TGP

SNICAE @ R TG 9L T TH | @7 (F1S Wer Kge ey, @rie g [ow FifwE, w[E
(IS TR T8 IR RefieT Serefil | QT @ AR q -, AR, Rea-dres, T
(SRR FACR TG g FNRF APF T2 | T (RIS TG, T, *PH-*FI, WD (PG
e, et e SFAE | 9 @RS e W ATe WS 20 I/, TRE @IS AT I ACE
Y- RIS 40 | QBT A R Afeaeam R[Rfva w1

R @ Rfba =fRiaea am EaR Jecr Gited TS | srat-gre 38 S TS s SR
e A, SR TS G efefs Str I JoAIGF AT G Lrs AfF =7 |

S 9 = @, T8 SIS Bfew ewnfon AT A5 TR W0 (I IIA WS WS @)
IR N ST FRYT do FACHA o7 | G TF 7% efeiion Q7 I AP U fogea | a5y s
qma &fefll ewfers =Hre T W) fog foq eufer @ wWha =1 = Pofe BIZeRRBG (species
diversity) | YR ST T N LIS [OFST T FqT IR | YA (o7 AFA-97 9B Twrgadt |
e e IR GG 2| TWAGSA (intraspecific) @ e AidfFE T+ | @@L
CIRSRAG (genetic diversity) | Rfeq ARTS@ (ecosystem) Rfey @ &9 w1 RAce ey
TROE (e S[y 1 Afren Rarew 31 TRIPwoT eReRRl Zee s | ¥ fita
HRCICI R AR AR Gemieed RPfe | AR GRErITed 47 AR G (i) (S Caday, (i)
Priffe afba @ (i) TFBTH @@ @ o7 gor Rbuae oA viRertibe G me 390
GL3Maw I ICIRSERHD (biodiversity) |

2 1 0 T A A B 1 L O B e R e )
I 2W @ T Sl (AfDeT 1 Species diversity.

I GG AEIEF AT GIPTRA W STAS AFAES! (variability)TF I 20 @ADS CIROFRIS
(Genetic diversity) | NLE F1& ARG TN As 751 TR 432 Y& TOKH |

@6 FFPBOE (STS AP (size), WIS (shape) 6T FAPYHA IB (distribution) ETA
I (habitat) 8 SPTRAN (community)-(F F A I W NSWF ¢ < structural diversity |
=LA (biodiversity) T MfE b &S ewFgs), Fe e tafbay Rifva watam sted Some
TR R TG TG I (microhabitats) 8 FCF | @, FAT T AT S He GG (NPT A S 40O
AP CRIT G0 A5 F5 I B =7 |

GRR@R PRl Rore ot §iv @ Semdia @Ry, sme, e 2eih S S
AT | GG BIR G5 3RS afs | PR ¢ [fbw §iv qwfers Frens Fare & I9 7 Gy 513
Gl Hofee ¢ FRTE %S | Koy v aufers waw wr Rarmrs T&fe2 Biea cRROr *%/
e +ffsfoe )

foamiae yra Sl G924 FeE : Bfew @k eft | aora oy e @i e w22 Wig | 3R
@, TfEn qaR AN *JAFCAPY | SR 2RS! ST oW e |

Bfew ATy ey IR SR WS (plantae) A& TR Sfew | qoa LaFiET s :

/{amamﬁemu
) O (I (ITRATDI IR 1 G ffife ek g argfen |

(it < TP, & o |

wmmﬁm@@rﬁm-a,mm-ba«%immmn
: /(x)’mmwwmu

)xrjmmﬂﬁomaﬁammm

{ff TOTR AR O o |
(i) TS Sfernar B3y arr SRMFS & (AT «awwa et | :
Wm@mmmm%mmmmamu
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i GRIASEE-<T 7q

WE TG @R AT [ IR RS | O Ul W FRIRFRIAT ¢ WA G A |
WIFGRAICS (RABIA AE [ HBTCIRRI % | STRIG! IR SRR 6 NI | A
@I STEAD ATE T | (FITNG (TR - AT G AR 79 B ¢aF1eera fefers Tfem,
AN, TAIT R FRPGRAN 4T T T |
W R=71T 2 (What is plant classification?)

Rt @ oery TRmIRTe vfte @FER TR e aeme (4 eas fefers
R e QAT RS RAT 7 B R, Rewt, @l 2, o1, w1, ewfe agfd w-
Tome RO T ARforF I < Bfew iRt
ftm RRTITT AEEAES! (Necessity of plant classification)

fafeiRie s van Sfewaifes eifafiare s S |

S| SR TSR Red 314 Sfents &1 s 68 ST Regs & A 7% aenfon dfefbre

P FRFONT G PRI, TG SN € TS q | Tfema R e A 9
Tfence SMrs AR S |

3| Sfew e Sfetme Afde “Mesaie TREed IR (7 |

© | faRFRT Sfen T TN SRE T AP FAS AR I |

8| W iR Sfetna S-S et 3Ry I G a8 i feir A e |

¢ | (STE SfewITR Sy T SRR ¢ ewrgedf BRw *1re T IR I S |

BRw ARTICT 9FSTR (Units of plant classification) : ffeq 9o IR I Tfenenived
AT a1 = | AEfs, o, ol Tonfe 2T eI Ffeem e | 0D &4 A4 SRt
T 8 THIZAY (0T (VTS (RITOT) G T

G AN R TAEe-) : IO | Sy WO | B0 ¢ 4T
Rgo Wi cfRee R ceoffReg
| o B1%R &R (Plant kingdom) | ~ Plantae Plantae Plantae
4 B/I’ﬁgﬁ (Division) —phyta Magnoliophyta Magnoliophyta | Magnoliophyta
\v y( @& (Class) —opsida | Magnoliopsida Magnoliopsida | Liliopsida
4 VG/( f (Order) —ales Urticales Sapindales Cyperales
\ﬂ/l CHI® (Family) —aceae Moraceae Anacardiaceae | Poaceae
¥ 9 (Genus) - Artocarpus Mangifera Oryza
A @&lfS (Species) G A. heterophyllus Lamk. | M. indica L. O. sativa L.

G heterophylius A indica T sativa TR 31 0T 2GS @RI A, AT QT oS 1A (FIAT FT R |

CRARTITR @@ (@ I < OIFF (Taxon), @ @Y @@ Tiem, o @b Oem |
BI1-93 I 95+ BITAT (Taxa) |

AR Ao SR ARRAER 24M 3 J TR A | AEen W @@ I I QTS
A | (I A GIIT AT (FICAT O (A TG (T & i G e SR (super) @
PO (A, @I 0T AT RS | TR @A 2= G0 (WD TPT IR TG T A G
o8 B9 (sub) Pt FACS 20 | (TH- ST, Teioaiwr T 1 ARRAIICTR ST g iR R TN
Gl 3% 2B | TSI THITSH 8o Wi A SfR{AW (Domain) TIRT I = |

3 1 &S (Species) : ﬂﬁﬂ% T RRTIR GFE 9FF (basic unit of classification) ¥ et T
TGTT 0T I T | RIS S 00 ISR 3PS ST RePriy v iaee (Bfew, andt
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Tofgafaer iii

XOTI) QR | *RASTTS eefen skea GFF RS w3 2@ | &S 2 v G TR e
TG WA (potentially) Wa@vm%m@x@ AR (species are groups of organisms that
can potentially interbreed to produce fertile offspring) | G5 I T MG i S0 |

mﬁwwmmmwm,wm@a(m,w@amﬁ) S
BATT Ff T (TR TR R A (7 | SRR e Jefeloe Bfen ewmfs st am@r e
I TREC I AT |

ﬁ@emaﬁmmmmﬁ%ma@fmﬁmwmm@ww
mnwﬁaiemmﬁw%mmmemwwmm@m@wmmﬁﬁw
TeAIfTS e 2 Sade | 2 AT @ oY1 5§ &S | e THRET Feifie wagR 2rs 2| «3: T4
MR TeAWH P A |

S fARmyPREI e AT P S € B S AT O AN SRS
(variation) UL &FF WWW@ T RS GFT5 oEifs e s o ey ]

ARG 1 Aefors ToHe@fe (sub species), &P (variety) TOIW e @17 41 T gsifor
= @ 171k (GE (Togwifs {FA) A9 2@ faemr 4 ?I?Z"Tﬁ, ®&N[— Brassica oleracea L.var.
botrytis L. (Fﬁﬁf) | Abrus precatorius L.var albospermum Hassan, Rahman & Afroz

R M (Genus) : T A AR BT RS IS gufer T e = aw o 7 |
Artocarpus heterophyllus (F151), A. chaplasha (ST&0) | 4. lacucha (em) 2o faat TREYT
AGISTT T M5 AR Artocarpus 7 | G T AW ERR AT AGISTS BT oy o
T e ger = A/ @AEIN— Artocarpus heterophylius = A. heterophyllus.

O CM@ (Family) : &% I @ b Fqe awifes 99 @ 90 = oo G ¢ |
Artocarpus, Ficus, Morus 71w o9 foqe sifys RCACR Moraceae (NG | (a ifafa=mese \PA\SN ¥, e
@9R T S |

GRS G I G o5 RS (o oy @l (8) I Fs =, i 3 farw @3 (e)
e fdo =7, e @Ifd A 9 (v) Rem g G N G frer e oiffe =7 (1) Bfew i |

BIES L (Nomenclature)

cﬁﬁmaﬁ»ﬁawmmmmﬁmmmmmww. S N
WWWW\WWWWIW%WWWN
“International Code of Botanical Nomenclature', RT¥FTA ICBN : ICBN 97 e SPAC (FICAT BIRECAS
GG TOF AN AW FAE M =W AN | SIS T4 IR, (e Sferww (I &R e |
(RSN REFKE ST CoR, 1T '8 QRIS T 3 2 | ICBN €3 819 S International Code of
Nomenclature for algae, fungi and plants (Melbourne, 2011), SRT¥9 ICN. 72 Algae ' Fungi-(F IS
ST T 1 2 A, T o A | ’

e Tz (Binomial Nomenclature) : 719 N8 (103 G35 ST AW (specific epithet) IS I

WW(W)WIQBN (ICN) mmmmﬁﬁmmmmﬁﬁ@ﬁi
AN QA FACF 1 T oW 3| FIE SR sacw T ST Srg Species Plantarum 330

Ww%m@mﬁmmmw.a@%%wmn
IVER &I [T Artocarpus heterophyllus. QN Artocarpus (T 99 |, TG heterophyllus
T LAGIEE AW | FGL Artocarpus M T T8 Lo "M heterophylius T& TR IS4 faom g

GIR-57 () 39R-8
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iv GREEM-2T @

AT Artocarpus heterophyllus. Artocarpus IR (T &&IfoF M chaplasha T& TI Broffer oitced fasm
RGN Artocarpus chaplasha; Artocarpus TR (Y AGISF AW lacucha T& T (SR fasw w19 zr=
Artocarpus lacucha. Mangifera NI (3 AGIfeF 4% indica T TA SCNd fasm qW =0T M
indica, Oryza " NS A A SF 79 sativa TS T QTR (IGIE AN = O, sativa.

ICBN (ICN) STl SNG4 SRR Aoue (G (e 2= :

3y | el @A R wEd NN 203 YA (uninomial) | (IXN- Moraceae, Arfocarpus.

3| erenfor 1 203 R (binomial) | ST 91 20T o1t A @R fad ot 2o e A |

© | TME (THSE 4TS (validly published) S T | I$TH fAACH T AW 0= 360 5
TR, 2053 (A TR (A JGOFTS fiet) #AfwS eafer T2 40 WM |

8| (o T (TG oD CTLICAT BT G Q{0 Wi &% A1 AR |

¢ | St (RIS FITA SIF 21 o |

b | oo T AN S O] 2T A, ATIOF AT F4 a2 (RIOT TS A |

| WSS T AR THE LB (T T adp 9197 7 BT ST A | 2O FRET AEITS
R s @36 31 e 1% et G fes =3

b | (IS AN (T8 NN R T (TS FKf5) 4CS =W | @N- Mangifera indica L.
GG L. [Sfeami-aa 7ef5& |9 | Persicaria eciliata Hassan.

aERE TR dEee o RST T (F R A8 @uE—fEd W, e A g N, S @
ey Tor |

TR e T

1. Abutilon theophrasti Medic e

2. Ampelygonum salarkhanii Hassan JGITAP A A

3. Bambusa salarkhanii K. Alam TP AR A

4. Gomphostemma salarkhaniana Khanam & Hassan ST#fe AT R

5. Mantisia salarkhanii Rahman & Yusuf YIS A A

6. Boesenbergia islamii Yusuf & Rahman AP Q. (P, G, T TEN

7. Fissidens hadii Banu-Fattah AT B AMTEIT

8. Colocasia hassanii H. Ara T (: NG 2P
QR S®

9. Bambusa comillensis M. K. Alam i

10. Riccia chittagonensis Zaman et Syed by

11. Ficus benghalensis L. (SED]

12. Acalypha indica L. 3fea
ey

13. Ficus hispida L. f hispid = G

14. Persicaria eciliata Hassan fHfernfa®i

FRFER2, 3, 45,6,7, 8,9, 10, 14 TRGC A (A0 g eeifs Fowg wiige Sen emfour
QY Togfere 2 |

QIEriTed EfRFUITR 29w ¢T3 899

SrER e RETR #ARkve fie e o e spfetiem (B4 ors—03)) F1' (@
SREITed ERRAITTR 29 @45 &N (record) ATea T | fofN Seerpacs Bfew @k & ReT Rew
0 | Serrace T, AR @k - For ot ot e | AieTReS AR (IR THre A1), MR (I
NfeiTs I ) G BT AT (TR T AT 0A)— 4R O STt et 0 |
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TR v

Tfew =R SFIRCSA (Types of plant classification)

Sewerrere Rfox T e S RRETOT ffRers FwEre | & e ffFe sme for
oIt O FA AR - (3) P (artificial), () APfeF (natural) TR () wfe& (phylogenetic)
e |
31 ?ﬁ‘l ROt AR (Artificial system of classification) : (PITT = T Reerw Fsfs aFedm

e (R 03 wrer) T e Bfemenices o1 IRRTIPT F1 0 St Jaw cffReyrt +1af® 31|

RIS <k FERICR e s $ha cffiRme afed Sarad |
Ly enqsﬁw R 2&fS (Natural system of classification) =WW?TWC‘"§@ T AT

SRR TR ot 87 I @ IPRATP 41 2 o g cRATT 1&f® < | 4 o

mwm@mmwwwmwmmmmmmmmaﬁﬁm

R 91 2 | @RIN-29E-93 CfARET s dgfes |
v | EifER efiR™I *&fS (Phylogenetic system of classification) : RAfew Bftw a1 SRwedice it

Beolfrle TR e R 30 RS ¢ Wi wifiy 2re SRR e e @ R

=91 T IE TOEHT PRI GRS 0T | PFTR-aF6e1, AW, @1, TP, SRORAN &

RN (e IR Aafe Sifeefy cofdferrT Aafod Srra |

REAPPS -7 I cfiRom afs

RAFPBR (Theophrastus, 370285 ewz 371-287 B.C): foff ferei wer fare e Sfewfearar
(Wewﬁcﬁﬁa—m@@a«aﬁﬁﬂmmﬁmﬁm—mﬁ@ﬁw ffafow | 92
7f0 =T () Enquiry into Plants I Historia Plantarum BT 94 #fio® ¢ @ DS | (R) On
the Causes of Plants. ©1 32T & o™ 3f5® | Historia Plantarum-<3 &% I Iepi ytov ictm
(Periphyton Historia) | >of6 32 SW¥¥ Historia Plantarum R AR : 51 AR, ) TF R
e, © | 9 IF, 81 R T 6 &, ¢ | I, b | TAE, a1 AT, b | PY ¢ Frew, 5
A (oFS DT R o | (I A FR) |

1 (ATe TS SEEM S Theodore Gaza (38¢8, SR 38b9) | F JTAT WM FIT Arthur
Hort (&7 S53Y) | T 9215 4 T *[THT 8oo 7Bl TH(TS; UUS 8oo—¢o0 orfea Sfetwa I TR |

S| AW fefT Tyrtamus | fRofet Fa IR SN TATCH IS (9P FACO ARCOS ©IR S AN (71 2

Theophrastus (Theos = god, to phrase = devine expression) | REErore SRwfwetTd §® (father of
botany) ¥ & |

R Bfew e ogfs, fghe ¢ FIbeoR wor fofs w0 Sfewnee oRi cfire (41) et
e A= (i) B (tree) A TF, (ii) ¥R (shrub) I &, (iii) WISHER (undershrub or subshrub)
Ble @R (iv) DY (herb) T PR |

L § (Tree) T T% : T8 qoe FIeRfE T 3w Sewcs @ a1 7% 1 =7 G IZIEE; TN
Mangifera indica (SIN) , Syzygium cumini (&%), Artocarpus heterophyllus (F1077) &S |
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vi FRIASEE-22T g

I MR (Shrub) 1 & : (T Tfen e, IRTEA, AIRTS G FID GR 1T (S ST
MR- R BT QT AR = OPR 6w =19 A1 @3 @NF—Hibiscus rosa-sinensis (&), Ixora
coccinea (F%), Gardenia jasminoides (VAT &l | o] IRITEN |

I11. WSRER (Undershrub) 31 B9ee : NR-93 (60T (RIGT WHIAT ID SV NS I
@4, Cassia sophera (FIET) , Glycosmis arborea (SIHTNSETT) |

IV. T (Herb) 1 A : T FefF2 Sfencs € 31 Jw= 3070 Oryza sativa (419), Triticum
aestivum () , Brassica napus (S151) &9fo E TR | Sf¥FRe T4 GFAE T o = 3w 9,
Y, PR, F ol iR @ T4 TTORT Bfew | F15et a8 =214t B T4 (woody herb) I 27 |
@, COIl 2B (Corchorus olitorius. )

AR ¢ofd 87 3ta fof 2t s fow onet ot seares; =i

(a) SUTTUT (Annual) 1 I : PR TE I TR I ©F (507 F1 7Y GI[4© AF; @F— Brassica
napus. (&), Cicer arietinum (CR¥T) TH7 |

(b) IRTFRI (Biennial) I RIFAIA : PR TE MyT® 72 Iz e AF IR 2R I
RS Ty =3 @ SR IR 1 @ T T | Raphanus sativus (Y1), Brassica oleracea var. botrytis
(P - Froeqm sreret a1 Bed@d | Wi oo o7 TEER T

(c) TR (Perennial) A FWIFEA : 1 T4 TR I @M (&6 A @, Zingiber officinale
(™M), Curcuma longa (T7) 3@% R | Gne Q-FTg Fle 2o &fS T57 IR F1e @ T | Cynodon
dactylon (41 97) b T2 =4 Bfew |

R YR wfe

PR BT (Carolus Linnaeus, 1707-1778) : Sfam sy S QB @ Sicamie
QG S (father of taxonomy) 2R “fafow | Tt ferem Jarew ol &@%ﬁ"\ﬁﬁ'f | e S
Species Plantarum &3 (72 e IS, dFMFIT @, da¢9) eFfEe F3q SR &7 R J
JRT FE | G2 OIS 5t AN AIST I 2 | WWW Species Plantarum-
PR Tfema WYfe FeRer oF Ko 7 www | fof e ¢ Srecaa [fey e ek fofe
I3 Tfem werere 8% @ft ¢ 37 30 Row awa ) 218 effdw W ofF 2o wpeie Sfems axk 3
Qoff =T oo Ofeena | aft 3 Fham cfafumt +1afs | e ¢ St RISR er fofe 3

