d C"__i; e 119 Riw e

P,
ETCRIAA AR & T AR At

QYA &1 € AW EACRHIAT TS @ 7o SRermitaa ST
qTF | GZSNT AW ZACRMT CWINE o feoty Eerma
T TFW & AR (AR & ) q fqeory s oty Iwen-
i ATE 9 Ao EFeRAR W (T ©) FW AT TN
% sreTers T w3 w1



384 wichrate

Drosophilag spieremt e @RNTAM (W AERTER
TWI6G 9 I AW | (I & 10 G TRT IR oo AreEY
G RTS(1IF WA FWIGWH FRY TRTSIF @A
e NHIGET QO ¥ T W NGRS STl
feom (mm GrAeReE, Werem e olrtw) wm
WEDEeE T AR TR O W T W 97 o9 @
ATieTEET G AT T3 ATC NS TEE O (T
@R &N @ B SRS O fqrT W AW @A TR
YRAA I O AW Lwer  (deletion) @ FTATARGT T4
TG (FECATE AN TN OFEH IR OFd Re(1e
TN (X BRUGT TROLY IR SN T e T«
@ (loop) 71 Fi RN FA1 AW BRYT T W-T SEA
ou 159 wmome Clohem T TRER TR A TW)
forsse gl tue 2ny otaw 0@ Tele ' W 'l Sy
(deleted) wrw wrfge 1 @RI TW|

QO PRI, AQIEA NS ST @A, A
FRANAG ANF | GZF @RACHNN, 1A T oO° 74T F |
IFHH PN N SREH AU WA ZRATEN
FACHIS, 1 7Y SRR GoTl 2T J0 |

W OTer A1 2N @RI (S T NWIbWd ALY HRW-
afen TR QAN IXA WA TH F TR0 AWE & AT
T wR W o W] wR aWivad fafew wiw IRUER
WG o (on 162) zm1 FARw@TEw TWISE T NGRS
INGA TP G SIY TE (WA I0F) AR G
WAF TIA WA «ww|  Dobzhansky grmiwernr fafes -
Gt TANETeT € e AWISET W G2 OF
(57 163) mras (oFTEFW | AW @TATATGNR IRd AROIH
RO S AAnEieT TWiER GOEE eRAIE AW6E
@ IRA I TR AR T @ ANTER IR A
W@ FTACANNS 7 SO TN FIR €O TH O YRR B
fefa a8 Tovsew wmise (linkage map) e zam w1 oy
YT UIME 19 TN T S G332 TR PR GO TF A
WS (3 LA FR CER T 4 [T 0 & R
forses aWics wielre W TR URW @UNGRRE W



335

Ui

<————0|0“————-b

fsm 162
Drosophila melanogaster-q3 ooy [@UNGING OR I3
AT (FHAIVE ARIHAT ALY ANTASHAT 201G (RIS
TR AT |

SRR FI €OTAA TR I I A {1 #iw ewm M A
@ TgER fessw TWibE 47 /e TR



.,“r/am".

f5u 168
Drosophila melanogaster-qz roEilE € FRWEATGE
TR o

OB BTN AI9% TWIbA W IWE LA (EAGE @
TRGwTey Ton Amiel /TR FA UivS |



MIELIE

aberration—»f3, stz
acentric—wretfimrfads
achromatic—3fé=
acidic —ema, wifws
activator—fiwwstdt
agametic complex—entntfirg oo
a]gae—t"ﬂlﬂ
alkaloid—Ssrwiz
alternation of
generations
analyser—fuss
angiosperm—eede fsw
anther—eratag
antipodal cell—afsm @y
aperture—7g, f&@
aqueous—aN
arm—3%
asexual reproduction—eraiv o=
auxochrome—wsesI™, IFFN
o
balanced gamete—Ya% 3t S=wt-
T s

} o

basic—wiasl, =i
basic number—=n ey, rafirs
et
AR G
IJRYE ey
7, S cwrge
s 2w
budding—yerr, e
by-product—3srate
carbohydrate—»r71, Fnritrgd
cell -ty
cell division——twte frat
22

bright field }
microscope

cell plate—~tam srfi
cell sap 0=t 3™
chalaza—fow® 1o
chromatic aberration—3efors w18
chromatid bridge—twrfs oy
chromatin—tsmfx
chromatophore—asIrBtrsta,
W e
chromosomal theory—rstsi-
tnaw eI
chromosome-—(itaAts
circulation—rag= wfs
class—rcael
classification——tasnfaete
coil—zen, tsds
coiled—zsfars, st
coiling— ez
coincidence—ywgfizst
compound microscope— s
LR LR ]
condensed—=gw
condenser—IGeH, wiTHtE
g mren
corolla—wanen
cotyledon—rrerm
crossing-over~-wfig 9ur
crystal—¥mix
cylindrical —Remt¥ty
cytogenetics —tE-aoy,
nBrwBw
cytokinesis —eBremercrs freter
cytology —(FxTy, Bl
dark field } WEFE (WA
microscope / wedtwe zx