F A SR @ aafelt @AW «fRUm 1w Tme Rt | BEfmm Afe ereT

Teimrweed et a1 FWie w9 @IS 29 2R R srnfite 4 2w

ol feifmyeia SfewiRee oo SqmeR R IR e SEREeR afsorer SYree
©. G AR A IR ey Prps R st saram)

@RI @ EIIA eighiod iRt Aafs

T @A (George Bentham, 1800-1884) 4R 14 (GITTE ©FLY A (Sir Joseph Dalton Hooker,
1817-1911) e 7 NG Sn¥@I SIvd ‘®Hwal 2THAN (Genera Plantarum) ANS R Bfew
ISR G5 APlos CRIRAITT o 30 | @ PP~ b Srar 3e e [ e ewife |
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T

AT ¢ IR RRTITE =&

/ >
WW (Plant Kingdom)

Rertt D o

v

Vil

Tot-wre » : RREBrIRRT (ol o Bfew)
(Cryptogamia)

BT S IR (AT o Tfew)

(Phanerogamia)

S, 97 T 6 m:rmum >.mmweﬂj‘g%ﬁmn
3. <R TS CHIER .
R <A | 3. e M /e 96 |
v
v v v v v
-y : o193 o ety -3 :
TG JIARFIRGT RSS! TR eI
(Thallophyta) (Bryophyta) (Pteridophyta) (Gymnospermae) (Angiospermac)
5. GO (7R 1, 3. (O (TR, F19 S gz 1, 08 s, % | 3. TSP WITE
318 @ o o T oS [ TR s | | |3 T LT
ST T | | Ao R || SR R 0. AT YT AF | |0, e TS A |
L& AL ©. &9 3 =W | . orgAR g =z (| (8. SreFR oy W | ||8. SreEe By Wit |
o, OIFAR 557 72 | |[8. SIgAIR B (7% 1 ||8. T I 8 . Cycas pectinata
8. TWAT AYFTS ©WI. Semibarbula @ﬁ’lﬁ?ﬁa |
| orientalis (T77) THI. Pleris longifolia
¥l
v v v v
@f-3 : PR (Algac) -2 : @@ (Fungi) @f-y : sRFHEERT -3 : PR
S, (I @A S, CINE A (Dicotyledones) (Monocotyledones)
g, iR 36 | @R, o1 398 ) s, &0 Foeta oS | 5. &0 S g3l |
3. ARSI R. fwem 4wy faes tefa 3. T PRI 3. o PRI
T Frem am AT I A, Ok e | T
foeer tofa FaTS TSI | ©. YN T ATH |
N D% TS | ©. T DI PR 8. ™ GRTTAR A &
©. @IE bR s 1 P 8. <™ HrRewEm
mﬁ%' 8. RS Iy TAI. Abelmoschus T, Oryza sativa (417)
8. S AWy (TR | TS | esculentus (0%
. Spirogyra hyalina TWI. Penicillium notatum

@A 8 I AT Riee@ Bfew aefen AT ab ,35¢fS @R G IEER) TRew ewifon

AT S e dfb T T TR |

GRS FPRAT IR 22
3 | q&a1e; ARRE : e wrifie Snfetse (2 ovs—viy) SRREIR &7 ReTe s )|

fof Seompzes 12 ey ot i, - (i) Swarer w=k (i) iRy | Rarenor @ R
o, T TreRe EEre @R R ey REw & ) AW Rt [ AR FRGRRTE @ wwEs
¥ T | Altman & Dittmar (1972) %R &R AT O3 SEHRAET (Plantac) JIFBRANCS OGS T |
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viii G- 2T *q

3 1 FoTarey ARRM : Shvo W st ife3BT (Protista) NN GG PO e BT FTH |
1% Protistos S F4AYT (AT Protista NFI T AR | O (AT 06y JIRGR, @f6T @R
g S@SE &7 | Dadson (1971), Curtis (1968), Stanier et al. (1970) @Iem<= Protista, Plantae @R
Animalia— 9% & q1cey [sfEs 2w w3 | :

© | SRAIET ERRM : d5eo WAITE (RGBT (AT FIFHRAN 9RE A Tl N G0 59d AEq
%9 ¥ = | Copeland (1956) ¢ Monera, Protoctista, ’lantae 9R Animalia—9% 51F FTEHE LB |

8 | teereT AR : sous RETH S Are FINEIR RS 303 I Jus A6y FfE 31 = _E
FRER Tfen A ToGE 1% | FRerred A @RRTGE @i SRiiemos e e TR |
Whittaker (1969, 1977) @R Margulis (1974) Fungi-t3 *J{< I AL AT I |

¢ | Ty ERRTE : 590 WIFT TS TR FEIE RS YR A O A W; - (i)
SIREPIFEBRAT (Archaebacteria) 93 (ii) FETIIGRRT (Eubacteria) | @ T2 &FH FIRCGRAE WT AT
foa | =G ey 2T— (i) Archaebacteria, (ii) Eubacteria, (iii) Protista, (iv) Fungi, (v) Plantae ¢ (vi)

Animalia.

GRErTe G3is WiKAE R

(T, S T AR 107 8 SRIGGIAT ST SR YA O (information) FIA 0 COf
RRFIFIEE STgfRe ERRIE T W | SIRAR @I 7 30T GTF @ CfARAIER R0 A TR |

RGIFPERT, e T @FN-goR @7 RRFTIeT TG Sege = | FIRERAT 8 Ty
SYERCP (micro organisms) EE FE A @i e s oifds e RS
SRESAT R, H. Whittaker (1920-1980) @5 FI%S-fRTT (five kingdom) @fFP 4&fS a@R
Sous B | o 71 @R7 Monera, Protista, Plantac, Fungi YR Animalia— 9 o fee
f4©® a7 | AT Dr. Lynn Margulis (1938-) 3598 AT Whittaker-4% cfaferrs «ffef$e o
fe@fe® a1 Five Kingdom, Symbiotic Planet S Ao SERENT 93| T, W ame oew
S Ry sfem wrepens 2efeitibes &6t (Geosciences) e arer Rowa
faraifere Site | fofit SRR MEw Reme e e ong | fof Serrse 7ft 3w frex g
155 fmen-9q % @ | Margulis, Copeland (1956) €T Protoctista (Protista-3 Af¥TS) #fseiqSH
I | Protistal® (@I GFRN X SWES & | Protoctista-(S 4FS GHIW R IV
[Protozoa, Green algae, Chrysophytes, Brown algae, Red algae, Slime molds (Flagellated fungi)] W\f@
391 =8 | Whittaker @9 0O Green algae, Brown algae 93 Red algae— Plantae 9ITEId e | JIER
Protista %_Protoctista ¥ 77 |

/Sl 9T Margulis-43 CfAfRTRT “wfoa @il RIS & TAYAT F1 T |
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Toi@wfasT ix
ARSPFT (Margulis); g 2ReErIe (FIRS fRew) AfRVICH &
Living world) 4
g preeo] R T
v =LY
IR RG-S : GIPTIRGET I RRGT-3 : RTHIEDT
(Super Kingdom-1 : Prokaryota) (Super Kingdom-2 : Eukaryota)
WP i I AR ¢ e e AN 7 oy : i AR @ iy el R |
i AT TR, SRR @ W & | i, il
iii, ARG BIGT S (I STRTBTARTIN Y (72 1 (TR 1 ILIR) |
v iii. f<feq gt
fFRET : AT (Monera) ok ;
TS S¢S FT2AM-Q BT TR AR |
QT i a SRR, R @ MRETERE |
i, T el 38 (i) Ae Fefmen ¢ fNSfua oMl (R 1
i 0 G <AIFTT , MR RIGH ¢ GEIAENS Sferdl WAES |
iv. o feere fi-srem s =7 |
V. (I &5 AfRrerRe ¢ Wi i tofd |
SWIRS @ Escherichia coli, Nostoc linckia.
v_
ey : @IGIHIBT (Protoctista)
woft TR [oe |
WEET: i G G GTF | GHRIN FCANAE I I |
i, e cwEe ¢ FefperRe Mefwmar e |
i, TGS Poeas (I AT GRS A0S |
iv. a0 &9 e AT
v, GTAA SHAPRAIE G |
BAIZS : Amoeba proteus, Spirogyra maxima v
v v ¥
TN : FER (Fungi) e : 21 (Plantac) e : SIRIPAT (Animalia)
¢f5 Te ffew | »f% TR E& | 03f5 F2 e |
[SiEIE ey : caf#is
i G geER A RE | i, I ¢ ToTE E Ofen | i T TN G
ji. SfRRINE I 8 ii. (PR AR GRS S @9 ii. foRTerS! ToIRA |
T FICY 2FBT & YT TR AR | i, R (I TS @D,
jii, TR I6F iii. Sxe gl fammm | ABBT @ T =R 72 |
o (7% iv. WW@WWW, iv. YIS @ S afaay
iv. G bR e ffife | gﬁwwwﬁmﬂﬂwm TR <0 |
v. TIYEC IR T CATTT | ’ v. &9 foopa sfeemm
R I | v. S m 8 SfdifEe tike (migration) R AT B |
®WIZRS : Penicillium notatum, W‘W | ©RIEY : Homo sapiens (V58),
Agaricus campestris I Duttaphrynus melanostictus
v v
G- : JICFIRGT (Bryophyta) G-, : RIfPEFIRDT (Tracheophyta)
5 FIZAN (Bryophyta) ¢ ofb F wICE | qro vfE TR WY | *
BT : i Sfew mforRRDS | FEr: i ofew cRRERDS |
ii. G ofReTeE 7R | ii. AR AR IR |
®WIZE : Riccia gangetica, Semibarbula orientalis ©RIZAY : Artocarpus heterophyllus, Pteris longifolia

*RifeaPIZBIA vfb AW T : 1. Lycopodophyta, 2. Sphenophyta, 3. Filicinophyta, 4. Ginkgophyta, 5. Coniferophyta,
6. Gnetophyta, 7. Cycadophyta, 8. Angiospermophyta.
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G- 4% ofg

X
ey AR
(e oft sftarey «we off wcer fow)
ufREer —» | > W 2 | JRBRAT © | EeFfean
(Domain) (Archaea) (Bacteria) (Eukarya)
AT —> S | NRATRERA | 1 TIREE | 01 6ABT/T | 81 wER | ¢ T v | iR
(Kingdom) | (Archaebacteria) (Eubacteria) (Protista) (Fungi) (Plantae) (Animalia)
RERGIR | et iR SR TGP iR Sk
e S e PTRRABI FOF MCNA | (FRADBR | ISTI, I,
| oftwe®en | cftmniee | erat | wiEbe Riftm fRifeas seg
lced faca +1fe | T | s | IHY MR | | SR |
e oy | RitR= g | RiErm oo | @S | Inss | @arens
% | =2 T | 2 IR | 2 |
@Al oo @ @ Bp e | Fers RifeRm Aoreica | Sfereiad
F (2 | % (7R | @A gE R | |Gy eww | By e
GFFE, O | GFEE, OE | SR | Ppasm | =z MR |
FACS A | FACS A | B3 ¢ =% PR RS
=2 | o | [
RIRCIEEY qIHCS A | | NGPRHZ
e 91 e G |
AR |
(Nutrition) | GR-srTafos, | wodt e A | AgFeRE | THHEbS
HRCSrE FoFree, | TemedR ) | uvy e (3R
-, FE M| ~RTSE)
IO 2ffam oz
BT A |
P |
T ReiD] e A, FOP | WA, I6F | AHBIR | SRR
(Reproduction) PG @ @A A &= , PP
I SRS SR | S
Szl Qresfifeeeps, E. coli Amovba, NPREN ™, B, | v, W,
(Examples) | Syifreifep TR (WS, TR Bfem, | aeneifs,
TG F e Eaniac A1, 73,
TN |

* Domain 31 Sif¥ETET RTINS FT B | ISR [REI8 GR RNA @RTER evix fofs
203 G4 TR oo Sy o w1 zwmr |
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AT TG S *RORR : I,
W (SRITNIAN, DNA, RNA,
¢ 15' 5 8 "“:u &, Grtferopia , Greemm
CELL AND ITS STRUCTURE &S @1, o |

M i Bfew e M, @R o7« R[Sy wIgE 107 ¢ & FWFH (O AT | @
Sy [Rerw wea Sfewcaicsn RSy spRe SRy, o9 8 I FWF SRS s wmre A |

« SR NGt TS Ferwidfar ar 1 frdre— A Aot

% (I AP ¢ SENCIES-GF WA, IET N 6 | N0 Y
A 3 CIITER 5T o107
e |
o TRBIARTHA APTHRE e «qar e it | x: fis ﬁ' Eﬁ
S FRCACIN, SFPRE, AROMNN, GfReT-97 SgW, e B
TN @ P | ATy | IR
@ N e e et T e WwE GEIAERE |5 | T A0 ¢ ReTeiN
G a7 g AT | My | TSI ey
& MIGRRET I @ FRAITT ML @ FNET | A5 5 | VOGN
HBTHE | AT so | APDS
< @RATET AT @ WEWER ML @ Iem | 05 GRS N
SRETE | 53| NS _
3 AT Yo | TN
':‘ fREfFarm 19w © I | . pes =
& [REfPeriEn ¢ MITIASTH AT SR 047 G0 | o se | NGToR deRen ¢ @ een @n
< @R fAfoy g e 5 wew | s
@ Srew fifSq TN IR AW | AT Sy | AT I8
& (AT N5 ¢ 47 IS TAm | . AT sq | (CTEALIANNG (P SHIBTT (DNA)
< @I R @R o | ME Yy | ARAEFd WTE (RNA)
% fEqmg ¢ FAINY 97 T5F © IS | 15 35 | DNA cfaar/afofiets
© S Ay 30 | DNA G @
’:‘ ﬁ‘ﬂjkﬂ (ﬁwm | W{Q mm
< QTP e | a5 3o | IR
o BPACERCE IT | s 8 | &
% &7 ¢ @b @re | A 3¢ | GRS @

(I M Cell (GFT) FFA : Robert Hooke (1635-1703) dbbe AL T GIPIRD 7 Fow @7
WA Toe e TR SR WP RS TR ToAfge R fRwifiom W @b! ST g
ToAgrA Ao A | R ST T@FeRTER Ty @51 ey w4t T fear ) e oree 10w R
(cork) (TS fATRG (solid) WING AfNTe O, @7 S 2 fofey efor «fb “Areet cramm w0z e
T R T | fofy TR ciwifer st W SR (RO (RIS LA A TRV (little boxes)
(TS (AT | SN ST N0 AGC ST FHPNCw 1 AMHTHT AP & T (RITHT CRICHT Cell (LF1D)
foftr crrared 1 @ A3 B little box Tt fofd AN HF Cell I ARG | THIBT Cellula (A Cell
w3 TeAfG T W ¥R AT A FEA | T S AFIwA Micrographia STY S I | HUPRA

e Fredig™, T S0 BT ST g TR R S BB (IR g A 39 WA |

GR-57 (TA)->
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Y EREN-4AT ofa

IR WIgAFAT, AT G vt I A7 1o 97 T AfowERe 7wy T T | ARE W e e
faty oifde | Ee1-gafa fow UfeT 10 ortt I | BB= A o SRTST 9081 (19 (17 em x 12.5 cm) | B
31 AATHR S, SETITRA ST (@ #1=1, A (BI0 (Al T | NIead e (19 & 1.37 NG &1 1 Cell-
IR AR FA AR (Y I QI | TG T AFTATF TS (1Y O (I B2 (A |
T4 e e fof =1 fesie « wifiEicas o Sy Reart feg Srarimy B AR 02 | @3eid
SdrFeEd fFR6T TS Afde = ©F (Dutch) @™t WFBR ©pw MB@EEE® (Antony Van
Leeuwenhoek) &T S148 A= (FIFADIA RIOIS (SHA A4N% @RT FAPR Si® @9 w9 30a |
3qbd ST G FBAT (Felice Fontana) (FICE Wi HEFIIGR @Y SHu- F4016 Sbrow AT MG
F®T (Robert Brown) F4ew BV T8 (Il fEfFamT-un sy wifewm o= | sroe e
A @l P FERfEs (Felix Dujardin) (P18 WY SR (GoR T LIUE NS ARCIC
(Sarcode) SICX WIS FTE | Sv-8o AN AIFE (Johannes Purkinje) & ST TG AW 1N
CRATCOTAIE | S50d AT G REaINeg I 9 (Max Knol) '8 WIHB AT (Ernst Ruska) 38 258G
SRR SREE G T THS AT A (TS ¢ (PN S ST (ultra) N G (o0g | SR
e R Rt (aicea [ifey ket awe Iwace |

& Jean Brachet (1961) €3 WS- ‘(31F T HIT F671S QIS G5 |

# Loewy and Siekevitz (1963) U TCO- ‘(IY T (&S [FAPACAT S T G whrewy [
TR ARTIRS ATF GR T (@I T NGT QIR AG-LFA TF |

~§S§2>9 C. P. Hickman (1970) €9 WS- ‘(FI¥ ! (@ 167 8 IR 3¢ ¢ 5% Jvox (&e 93
1 e fmEet @ agmee T |

@ # De Roberties (1979) 49 Wo- ‘(1 A GIRH G 15791 @ IS G5 |

2T (FITT YB

Shrbro WIS (IR efefe =r @, 44 (e e
P (IR TgH (I ’51? (Cells come from pre-
existing cells) | 58 37 T4 RATS T @A @R
f&T A1, S Pre-existing cell GO (IR F(S? &=
(P FOTS 3 iy

Alexander Oparin W% J.B.S. Haldane (1920) &
@ PR IRWETT R (CH,), SUTN=ET (NH,),
QZGEH (H,) G- 2 (0 1, H,0) foet 58 &
0, &1 711 PR HPPATER AR TSR T @A
o oy f? =R | 8

Stanley Miller €<R Harold Urey (1953) *it3gamiiea
TAITE IPTR ITa I AR AR AN T
T T W w1 5P 2w |

SLACFR WA FCI W G IS 7T RNA e,
[ (AT AR (@S o =T | @ e RNA-World
QIR PT Ay “Afifpe |

cold
water in

G2 cooled water containing
organic compounds

sample taken for
chemical analysis

Miller SR Urey <9 T4 '8 St syife 3
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Reafd Ao A

@9 8 T o

(i) 2R T TPNR GO TAMI (V0T 3B 20 |
(i) RCBfR-9F T IFNSET @GN CH,, NH;, H,0
8 H, (% ST e 58 zafe |
(i) TSR W I AN @ AT P zrafee |
(iv) RIS TACHIAAIT IR o Tl |

(v) RNA-ST T IR*e7 GIRT &1R 0% 20 |

(vi) S (@I DNA *RRSITe @i w@r sfade
T 24P NefFmeT AT e

RIS IS fdeww o7% % gwifeq @it @It &
(T IR (AT GO ILIMA) (IR (GADS (e (U8
EATE (FITF) 27 I | @ (AF2 ANAS T @ FF HA
7 TS & B (1R WWFE | (1) Wi @1 T qT =W
4O (I, OR AFS (FIY GG A JFORA GLF Y
T -+t RO “fffers 0 q& =7 aFe 4 @9 )
(if) CR & (T T e FOIPHADE JIRGRAN T A @rAACT e T @k B =7 Tfem
@ | FEfFmRiEE 93l ¢ine @ AT ¢ FERFDS TR e 303 e AR afEs