338 nesmiv

daughter cell —were; s fertilization—fw=, wifenlrerm
deficiency—mdfs fertilized—Fifiw
dehydrate—wmdr =t fibre—ww, wrr
despiralization—fpeaiwne filter—sfivpe
development—sifiraifs fixation —gNeewa, fistamm
dicentric —farwegifarge flowering plant—asore Sfgw
differential — ez fluorescent—afoerw
diffused centromere —sfirane free nuclear stage—3w Fr¥afw
o Bifian Lo 1

displaced duplication—¥18fi®  fungus—wars
faso®t  fusion —fatem, wecm

distilled—fre® gametophyte—femuz 3w
distortion—fpfe generation - Ign
dividing—feteaita generative cell—waw 31y
dominant—s2s generative nucleus—u== M¥aaty
dormant—3e genetics—wNITY

double fertilization—fu-fns gland —af%

duplication—fagerst granule —wiat

ecology —31§ AeE= guard cell—w) =

egg—Towiy gymnosperm—ge Bfew
elastic—ffexrs herb—we

elemination—3¥w hereditary —a¢»ere
embed—fifes 3t heredity—3vntan

embryo—s homologous— rgrctratens, g3,
embryology—werey Y
embryo sac—mergat hybrid—sncww

endosperm—3a hybridization—ezas
enlarge—fds image—sifsfaw
enlarged—ffifs included inversion—wwgw
equational division—rfawgts . SR
equator—~aw gt infra red ray—wfs tanfge afm
evolution—fags, wafyam inheritance —Svafiy
excretory substance—3Wj #mi¥ inorganic—wtwx

extract— v insoluble —weita

family—im integument —fowags

fat—rcersmied intercalary—ayret



sftwem

interference—afozxw®
interzonal fibre—=unecry vy
irretability— et
kinetic energy—uf® =fee
lagging—=E sifeenwet, amfiie
lethal— sttommas
life cycle—Wa= 5@
linkage—foww, Aegest
linked—123v, 7w
localized —®ifi=
magnify—Rafie 3t
magnifying glass—Tex F15
major coil —Ivj Fem
map unit—uRGET 9FF
maternal inheritance—wigsifz
LCEIERIE
medium —4w
megaspore —¥Y3¢, fogs
membrane—*Ht
meristematic cell—SI1%¥F =19
meristematic tissue —G&® e
messenger R.N.A. (m-RNA)—
AL Wi, @7, 4,
micropyle—fovz 35
microscope—SANH W
middle lamella—=4y ot

minor coil - UitA Fwa, NEIA IEA

mis-copy—¥§ afsfaln
mis-division —&1% fawts, wsifawtsr
molecular weight—aRfiF gu=
molecule—%

mother cell—agtarE
movement— B, 5T
multicellular—a=atNY

negative (-)—wonws

839

non-cross-over type—®wssia-
i et
non-disjunction—sRfewrenen,
LU0 )
nucellus— tonzs
nuclear membrane— M¥as ot
nuclear reticulum—fEats wifrt
nucleolar organizer—w¥#eeisn
SASTFR AW
nucleolus—&asmn
nucleus—F¥#am
organic—toq
overlapping inversion—3#fxom
ERorw
ovule—fews
oxidation—wrge
paraffin block— s ws
pericarp—aaAYE
photosynthesis—wraizsgus
physiology—*®\ey
polarized—t=z wfgwa)
polarizer—® afsgiTRT
pole—tw®
pollen—srisag
pollination—srater=ist
polycentric — Iz Bifirags
positive (+)— &=
preserve —u¢Iwe
primary cell wall—atafxz =
e
pro-centric— F-FENA
process—af@at
pro-terminal — 21%-218
radiation—ffaze
radioactive — roufoma
reaction — ffimm



340

recessive—amn, faoifrs
recombination—fFaftrm,
Licek DR )
reduction division—3rent gl
sty
refract —efenfire
refractive index—afenats
relic coil—r= Fou
reproduction—was
reproductive cell—== (3
residual protein—&afie tanifix
resolving power—ftsr=er waet
resting stage—fara wgt
ribose-nucleic acid (R. N. A)—
YR AT Wity
(@7, &, 4.)
ribosomal R. N. A (r-RNA)—
RNy o, €7, 9,
ring—3INAFIN
rotation—raigsifs
saturated —esw
secretion — w39
secretory substance—%fe smts
section—m@A
sectioning—tau= BB, oW
seed coat—Jeryz
segmental allopolyploid —wit¢firzs
Rty
self-duplication—x-fagerst
self-reproducing—a-w=rite
semi-conservative —witefrs
Fesopiier
semi-permeable—wicRr® tEws
sensitive—ALIA
sexual reproduction—liN =R
solution—&e

aichwrior

somatic cell—<wg toy

species— sy

specific gravity—utoifiss ewv

sperm—S e

spore—&@

sporophyte — e Sfsw

stain—aaF smef, of

staining—afoaze

stigma—aEIs

stomata— e

supporting fibre—eaih vy

synapsis—dnnafiny, geaet

synergid— EwRfoe, yeEl =1y

taxonomy—wetey, BTt

terminalization—snfszae

theory —awam

tissue—83, et

tractile fibre— =¥ oy

transfer R N A (t-RNA)—

*fieT W, o:. @,

transformation— ez

translocation—itesemzm (9=
)

tube nucleus—am Frdaams

turgour—3 v=fe

ultra violet ray—afs e afm

unbalanced gamete—ameidly
RS

unicellular—a ¥

Unit—sIs

variability—fRfswet, swan

vegetative—wmy

vegetative reproduction—emre
L

wave length—ww brsfy

X-Tay—3s IR



sfwwr 841
w—vegetative Bafyerm Fretism—overlapping
oY WT—vegetative reproduc- inversion

tion Wetws feye—negative charge
we3—inorganic SFF—unit
e—molecule aF@—unicellular
wodiwe TW—microscope Fw—tissue
ufs el 2fN—ultra violet ray  FFI—coil
wfis tnfw aFw—infra red ray Fofro—coiled
wEaw—insoluble FoRFHI—coiling
wey & Rrermm—included wwA—crystal
inversion ~ W¥E—cell

o ey oo m—dark  PR-WHOT—cytogenetics

field microscope  F-"Hi—cell plate
weres ats—daughter cell ws-frwin—cell division
wofeI—mis-division w-a—cell sap
w7YFYl—non-disjunction :::;:l;eohv-cﬂ:tlon
wafeB afB—residual protein wswraRed] m;'ﬁsover t.
wwayi—acidic non;c‘:ll:;sype
ol gAw—aséxual reproduction 1 - crossing-over
wiePrr emerfveeas—segmental ey o chromatid bridge

allopolyploid oy 7®IM—chromoso-
=t we—semipermeable mal theory
e w—tractﬂ? ﬁ'bre wa%—secretion
wiew F15—magnifying glass wfiw smif—secretory substance
wwfy® swI—molecular weight  wmul—basic, alkaline
wnoftr eFT—specific gravity  séme— stigma
oY= #fs— circulation e family
INAT FEYOIF WH—COon- Ui\ F@A—minor coil
denser  wedh ¥eW—angiosperm

m—fibre ef§—gland
Qo (wre oo T—bright & gS~-condensed

field microscope ®Bfs—deficiency
Sefirm—inheritance vas—movement
Bswa—alkaloid wmF—fungus
@swre—by-product w"—reproduction



342

= [@E—generative cell

waw fr8am—generative nucleus

wwn—alternation of genera-

tions

wE¥—aqueous

wie—oxidation

wWwy—genetics

o g —life cycle

93— organic

foafamiae } deoxyribose

fatas wife  J nucleic acid
(D.N.A.)

fewa—ovule

fows w¥—integument

fows 35—chalaza

fgws 79 —micropyle

fowig—egg

wy—fibre

oI di—wave length

wufrea—radioactive

wenwa—corolla

"iR—granule

mx @E—somatic cell

fagergt—duplication

fa-frxe—double fertilization

e Mfimre—dicentric

#as—solution

4 fagre—positive charge

e M@ —tube nucleus

fahe wiffFl—nuclear reticulum

frdats svfi—nuclear membrane

RFtsa nsawd wea—nucleo-
lar organizer

Fm—extract

frRagt—equator

fafirer—fertilized

wbmier

fwam—fertilization
57, - stomata
svl—membrane
srnwyN—anther
sramenEv—pollination
#Ag-—pollen
sfysF@—complementary
#faand Wi, @<, a.—transfer
R.N. A,
sfzane oieifmr—diffused
centromere
frew —distilled
sfie— filtered
sne@raa—differential
i5—coil
it — coiled
afiest— process
#EN—recessive
s9fs—species
afesm t—antipodal cell
sfses—fluorescent
efserst—fluorescence
sfsawF—interference
afsfae—image
aifswrars —refractive index
&feAf® — refract
e#am—dominant
errgofs—rotation
1 -[FEW— pro-centric
1%-2eY¥— pro-terminal
gtorns B lethal muta-
tion
emfiz (1% ;B primary cell
wall
aid'®  terminal
FAYF  pericarp



sfvem

M generation

s hereditary

WYRT  heredity

797 elemination

7y omid  excretory substance
s ¥ chromatic aberration
WA ring

et multicellular
FeeoedifmEge  polycentric
&AL AR, &9, &,  messenger

R.N. A.