T 2 U PRRIGHTR |

(I (3BT (Characteristics of CM

e ¢ wEfRE Tomw
(ICE AT |
FACO AT |
& AT IFAS AT @GR
frem  qrEaE  SgerEE
FRTEF FACS AN |
B ARECSR @G TS A |
NG/ BRI AT SreemR
oS et fHrs T |
\yf 3G Homeostatic

\y( @ fI94®F  (metabolism)
N I |

T B ST o T gRR 9 |

armﬁﬁm@\ !} @C&‘W

(e 1Y)

3 ot
(Bfe came)

TR
s

@RS
qreiPERIGGS efdmr

R
} TRTomE
. s PR coBrem
%& O oyt arstatSfiE g
. /023'1% TR
0 o D» rot e
N X i
= Y. mwone
oo i — LRI
AT
2T Ty TSI RE g
j)/\) AR |
et il g | P
V\-)ﬁ/ﬂ)»\‘-_ o ﬁWmmme
ey, @ fefFmR
bIELg ]
SRCtetrer

B 3.5 : S Sk ST (TG ST 4B)

M@NWWWGWWWW|
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31

8 GfeErI-2Uy g

2SS Hz ¥F (GFRIN TR) I IS (ITFA &2) @19 e e =7 o @R e
ﬂhm:wmmﬁ@m@w«mwmﬂvﬁ%ﬁ#%mmﬂmm
A SRR 15 8 INEF T |

T WA (Cell organelles) : @WW@WW@%WI o7 [{eig ¥ @R
ARG R Eiew, FETHAMASIA 8 (FIee QINGRCH G TS TR ARG eey
WY A PINT THY A @NA- NG, qreniEie @b, IREwIw St | wwg 9 Ty
X (organelles) i

FETE BT TR I 7B @ e T foa crew zwarR | foul SO
TH A GR P WS WAT S 77T 97 o7 @ [oq g sy ¢ afgs o e
e | bR PR A Sfentaaa fbafba A fiffna utng R <k Fifrm @

IERWIT (Cytology) : ERRWIR (@ *INW FI¥ T WMo 31 T R (I &, SR
oo 8 IFRE %57, @Ired Rerem, Rart, el Fifiaf, 3% 2o e Siems =0 = o
@ERAT 3 MR (Cytology) T | RO =G 7o B WM Kyros (= cell, 191 @R
logos (= discourse , STEGAT) AT S | Robert Hooke (1635-1703) (F (PRI T I &7 | O
Y@ @RRWIR &% 2T Carl P. Swanson (1911-1996) |

(IFSG (Cell Theory) : (FT T [fSH O HTR 2 Srob—dbr0d AT G Sfgnfiel ey

@&TSH (Mathias Jacob Schleiden) @ 2ifAfI@N R G (Theodor Schwann) IR AT Shree AT
I fofeeT™ 8 TRIEE! B (Rudolf Virchow) ‘RIS’ 27N IR |
FPIESTER T I
\)/ I (Living organisms) (¥ a7 9 |
\X T &R 1 FC (life) MO & IR FAow GHFre @ |
\ T (PR YT T (2 B |
Frolrd S AR (7, SRR GF A WORY (I WA oIS GR (TR FF (P IERER
IS FHoR T G IS | G GIRCPTE EROIRT 77 8 IR G o7 27 | SRR e
TAMIT @ 19 WSy 2r1e Tfen ¢ aficaces Wy @ 5wTe AT FrarR (o @R (iR iy
WA (FE LS W, WIS, 907 ¢ IEF NG AT TR | (FIT GRIORA MofAF 933 | <
aﬂwaﬁmmmﬁww@%%msml S HAREeT ke e A ¢ wefa
A

N o e PR (svus)-97 o @I 3 trawTews R wRr TR B IR @3, A

22"

T A TR TGN BGIR WG-GA THY | (JIA TG NN QYT GG TH F7 07 ©I3apT
(T TWES 4 | (FICER (SO &ff's ]S e Te R[icwan w6 a1 Tfem @ o orers 36 Ane |

g 9 (@R s AAfFreeg Gida R (metabolism) 0T |
= . (I YIE0O (Kinds of Cell)

(3) N NgE e s Fraes w'eist St 1 J; A
LI (Somatic Cell) ¢ (7 (FIT FATIT T B2 VI | SRR IF 8 THSH NG
FIEE MR | THR SEe (R RS fTome RS @ INeN_A4nE | T, I8 8

AT (P, TR (1Y, TP TN (I SHIRR | NICRT (ARCIICY (TN IR 2n = 8Y |
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@18 8 GF NS e

(%) SR M VR (Reproductive Cell or Gamete) : (N7 &FAAA &= [GATC GIIT SN
MM AfeFar Teoy Yome MAF (A MRG 1 S 07 | O '3 FEur] SaarIeas SwRad |
ARG AT WIG AR YIAS | WET FAFCDIY (GO SRA n = W |

(2) FRefFITR A5t eor f5fs I3 e wows S 341 1%; I—

(F) AFFH{E A ARCIHGF @ A W (Prokaryotic Cell) : @ (I FAT ARIAABS
fefFam, quafe SRRATAPS (membrane-bound) SFIIITAT SIS (orgénelles ) ACE A T
AR | e 79-RE0A @ibye ol T@ J89[ PEF© DNA IS T ARDIARC T
TP (A | NG [FONT TGS JOIFE DNA Wes (NOfFSaC (Nucleoid) 1
WHCPICR AR 708 | Wwer fo-oram 31 Sy afea Reftrs =) Wit wr@r e
G T WREE @9 (Prokaryotes) | TV WIRTHILET, ?’ﬂm‘[ (Escherichia coli) 8
RIS (BGA = Blue Green Algae) | WAl ACEHI 3K G192 IR | [ Pro = before, “3R
karyon = nut, nucleus S fNEFFIPT WRoeTT ST S]] FCHICT SAMS *P O | S CFa
T “fmfore AfE T | TS (FCA AETIFIRTT W |

Jler : TGWRIT 8 AfAHITRR (AT o |

Boraet : (TR (o1, (oifFeT, e (oI, Srawra, Sfew 6 eifarsicag foa

PGS : ICTT (AFBIF (AT TS I | (AR *Red ANt 16 @hem &+ 3w fde sace
1 | o (i e eFereid o i dre s =3, eraets 2ee e iR IRE Sieee =04 |
qFT TEE W W (OFF 9T TS 3| Ao Sk fofTe I @fierE Sogrew Fwe @ |
BRI ST =1 Frwae iy face =3

::\

~

(%) SFOHRF A THUF I ISP (Eukaryotic Cell) : @ (T WRNATS FEHT L
AE O A AFORN | AFSCH WEFAPT QG WRAANR(TS S S (- MGG, (—
Q& FTALRT, S, TN e5fs) A | 7] WA ¢l s (el aweeere) am =
.. SR fefpese, MEfrenmt g Gk @t for Refsm s | aroerm @ M
5 (qorm ), 7R Qe 93 DNA @ ReTm-Gib ST of$s | «uae TR 80S, DNA e
) R GIIfEE (NN SR=YS; @Y [ewm WG 3 TP 46T | Eukaryotic *Mi0 &% =

(UF T AR, IF 9 WF ey = good; 9% karyon = nucleus TR Fifys RefFrme @@ &o
, @, IR0, GRIereRE, fmmarsmiy aa
w@wﬁwﬁﬁm@ﬁ@wﬁwﬁmmmmw@w|mmm
G N SFOI T (Eukaryotes). AFOLINT TS P WB | (19, NfGFAT @ AR
smfere off? 95 |

TS ﬁmﬁl’ R I G A Bongiomorpha pubescens NE (RS F a7 T
S300 T TREaw 4R PRt e Wi waer | 30wt PG G RICST ReTIRG W @R A T
- |

o
d
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Y G- g

RO U - TRGFEICS ATE FEPR DNA 4R 70 S TG | WRI NIGIRG AT 8FS
QI TR WA T P 4FS (I 80 S AP @R G A 70 S IR A | ¢ 55
W, A MIHIHGA 92 @ 7, 936 5 | @wrer oft Wi @Ira AR w9 1 wreiite
A FACS AFS (FITTT SR FCAR | GILONI FFSIT JBFE DNA NTE S8 I I 1 |

oK P & ePeTeHITe o A

/ /[
X/ g Wi LS il

S fefamm 31 el s, wdie ars e | 31 FefEE pite, Wik @@ wem
st R, AEfpedem e RN R wmr o w@gw
fAEfFeaPT A 7 | DNA WS @, Aefperem ¢ NefFpeam
Refpenre = | Y A |

21 DNA 31 DNA 3eR, 35, @S @A | *2 IDNA @R, 3w, RZesm
THw @fos s W1, o a3 @frva sy fffeey e
HFSTHIR TN F4 T AT | (EFCCA RO S_RgH 3 |

© | AREANCIES WA | © | WRRARES (A S €I A1 | | © | WRRANIBS WK1 @~ R fgal

' ¥y AR ATF | 8 S THY AT |

8| FRCACIN 81 AN 70S (50 S+308) *8 | AIRTAIGIN 80 S (60 S + 40 S)

¢ | FARCOTHAG @ | FRCTICHEAT AU T | ¢ 1| FDIHEG AT |

b | RNA sffemtae b 9T AIE | v | fo7asm

q)| SR q| SR ATF | Qi AR ATE |

CARGiesKrn b TR R b | TR SR |

51 @F FeE 5| SYTRGIE effea | > | WRGIFE @ I afeam

So | | 30 | NS X o | 30 | TS NI QG |

55 | BT 5 | BEfFsPICa A ML SF =W | | 35 | Grfemeham o) @ ey o =)

I1e : Forws, Prediorace sweee 16 et ort w0 faeg | Frmdr s ¢ egerag Ader

AP =C FoTEas | 9 MR CoRige =iad eoid ofe Fea oy v G e ol vom we tofd

A LI | 2 LRI (e fRGizras ey, AR, ST WY, DNA , (Fraferem 2onfi

A= &fs =7 Ae =7 |

(o) eFerd e Pifde REfRem e 67 ¢ afftaitam o «& 21e qrva Toar SNy
T g oirdar amte | wowy Sfewtary ¢ eifarers 7o stemT W sR e |
q (F) ORMTIIT : (0T IRF 1%, CFEe (e @R AblF A | fers @ItT @0y 00T (ST
N ¢ MRETLETN GFCALATD AT | ~ARTS @R A6 RS (MR, [GqFR 2 A | Aew 4wy
b CISE (starch) | YIRS GERITTN <L T |
2 (¥) &R : G T (N ABR AE 7GR @R TPAfES, qe1e s FHhes,
ﬁmﬁwwﬁmmmﬁm QAT | AfwS AP 5 8 IR |
@BN G (Stem Cells) : ST 7R T, G @ GRAT (17 PRAAE [{eifers 27 o1 =16
G feeirer (eEs =4efrer g Cofd =W 1 @ 1Y (TR o o o zefoie, TR, 3@, =, forem Topfir
% tofd &1 | SR 8 S AR RIS S *SrP AW (M T GF OF | I & Z= e
WTE3 7 B @ S (FTRGTET (AL ﬁﬁ RUACR (all the tissues of the adult stem from the early embryo
cell).

)
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BT 8 &7 o ‘ q

cﬁamqﬁammhﬁmwmm@mﬁmmmw‘

0) W,wmﬁmﬁﬁmmw-mmmmmmﬁvmm
+[F3efES 20T A | :

(i) CBN @R A A& (differentiated) < | a1 Tifeg =t Ardarafve 2 [feq av@
@7, gy tofa a0 Aa

* B FOH GOT G AP 5o COfR T JRIT Al (TS AT |

* oiF, ot arpfe o toft Fa (TR fegHAN 1 (TS AT |

* me.wmﬂ%mmmmlmww,wmmm
mmmnmwmﬁw%mﬂqﬁamﬁmmml

m,ﬁw,ﬁwa@%m@mmm@mmamw@ﬁmmmm

i & ST AT | ST R, R, B S BN G 3 R IR P AT

@I AR [y %
wfwmw@mm%mmmmmamm@wﬁ%ﬂmmmww|

mwmmm%mmmﬂmwm@mwwmm

pm(mﬁﬁm)mpmﬂ)Mnm(mﬁm)nﬁmmmﬂwwﬁﬁame

a3 LIS biCH IR
y | GIBRER 1cm =0.4 inch [ (BITY 7t AW (@ o) 9 1 |
3 | e Imm =0.1 cm mﬁmm,mwﬁm@mmmwm
@ |

© | MERBE | lpm/lp [ =0.001 mm | TS TRERE (AW oW @R o (PR 9
N TRGA TATRPTR |
8 | ARG 1nm =0.001 um ROTRG SRR (T AW G (P TARKTR |

@ | SUREN 1A =0.1 nm BRGNP qFE AR (N W EE R
TARPTR |
IS (RIS s (T
e R TR 100 pm (AP ST 08T |

T SRR NG 0.2 pm (/T A 40 pm — AESF ST R ;000 &
BT WA WG 0.5 nm (AT FATD 20 nm —> AESFA ¢ ,00 ,000 &I
wmqmmmmwm(mmmwm)w
RS TG WS PN |
mw:mmaﬁfﬁwmﬁnw&wwmﬁw@wﬁmmmm
TEA- Mycoplasma gallisepticum ((PTE 411 T4 0.1 pm) I AT JW PPLO_(Pleuro Pneumonia Like
Organism) 3R TSI (P X ToafRE &% (17 cm x 12.5 cm) | GFTIIT T IS Tfgwcd Z
Acetabularia TN (AT JF AH 5-10 cm | mﬁﬁ?ﬁ?ﬂ(‘ﬂ I (Boehmeria nivea) NINP NRY S§
@, AR TG S 55 om | NAAHEA T T P Ze- Woq RS T e 1.37 fPR W ek

A I OS] (@@ AR JF A Rge ) (@ @l MRY (@IEF S| 4’ 10 pm
(TUGRBR) G G 1 ng (TVTLIT) | MR FHOH (I A SHBFFT |
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b GREH-2 %

M%:«@awwmmmwmmammmwmmwm
IS ARG S0 A | @F- Chlorella,

Y G : TASGET @1 N o1 S 2 e, i, QTR T | IR GIRR H4
(i) G ST @ SIS I (TS oA, (i) FOF (I PN GRIF X HAHE I FACS A,
(iii) I PR G Wbt 157 et 20w SIRoICa W 09T 20 AT |

mmmm:wmwmvwmﬁw@mlmﬂam@maﬁw
TN (T NP (BT AT | (PILTT TP (volume) O WSeAY (WGRFRF SMGw e 303 | (i
wmmmmmmww-mmm| PR T P (oAt A
afelr IR SIS I o w7 GH T (IR (969 8 AR ARICR W e mayifors srs-
T TS 200 AT R @I B Awrs S 2 |

T (PIH WP T T T TR TR I TR g | FIEF o wfeg TN o1}

AR (T AFTS A | DR (@FF KOS 20 70 | (FR O P oo 797 707 Roffers =7
IR TG T FIF T8 WHTR | .
NI (differentiation) :aﬁmcﬂwﬁmmaﬁﬁvmmmaﬁﬁm%ﬂ
fwm%ﬂmmﬁmm@mel'mmmﬁﬁmaﬁmwaa
58 qa1 e @ o, Fes Ry | G P 2T FSF (I [eorg foog T w16 20w oy
ferr e @tz fag o coree w1 = | @ W 1 (@ TR e i g g @ o
IE awmmwﬁ%awmmgwwm a2 Frffren fogen
REACT T W AT A differentiation | NI T (IR TN TGT 8Y, WP (JFICIA
feramR wfey, GRS (AT (1Y i 270w 31 T2 e 03, Sy (@ o e

a3fB S SRwTRITER 215w
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TR | 2 e Sfewcanm durve s ww @ ey fieg sifye |

31 P B, 3 1 R, © | SHRLBreAE (4T A AT, MEBTHG, <rereEie @B,
ARG, = A, MICIGIN, FINS GURITIN, MESFECET, WRCFHT AT TN o =
M),slm(mmﬁ@mwwmm,mﬁsm)wm
g R 98 (e iy, fepe o @ 387 od) | G St SfewraTas SRR We T
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3.5 GIIT &G (Cell Wall)

Afofs Sfemcars w3l SorFIFs 1% ¢ Ty W fTa wIge AT | @ T ¢ *& WP @ i
T | Y AP SRt e 8T | Bfewteic Tl Wk (SRR (eTITTES) IR
TG (FIY AT S | ATICORT 2 TANFS (FT AT WIR | (FERRR 203 &0 A g+ |
AT (1T A ATF 1 |

©e W(Physical structure) : 3 e @ bt gue foai foq B (layers)ﬁ%ﬁ‘ﬂ
T | G AT BT =LA TGAT (middle lamella) | NEOMF (1 [OETT GTENES (telophase) 2K
@ S5 OB | STRCBTATET (AT S FILAART (phragmoplast) GR = 3T (LT AP RO o
¢S (vesicles or droplets) FeeId TxqaW! 32 @ | T4remia ofbe Smbe @ A T ot
o T (e ot ATF | (1T ABIET (@ B HfG APt (@ TSt MyRe AT e Sge

T ST AW TG | TGS (I IOV SR, T e Cofdt 2 | o @i v APreAet afs e
i ™ T

aArfiF by

\
A\
TSR
AR
NN R
N\

\\ 2
N ¢
N
N
. N
7
Y
SO iRrenT
SE=h |
:

udu‘fsu
5@ 3.0 (3) : @35 Tfevar ¢ o7 &© 2B | B@ v.0 () : (1T ABIE o157 |

1% I @@ A | «off Refere = e 9 e oRE zw Iw ) faSh R = A @b (primary
wall) | TGAWE ToAT GRS (cellulose), GINGFIETS (hemicellulose) W HIRTHTLNGA (glycoprotein)
G w0 T @I ATST B (3-0 pm 4F) 0o = | B2 i AP | TR AR A4 SAmIN
CFES ) (IR (AT (P (@- Gifee, F13I1 To71fn) 2rfis embias Sesets ok @@ B3 tofd
| «ff MRS @I I AfiE 299 A7 WO A | @ T SRFSA 9F (¢—S0 pm) | GTS YIS
CFITE @ Fomifam & =31 | oft ek eifig (secondary wall) I TOR ¥4 | SIEF (I GRS
TG RAR S @Iy ceei bk ot = o orFeifa bl fo7 waf[ifE =) [Rea ov@
CTFEI bl cooma fire SRR @bl (tertiary wall) B TS AR | AT, T 8 IOH @I
HHETS (T 2SS Q1B AF | (Y LADIRR 6L AT S |

T I (Pit fields) : TAHR G4 T T IO T T 26T I (@ 7F FE o108 e =
O T P | «f T AT TS AS (thin) SR 1 {H AR Freww gore @3 weralba
TIBICS AR SRS @ o1 7fba WAL (9T TAT A0F | TAIE BB GREEA (pit membrane)
T | PR 3t Arrent w=ige wft gt BB I (pit pair) 3T | GG AP (ICER ABITER oA
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TR 37 T AT TPl IR AR FRCA! Y 2 | TP ATACEITRIGY (40 : ETACE )
T | SRS (FITEE AT SRTAS B 6 Wy, AR, T AR APTIICANTR e |

AARNF 189 (Chemical structure) : NFAWE w4 ARMIe A i BT | @ TS SGIAT
SRR (ST G TPIABEN (ATET 7 AICF- ACE (AT 1 A | @ Qgre g ~Afere e
TR | e e Ae o GRS, RRTRETS @) gt drree-ale |
xylans, arabans, galactans 2o Sy @a ARPTIPRIZSS AE | ARTIO IS, @foa
GR ST WIS AF | Xyloglucan T RINGFLETS &bt T @RS (cross-link) R F1er 0 1 S
N CTISIR, A PR (lignin) A | (P GO SIBYE SRRA (suberin) . A TSN AWML |~
e AP R T PR oS FPs-efbn i fac ¥ | LR o e
WeWWWnWWWWWWW%@%
SR 1T AT AR T 8 ARPPTIPRIZS e 5 | FRe® (P 2Abiead 40% GFRee .
20% RIS, 30% 1B 8 10% e R | — AN\

7% %97 (Ultra-structure) Sfenter AbIE ey SAME 2 GRS | GRS 0T Gy
ARPTIRIZS T ©-FEARME B-D e SPRT Y e oI5 | 3 e (0 o e Gegeeime =g fea
aﬁmmm:ﬂumsooﬁm@mﬁﬁmawmm(miceuam
0T | TR (AT DA FHON IR G @ T | Al 206 AR fire @b MRTEIRET
(microfibril) T I TR 3¢ofs NIRRT ffFToerd <o YRR (macrofibril) NH I |
ARG SRR RFToeI b O (FIRAF) 907 T |

éﬁgmaﬁmwz Y RIRT B SRS IR ;1) IR SIS O (SO TG TG T

; ity QTSR S @ Pl e W;M%QWWWWGWWWMM
FIIF T (I S P F4L; (vi) T @bt 39 et (T =i e Acarerai 38 (RIeas (oot
Q2R 56T I ATF G (vii) A28 '8 @ TR “AfFaRacet ATGCNCCHAIG! FTe FC |

4 W (Protoplast)

@ Sl Wl SRR T Wi R IR Iy AR | S, TG ¢ '
wmmﬁmﬁrﬁmﬁmﬁawnmﬁmﬁmﬁemwwﬁammmeﬁ@z@
1 ARG SAM | N G AT (AT =

R T T 9 97 (S T8 IO STRUD IS R (PR Wl 2R | UG (T (A 98
1 @ | FiER BT BAgS SHEY, HOE RO, BT 1 wME 38 ROTI Wagm Fere A ) FEi
LTS 24T oS ©Ieat et 5l T | T e Ay, e =rd e e =mrd |

GG (Protoplasm) : (PITH WEFEE STHR, N RSP YR NGz, Fer T
AR RRBIPIE AT | Sbro¢ RETH FIDT @IHA EP TEERH (Felix Dujardin) CPILER 04 (&R
TS SR AW RIS (sarcode) HIT STSES B0 | G@ITHIEE =5 Sb8o B Kot =t
(Purkinje) T4l YR FCH | (Gk. proto=w+plasma=mm e, w1fiy <@) | e R
(Huxley)-&9 7T _GRAICGING 205 ST (1S i | et (aTBIATer (P SUl (iRd 7T G
R ST T IR AT | Q@ G2 RIS QR (o1e 38 Rewe BiFs a1 =) @t 0%
— 50% I AT | @ AT @RI T, @ AN Tof T G | AT FRE O 7ARF 91 & IR,
@I MATGE TR AR TS ToT PR 2 A 1 AN I cATG AT SRR (P W
TS A | GRSl B (T A0 NFCAVITH & Alfor TS |

GBI (ST CAMM8T (Physical properties) : (i) CATCBTEIGT™ SR, I, (e ™ w{ow
I AW | (i) oS TR @ e | (iii) «fF @ SR SR @R 0 AT GRS
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3 GRIE-22 g

cmmﬁz@ﬂﬁaﬁ%wmu(iv)mW[wW@wmﬁwm@ﬂl(v)%mﬁ,wme
SFTPIRCET AT (RATGTSETS S5 A1y | _

AT IR IRy (Chemical properties) : IPTRINPONI (ANGIAETN 069 G2 G
WW:mwfwmwﬁﬁnMﬁﬁmnwm@ﬁwﬁﬁﬂ«mmﬁm k]
SR IERIAGE, Fire ¢ fSHIfm | arrens ity sfEres, z3wges, ARGICE, TG, I, foms,
oA, ABIERI, Wi, Snem, SRR, S 2o |

CHICBTRITETCNR (& Cafiey (Biological properties) : (HITOIEN Sy w@wg Sraaww wor o |
Ay Dofd, Ay e, A, P, I, S Rl R (URRRE P (BIee |
GRS (e CMBIR Gieaw w3y | Sifeme ey B A a7 @ oy IS AT |
GRS JgF WG |

CROTAIETR 519 (Movement of protoplasm) : CANBIATGN P 37 ATE 1| (ABIATNT @
WSROI B (movement) JC | mﬁmwsmmﬁﬁﬂmmmmmmu
(PR SRS GRATHTACTN SFIETed Nol & 55 (Rl TH O WEST 3t SRiBeT (cyclosis) 9T |
RS W{E K 4[N 20 AT |

() I AR : @ T @ATBIAY G RRE @F I PRADET A+ ew B i
TS GO ACE OIS GFYIA WG (rotation) 0T | @N- ATST IR (PN CSAITBIATETR 571 |

(i) IR SFET : (T 5N (AT T TRAE (FH I ARifreer ey e e as
T ONF QYA TS (circulation) I | @- Tradescantia-q (1Y CRTCB TSN 547 |

GRTCBTATEICAS eI SRR : (i) 2T 4 PRRME, (i) MRCTET @ (iii) e«
SN 20T cACTTateTTTe ey ot | ’

S} AEATINE [ Frafafey (Plasmamembrane or Cell membrane)

@1 bR B s e canbreree R wels 16 Rl At | @ R AremTEE 3T
RRET 307 | Srere, el AR @I @I & SpE, R, erew, Prel-cif wm
e & el R Fer wge de, oI semicees @ @RRe 36 O S{TSTICETAI,
ARG G774 NS S 4T 2 | I A 6 TR (Carl Nageli & Cramer, 1855) T4 @

RS AT qweae 3@ | O TGN WAHR T IATINET (biomembrane) IS BT | J.
Q. Plower (1931) eIl *#fb 3= 303 | RET e g SEREE 200 It | efo St
TRCFAT (TR VRFSIR) 71 (FIIeFed Sk el MG 1 2 PrriEne

IS | ANCHITT PR ST (7T 2R |
(ST® 157 (Physical Structure) : (FERER @1 %9 JIGT F7CS PR Danielli & Davson (1935)

Y «3fb A2 T o T | oS FRBLD (Sandwitch) VT A o> | S e D
feeafaf*i® uae ofS wm @ifse (monomolecular) @2 f&fore (bimolecular) $%-%3 &ITy | famafif® Rifsm
814 8 fATE (@b Ba iR TR fifre wa w1fgs |

e Sl
w715 wifre 3
(QUBIEET)
}mw G (T (M)

3.8 : Danielli & Davson @®lfd® Al 5o | foqr 3.¢ : TR I2EER |

2
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1T 8 G o 0

RIGNS ATGTNITNNE q1 (PRI 9157 SCF Benson’s model (1966), Lenard & Singer’s model
(1966), Robertson 99 Unit membrane hypothesis (1959), Singer & Nicolson (1972) €3 Fluid-mosaic
model 2971\ T IS R |

BB (TM@F (Unit membrane) : @A FWGAT does RETH emmwEew 286 arEs To9m
T FE | SR WO— HY JCAFGITT (NI ST 157 (R 21 wdie, SFHe I2ewme fig
S T T A 25w (RS A | Y YA @RS @R TTFRRT JREWRT I U
BT T 3 = |

EEQW—NW HTS* (Fluid -mosaic model)
. Sy e Ty TR =AW WEA T FRO-(GIZF WET (S.J. Singer and G.L. Nicolson-
1972) | ATETTANIA-GF PREIS MM 270 S5 BT 1. (&, By o 5. 9o, Foroemiey 769
G TP FRE-CMGIRS TCTT I0T | « TG ST PR ReaRfiE | ool v wefife fig
M3 (B 3.0) | ToF ToTw TR oS AR (TOAER) AT @R AR (hydrophillic) G
e Redre e a1 R @iffn wqern TRt w1 9 o RfveRem A |
FIERIZEGS GR T TAMG FFANC TGN QA CRI B Aecs #A1ea | Ffre gz s
b et R Pt @ P TRet SPTm T (Iceberg) ¥6 0PI FEATER | ST0TS
FIT @ WCP NN TGS 711 27 | ' .

FRO-ENRS WCA T PRI NS ToAme foiwaot -

(F) FFRET IRERE : b 12 wREE g FIERERe oy fim o | o4t skt o
oY FPIRET A0 @R RFTRTTR ) fS AT w1 wiie o 31 % gk G IR TR T
N (®® ATF | PTG (€ 8 T ST (o A0 I A | (T 80% PN e wo% IS
UTF | PFAC AZCTA ZCT amphipathic SR G G S AT (RA) TR o1 S Aoy Rl
(=) |

5 3.0 : FRE-EEIRF T
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(ﬁ)mmﬁazmaﬁl@w%{«mmawwmlczm:(i)tﬁs‘mvrcﬂm-mm
ﬁl@ﬁwmﬂﬂem@ml(imwmm-mmﬁﬁaﬂmmmw
A G (iii) FIPIe 7% @fb-qete e @rE-9 T5E A | I SRS (bR (Ew (2o |

s c2fbeTa e

mmmmwwmm|wwmmwmw
wmmﬁmﬁw,wwama—emwmtwmwmuawﬁmmmﬁﬁw
BT | S T B B AE ONEA (A | qIF—

ww,mm,mw@mummmwmmwml
@TH- TP e |
| fors we, m,WgWMﬁmem,w,wmw
A
© | GTERN ROTE 316 @ | OF (I SRS ‘(I 8T el adenylate cyclase ATP
(ATF MERFT AMP TREIT FA | .

81 ﬁqymmmm«mwmmwﬂmmmmm@mw.

¢ | $O3 (T MABTEATES T TS W g7 S A= |

(ﬂmmﬁﬁlﬁwmmﬁﬁwaﬁmlwﬁmwmmww
mmemwmmwmwmmmmumm
RTRIPNOTE ARToSIE RCPIIIRTS 1 T | AR et e faifer sl S o0 |

(ﬂ)@mmﬁﬁfﬁ@m@nﬁm:ﬁmﬁmmw,aﬁcﬁmummﬁmmsm
Wﬁﬁ@%&ﬁﬁﬂﬁﬂl‘%,wmﬁﬂﬁﬁﬁ|wﬁﬁwwﬁi@$mmﬂwm|
e RETs o SCrwEgs @ ATF | GFT FCEA (cell surfaces)-4 (SATST (permeability) 9
GREIRTR IS ARRSTNA S A I | TS @RI T, N G GR GF TAME TR
Wnﬁ@-mﬁhww@amﬁmwmmmmw@mmam
TAMFPTIRIE 88 (fixed) (@ 2 T, IR VA I W G PFEAE (S0 AF | T @ G0
ST o T @R SREE AR (hydrophilic-Ta fRifem ACEF-q AF) qR TR
MR (hydrophobic-34w FifPires e fifds sgw T e ATE) X A | @ wod (erEifER
FIARRGS @ @S S Teoiy o7 WA (protein derivatives) @mmmlﬁﬂ I8 (IS
wmmmmmmﬁmmmmmﬁﬁamtmm
g e s =) ,

mﬁﬁwmmmw&ﬁwmwmmwmlﬁﬁwww
o T R @92 BE g RIS IR, AT T (diffuse) T GR T (long axis) I T
(rotate) *TCA | AT flip-flop movement 307 | @ SALT FRO-(ERT TGS RTIEed gy 9|

RTERER IR T : (i) FRRIETS aF @ (vo—vo%), FfHE (0-80%) R LA
T CFIE SRPTIRIEIRE (polysaccharides) (8- %) 1 (i) (2o sof@ TAMW &I (structural),
G2y fZETE (enzymes) AR IRF &5 (carrier protein) ROTT AT | GU7d 107 @ dAfrerTs ATdwy
qRITS  ACA | (iii)@ﬂﬁ@?ﬂﬁ%@ﬁﬂﬁ%%@ﬂiﬁf%n%ﬁwmvﬁwﬁ%
(phospholipids)ﬁmam|M«i%mvﬂmﬁ-ﬁvwwmnmwwﬁﬁw

R = 5IRG &fbe ﬁfﬁ'ﬂ (complex) | i i e o e B G | R

(lecithin) &4 | fifEg TCREfITes SdTea Pt I @RI | (iv) Gl I ¢F@ RNA (Prames

ICT) IS AT |
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(1T 8 T O : se

o 7KK

«ft I8 17 THS 0T A0 |
) IR T wRY] 20O Tore I8 TH A |
M IR T T8 e, 19 fRme 8 ST (control and coordinate) T |
) RS @l ST e i 90 TS K0T GTENRN s K78 LTS AT |
(YOS (U IR0F R XA (AF (T 7§ YA A |
M ffeg 32M1Y (macro-molecule) TRTHF FACS AT |
\(y'r{) fAfSq 7w o % (information source) RHTA F1& 37 |
() Tt 7, I @ 5o T Sieere i i SR |
(X FICATRCBITT effirar 3w @ FAPTEEER e o 8 a2 96 |
\(y)’«ﬂwﬁnewﬁmwwal
N CRITTRE 20 (U FHETAGAARET, ZATw 27 2ol Oy T T |
QAT HT TRIA RIS L |
Wit TR @R Se 2w TS Y I 31 e SesAme 0 )
WWWW(mcognizer)mwml
iR RSy g
(i) TRTEHRAE (Microvilli) : S AFHITFRIN (@0 I% Aed R SEo = SRy FHIGRT
forEt tofd I | MIAHFISAR T ARPS @ ASTFATER AT &fS @FNT © 000 4 TS ATA |
TSR FTE T (PICEA (419 ST SRS o ! |
(i) CTCATAT (Desmosome) : (FIIIET @I @I YA SEAPRRH v PRYy FCTHLE
OFR W (A I | GIATFIREFPR & JOIPIR ND (ST 67T |
(iii) TIAPNRDE SFRA (Phagocytic vessicle) : F7 AMFANE TS FE@ @ IR B IR ONF
FICIEGF (SR qaR @ efemme FTIRTeIeT 3c | .
(iv) PAPIRBE S (Pinocytic vessicle) : (FTERIFRA (@1 YT FIH ’ju? H TF TIoA g
e AN 1 o i o g oY e era w PiariditE o i I 9k @
ef T PIARIEIBIPRT (Pinocytosis) 30 |

@wmﬁwmaﬁ@amWReo\d"ﬁf
Tz fa FIY AdiF e / e
S | FEIS! FTE b &R o w5 | cerafafe & |
| SRYR @E PR e @TE e, GRRER IRW | FRRIG Bfew ¢ Af T g @Iy
=Y | ATF |
© | 6 TS CEEe S : &, WF, (oW IS | 2qie (26w ¢ Fife Ty e :
Give, Hfoyie ¢ wiew MY |
8139 AU PTG ZAN (P APE-AGRS FTd O (P | AW P& LN (PO (F0-A12A
T W | ; QTATEATT TP 56T forag qR (g
CRTCOT2TET SR FRAH |
¢ | SPRFAY (MRaa e R & AMIfey SFeaas (7 3 | (IR SERPAT (Al T 7 |
I : (FIY AIOIF 8 ATGTACANICTT TGS AT AP G e Togro Fa0e = | ey
R aT SRY, 1o, B, SRFA, TGS @ J1er T faeaa afts =17 v =09 |
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Y BT oG

.9 FRCOTE 8 G A9 (Cytoplasm and Organelles)

BRI Q1307 TS R RRIRT e «AfRcaf¥s cambreTedin SRe AR 20 TECeAE | «fb
T @ ST SR e <ifdS | |

FARCGIAENT MG (Cytoplasmic matrix) : TH A RS fofg st |

©re WY : VeI TN g3 whew, WA, wime, T, FRem o omd) @@
TSGR (Hyaloplasm) ¥ 2 | ISANA T3 ARG (Cytosol) 1 = | A. H. Lardy (1965)
2T FRCHICIF *Fb 32 I | RGN &fpa “ffemmet o @2 sfifre qarge ey @rm om
wuS ifex (oa ¢ e MY, Rfex WP ¢ qRenzs KA | TREEENT TeLE SAFFS T, T
AW IR 1S TE QRIS (ILH, AEUCHT) T (R (FHY WAFFS I G NS
TSI 0 | FIRCBTAECNE WeAlrs g A seamst & '

ARG WHPTE (Cytoplasmic Organelles) : RGN W 2AFTE, MAGRHE,
(T R Sy &7 mrde A |

RTINS T ¢ (i) SN FAT 4R 40, (if) IO LHRP FE T, (ifi) (P WG ¢ FE]
fover 3941, (iv) (A6 aferar 2 Ie7 owrd e ey 41, (v) AfReErs Sreear Aer o @R (vi)
fafee s onfa ARTAIETS FR FA | (vii) TS (Cyclosis) WL THIYETLE FGOOH TR
41 | HEBIHGNT (TS (I TRCAR SRMTE WSS AT A3 WA TS ARG b
BrasT )

SRCBroETRR ARNS BAMI ¢ @FfS (Chemical nature of cytoplasm)

RGN ISP SAMINE W& (inorganic) &R &I (organic)— q 7 @fors Tee =1 I
WO TAMIGE W S T A 8 AfNTS GAgT 7pT 1 qwigre wiey ey e 3, e | e
B W0 IR SIS, &R wibte, Ff, e, fefEe snitte, o, foofiw, ffey
FuF il | STAGIERTN AR AR (et b¢-54% | FROTIRTE 4Ffe FfowT, T,
TR, TS ¢ TR | BT (IR AIGILETT 9¢% A, 20% T, 1% @, 2% w7
R 3% B, FOTIRm , PIICrB @ ST 98 A0S | AT wa% #Hf, 3% = @ Sy g se %
@B, 30% 5% @ 8% fere 71t THifg® AT |

ARG R SR (Metabolic role of cytoplasm) : 91 (metabolism) TS G
YD T4 @ 069 ARSI @RS @R | R gy oAy 1 Tt
(anabolism) @ @I A WABRS (catabolism)—q ¥ «awa RfFam et 3= =01 @A GRmE
efsfire fifoy Rl fam-RiFa voite A | @7 SR mRebeem féa | e femer
FoF ARG RITS 2, IoF MGG WHYLTITS TRETS 20 | NI & T 09!
WAGET T A P PTG U ARCIPIIER RADE Y ARG | 4T
SARBIATET T R NEIRE SR, I R (6 - e $E Ane [{iew @
GTEEN | IER AEFONT ST T oIS F1ee fRagee RGree | MR Reve ey
fore fFar Wy Sraary FEefbe kFe 3T orew 2= T—

3 | W : S G TRA-RETe ofF qE WG @I ATP 0o T | Haa ARCIAREH 41
TGN TSI R S AT ADIAET SAgS TR e W oS 436
woifsfogers Rt affewn |

2 | SRR ™R : CRTA! WAAGOT S (@R SN TR e | ABTAEH TS &pd
oA A R TS AP S AT 537 Rl At B (o Sie g ot I |
Ao TSI (F1Y O FHEFIAST A (T G TG @S A | :
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(319 8 G o 5

© | AAPRCIT : TG GCIICI FRGIAENT (FANCE @ [N o OIre =41 Tesig = |
9 WFA1R TN GIEHITeT T LR 4 |

8 | cIfS TREaE : wE T (@B T oF G TR e Fw I 1 WE @ @A ek
PRI RO F16 A ARCGTAGTI SEY— FICITI | .