g AEN  ecology

™ arm

fafeza  radiation

faftsx  reaction
fryeataan  despiralization
frada  evolution

feada  enlarge, magnify
s  enlarged, magnified
frereriter  dividing
fafewst  variation

futw @Iy resting stage
fawss  analyzer

fawgy WAt resolving power
NuwrF seed coat

Nusw  cotyledon

iwe herb

w@Ea  cylindrical

©iwF At meristematic tissue
TS @1F  meristematic cell
ue afsfafn  mis-copy

utg fawtr  mis-division

w1 embryo

&%S§ embryology
wnaF  nucellus

g embryo sac

843
weam  theory
wupeft  middle lamella
ARGt intercalary
TYNeRT 8 interzonal fibre
wEvfeneet  lagging

WMEEFE  mother cell
Tpeie Ysafie  maternal
inheritance
TN medium
[T @FF  map unit
TP budding
7w f0FW oW free nuclear
stage
T P& major coil
7@ 7wy basic number
= pole
v afe  polarized
2 afeql#es  polarizer
miYe  paraffin block
TS synapsis
it wo @ ¥ compound
microscope
i w9 sexual reproduction
7 @ guard cell
awz st stain
o 7fw x-ray
afMeFa9  staining
7§ aperture
Fwv s turgour
gAY f¥#AE wiE  ribose
nucleic acid
MYRATNT WF-97-9  ribosomal
R.N. A,
o7 transformation
@ spore
wou 8w sporophyte



344 kzierir

fimz Bfem  gametophyte
w3 carbohydrate
7wy physiology
Wty sperm, antherozoid
N class

ey  taxonomy

e st classification
b3 algae

#eFA  hybrid

AFA9  hybridization
WS saturated
WIAPNA  sensitive
MIF  linked

ATl linkage

sigerst  fusion

FAWA  preserve
wfiese  activator
ST  movement
a7 ¥%n  flowering plant

et a8 unbalanced
gamete

sfas  equational division

a3t coincidence

w9 endosperm

e (W gynergid

wgraelt &8 supporting fibre

wBtatercy faetn  cytokinesis

98¢ dormant

9a% omead  balanced gamete

telfrf@  acentric

%9 megaspore

S S M- {

%= localized
qFRa  fixation
fafowsd  elastic

we st fat

w-fegeret  self duplication
e F9a  relic coil

displaced
duplication



foww ot

wiwgRrTiew 47
ST 42
o S 97
ST AT 265
W TCATZITEG 265

SmeTeNNET  257—259, 282

sridenze 255—257
TeiaeEe 252, 255—260,
265, 279, 282
wraTseats 51
o TR 261
CHIAN 131, 186
e T 1, 8—27, 64, 65
— GfeRMA AR IRTS
2
— WFPRCHAE, T 21
— Fraia 25—217
— mE S 25, 64
— FACPA 22
— afees 2223
wieRerAt b 22, 210, 224
m 146
Lieain 9, 10, 13—15
— o R 15
SR eI 178, 195
TIYRE AER 199, 245—250
— monieemm 247—248,
249
— om 248
— WA 250
wfiin oy ”
owe e w9, 16
oy EEoe 90
st 48, 47—48
ot 43
ofermerls (oligogene) 200
e 208, 306

TIRFTAOF INCCA 19
semte et 148
SEmEEeT 145, 146—149
SR 42
wnfefay 180, 182, 190, 204
WAIBRAG 251, 265—273, 283
wTATRE 87, 94—95, 96, 99,
107, 109, 113—114

S 83
Liliaio | 141
SN GTCRA H 147
AR 6% 14
ST T 147
wentag 148, 145, 150
et tae 145—150
— 145, 146
— wi @

oM 149—150
eementy 147
MR IACGY 18
SR 115116
AT TS 76
SIS 259
Ciitici i ai 42, 194
AT 318
onifosme 187, 261, 263
wriegpentes 217
wETeRIZe 46—47
TETRE ;% 46
Lt 77
WIATHICAC 264

TG 252, 260—268
wneetaerae 137, 252, 260—

265, 279
— i 264—265
e 197

ementeret 261, 263, 264



846

ST 263
_TIH 93, 94
SR Fher 70, 93
umfatsaratzn 52—53, 817
oyfwsr I@iaw 32, 33
AT 217
g Tom 9, 16—18
siRias erEm 18, 19