¢ | OIS OIS TRTAY : NWCFICT [NO[FE TIPS FTHT SIRCBILETT IRITS = |

v | e e mmwmemﬁ%ﬁmwml

CRARB 2T '@ ARG Ty “4FT
cRlTB eSS NRLGrAET
S| (IR AT O SRS I T CANOIAGN | |5 (NOPAGH AR O[ge O (PERfE
ATBTAEN S (ST 8% ) ARCABS GATBTASTNT SR T FNRCGIAE |
31 (B TR, WRGEE 8 fRUFue—a [ 31 WG gt e ew; IN-MROGIEIT
o wepe farefrs | 1Y 6 WP | i ARGIAENER G WA |
o1 @GN FOIPRE, ©R RTIeT 7% 6|9 | wﬁzﬁrﬁmﬁ@@mﬁ% OR AR AR
NS | 4R G qTF T |
81 ﬁammm&mawmu 8| SOWN WHNA WU RO FT& LA |
FRLOTLET RAETAIT AP

IR BTy THifge e ¢ REREAT @R 10 et [fey ao™ Rega F& Ty
I(A SIAT RO SIS AT (I WO, 0T | SICoT2ATees (@ Fpg wwgeyd sy feame < | fes
SRCGIATTCNT Y AL AN 730 ToAgro o1 20

S | TRV (Ribosome)
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MR TE ©IR AR | RN WS FG AR A
IR | FTYREr® Sy Grorgrehe @beTs To e
G ARRFSN SRES WS | @ @ @AfT SRy 9
@ 1 FITE @ RUF AR AE | ARG [6
TGS ARG ATF | 70 S AT Fo7 (@I q3f0
SEaEry @R NBRCIGE @I WA GR )
bat £V e T R e e s L R (42 | R (A IS B
AT O APRIRRIGIN I APGAIN I | E. coli-aF @Y 605 TI-T _}— T o
GTAE TRAT AT 0,000 IR TF GEAT A 3% | NI 8 B 3.4 : (Foraie) ARG : 72 AR-TTEHG @
FFSIE—4 TS &P (FIRE AR Toifge Ao et e e
AR TG Y 371 = |

9IRS : WFRE FE (Albert Claude, 1899-1983) AINS (& @R sve8 AT IFS_ RFNET
AZBILAETIE CTRRFSE FTT RNA & boo—2000 A (Lo—00 nm) IPIFHE I TR 52T I
R TN @ NG | G394 @I (@19 [eaia) &6 A®  (George Palade) S5¢¢ A (FTI
IR AT ARG SAHE 6 ANFI AT | FRIONS /A NJIrHIS 5@ MR 7o
T RS (T AF— G T ey R @R oS T FEER I @ AR
AT | _@FAAEs, NI a feipedemy adfAtipe-cafba I (Ribonucleo-protein
Particle-RNP) 3 FHPH FRCACNT NREFS AR |

GIR-37 ()~
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Sor Gafea-2UT g

TGN (FFSNE SGAFIA AIEPINE 1 W WARTN | mRNA-T @49 Ffdqaend U
AIRCINE 1 2 APRIRRGIN 1 AFGIN | ARSI SRRl ARRCINE_ ARG ISR
R NGRS SRS ARCACHNE NRCBRIZCAETH 1 2 |

AFITEN : TR 8 FISCCH* F27 ((F-AfFHEs) Rrrw IALREET T 70 S @R 80 S—4
SFIF | 70 S AT (WP ST 2.7 x 10° TEH) AF AACIE EF | R 80 S AZRTAT (S
SR 40 x 10° D) AT LFSCRIN GCF |70 S AR, 50 S IR 30 $—4 ¥’ FI-LTAH 7o AT |
80 S RN, 60 S R 40 S Q@ ' FAI-285 0@ A | @foT eI w7 AW 50 S 8
3osm3®ﬁﬁwﬁq—m7osmmmmwrmmswosmﬁﬁ%wﬁ—msos
GFF 0T I | @ QYT 77 S AR THHS QANF WCR I6T AT (51T | SR effig G Ifgams
55 S FRCACI AP ICT T I | [(FRAT JWF GRS I O SR TLTHA Tl F | GIRRees 41
FI RfSq SPT™IH @ NULHFATNE A S AT @RI 21| S = Svedberg unit = (AN ua; GiGfRFeE w
wo g e RSy Sy 88 Weere=iow T ovdrf @ 0 | R @ra-a=9 Theodor Svedberg
@3 FTTF RN TFF S FATa ©F @RI 208 AT 1)

W @ (SIS 57 : GAT AYTS BoA-JBIFR SR TAM (AT AN 557 | S HETR 22 nm GR
THOR 20 nm | IZECIN LS R &P @fF 8 rRNA frea tofv | s | @by Fre
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J. A. Luke WG %07 T WP (FCHT THA-GIIHTS P, AN 3R e~ oS oot AT |
O TA-GFHCS FOT, T AR (T FS W oS oot Qe |

mRNA &9 AR AL IF A t(RNA-T TRITSR ST Spifie faex wfews+52e o @i
RS =1 IRECT G AfeF | «F w0 @b tofd =) AR mRNA @3 e
SRR (RNA 7 FEem @b o a1 c@nfor Ry smfiear syifes s AfFe e &)
oA g | «ft SRoes & wore eFgee |

OIS TAYH ARWCIH FI-LS0GT JF AMF | (FFW@ (@B TR 7 G/ qFfas
Y| Q NG ARG 85 G %7 41 T | QGT! 0T SYRIRCATPANRA I A §H, oBRfs a1 p
W, ffT9 31 E 99 @R mRNA Y 7 | SR (F0@ 700 A¥F NG I mRNA 0 w0
TRYE A AFRIREITAN (Polyribosome) T AR (Polysome) 7167 I |

AT A6 :_IATRCIR_ 4T SR R (@ABT 8 RNA | GTE SATS &1 S ¢ 51 70 S
AIRCAT TR 23 S, 16 S 8 5 S A off rRNA T R ¢ LINAT AT =g | Wo™cE 80 S
mezss 18 S, sssesswsﬁrRNAmmmWoznﬁﬂmem

wﬁ@mmmﬁmww wmmmmmwmmmwm
e SReeE % 0 Ty Gl sl S0 8 WawmTad (@b SRETE (ST J1re B w0d 1 |
Terlf§ : WTHIE DNA (W @ ITNET) (ArF Teoy 2 8 4FOLII0T AR-28f0 16 Lo
fREfFNITR Temd (o 20 G2 9T ARG BT WITH | ARTAGIRT (o oF 26T AT 448 AR-
TG 3 US|
*%Zﬁmw : TR 4 T T A SRew (2oR) 11 92 IRETINS @I
FIBR 3 = | @5 SR 9FTS mRNA AT 30 S GR AFSCHICE 40 S FI-LBfA5
T ST G P | G790 SATPICE 30 S 99 10 50 S Tt 70 S = 107 T IR &FS @I 40 S
97 AT 60 S -2 T GFTS T 80 S IFF N7 ICT R (AT TRTAR &F 2| G AXCOTER
Bl S0 TR @R PIA JETRGT ARTRT I | P TTPRIEITR R GRETON MIdd R
QY TRADGS T | mRNA (¥ HOFES GA&RN 8 g ARTAIGRE GITF @fbenioe
GETIRCN (FCRICA Hhoa fFa (A0S T 9 |
qErgEiRE  @bEEm, o A, TROIEI, AENewEs A @rE IR@ TR @b
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Q1 ™ I (Golgi body)

fTefanrm ek Skige g el R e wes @1 T, e, GRS I MTacR
T MG S q A I (o 37 9 w0 ova) | w3 @1, TR U T TS
AR | G AR EfFem IR e T SRy I 0NN ARSI e

(Camillo Golgi, 1843-1926) Stridbr AT AT (51 8 RTITR AL A (TS AR G SR AP
RSB @ S T AT ZACR AT 3 | TSR 15T R NIENT &y IR F ddvov
A AT REIT A FA T BT ¢ BPH (Dalton & Felix) dS»¢8 T " @I ARG
WRAERE AT FAE G (7 | qeeniefiie @be o e I 3R wm g

BB (dictaosome), ERPGHIT (1diosome) AT ARSI (lypochondria) 7t SfSfEs 41 =3

gW W AN QAR G WNI| o qere 07
wibanfie, Rhfm-c, Rfe ooR GTaIRT (ATPase, wert B8 \;\?f\
ADPase, BPT&ITIS Wﬁ) ACEF | FAAT FROGITOS wpt ER (/

AT | o TS ‘RITT P AP (Traffic Police of

Cell)-8 T T | PR 111 I CRITHR (TR A (AT \Q—WW

R w8 (oF) @ offw e ooy P P

e o T v
mmlwwawmﬁwwmﬁma }

THEE WOl | % re 7 @rg SIS TAmE
THT N AW | A T@H FOUCE BIFBT AT Al IS m
WIS serryRee PRB (9o Io0a-PRoH) I @ 5 Brertt

1 _ohfe AP e oPRerTRS G-l ﬂ-,ﬁa?,"m—ﬁ)/
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A TFT ATV FIRIPIG SRATS 947 2T [ioi- BT s.b : WY I @ 7w |
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ot <= =3 ey BPorh (trans cisterna) 9R Pre-F3o™ R FoEite 1 =@ Pe-PESE (cis-

cisterna), TSI TP I 27 ™ BEBIR (medial cisternae) | BN ArfoaT SRS (TR
R ST ASAGTANS S 01 | Gt FrBrm Feoe e s 5 oy AFd TSl WeTE

_COPR 31 = | SRSTAT AT TTROBPOIT 98 fea oMY SReqw S A | fom sweet foq qaraa
GHETIRY ATF R GTHR I8 o 43077 |

AT FYRTS Y T PR T TROT AL G FF 58 ST 1S e e
oife s I ARG roreT T A |

TATICT i AT Ay Fre T NI SFCAPTERIZT-a APf e YT FA R
?Wmmelemmmmmmmemm

0

qrersEtie @b Tedfe ganfu Riftes cofme (Grferm (o) Frer-Bor gz w3 @
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L E, AT 57 : R T ARANTS Yo P @B G/ 8o BT FRFIAT A | qwol «@te wift N

= mﬁw,%ﬁﬁw«emmlﬁﬁﬁ«mmﬁmmmmmﬁm|m$
é GGG ZF— ADPase, ATPase, CTPase, TTPase, NADH ARG 8 m-e-m | Q
Teaifd : TS Pyt eSS b e Teefs =y <t
APRTSA : RO efra; () BB A1 571%1 <fet, () COFTRT M CRIBT 1=, (0) SIS A WG TR | T

% * . F1& (Function of Golgi Apparatus) (i) SIRGIGIY @ feo1fsm tof ¥4 (i) W-Oﬂ'ﬁ%ﬂ‘\l
éﬂﬂ@n e (@TH— ) ReTR 4, (jii) e «Ten3s e e ffas w41, (iv) mﬁwmj

@Rt teRuRy (v) @, ERTrErETes, TRTEEREE o w4, (v Ny AN @R I, (vii)

QTR B ageFs Gyt R T, (viii) SR fFrramIZe sResw ¢ e Sz

40 1 o2 S i A IcdiRRues WM FM 2 | (ix) VAGHGAE ATP TAM Tgm

F, (x) BT 8 Vit-C T T, (xi) (I A NOTAF & AN AWd T FA, (xii) FEIW

SIEHITEIN COfATS FRITS! T IR (xiii) FHE e @ (oo Faram M Sive 4 |

9 Iﬂmm (Lysosome) N
RGBT TAYS @ Y ARGFIEDS SR S RO 1 I O MECIOI IET &
(Gk.Lyso=mkﬂ§{soma=%)Iaﬁmﬂﬁmﬂmmmm%mj\;
T A G0 TRONCIN 0o FCa | Svee A AT W W (Christain de Duve, 1917-2013) @
G AT TN A ARG |
el : qreeEfie @b e e Teefg awr
T AT FE ANFEFS |
RrefS : aftiomza oo TeRhe @I S TRY™
RO (Al T | Al 9 iy, Ko ¥ 9@
@Y, TEA WA (@IS AICNCT Wk | KBC-CS
RTINS Al | S BRwranae SREIEmss S
CTRIGIN__ (spherosome) WI*F® IR | QAR
GPIGAIT (oleosome)-8 I T | AT NP (RIGT | 0S5+
T amd fRfea FA1 GTWa 944 I | Oleosome-TF
Ry qewRFE T &= TR
TS 157 : TAICACAN FRTS JEPR (CIFTFR) , G JiH YIS 0.3-0.b pm | J& @R
TR SCFIFS T TH A | @SS AMIENH 3t PR W o= wiqw aeF | e
TIPS T A o AT |
ST T8 MECIGICR R B W 3@ I7 F07 FRGIGIN (0F GTERPIR (@ T WAPCS
AT | AP I T BN stabilizer , TNT— (@PIEACOI; I | F©F I8 ARG R
R TS ARRT I TR FT @ GARRPIR @ G WO WO | GORACE 1 & labilizer
(GO, (GTPOICHIA |
ATRINS A : RN S e Fvstr-cenfbw ife | R wmr wew Sy s &R 8o—¢o
(A GNEIRY ATH | STENALY  GHEIRNGT T DNAase, RNAase, SIFTE #20o®, GO,
, FTRCTEIRY, FCFFTRCAE Ty | @l ReAics AR o o «eenear fRwma |
%@k%wzmam@aﬁmﬂwmmmpwa
G FEFY A I3 O (P (SN (FIAT F1S T 1 | ATACCAR T FIICOTLE (AP @>GH (H') G
9T AR (O I G I FA | GF G A-() G FIOAPNEDI (Phagocytosis) &GS
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(Y 8 4T o S

MY R FE | (i) ORI (TIPS Wda 03 (@09 GG (P S SR TR I | (i)
AR SR AT IIC& AT I | (iv) B I T 3-S5 (6 T R WEFS
GHETIEN (@ T (JICET O SHQTE 8 I (| @ I 961 9-4P7 It SORIN (autophagy) |
O A (PGS AAT T @ATS AT | G I = NOPIEPR (autolysis) | (v) 971 GR_OCR
SRE (FIPTRLS SOFIROPT AGCS @A FCA 0T Q07 WGardt 4Pt 31 (RIS (Suicidal bag or
squad) I & | (vi) 1 RoTemist qar 318w ¢ FATHT A7 SRS FYH A | (vii) G T
FRMBT &FS T | (viii) FIPTR B IS AR | (ix) B o - wnfire wete vends 4 |
(x) TEE RO Feye TmPlrfites greRy foarng wieReer SrefRearss e 9o
FRCICNNR I BT A SN CFRIGIETERs ©. IR S8l 05 AT (T A2 A |
sefb & MREIITTE SHrE faae 303 AF

AR 8 AR WY A7

7R e AR RGN
YRS I RN ed < g W | A w6 WS A |
| Y o Rfeq @® AR AT TN A | @FEE ARG FEG AW ANOE

RGeS Rfteeng A | AT ATF |

© | o @fb RNA @ R @iftw e afds At | | ars ey @R aweey [me A6 |
8 | QORH af% o P e KOS ATE | aft wfes AT |
¢\ I& B Feraey Rose g and | T SEECFIA ANCE FRST I |

81 mw @ﬁ?ﬂﬂ' (Endoplasmic reticulum)

ARIIS (FITT FRCBILATETH @ Tere! RATRT (71 AW B Gre12Efie @bE a1 sy sfere |

IR : KT (PR . A (Keith R. Porter) @3¢ $1F 578 WFRG FC 8 FATH (A. Claude &
Fullam) Y»8¢ It Y&HH ST @IIT mitﬁ‘mw @ ¢t SikeR 3T genEie @b
AN FA T S5O AT |

Rﬁ%.mﬁﬁmﬁ@,ﬁ%ﬁﬂﬁﬁwmmmﬂawn

RS : sftere FWenfrafbe @IER @ SN MG I | X @R AT IFS, TR @ T e
@ITE |

&I : TG EBFT TLII— P IR WP | FHFTCT S AR U S Sy
A AR (BT ¢ GNEIRY FREIIT) W, ARWIEAN 1 AR S FjF I THEWE (Ffre ¢ 2w
- ORCEE) R '
S 1 : qrErEEE @bEFN kR wREl W GRS UE | BPIeSE e

2]

l

[va7: 20

cibF=y foq epm; q—

(F) PSR (Cisternae) : @R (AUTS STAFGT BI16T, =GR @ = cﬁmmwm FARCOTLETCT
FTT TARAFTSI] A% AF | QetFIR I™ 8o—¢o FFWIRET (mp) | QO SIH A g
AN I ACF |

() PR (Vesicles) : QT IETFR (FIFIF TSI | 1¢9¢0 ffemEe IR |

(1) R (Tubules) : Q&T TP TS, RIS T AR | QAT FFT Co—dvo FIFETIZG |
AR A AYRTS ARCIICIN TS AT 7 |
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foa 3.50 : areraEfie Gfbge (+) farmfer 26w, (%) wwp R, (1) Py B @ (7) P BERS |

AFRRE 107 : AT FBFNCR YN IPTHR ToAMME 2T @B (vo—a0 =) € Pfe

(90—80 M) | TS YR d¢ HRACAT GTEIRN AN T3 AN~ b-FF6S, AT ATPase, NADH
SRS 9N | SR EIFCS RNA @R IPEAGIR TN FHER I AT A | SR
bFT T %y Rftey Skt EEFHFTIT (microsome) 07 |
%é GRFITR 3 : (i) 9fS @B FOTA 1P I I | (i) T @B
c2IfB Freaf® = 1 (iii) P @FE (Rrws it @) fife, wome RSy zmm, Ik,
O, Chaae gefe RuifFe =q | (iv) b Fie ¢ @it weRRe Zene 3% 3@ | (v) W@
WS TS (I ADI & GRS (OfF FA | (vi) ARG, ARSAFENE 44¢ RO 36 37 |
(vii) 93T (I SRR ffeq e Awdes W <021 (viii) TR Teoty @b ofvaze o
24 T A |

ko arsrefis abgm ¢ Wt 3w Tg 6T

e R et e i 3

S | S ] AFOLRICY AT | F AP AP A1, ANFIE SRS <M |

2 RS PR it BT (iEw 1 fgs | | Avrers REFeR TRy s 96 |

O | T RN RifE T @R TR @GR T 1 | TR R e

8 | SIFIr T ARCBLSN Sfer! H8 I3 W_fYe | | RBraew @ st 4 w0 1 |

¢\ I FIOTCAT 10+ '8 FEARRZCN TG I | FYRIS T 8 FATFA I A |

%wWMemmwmﬁ?MmWw

e R W et G (RER) TP e @I (SER)

S | SRgH fbs el o a9 @IE (@H- TP | FE RoF W @7 @I (@- AR,
@, RS @rm o) SREW 07 | @ | WA A7 @, SEMEE @ @
YA IA R (g A T | TOW) R @ G FOCA I

ATTATANIA FRAY WIS |

Q) AREAENN | T F | T& 4T |

© | 1 o TAm PRSI @ g BBR% | 2= Bomr BERTH @ o |

8 | Sesify a2 FRTHR T (o toft & FRWCIN & T RER (0F SER JB &)

¢ | F AW I AN @ GRERT TR | GRYT | AU I T, NACIE @ WA R |
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@ | WRCGIFGAT (Mitochondria)

WREBFRA ATP BT &y Rt wmg |

oS ERTPITT ©FGY S T MGG | (P IS Lorafae e 4 IR F0 07
TRBRAAIS (e AT Qo A = 1 = | 9 SAYS (&P 5, T e v, ARGT
Bt efien aefs Wb o | ReaREE s Ry axr s AEreemy @ e @ 5F,
BRGT QD RO S5 AT Rk 1 Teoly 0 IR SIS WO T |

WRET 8 NI : dreo I I K@ IPRPIF_(Albert Von Kolliker) ASTHI (ARSI
HIRCBTHETT TG G SHIGR TAG S 77 I3 R 9T AW AF RPN | W. Fleming (1882) (FIF
TOIPRoT MIBRG AT FET @R R (fila) TAFAT FTET 1| Altman (1890) 07 AT
(bioplast) WINFI FTIF | I FST (Carl Benda-1898) @ THAYETACS NIRCGIIEGH AL FCIH | (PICFT
RGN @ RS SRgH 0F | (PR SO & 0 Ol el NRGIHEGA, [(Gk- Mitos=
thread-®! 4R chondrion = grain-RIAl; G- NRLGTRRG 1]

Ty : o WO qmR RYT P T AEF | @I MR (TRIBH-
TG A O (@1 ereag AR [Feifers 2w A | M’}':lg--;:}l

mm:mmaﬁs@mw(ﬁ@maﬁ)mwﬁlﬁ\ a | ©
woo T® 8ooft MAGIFRT A | ([TFS LT Sooo il SreIkF ) Amoeba-CS FAS @F A |]

PR : APRETS < TR, ROIPR, SEII (AP , SHFIP & PO PR LS AT |

RS : MAGHHIT G FARAIS 0,0 WIGH TS 8o.0 WRGA M O a | /PR
TIREHRGAT TPT 0.3-3.0 AL | AP VRGIIGAR CAG 8o (AF G0 NG | NP NRCBIHGA
Wt » MG 6 &Y 0.¢ VIGA 448 TS A | (FIT TSR & 20 % T NRGIHGA |

TEDRREIE &1 15w : FRFRS S fca R s :

S | WY : Afefs WRGfEgE Frsnaft
WA o oW A e IqER
CEAG AR, FTO (SO SATRCE TF
FAR GF AN JE | IR (WEF (B0 I
YRR (9 T @8 AT | TS Fg G
@5 A T e JAET FEAIG SRSt
A | GO (FICT ETC, ATP Synthases, ATP
tefid eFERy Rorf AE A T IS FTTO
FFAGS | Yo WIAANT T4 I —b nm |

| AR : T EANEEE TRRIGE BT
YT U T ARG FH (AFD) I NBTINIT
TEE N T WA IF | oA IF
Caferd W7 9 TG e I 4@ = g A |

7]

Q 4/ e il 3
v | f5fS 31 e : ¥R oWEH o :
8 oot TS fWiWE I st e ATP-synthases
3G T AAER T o6F B IR |_e7fEe 5 3.5 + R @i T Y WD R TR |
*E % (cristae) IT1 M YT @ (%) s Rerfire, () =trowit oreeeet |

g ffon ica fafen wow 2 | QerT NRGHEAR (aCe FOeT Wi ey Res w2 | e
TS, FIF! YA D FIF G (intracristal space) w—mmmm@? i :


Mobile User

Mobile User

Mobile User


38 ERIREM-22T %fa

SIWW{nysome):mmﬁﬁﬁwwmﬂﬂﬂfwmm!QW
SR 36T | SfHCIT & I WFed S AT | Jo& SHEIN W@, (161 ¢ offt few i zm s |
IS ATP-Synthases-2 SEC |

@ | ATP-Synthases 8 ETC : f&R50s gt gt ATP-Synthases <P (NP 98 SR | GG ATP
TREARS 2 | qrIST e fHEFTAA St TR FEAS (539 (ETC) Sy | . :

Y| DNA ¢ IRQIN : TR e Joee DN(@?‘L%@T;%%)%Q@ | qfbe
N T CAFEPTY | @A GF-9 A | NROERGH S, 497 ¢ re-amRfFerd FRGRE
T | G9 (NETT DNA IFIFCGRAE DNA O | (@18 fIsma e siefiweny «ar f[eifee &3 | @
ferT ARG (708) U | @ FIACAR I T AE COPRRTARH eferre oo IRIT AreEREr
YOI (AP (I WHCTR TN MGG B ZA0R |

A& DNA 71 AR TRBIIRFIR A0F @I W FF 1 W LS |

AT o107 : NG O G0 &R we % (A, 26% BZeNR, 8% 1A ¢ Grefm
GR X% PETEOE | T T 50% TR TFRT S, AF 0% TG e, snmbwe,
b1 E ak fog wteq «mid |
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GGl TS 0.¢% RNA 8 JNN] DNA «IF | IR wRifrs Iffe@Pe ame [Row
PTG AT |

XK n@%mwm)@mm@zrwwvﬁﬁwmeﬁWWWI(ii)mwamﬁz

*) , (RP-GTERY PO «RE F | (jii) PHAT [HO7 W @R- (@& 5F, WA FECAT,
SIHCOi® FFRRCTI Mg 301 (iv) T DNA, RNA Beoly a1 @ qoemifers ofier amn | (v)
(MO FRCT @ R AT AR F1 1 (vi) 97T Ca, K 2SS s few oHfdqzre T%% | (vii) 9] @
feary oot TRITS! FAT 1 (viii) (@ICE (ST ST AP SR (Ca®') TS GG TH T | (ix)
@I 44T J9T (apoptosis) & Fmgs 41| (x) IF ISP @ TAAW SAMIH FZRS!T F41 1 (xi)
qre fafeq «Ta FIBRE, @T- Ca?', K, S2*, Fe**, Mn?* 971 5fees a1 |

WROIIRAR DNA-(S FAEH= Tro A T WRGIFEmE oeve H a1 @@ Soo
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TR | AT FFTE RO I @ ol Ay WA~ R I ACE |
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v ] v |
@ITSTERT (F) et (IWf) SRRt (TM)  FIAGEIRT (F)

Y

Y v L
SRIRCTATS eSS EQIEch LT
(VSR TN (BT 1) (C=omE TSI

#f5T dqie for aom; T () FewEES, (#)mmmﬁaaz(w)@lmﬁl Al
T FCALAPT T w7 g | o quaa =Rfwe 941 onest 2T
() PBFART (Leucoplast) : &1 I (leucos = colourless SR IR, plast = living) | TR
TR T RIS, (SFITNIAS , Reeis 0 @RAATT IS 20O AN |
T ¢ T, - ST ASRS GO 0K ST N A GFR SR (T RS SRS | /(\b
N
NS

WSS : FECTLRT WEIBIFTS, FNFS I T TS ~A1eT |
APIRCEW : WS AT &Ffoq 6o fofs F0a RSPt fomeres or w27 | -
WATABS (amyloplast) : 3518 4 OIS S8 AT TR FOTIATTIE SUTRTEAS 3911 28 1 (~
Z#ReYPD (elaioplast) : (T @ HRETOR AWy eI FSCHIARHE TARSAPT I+ 2 | §
SIS (aleuroplast) : BT FHTFRA FIOCHARGE WIRACERS a1 @GRS 31 T&T\
P : AT FWT FCI AT R *1F4AT (AF (ST TSI W Cofd FAT GTAR &Y e |
(¥) GFITAART (Chromoplast) : AT (chrome = ) AFTEE GHTNALT FM =W | FEABT
(TR R CHIYR () PRTsa sy <31 e =0 | WFferos @ foqen | Sfeta @R ==
W GPR WX (FINARS ACEF | A FER AP, WM w8 e, enmaqaiwnﬁlw
RIATARD XS (FICNERT B 27 | /‘}'T 0o— .’M
e mm@mwmewa@mwmwm
A | 06 T T 3, e RS O SR WG | O A ATV AT - \8:{

GIE-5% (TT)-8
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W ERASRE-2T og

FOR AT | T AT RETA IR«

mmﬁmmﬁaﬁawwmmﬁw e s aurea esiw WS | SyTgEae
FOUCT o @ TNBNS T | o6 ARFFIRTE RO @R Rt e | (EeR. 2Rmes
R AP ST pH GF SIS WHTe S(ER R-F GEAST O | (@F— (i) @R pH T el

T G R T 24, (i) SIPIC Aod 20 S R 2, (jii) I CFITEH pH ERE 20 o7 @l =
3T FeT 34 = |

(") @TAABT (Chloroplast) : 3g& AT AFBTF I T GIRAAPS | @FIAF-2, @IRARFT-b,
DT 8 TNHRFETT AT @FRATALS 10 | @LANFT ANF A& GPAPT (pigment) P N@Tg

g7 FE I Gq E R are sapey Ifefee g g A e e | Sfetae =y
mﬁ@ﬁawﬁqﬁmn N Wﬁﬁﬁwmﬁmmwmmww

i WW@N WW (factory of synthesis of sugar) 9C7 | Q&Mﬂ!ﬂl

2fS @ITT YT : GF A GI4F | THAEFRA BRWII ARG Yo TS 8ofb G@AART A | 78
ferfaa SRV TS SRS I AT |

WIS : SR TR GPIAATCES WFS AT (T Trol ZH A | e Sfewemcs
R PG IS FFY WS AE; @A- (RIFIFS (Cllamydomonas) , AHAFR (Spirogyra) , GIFRRR
(Oedogonium) , STESIBIA (Zygnema) , FFel A ST S<ESa/MEAFA (Ulothrix), IR (Pithophord)
gorfa | CARITA G@IATAITDd &fvay &

WP : (T WPSA (@TAACOR FPT ARG 0-¢ NG | Spirogyra G AHTFIRA GILAAT G
SRR (FICFF CACGE (GRS @ o7t |

BefS : Ao Sfeta sarew @IRIACGD Reraa T 797 @A Seoffe =0 | T% @it
Tfemm wifir 21f3TT 20e utva el =11 | St 25T o.¢ TR JERMFE I (T 98 | Afsl wf%
ABre w7 GHM (w@ omd) @I fRalkfiE e =t SIge A | it Sefifers @A
Eq Mo AR A AT frx @S e ws A | Wit Afvren fealFE wwie eora
I 20O (TIF (vesicles) (T T |IGT R 41F M TWRAFSIE Aeers 2 | @ (FIFeE {ifere 2z
> AT tofd 30a | fog g witw ety #eafe e tofe e | feg feg wmeafs ffey ame s
RN T FCH | G Wi 25T 2 e Toifefere Tgw @At ot = | R st
1 ¢ GRS PIBTIAITS “Res o, ©if 1w R IR = |

@A 1 (S 15) : G>
Afrs @At fAafFRe et fay
fee |

S | SREN R : T @At 3
7 B8 SR#$ ST (semipermeable) ot
crEe (RfE) W/ SIS A | @R\
I TrEEtie-ag [ e mite

%S (glycosyl glyceride) M | iiio

GG FFEeA 957 |

@RS 2T 57 (g 91T 0o ©
ARBRAE @B oo | oW oEE T foar 3.0% : ATty Ry Wt (RFS) |
TR (I, [T (TN T AN (NI e SafEe 39 (TEe T w1 GO AfRate
mnmmemﬂmWﬁﬁm@m| YRAFEACSTERS
WWW| ‘
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TS 8 G 1o 29

| R/l : WA R wa wge AR, ITRee ilhe SE GHMT (stroma) 0T |
GHIITS 70 S AR, SECNIRFRER WAl, DNA, RNA 297 A% | qre *I¥1 Tofa GHeidne 4w |
Ty WFq Teom afEw (C; P R
C,5%) CRINITS qCG AT |

0| YWIAC 8 JHIN :
100-300 A o TR T Ty
(thylacoid) ~ T &TORIO T (
YIAPECCT (OO(A I AFH R, ATP-syntases
AE | @ ATIS AT (FAME-a, B e i s s e s '
FIRRF-b, TNy, FQD, o™
mw W“Q“f “‘wmmf R 3. : (TSP -4 R S o1 |
GG GRS RTCOIENN I Z0oT | F0urE] ARTIEE G (e 6ot I s HAfees 2w
WO TCO] AT | ARARECGE @ B SN (eranum , IGIGE Q) I = | do (AT doofb IS

ool Sfiss Z@ I AN o107 I | ARSI IS AYRTS 8o—Yoflb IR AT | GFHT AT
FIF 0.9-5.4 pm (TRCHIGHE) |

81 GHI *ITN® : {5 APt ST PR MUT RS TR A WA RIE AE | 9
TYGFA ACTFICE CRINT T (SFIBF-TICHIN) 0T | WA Neperae ey =it cpreanfeet fRwp=
A |

¢ | TIPS e FBAB @ ATP-synthases : VZTFET NI IZ (NI I8 32 I | ARTIEC
CIEGR (SO SR SR AR 3% 8 ATP FgEm 719 3§ A0F | ATP-Fgem a9
TS ATP-UORA 5P GAGIEN QACF | (TWITLETS SRy FHHmbs 25 4 | oo Tofws
FARF-q, @R, Sy, g @7 4m voo—8ooflt W AE | wrr RfeH W@
GHEIRN, (B R, TG, FEAN , FECEIAE Topifn A0S |

Y| DNA @ FRETCIY : 3T GFRALNCET Ty FAAFOT &7 006 DNA T ARFTS AA |
@AACE Ol (761 qaIeId DNA @ ARECIN ACF | e AR st fcem et e
(reproduce) @ ¥ ATamE (eNf5= CofF 1 TR IS 1A | e Il (e wfIRT DNA @
ARGV G TOEF T | &N @ DNA 1 AT GHIRACER AT FOIPmeloT efesr g =1
YArSIR Sy fRea 3% FTATR GHICALALT | FRAACED fery ARCIATI (70 S) ST |

EIRSTT R d0—-dvo A AF | S TrHreng et gfaisb 4% (duplicat inverted
repeat)mﬂ?{&ommw@ﬁim‘ﬂﬁ'il

FIRATET ARAS 9107 : INAFON @FIAARS A4S INARREo, e, @b, DNA,
RNA, fg @7ei3w, (@l-awen3y 3 ey Afve o fame +fe | qerer ats At (@I | oF eama
Y0—30% PG AR we—ee % oIS | @It T bro % Tr WG It e sy e Rifer fRsfra
A, AE 0% FIN R GTERN R WF | FRALATT TAE @A e 7G93 |
@IS 9¢ % @FRAIPA-2 8 3¢ % FARF-b ICOR | QRGNS ICACR AN FCRANHT @ SHiegie |

w1 5

(i) FCTRFRAR AT =17 GO AWy &4FS F41 (FIAIATHA A4 B |

(ii) CIfEre (e WfeTs FA™IT T4 9R IFF CO, (¥ RuBP-(S T T |

(iii) PTAATHT ey @i+, fNefss smfe toft @)
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FRIE-2T *q

(iv) FOTETEFRIZET S FHTMFT TR ADP-F ATP-(S FoAST 47 |
\ T ISR (BT TBICS =1 41 |
; AR -A=Ry F
(vii) IR fery GRFTRR T RRST YR 03 AT |

FIRATT IR @ AT AN 7 ITER WEPTrE

AT RERFEE w3l o ST WY | WA IE TGS | (TR GRINT, RIS,
FoPmefbs TG Rffreery waramsin amy o W AUE | @ATET Wi FTRURS,
T | AR THAGE IR TOLA FETAF AT IR WO (WF TeAfors ¥y Ik A9

W

Tt w4t
,//mﬁemrmmw
MISIERSET] TR Ao

> | 70 W 353 e TPAES | fAfoq o o Tafye )

| SRR oW @ 2t Tox @Iees A | o BV I ACF |

© | ST WA (SRR TE TRY SIETE, GTHE | TBIAT (AT OG AE A, ARASES
&% 9| W

8 | I «aft sy ey fow | TS O GETR AT S |

¢\ I *f& Teolyy T IF LY T | My COf AT G W FIE |

b | W] e CRITCAT AW e I 7 | ECRIART ] Hew PR |

9 IPRAF TAMT | qqiw IR TAamm s, fAfre o | aum wTEfe Somm SR, ffre,
efFe wmie | @ @ GWEIRY |

TR '8 GPLATANCHT TG AY

TG @ @AANCEDT Wy oo It APy 797 F1 T @ (i) NREHREA @
GPITALRE 7o} MBS @ ooy | (ii) 7> g forerw ot S Fave «Aa ) i) 7 wmreR
fAer ARAEIT R DNA AT | (iv) 6 STHIYTS ETC IR R ATP 7 TeoAww W06 @R (v) 7B

TR BT T X *fETS FARTS 30T |
, GERITSISP5 8 GRS G S ey
frecarns (TFTNARS <k
Y T N | T A | G I |
YR | T, Sy Fe aqgfs @R | Bt @R o W @-gew | Sfere im ww @we-
SO R S e 7 oPR | e, WM = 6 qw, e | e, g e 1 ¢ I
A (Y TS ATF | | T EATS TS anF | P GPIATART ATF |
OITF | WS QPN G PINTS | e I, ey Ao | ate @i Swe e
T | P TS | 703 A AT |
810y | w1 Spfireman  BefEfers | it TefRfere A | spfitmaw wifEfers
(@IS 8 FIRAATT | TS @TRATET #AfFes 7w | AT s = wdie
“Afders =31 | ; e o IR T AW |
C\FE | AW R O AN GR | PR RN SR P 8 NG | AR afe=
(AF CISIR T AWy Cofd | FRIER o ATerex ¢ Afie s | g W wem AW
T G Y TS | WIPE [ G I I | TS T4 97 YT I |
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(P 8 GF N W

q | GIFRGT (Centriole)

4TS AMRIE ¢ fg YT SewTeIs @ Sy FEFAER IR TAYS, FAETHTFTSITAY R
Gafb are fa off ek A Tomiferat e bt 7 +f5® oe Fiffien 3t | @A Van Benden
Sobq T iR SIfRER AT GR G SR Theodor Bovery Shrbrb FTH ATHR PR FCAH
@ fm fqgaa = |