WEreT-weneTy 181, 162, 226,
227, 269, 273

ARG N FH 149
IRY Y 92, 94
wefae eI 120
oeidE AERA 189
uRew 7fe 57
TR XD AT 49

o] @7 «- 72, 78, 81, 82,
84, 91, 108, 190—194

— R 190—193
— i 190—193
— FJeRT 190, 193—194
— AR 193194
— BTN 190, 194
— Wge 190—193
i 195

AR eI AT w18

s atsiEm 210
Licicl e Roiyt 10—11
Eeaniaes 54
2wty 105—200, 307, 811
216 coaw 56
L2 ci] 251, 252
Lo 180, 190
gfeeam 216
Efwerim 63
BT A 198
o @ 205
oW 228—235, 269, 308,

wnizberier

— ToET 280, 231
—  weffen 229
—  Brfaemy 230, 281
— o 230
- m 299’ 236’
269
— et 220
—  EEAEE 229, 230,
232
- o= 228, 232
— =R 230
BORRRETAA 108
BORIEEE FRAW 94
LygEe g 87, 89, 109
SSRreaEer 106, 202—293
ERHERITT 166
ot oo 42
Srom smiafes wmiwe 175
gizsiatats 57
gloeems 77
SreironieE fwent 124
E IT 181
o famge 94
QI 52, 87, 97
ot ofe 64
aroriayEies 125, 1206, 127,

128

areENe @vgan 58, 59—
61, 65, 70, 84, 95
— oA emhEE 60

— WA amREE 60, 65
ot 125128, 169
Tl iy 148
afaemnis 87, 316
QA 47

e (Oenothera) 129—
130

wisTacre 43

IR 10, 18—19, 28



few w3

— e 19
- R 18
—  IWEES 19
— ol m=e 26
Faisdens 121, 157, 168, 164
—  endamt 121, 157
—  TreeRt 121, 163, 164
I THTRT 65
FACLAH 130
—  an%ree 130
— s 130
A 118, 120
—  CRwTATNS 119
— RS 119
—  WR 120, 121
— mER 118, 119, 120
—  Toemem 118
— Qe 118, 120
— e 118
— e 118
] [ 97
gl 87, 97
AT 47, 275—278
—  OTAMR AETe 276—278
— GO 206
PRI 157
FRCATIRIR 157
gt 131—182, 150—152
— ootz 151
—  pofafema 152
— Ry 151
—  ZTRYm 152
JEWTG! IETHT 83, 49
s 105, 106, 107, 290, 291
— oty 105
—  TYReY 105
gowE enfewga 117, 128—
125
— ReER 128

847

IECAEG INGAY 19, 21
IR B 30
IR 42, 194
I 32—384, 42438
— i 32—33
—  afommen 34—35
atatas omine 42
Fentaaa 106, 117, 118—121
TR AW 124—125
FACHLHAT 75
Fiaw Taomww 200—211
wEE o 238
—  AEher 285, 237—236
RELE oA 22
RWITATRCS A 293
R 1, 52—85, 97, 99
—  W®R 52—53
—  IE 58
- T 56—57, 95
— 52, 53, 55
—  from 86—116
— Y] 2
— ™ 58
@Y TG 5.7
ARG 1,56
(iR e ) 48
TS "4, 71, 718
[cacig 35—36
AT k4
Tt feemers 26
FNCAT &1, AT 27—28
wnfredaian 87, 95
FTRGHTR 216
frermraty ;1S 80
nfaefars 82
IO ”
s ToT; 75
TRTRTE L2 258
RS 258



348 mitchwie
FRETATI W 328 QUG n4, T1, 18
Fiw eem 105, 110, 112, 290— 100, 122, 157, 173,
299, 821—325 174, 312
— &S 227, 2045 AR 83, 168169
—  gyeen (XY) wwt 4, 87, 89, 9395, 9%,
e 299 99, 102, 108, 105, 107,
R S - L 109,111,112, 117138,
— o worwes 296— 158177, 178205,
297 216250
_ eyt @itee 205206 — wiche (B) 175177
— T 903204  — STEATF 159, 287
Fim €oA — oA 160
_ ormeew o] 80— — o™ 154
808 - WA 155164
— TR opeE® — D 159, 287
L 01— o 160
_ popwE we@ 06— sfein® 160
_ R 2R 305 — COTHANS 159, 287
_ it wer 807 — TR 178175
— e 2w - TR 153
807 — T 154
#im eoT _  apine (SAT)
_ e ieww 209800 164
— R 308814 — e swen 166—
- e 815 m
_  wgwies w500 @ O 92
303 - A 4
- @ 304, 323326 TR 201
T oo, 61, 68 — rion oS 216—
R 4849 250
e S 12 - U 117-138
e 89, 9294, 105, 100, — OWOR 164166
156 — e 118121
_ ow 280, 282, 288 — [T 187
] 4 — T 133136
— ™ 88— wm 168
8 - T 178205
82, 89, 951 99. 1213 - YW 251'289
155, 156, 160170 — ST 17-118