R : zos 0w, e iy Bfew, wein Sfev, "dd Sty @ Sk effireey
G 9T | WHTRTE, TRIBH, $55 ¢ WRSAG SR ot SfY® | rurzers FefFmm 1 TR
> RGN IR | GIRGT (SR (ETGH G F0F | GO Craed G fETe (diplosome)

|
TS W : oS TIFE, AR 0.5¢—0.3¢ pm IPIREE | G WS @EAHRRE, T8 T QE PreR
ol | el cifes Red ety e f Afds; 72— (3) 21bi 31 iR Gt (cylinder wall) () @t
RIS 1 BAE (triplets) TR (©) AEE A PRIW ‘
(linkers) | GUAA® GRCa CTRET 67| GRS WA
RS T GRS @A DNA A RNA [UF | @1
@if5w, Foe aaz ATP e fde |
cifRes e st aft smifer i s | arers
AT TR SRS 3k el fealb It Teife
faea #ifd® | 4™ Threadgold (1968) &= ey &G
ToNIFTONS (OO (AT 2T e WIST A, B 8 C
7w fofes st | St RSt SRR e
F SIES T TAMCR ARG T AE | CTREET for .58 : GEBITTY © GRS o o0 |
SRATY R[S Ny Sa AmiEd GURIFENIE (Centrosphere) A | RN CfReT 4R T |
CTRIPEIR 8 CRRSTE YA _GTRICIT (Centrosome) 30 |
N TR YRS (2, e ¢ ATP f of¥s |
G () (T ST ST AFSE 167 T Wit (T (T I 41 1\Gif) FHfemar @
TS TP o FTICERT 3B 1 | (jry SIS CPT6F 19 1

b @R PRI (Cytoskeleton)

ARBITHAC 1T IR I | YRS b e for «mmﬁm%wmlmm
- NIRLEHID ORGP , MRN8 TTRRRET P | @1 (@8R 5o R G, e @
TG S BTS SRR A | ;

(3) MRCHBERTT (Microtubules) : TATHHERATTT 1, #7418 FFR | 1 @19 Rorem,
Y, TR ARt gk FICEE ¢ S s
ESWT AFN I3 | A 7% 8 Ffde (Robert 8 Franchi)
S5 A A FRLIICT NZCHIH ST WF I |
RGN Ledbetter G2 Porter S»¢© A WP @vd
SRYH QU HOTE FAA |

S 457 : S5 MATHFBTRTAPT (wars #1r, AR,
Fror FHTIETE | RIS G TP Yo-20 FfFReE qar
T IEE VIS 8 | T 9F GRS '+ GR T
o - T fofee sar =

fefFma gwwen
b o
A4 PAN

f5@ 5.5¢ : NRCHFMTRTCTF-97 157 @ g |
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) GRfIT-29T g

R 9T : el WAEBERTTEr yoft mbBERT A ege e | I=CeH-
BeREaeR ofef bRt wikmfiw @iy i e | amm ofefl @ifs o1g P (Sem-fbT)
BORBPH (tubulin) cfb =y frew e |

WY : G FCee, DR Jona Ao TeAm ROTT SRy w9, (@RS
CTRIRAER A T A, i T3 A, GRS 8 (3 IBre AT |

MR- 37

) FIITeE, e Tenive fwee e S | A

) T FRSTE ST g 5 W0; GREHIRIS Y SIS TR (G o FS R
S TS (AT ARG FA |

T TIRTER R R i 90 | @31 (TN eBie 15T TRy I |

Y] R STRCBICHRG I (IR FEF RO 916 I R (FIAF P QW I |

v CF (T, RS GNTSTe @ S SRR Y S (UF G AT I 8 AR
FICE AT ICE |

) IR @ “AfRRETet STy 3 |

(R)_TRHRFACFE (Microfilaments) : AFSIIT TEEIETN @ifoT e toft R sferm
RIFIGTN ©F (DI 5ol SRANZA I OIcid WETEHRACTS I | Il A& (Paleviz, 1974)
2R (Y G SRY AHIF FEW | e DT BATFDS (actin filaments) I T | QT (I
fafera foes o sy e A |

Ao : MICHIEACT 7, T4, FRISHIAN 8 ABIAT fsd | ANRTS T AP 30-60A =1 = |
G S @ e @b foem A |

G 1\ gif TR WS I 6 T P! AT SRR A | |

\ S G SZCGTRITE 5o, FICISIRCSI, PreResiie T fee 7 |

i) G RITE TR T T R & el 3 |

NG TR SRR Sy SRS SR IR |

\Y) G G RS GRFTS 5910 STRIT 90 |

(9) TORAREE RAITTD (Intermediate filaments) : QT NP ¢ NFFATIHR
TGTS! G HAAR ©F | AR WIF1S AR 10 nm () CANNOR) JPAHE RECFT | QeteT ogw (o= frew
ﬂfz@gﬁiﬁ%mmwﬁﬁﬁw RFCTB “ANeq T @ @A, spfifae, ewfras
R |

JNE <_(i) G (I S Wi @ AFE qpot AR SRt 0 |

ity (PICER ST SEE AT IS IS FA |

ARG FRCETE B SR el ITRRFSTAE REeart™ | Syete e 20 0o T, AR
ArTe C1E R I @ Foe et ee @i e e, ghirebe @R
sRFFR (T Rz I '

» | ARSEET (Peroxisome)

AFSECTY & 3 @O (@I (AR (e e Fefy ¢ frem ey wfee At o
T @BFACT ATEBR-47 T T 0O =W | RN G WA R, TP 0.3-39 pm IR
G2 AR | R (STF TaSB 1T 1 AR SIICa el GEes &l A | 93 WY catalase &Y TR |
VRS NI (microsome) WIS TSRS F1 T | S5ba e (FFGAN JRCBEIEOS Christian de
Duve (FITEA AZGIAGT (AT ARSI S5 SEF FEW | @7 GT&NN 2H,0, (TRGTE=
ARTHRE)F 2H,0 + 0, (*If @ SfETe)-a Fipfas I | H,0, REGT, R catalase GTENRCTA

H,0, & H,0 6 0, 4 Fe7 T (FIE T I0F | GFT (I AT T (7RET T8 A
FE | O, T8 Wte o (IR & Wrodd | QRO (FI-GHEIRN NAD FFeCAMIT , DNA @R
RNA <7 FIRGIEH FITE ONeCS (breakdown) €3 eI (recycling) ARG G WITR |
ARSRICI 27 e ¢ Frem @i ofie A |



Mobile User

Mobile User

Mobile User


(19 8 GF O )

S | W(Glyoxisome)

FoF BEWIFITTT MBI (W ¢ *MTaEe 7, (IR 31 R s [ gr g
oM GTERT (AT FE OAd FESHEIN 307 | a1l R. W. Briedenback (1967) a6 wf<®™ @
WWIW@W,W,NeurosporaﬂmmmmmmlWﬁf‘\’f@
RN (IS GTHACE (Wl AW | (OIS Srlferpia PROI SR Z0S qrid eaifa |

1 : ARSAFCIN GF WRANCHE, (PR, [EAFR I TOPEDIR GR *MPTym S | G JPT
oG—)QumlWWWWW@FEW@‘IMWIBW@Z@‘W‘GWW
RS @0R @GR AN SIRGIPIREE R0, WD PIEber, MR SRHws G FHES
APl AT |

IG : (i) A4S 5 A P e fmae 3211 (i) e SRR FHerE R SRrHrE
fofire e w11 Ars w3 FHRFRFBER Mg w7 tofke art «ife wgfre srr I srre
AT | (iii) YRTHATEE Hrerd TR W I8 T 3 A& Ty 302 | (iv) QSR AR i
SifTed [eiee 906 |

35 | (1T ]I (Cell Vacuole)

@Y =T G I A | NIGIATT IS @ HIF SRA (Al I O (P T
ARG (I GUAE TRYT WA AP IR WP TOTE (RICHT ACF | 68 TS SfGACPICT FATT = |

fiffreeia «aft qrer wFfen o=@ Y ¥ | @breET F S @ AT A @ SRR @B I <L:
AMF SIF BEAMPS (tonoplast) T 1 BIAMRPT @RI | @ AWl IR SO | T TR0 SO/ S

TS QI I | (I 0 A, [T &P NG 5149, (& WIbTe, =41, Wkw ¢ sieem [fog
Qi s, ﬁﬁqmmmﬁfﬁwmn

0 i TR 4 T (34§ ST < <1 € T i R R SR A A |
\GVY A (RICT (SOTRA AR BTt T A IR AT ST T I N () Sf&w (1 O Sorees el

Al A |
R W(Vesicles)

COfTRT T (TN TR S AT WFToq Sy | (P WAS (SFRE AF | 7T e (2w tof =
91 (P A (NS I AENCINGE (AP (O =Y | 7T LTS S (L SHYCS (Ao Gttt @
] AETACINIA (Ao IA-FHFE |

' ).SﬁmW(Nucleus) ‘

AForINy @ w1y fawalfHE vaet wRd @fPe SRy crbiarse 1 ¢ @by wifem we 3
oR fefearet | RSfarne e wRE, arey, R e amms wfofke F@r =) Wb Jit
(Robert Brown) Sbrod AT Sf¥C (AN AAPIT fefsam Wtﬁm 3 W Wl BT Nux (94
nut) (JCF Nucleus *3d T&AMG |

YT 6 RS : oS @ Marere @ Fofmm ez ) fog
AT LFSIT, q— Fo @19, T FIfTS 76 ﬁsﬁwﬁ%wﬁ%@mﬂmm
AP (P I EIFAPIS ARPTS ANA; @NF— Vaucheria, Botrydium, Sphaer. 3

Penicillium 5% F(ooT &% | 32 NOFaFE « (e 497 FAmRS (Coenocyte) 3 24 |

TIPS : fTfFART MYIATS JBIFR T | RIAI R CFd SogaIFa, Feferean (Fm) , 2w
FIF ST G =RITOS TS AT |

SRYH : RN TS (@FTaa TRRI SRS AS; @ ! I FefFam fevam fce
Y A |

YR € RIS : WFF 8 e «ft (T IS TS AN | (IIFIF NEFATT [ MY 9
MR | ST (RITE So—d¢ % FIW W FCA UFTS AR | i A1 ST AT o %2 NEFam |
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N GIfTErI-eR o
IR e . TTEETE ot e fefEe W e c@ifta fica ofde | qre ArS AR oA,

feifore, , DNA a«WRNA,WWW-aWemwAT: 29:22]
j[ e < (Y ETFIIT (ITH 3 (O L ey RISl Tl | 012 T (I WO, (T
%mmwm@mmmmw NGHS T

MMWWWWWWDNAWWWWGWWI

a5 wpef fRefFITR 6

e orfs s e st efgap e
T— (3) e gqRreet, (¥) Rbipesiem,
(1) e« (9) Rt abemm
b 8 |

(¥) FEfFNT TS (Nuclear envelope) :
fRefrarT g A (e o= Wge ge | s
cEd foedl TERtE AREEE T RS |
AETACINET (RSP A SRAN G0
el MR WA S| RUNTR wRede P : R e ¥ e ¢ @ R wen
el gwer w2 R e 76k Retw @ Ry Y (3|) W T ST
GRANTS ATE W | ST TEI T 5 nm. @@ g 76 w=Ra® @7 e fifere o | afeft g
MIIGA-LPIRNA | G35 @B enE R G MIFBA-2pR ffee = femfbre fawa sraem
AL (A AT AT R TR G HCTFFS YT AR (2B AT | 90 JRCT 30T |
SR (AT TR AT R GATSoR A RIS AP | AR (AMDTGT ™I 7T A=
MYS AE | @ABF-4q TR-2ORG ¢ FIW AT A | TR (vorwm s @3 w1z W
TIGT ST (AT Y Y07 A | (B v c2fbw st wr fewfB g | it oaifoeis ffew
73, ROI8 303 091 9 @E-RNA , [FOFI0R (597 (e 203 qR IRT (AP (SO0 AR 441
SR SF B0 | (I (@I G FHEFIR GRS AR SRR Sy (e S, Reew e
eI BT Y G U | FEFIR G (67 T Ty (FIHIS RO el
M|

fom 5,59 : fRfFaR 0 1671
TS PN ¢ (i) NI 206 FEEpesen, FEfper ok @b SR

SR T AN TR SRTH TN | (i) TORAT 77 '@ IRy MACGILATI W04y QAT 1 6 A= 41|
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@9 8 G o 09

(iii) TS ABFIE N & T NERRIOR SRYACE 75 T2 1 (iv) SO R SAMA TE
YT AZCBIAETTH SATICA | _

(%) fEfPegre™ (Nucleoplasm) : RSP ST QT WIS TR, W 8 WAME O AR
fePesleT | T WRCET-6 I | ¢ NORFITR TSy (ANBILAENT 7 | (BT CAHBRmE
TS g | FefpeeRT R (@I TS SgH 0T |

RO I : (i) NI SR 4= 41, (i) Frofpeaer aiet =1, (iii) fRSfFrmem fRfSa

RS FI0E AR 2, (iv) TSI PR T o RO 18 9411

: ARG ¢ FNERreseTTR W 14T
“ndrara R BT fRefperem
S | 2 R OO e SR wdie @TeEd | RERFeE dum e e ST
qraf{re | (AT |
3 | SR FremewEE ¢ R aRteRrR | REfFR @rent WR1 WIgS  SREw
TR QAT | REFNCR (o3 A |
o | fAEfFe Wit LI T | UCF |
8 | (Ao 8 MBI TS o 2w ! ToAfYfS s &
¢ | P gTed AF | TF AT |
Y | 9P e | LI AT |
q | ' @R wwY @ FE 4R AT | FWEPeHT 6 @b =@ A aR
el fersa e FIBINF AT FT | | DNA oA S5 FGRIR I |

() FREPEAPT (Nucleolus) : FERRI @ RIGT ¢ WHFeq W IR T 7 I OR
fefpe | =Ml FBMT (Fontana) Yab-d e ey SR o Jit (e AN @R Sv8o
AT AT (Bowman) G AT FEA |

SR : AP Ay [ @eTr @@ A wew eI A ) @ TEeTeR @
FADTS ¢ AT ATF T YABLE I 20 SAT I FINGAES | .

YT : oS FERFAET MRS G EHFGT ATF | ANRIS @R @ @MHF FCIT 2 N
R @R e AU s arF A1 @R @RS @ RerE @R cfei = oPR @It
e gt fAefipene AFs A |

e : SAT (TR GRS o fREfpepT Teoimte erors il AR a0
08 e e TR 1 '

(81 57 : @7 (AT AR SFS = | FHEfPePis STruraers g, Mm@ Wk -« fom et
o FAIN |

AT I : FNETPGHITTR S4IN IR T 20T (@i, RNA G TSI DNA |

e e : (i) ST 4@ RNA ROIEe 3201, (i) (@b TRTAT ¢ FRTF F4171,

' (iif) Fefpebidres v RoTe 3% 341 |

et ¢ fREfPenom Wy 14T
A 51F 2 AEfret
> | SR TRTGTATECT WYS | ((FITI T) Refpenrey w1fgs | (NefFamm =)
R foeafafai® e w=r wem | e R o W
© | G (@B ST T @FTITNT AT | S (FICAT @B ST I @ T A
s T
81319 (FIET 79 JTer v 303 | RNA '8 c2ifb eresed ey 36 |
¢+ TS FIRET SR 927 0T | ST AL (FICAT T R |

GIR-5T (TAF)-¢
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8 G- 2 @

(%) Refgmm @b ar @mIfBT ©& (Nuclear reticulum or Chromatin fibre) : (T fw
SR (- @) WEFeT cow TR SR g 58 ¢ 99| sEete ¢ SRS
fAefemm e 3 @ity o8 1 = | WEfFurr Remewre sy 91 *Kw T0s SRgw @ S
T PR R T R IS W @WIDT | SFSHTF DNA @R @7 S A @1fbray fifere o2
@G | P T S b ©8 TS TS T WAFFS AT ¢ (BT T FUF ARFSI
AR TRAT 6 AFROCS I T S GIHATE RN 71 T | &Toia FSFATTR Aeers ewifen
(aP3y ST fAWE RS (@I A0 | A SYIFRER AR (NG oS (@I
T qe srafers gt o W | afS @ ITy @ T g erEReE, 1 @mte gw
mmwmm|mmrmm%mwmwmm
AP T WA |

AT 2187 : IPRAFONT &AfSfs @ TETT DNA, RNA, ROBR @ 77-R5m @S+ fira sy,
« QYT g SRR qa AR 419 W0g | FoerE WePpebiares S «ob DNA =g aif5s |
INOIFA GIOFA B : (i) I*PIa WRFIEBR 458 8 IR BN I 341, (ii) WO, avad

% Tonir Sis T SR A |

FIG : CFDR (AATI ICG T G0 SFaeR e Siers =1 a3z [ioy et Bfes Fare 2@ |
G (TR @ ffpemrm Tam Ade @3l we Segem sare 9 |
B2 : (IPBIR-(o1o01, (oA, TR coif3ieT, coet Tomifin |

Mﬁﬁ?w (Ergastic substances) : (3187 {39 fg ’j? 2 WE19 8 @TEe MIGIET
IR (P R0 T 2 | T et qAge SREn, fEOE RO, @B A1 wiMmE 98 ReE SagH
%wﬁm?nﬁﬁammawmmﬁwmwnm@)mw, (%) FRepe o @k ()

|

(¥) S *ME (Reserve materials) : A4IF &Y KT *AILOTT 2= (I3, Wi
(@f5w) o R (FfP) | 7l 149" T e ree, i, 29 | S AR N4 S
FOIBTERA (COAH AT , CFCEIRT @3 IZTHIEH | 065 3R BF TGRS (5T (15T REwa A2csrerey
foare ot i o RGrETeb e et ow Wi FEE T SRE R | Awe
mIeda Sfr=E s 4wy Rewe e 9031

(ﬁ)ﬁ%’!@W(Secretory products) : &4 &4 f7e e == PivierS, eI, TN R
TR | (PR, TP, SAbTEe N SETAEP fPANrS | (PIad Roed B0 @)
I CRTCTTATS (T3 fgys 2 |

(1) T *d (Excretory or waste products) : 387 AMPTTR SfEFRHAR (@THIAETNT @R
efery Tofere RoTa Bty =) Bfem e il frfie o ©E A1 AR @A I TN |
TR 98 TR T @, Bifve, I, e, serers, seifie s, Bart o«
e BT | QU e fFSBreT 2T SR SREAG | ST 71 054 WCST SR TG 0 | O

TP ) T IERE, SR (RAIA 08! SR SRCAGS [0 R I 20 PGP (cystolith) |

e : BI5 COfA-SRBILAGITG AT I, 5157 8 1 | TAFAS : (AT (oA, LA,
e TN | G Y APBR (AT I &P O AAT AT AN @ e B,
TR 0T TR 20 G TR N0 GOAe FTE o1 Gl &% 0ol 3400 &3 | T30 1990 1
cfferT IS =07 | ,