feww w3t

- wga 117
o 286288
—  ERPT 285, 287, 288

— 4R 286, 287, 288

— forem 286, 287, 288
TEWT 141
TOTG 142
TS TR 140
ot 3 63—65

- — W 64—65
RlLciic aip| 164
METETS 151
LG AL 130
o AT 210

sranf= 180, 182, 183, 190, 204
o= gwar 90, 95, 103, 120, 121

TS 97, 110, 139, 140
ACATBTHTES 97139
biois 75, 1
sTeiGe 150—152
LIS 3T 181
e 217, 220, 222224, 308
— ol 217, 220
— RS 217, 220, 224
—  OTREmRAM 223224
— e 222223
wrF TE 27
st efer 64, 65
e LCf 8542
o 189152
- 99, 111

- mw'm Sferr 140145

- fw@sﬂm 141
Lo 139
TS 97, 110, 139
eZrnfon 99, 112
At ST 43
WA 319 205

i B 200205

349
— WSy 334, 336
W
— faomem 207—215
FeY 5
T TWisE 822, 3246
— ARy wEW 315,
321
— %W f{eT 330333
™ 154, 252
R4 58 97, 110, 139, 140
e i Vich
Sirantaw 178
bR fuet 214
brafsemengterm 105, 106, 107

bRt fAe%e  eneeRe
3687

oefagar 59, 60
{43117 108
toiTenTT 283
(47 el E M2
o FrereTReT 139

e 87, 96, 99, 108, 109,
114

ez ticd 164, 220
wrnAtas 73
il 122, 267, 268272
— ot 269271
—  fere (double) 272
— eyt 269
—  Treeert 269
fieren X 182, 183, 211, 212
ficsSreme 178, 195
foverm 258
s T3 249
e 203
e 231—245, 308,
881833

— A A5
242245

- o



350

— ooy faferam 285, 238

— WuTAWE 285, 287—
238
— wbwereme 129, 285,
236
—  forgp 235, 236
— W 235
—  wiwfass 235, 236—237
—  CEOTATEReS 248
WRAETReG 243, 244
mtcafw AT 220
- = 233, 234
CRTFIRATA 99, 106, 112

Teafamgrits e wmine
(DNA) 6, 45, 81, 82, 84,
89, 108, 313—314
—  urher aweprts 183—

185, 187
— iz 204
—  fafwy 183, 187
—  THeprie 183, 187
- W 189
Tedrem 258
Tz ermm 63
Toezs 97, 110, 153
foramemive 311
forentor 99, 105—106, 112
Teremeonta 147
formem e 25
fos 140
- 140
— =y 134, 140, 141, 142
Tower; 140, 141, 142
TermoeeTTe 264
Tewermonm 107
fesonRrreniven = 119
sl 217, 220, 330—331, S14
wherem 217, 225228
-  fomedw 227

riedwrior

— ey 226
— fpte oem 226—
227
TGITHTHG 264
wiee i Fare™ 26
for foor; >mw 822
o3t 180, 182, 188, 204
forerer 123, 225228, 308
— e 227
Tatoce 148
@ famge 94

FTeweme  (nondisjunction)
129133, 267, 268

—  eon¥umat 182
— TRl 132, 153
— e 129
Ruh A 42
RrSTHA 7T 30 -81
iteew 258
it 272, 273
A TNSF A 141
fdzte wifa 82, 89, 95
— T 82, 90, 92, 95
—  emiw 179
— ™ 82, 92, 95, 109
— WAy fWrow 80
- — ST 80
ezterdu 181, 189
ez ternem 82
fmexters  72—82, 84—85, 90,
108, 109, 163
—  RATRT WA 163
{78z erena o 84
freztemze 181
fverte wmiwe 81, 178, 179—
" o181
-  — fowwRwe 178,

179, 181—189



feew 51

- - mwR™m 178, 179,
180, 189—194
i A 4, 179
fadztm afoe 116
— R 116
— rwEw 61, 82, 83—84
— g™ 82
fveztam 2, 79—87, 95, 816—
318
— W 8285
—  FmEee oW 8182

fFemtreme smomeE 11
NeeeaR Tomes 201—202
ipicenio] 140
fsesar 91, 92, 95, 107, 109

Tro g for 17
iCie k] 110, 139, 142
Ftens wm Lo 54
LEIntich| 140
RIS T 142
SRR, 140
— W et 141
»fIrFET o 62
—  onyed 62
sfgorae Wi Tom 17
.~ 184
+fzaze RNA 190193
oETE wedw 214215, 317
Liaac 200
sfesfy 127, 128, 169, 170
— TN 170
»fofrtetite wu 181, 204
sfoecas 6, 127, 251—289
— wfxive 251
— o 282
—  Besfw 274
—  Fiow S Wi 274—
278

- Rt 251

351
—  onfww 251
—  fwmew 282
—~ fBm@ 278282
— TRt 251
MILEILcei 71
i 71
sfesmnie 127
nifae 7
MlLicncl 50—51
nE 171172
PTALTATITH 147
PRACCACE TN 146, 149
—  riaets: 140
- wmenietiy 148
—  fomms 146
— s 146
N QTSI 84

fordfam o1 180, 182, 204, 205

{efafaten @ 180, 182, 204,
205

s il 26
AR 97
T e 110
TABTRC 3T 104
—  forsew 43
teiaRTIA 0w (orA ITeer 61
rofziadstn wW 52
e ares 245250
— — G 249250
- — W 249250
- — W)W 250
—  TSrermEia 249
ot Bermiw 7273
oA AR 100, 105
sfefenr 99, 103—105, 111
AT, 1o 44

RGP AT IN & L
M RTNE I 103
ONTRITHA SCHE 87



852 st
- ¥ 38 TERWIAINS TQIM 89
IR 44 wwaTaTeER T
27 111  ¥w 203, 204
sferm @y 141 — Toeomas 204
- (\E 22 wicandrerew 97, 189, 142, 143
eferer 22 TR 4547
sfeoremt o 22 —  HRA 4950
sfems 202293 - 7 42, 4445
arferay 106 fgdrzmmivew ”
AUTHE NS FoIm 214, 217 Todtee fSzlam 141
— 7 42 Terw 2031
PTATAT FTATAN 3435 fowm 68
2T e 57 It A=tedam wmive 46
¥Rt SmentA= 136 tow LS TR P 6
enfezae 105, 106, 107 rwor T20 25
fermtals feezt 123 AR 246
Terfiorrs 47  TICATMSCETIAA 62, 63
raTamiAes 54 wIEG EER 14
T2 TN 83, 87, 198 @A 22
T2 HIEN 178, 195 wrEW 22
temslw 81, 83, 84, 91, 178, T oW 5850
194195 7fe fodr 10
— R 81  zefors o;ie 12
— SRt 194 AR @UATAN 292
—  Beomw 205 ILrRTEY 52, 86, 97
— rwiw 81, 194 ¥wmers 103, 105, 107, 110
Tems e 8, 53, 5758 are‘mz RNA 190, 193194
— WA 8 amr wiy 218, 214, 226, 227,
terenise 77, 18, 79 45, U7
6 1000 203 - = 205
rencwer 87, 89—90, 95, 96, 99, FEtamtw 171172
109, 111 I 94, 157
e 87, 91-92, 106—  faywatead 119
107, 118 fapis 18
R TTEA 5657 fafegd oY 2
TOFSTCEST 56 ferew
0] 73—79 - mm 285288
mivre™ 78 - 288289
e gt ™ ~ aiew 284—285



T st

foumr R 87
faveege waer 10—11
Fieem 143

wHE I 4445, 46
— ey 187, 154, 251, 264,

281
IRCTHT TS 120
Toiam 201—203

— RTINS 204
T famree 203
[T 166, 167, 168, 170
T RS T9E 166
FCATHFTRBT 139
LR ia 140, 141
wyrgert 141, 142
TSR 180
refoczer 59, 60, 61, 64, 79
SIF G 5759, 64, 65
YR T 95
TG 42, 43, 44
TEEA A 39
e e Tada 158, 159
TREGF T 29
TR 35, 38—42
MELETNEe 134
TR iEE 156
ey 57
b1t aieigid 28
TR 70
st 65—69
maveiAR 4, 86—97, 103,

111114

— AT 92

—  erE 92, 93
TR SRR’ 96

— wxgfaw 96
TeRT IEA 90, 95, 103
ey Seatwm 184
TATen 319, 320

23

353

-  #AeY 319
—  wAse 319
—  fssw 319, 320
— @A 319
RISl IEY 99, 108
AT 97—114
- eR 110—111
= 111—114
SIS 255
THERG M 209, 210, 211
TrSzsem 6, 99, 206215
— o 209211
— BRATAWE 207
- oW 206—215
— 207
—  AIWIjeTem 208

—  enemms (lethal) 209,
211, 213214

— fwfe 208
- = 209
—  eE 208
T e &y 207
o Sxfwls fqaw
211—214
—  3lmw S i
209—211
— WM 214215
— T 208
fenearte 127
fafemr emosen 95
fauizer o= 50—51
— ST 43
SFE™I 688, 69
T 90, 93, 103, 118
T-5-r% TS 213214
TER-5- goniwen 213

wer wam 187, 154, 251, 281,
282
men e 90, 93, 108, 118



854
T 87, 9208, 96, 99, 107,
109, 113
o 91, 94, 95, 107
o, ooyt 100, 103
WA AT 267, 272—273
T THA 5
s 11 44
amidw 67, 68, 94, 95, 120,
121, 155, 156
e T% 120, 121
e RS 274
T@-X e 211212
X =t 211, 212
el 102, 103, 121123
iR o 149, 150

wifre woatsa 7@ 810,
2027

97 2w 41, 4245

gz (z-Tay) 209, 210, 214
215, 217, 223

o7 @3z (‘7 unit) 209
AT 45.. 51
mrw fqbrls i 6
AR 60, 70, 73
R RNA 190
It TeIm 214215, 817
Trrniaem 820
e gTEm 118, 3812, 918
ww;, fgeey 14%

— TS 141
o Siew 97, 189, 140
wiws Ium 95
[SigucigCt 44
L(LIedaC] "
s o 49—50
e g 63
mehe 195
MR 61—863
foroTven Towrer 85

onciverier

forSrarems 74, 7677, 718
fosen 290

— % 288, 239, 201, 326,

331, 832, 833

—  a=ie 334, 835
fompm Staw 97, 139, 140, 141
fariore 81, 83, 84
fafse @R 134, 136
(< (a0 99, 102, 103, 112
amiae 257
FCET 59, 60, 61, 75, 79
WreR™ @omEw 173175
Tt 285, 236
ooz fafem 40
BTG A 118
¥ o @1 a- 189
TREERAT e 97
HEIRET G 94
TEITHE SIHEe 59
Aores Wfew 189
TASTE’ ST 240
Eochceaciied 241, 242
st 86
o 148
IR T 141
et Y 02
b gL 51

s 87, 108, 110,
114

LU ICN | 5

e 57, 62, 86, 87, 92,
95, 316318

MRS 3
mEwETE 1
mveier TWiss 826334

eetww 180, 182, 183, 190,
204

earates 141

sdmefm 102, 103, 111, 117,



T ot

121—123, 294
— R 103
—  wyReY 103
ARG 2
AT A 42
TASreTnET 147
oot 147
TATATes 81
TR ive 3, 54, 86
o 258
frerem gt 51
T (cis) famym 249
Tororan 59, 60
Hheq 150, 152
HiwenmT 139
#iwre @A 134
FAR oS 269
AT ST 240, 241
cﬂwmﬂ AT 186138
TP 84, 163
— ezt 141, 142
TR @A 197
omE 3fe 54
iea 69, 70, 102
it 64
oritmm 92, 93, 94, 107,
109, 157
— feigdw s 160—162, 176
— RS 160
— ofmyy 160, 162, 176
wiaw 160

tamilmm areizer 162, 176,
269
TR 4, 69—70, 90, 102

ela g n
offr-smemamiis w14
o 1
— o 95

e mw fgem 8697

355
— e 128
il 164
ﬂnlrg:nﬁa:e (SAT) wewammm™
Aiferert e 122, 166
- — A 6,
166177
e (squash) 33, 48
— W e 32
L2 150, 152
oo 10
oow 3o 94, 95
fegirol 75, V7
—  Fyen 75
ot @ 140, 141
— oy et 140—141
TR 2031
Tom tangtes wom 124
- - ufE 01
SRTRENTE 119
Porfewar 70, 91, 92, 93, 94, 95,
107, 109
— EE 92
— g 85 92, 93, 107
TTATEIRG 97, 139
T SR 12-13
T FTTA 89, 95, 118
e wE e 31-32
7o e 36
e oo 42
YN ~FRATHET 215

— g 181, 182, 184, 193,
194

TR ARILTT 251
ZTRTORTC 251
oo 178, 195
rEhmaEEiE X 198
wimeeTisy 83, 121, 139,

195200, 307, 310—311



- efa
- A
N

—  FIRESIE

-  TYReY
RO
TR
oot faem
CTBTR e
TEbTET ST

— YIS

wkrdwrier

197, 198
197, 198
197
197, 198
198
197
306
99
139
195, 196
196

— 4TS 196
2T 251, 274
wnton 41
CuiealE (ol 42, 44, 49
i e 9592
wieto fasm 99
EAReTS 189

s 97, 99, 102, 105,

107, 121, 122, 128

TyeEs 97, 110, 158, 252253

genteenaie

146