QIR RST IR @Itea S : R 497 @ IE GFF T (@I | SRS 9T T
RSeS| MRFEROR, W, FEHmeRe, @ fform ¢ I, @by B, aweey tof
Toyfn feam armafe RfEarnz SRR @I STRGHEY I WRHEETS RIABS | SEF T
FEFTT 47 20 @I |
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@9 @ 7 Ao ot

ol
SR AT e oY IS
fefEam SfoR G SRR DNA a4 @ fa@e FCF, FMRCAC 19 L85 Cofd 0 |
RN AN IRE (RN TRTHT I |
Wty AT R WA T ARTABIRG (b2 RIS I, (A @ Fifre T 30 |
FIRHATIN aF AN ST CIRCE g ¥ |
e @b | e WA o APTCABIZE (53 RS 30, = P FAfHHG FReas 90 |
MR faar Sr<aar ATP 05 303 9R T WY 0o 9 |
GRS | e st |, CO, G A1 =g 7 tofd 0 |
FRe AR ARG & WREeRed ot ¥R (I Rere
AR A |
=2 (TN 92 F(H |
ARSFCAT % SRR B weIdEd 9 | H,0, (3% H,0 aR O, T4 FH |
BIEC e G AN T ol el 90, T 98 SIS A |
SRR G SN 7 T I, ST (IR WP 6 WS 5% e |
s G SR @ SO TG I G I R/ (I (AF

RIE@I

I

AN (Organelle) : SO <4 FH %
FETEAAASA

|WTEWWW|W@WWWW

. a@aﬂmﬁmwmnmm%@mmmwmwﬁm

Tontan |

memmﬂmmﬁﬂwmﬁ@mmlm
wﬁ@mmwﬂmwﬁwm,@imm@@mwwm aF
frefPeoeiT Sy I @TS A |
GOTNES oY (Endomembrane System) : fefFam ¢ AEICNEE WY 9F IR AT

farariier S 20T CSITINER 6 |
@ A SRRl SRR WOl | T e e T (DNA),

GE IE T ASNCINES S G, GHeRN R Ty
e @HEN,

T 2, TS (ST, RGN IR 1Y 8 ATETTIIH |

AP W
SPIFRCA T FACS ANA

Ry : @ R oerE (sereE At Gue T Al @ St oF e
lamam%mmmwmmacmmmmﬁm

TG FE SR G oS Freel 90 | ot S T @ e il

I TIPS IS T A

T (ICET SHPTIZ 57 ¢ TG ATER ¢ PN @ Gl St AT | FoF Y,
T d @ S B T I AT | G IR (IR AR T SHIPTEd TeRE I
m&mmlwwmmnmmWMWWmmm

S TF I |

I ST 6 s RS e fig saww e
mmmmm.mmmmmm(m%wﬂémﬁ)ﬁwﬁr
IR YR A R WIS A ADITS FI A |
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oY ‘ ERIFE-2 4

CSFITIITAN (Chromosome)

(AT (SR Swroy 38| oo WERMI eefen tafiey wpits TR gefs e
TRAF (ST ATH | YRS GFR e [{AISH sHAR @FTIE RUYT 992 A | NI @I
mﬁmﬂmmm@memvmm O3 (FITCACNR 44 BAMT DNA
(FOF SIZAT RNA) e ane | qoracs SIMTarIsIoiT | (prochromosome) I T | WP TYIrwA
T FROIS (0T (@R A= T | awwwﬁr‘wmwwww|

(G R RIF 2 TR I AT e ) e ok et wat e o
AT HHX PSR Tome, WO, mw@mqﬁm AP IR SITHACE ERITATAN 07T |
AT ST T TR AIC 1A TR TEeTi e APTS AT |

SRR : Karl Nageli (1842) 42y Sfwranss FOFAGT @GN &9rF 6 | E. Stras-
burger (1875) (FI¥ [ROTECA T TS TS| (PR 167 7% I(I | Walter Flemming (1888) <4 ASq
TSN NSAGTANS @B (chromatin) N P | IR FTSE & W. Waldeyer (1888) 7R
CERICCN FER FCH | BF Chroma = colour (3%) GR soma =€ body ((FR) | FIGR (@I &
T WS (IR AR YRR (| IR G FOGT @ | YRT FAS AT | Sutton 8 Boveri
(1902) CEFACINF AT AP 2T 8 4R R M1 6 | Theophilus Painter (1921)
TR TET (SFITIICY TR ST IR |

TRYT : oA WHBTSM 7 AT 3 TS duoo 48 TS AR | TN SReww Aediws TRAS
CSRITRICATY A8l TR Ophioglossum reticulatum, $300 | 7% Btq TN RS (RGN AN
Rleiy Haplopappus gracilis, 2n = 4 &R 341f4& SUSF Poa littarosa, 2n = 506 — 530 | ABTS R(Gr]

20 =2 (PR = Ascaris megalocephalus sub. sp. urivalens) I =
_(AXBIER = Aulacantha sp. 9) | LI 2n  (@ETICAN FRYT 30 el sdie 8ufb | @ W 36 o "\I
T e 8815 STBIEAL) << ST @, Q¥ 6 BREPTST do ©Te (@HTNIFIN 1o T
=3 | W%mewmwm.}l m 249 ﬂ
f~e el Bfen ik @il tawlfe TrPTE AT (2n) RTINS RAYT ST

DAT :2(~297]

L
X o i @R | e R TG
— it IRYT (2n) T YT (2n)
2’{ /@7{ Oryza sativa 24 At Homo sapiens 46
‘\jﬁ/ T Triticum aestivum 42 ,// W Boss indica 60
A8 Zea mays 20 RrE Capra hircus 60
Forre Allium ceva 16 IR Columba livia 80
3 Cucumis sativus 14 FI=1gTe Rana pipiens 26
//c*ﬂﬁ W | Solanum tuberosum 48 AT Oryctolagus cuniculus 44
//ECSICET Lycdpersicon esculentum 24 AfRen Gorilla gorilla 48
OIE Nicotiana tabacum 28 | My Cavia porcellus 64
coleet Carica papaya 18 g - Musca domestica 12
A4 | Brassica oleracea 18 PR3 TR Drosophila melanogaster 08
//qﬂ? Corchorus capsularis 14 f*C=H N | Culex pipiens 06
bl Raphanus sativus 18 //C’ﬂ?@ﬁl Ascaris megalocephalus 2
| DR | Arachis hypogaea 40 '//@‘W ST | Bombyx mori 46
//@ Hordeum vulgare 14 KTt Mus musculus 40
£ Musa paradisiaca 44 R Hydra vulgaris 32

@ s -comb e Oxytricha trifallax-C5 : 2n = 16,000 + CEPITNTAIN HTR (Biology for the
IB Diploma by M. Broderick from Cambridge University Press)


Mobile User


T 8 T o q

SRS 8 WP : TS eifSft eenfon e (@I G F+8 WHew AT | e S
(FITACIC WAG FRTS ©.¢—90 NRAGHRBR qR IJF 0.3—.0 NHNGE A AT | THICAA
(TN G iy 8—Y MGG | Drosophila NEd © ARG @ IR b—d% NG |

Ry : e |

CEFITAICHIT (S 16

(I TR ST CFICATI SRFOICI BTNET T AT | (1 ROrewaa (BIFe 7 Qe Te5e
TIPS AT GR HFONT FROIGT 2 | A TR AR (IR AR SRerere wrm
FATA

5| G (Chromatin) : ETNTINR T Tome Z0el W 2 am
@S (S S@eE MR) T SFOCE DNA-@fST @ri N Ty B
Aoy fefperaba @om 5@ 11 nm 4F T T DNA &1 2t
I AR 30 nm, 300 nm GR W AHE 700 nm WF - .
BT “AfAe® & (TLea G @I DNA 0,000 @9 U um
WHT TS Al I 1) | BB @b I RyE w=yw ﬁr@/; ~—~
DNA-GF %11 2 FISBRSTIN | Heitz (1928) (NI & goms o o

TPl FA | TS AR fofere @it skt et o F 1
TACT; I RIBCANEIG 8 TeramiT |

DTS S (ATTE T @B @ R AP PAFTS @
A DNA 49 T WTF OIS RIGEAENDBT 07 | Gar

1\\! A § ’ »
mRNA TRTHRCY SRR 09 1 | (N (1 SR o Pefers. - PR
@ A& DNA 419 303 oIt Brammifes 901 ) ¢t cerreaees 1

S T GR MRNA FRCRCS S22 ITH | %0 am
R | GFIP® (Chromatid) : MAGIHM @1 o7 e L
A G e AT W Gk GOTEE A weonawet 4
(EFATACE e 4 sxet Ree @<t am 7= afefby am N 1"
@HT | Sl @A TNH @ TeaE @ @Tel (@b ; % 700 am
APF | G AYRTS From (@mifoe A Afdfes | s e ,
@l @Wite @36 % DNA WY wEr We) REN “;m
Vejdovsky (1921) <TAA (HITITANIG! (IFI5F-CRITATAN) TN

TS IR | WIS HAH @EBT 35 Ry J,mm,,

s 3 MAT: 23-24

9| (Centromere) : &fSf6 (FTRGMN 936
SRS ST AT | @NDCT @ SHHS SEE I e O )
CTRRET | 46 PRORIEMIDE GLaimE st wog yporg 00 33 : TR Reife w5
mwmwmﬁﬁwwmﬁmmﬂmmﬁmmﬁwwmmm
U (Primary constriction) | S (FINGIT GBI CTRIRRR At | Sreifis g «sfs
(A *fF 1 @ CTRIRRR ARFTS N, ]I G T ARTS AR | GRS S
wqﬁDNAwwﬁmlmxmaeoooomcmww|
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oY GSE-2T Aq

8 | M8 (Arm) : GTTRIAR-GR AT (TN SRS IR I 2 | &Sl (i 76 g
QAT | 1 7B T GRS q S GRE T AR | @I CITRIRRICE g S g
wioa s fafve =) .

¢ | JRCIBTPR (Kinetochore) : &S CLRINAILT @b CRITHT *iofe TRIPOCA ACF IS
FIRCFGIIIA T | FIRCABIPIE-A TR ST IS = |

| GHITIIRER (Chromomere) : NTCAIGF (ATFG-GF FBAFTH (IR (TR (P FH T4 6w
A T GIOTE (TR Iy ~ff5e | MBOM 2w (ATTFed APIRDA o= (@R
AT 8 TG B (A W | I W19 idiomere.

q| ¢feRpees 1 o AR (Secondary constriction) : CTRIRRIR FNS [AFHEA RGNS (FICAT (I
(G LS & A GFS Moges Awe oAd | _chope Refpem aaf= wwer
(Nucleolar Organizer Region—NOR) IT8 SfSfE® F4T T | WA CF0@ 6 (&ST NOR (9, 38, 3¢,

2D, Y T (@GN AT |

v | STRGMED (Satellite) : (I AT (FNCACH GF IR A0 (FADF S aHN IS &AW
CIFTGToa @B SR (FRT I | (GNICR e feda @ (IR et FTAIRT @R @ G
(GFTNGINCE P16 @FCACNN  (sat  chromosome) I 1 SO
fEfpeeoT IeTe (FINTINGE SAT (TN 01| $& 11, A6,
=T opiin SfStH (I PIAT EFITAITAIC FER6 AR | @R
VR, GEFITIICAIC SORGONRD QLT | SAT NS Gl e fefpe™

SI5T =R A | Sine Acido Thymonucleinico ((F SAT Ffl
GTCE | IR Thymonucleic acid ST DNA | :
- » | (BUTIREIR (Telomere) : &R @%b, &, K (H.J. Muller)-<F
WS EINCTR T Amed [eay &Ry swes Grime <0 )
SR AT TR TR @Y BT Reers Sfier an o1 e F

o | GRS GFEI2Y NEd &l @Y 3% 3 |

EFITICAICR T DNA-<H repeated sequence XA (GCoIfRRIR |
@19 Ao DNA-GT (@I T W IS I F4T GF JE |
G35 @ eI fFow T Grfme o FdRt 3| afs e
GERRTER M WS A, O @ W AR I M AW @
@R W7 TR RS (A 9R G (D) TF IS 50 |
% RO (A T TARICT (GTIRRIGER Wi brooo bp, ©¢ I&F T
0000 bp, Y& T-I IACT d¢oo bp |

o | WRT Matrix) : @B @@ sRMCE AF= w=T WS o 3.3 + GRRCTTORS 1
@5 6 RNA *Wida &30 WL 91 Wedl 1 @ foem «few wiie aes = W) o
SRS STTEIT AT SArFRE Wik @7 SRy awfie 3w | 3

3 | (AP (Pelicle) : TIGIPR (TN T2 B AT AR FGA I T | G (A=
T | P IR ZTRRA TR (AR Sy emifie 2 | ©03 W fFH0, GIepT 2472
@1 RE (@IS (RRER 9 S w0 | e TRsT, e, e apx Re efeiee
G TIFIE I |
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F1E 8 GF 457

(1)

A1

CTRRRR

FRIPRE @ EFRTR-aa g

@FfER

S| R AT SFS (AR (AT T |

S| RS oS (IR NRCHTRT AT ol T 7,
AP (ATFS-> AT (ELHIB) o7 I |

3| S (T NS S0 |

Q| G (I B FTS R WEES |

© | S (ST AYRTS GG AT |

© | fefb (I ARSI SRS QT2 TRy AT |

8| DNA W FsfTo U= |

81 DNA Wii® $&feTo &, T WHR ST (AR |

¢ | CURINEIT TYRTS (FIT & ATF 1 |

¢ ofS @i 9% 31 9IS e 97 |

CTRITIN 8 CTRIFATT 00 147
4R R G CTCRIBRIR
S | SRgH YIS AT AT | Tfem @ AIfCHITTR (AT 72 IS HTITGCT TS |
Q) Wy af5 @1 FRCG T WY | af5 26 Nefps 33 |
o | TP AFOP NS FTST FA | VFOFR I (FITACINE Y AT |
81 %o RNA @ @1f5w forg aff e | DNA @ &5 fota a6 oo |
¢ | cfRen CTRe A | R Tig® |
CEFITICICT T 4% R O AT W0~y
™ 4% Cofer ey
St o 94w A&, GTRIAR T’y | 51 A QYT S @I A |
Q| T S NURITT GBI LS | Q1 T e (NEfpeE wefRee A4 |
9 | R G AL FIRAGICFI QAT | O | (e TS FIRCAGIF ATSH 7 |
8 | QYW FIE (FIATHNS ETOG AMATE T | | 8 | YT IS (WOPGTRT T&AF T |

@Ffte e @bt sy 1T

e onine

T

Y1 (IR g 99194 W ponet [efen aa s
SR* 31 I |

Y1 R Remtm guw e awan wop
| YW (ST 0N SAW |

3| CTOIHE “RICH QTG FNRIC (A I |

| ITAEG @ (ATHET OFCS SRR
IR (71 T |

© | (FNICT *HIee Tod (IR AHTS o7 |

© | (AR A 208 AN |

CEFITITAIN @ (erifores Wy ey

CEPICITAS

foniiv)

S| (AT Wie® (DNA-REBH e «1fFe) |

S| EERCY TN e (@GR 3 SR |

| N e T MR (OTEE-9 (@ Nbe
Re® wagm) 7= = o

1 CACTCFS AT (Al AW |

0| WP @B (XTF o7y |

© | AT i T 2 =1 |

GSFITAITAIT &P (Types of Chromosome)

() CTRIRAIET TRYT RN @FNCI WyERS 55 8o/ qI—
0 _WAIGHHE (Monocentric) : «F CTHIRRE RFAE (@G NEIGIGS (FTNGIN <0 |
- SR e eEfere ARG @GN (R TEL SIS NG G Graiim

qUCE |
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8o ' G-y Aa

0 ©ROIGRS (Dicentric) : ﬁm@ﬁaﬁﬁﬁﬁ?mmwmmmaml (2
IERL_LEfers TIRGIGS @IEIN_ GRl A[ | ST

CRTAR, (NBICFS (T (or% Fiva TrBrelid (@rel =i — WICTE® -
TG CIRGIGS @I B 271 ~a -
o ARG (Polycentric) : 7 &7 Wik WWW -
@IS AR (TG T | T AR (Musa gy - y
sp) FERL AEIFOTS ARTHAGS (@RITITT 71 T | SRR
o RRATHE (Diffused) : EFTITITE JAME g TSNS (
mm@ﬁmﬁmm| W
0 WEMGT  (Acentric) : W@ (FCAATE  (PICAT

B 3.0 : CCRIERICER T
CTRIRERE ATF F O ONF QP @I e | w@?%ﬁamm

@Y RO @ SR A1 | (S0F BT (I (@It SRAReg SIfhas 1 9
i SHe T& TS A 1, ©IR TS SRYAS G T 78 T IH |
(¥) GRS S ceoTs RS sr srpfes =, a—
(i)wqim GIFITATAT (Metacentric) : (3 (CRITICNTIT TR G TR
TS S NI AF 1 (BIOTES FCNICIT 01 | TGS @ IEIeE 78 g FTgREE =1
GR_SIRTES G SIh e V' STRER WS (AR | Solanum nigrum TR G GRTICIRR
TLIS | TIPS S (AFHBT | TR X @FITIAT G 5, 0, b, 9, b, 35, db, ¥ qR 0 TR/
(TN BTG |
(ii)_SA-TGRIRT I AR-COCIRF @I (Submetacentric) : (3 CERTITTNT R R
TR (AF GFF G A TS BNF ToA-TGTGF I AI-CHIGHRS (TN 07 | TA-TH
(EITRCITR TR 1R S S (RfE 2 o SR S8 3 Sipfs siaao! R ‘L Twes

IACST ORART | WA 2, 8, €, 5, Y0, 3, 39 IR Sbr T @AY HI-CHIHGRS |
I mm\

Tot-eneeiE L (e
B 3.2 1 GBI SRgH SR ey o e |

(iff) TH-2IUT A UIHEIRS G (Acrocentric) : (@A GTRIRERDG @TT
GF oed ILIM TS OF oA me 41 WRECIGS (AN 67| Tol-daaiae
(TR G A NS T4 GR o AR (@ ACET AMF | YIS S 93 Sps et Rewfer
T THEE TS (AR | IR O oEfere GIIfkE A (FIAGTN AP AN @IF+—Typhonium
trilobatum (CIBFR) R G AT eare O3 uicatae, 8 ToA-mrefie e 3 So-amreiae | @b
G AT Sfen (S SwTwa e ST &Ng) | TR S0, 38, 3¢, {9, R IR Y (@RI
WETIGRS |

(iv) AT I GEICIRS RN (Telocentric) : (3 (TG CTRIRRRT G
RO TS OF IS T GETCTRD TN 6T | LRI GS (NS ¢ IR T
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(T 8 GF 5O 8

T | TS A GF WP FAFoT REG 1 SHEF Tl I G W0ed T0o! AT | Bferw Ty
I AP (FICATAN ACF 77 | TR GRS (FITNCT (72 |

(1) o7% %167 '@ ooy Fovdiaeei iRy S (R Rt 2w qe—

S | SO (Autosome) : (R (FFITAICIN CAES (AFBT el e 327 I3 SITwace eI
T | SHICCTR G A F5F T oM 321 2 | N0 9 (EST @RTHICITR T4 3 (GTS! STHITN |

R | CTH (AT (Sex chromosome) : G (TN SR o Qe 303 | o/ (oo
T TU— X 8 Y | WA GICEOT (TF (FIHNN AF | Fwez o o1 @S @F 4F- (XX)
R PFT MR GH (@NE 9o fOF @t (XY) =1 GTF @eny o 6 gor S I
et 31 R svet Sy TP I=F 20 AN | @ U Sex Linked Inheritance 391 28 |

Stdd RBITT Henking 7% 0 ¥, MEFIGR g TAMI “oto warly TeaAmeam e 77 |
o @@ T *F (X-body; X for unknown) | mﬁ?ﬁﬁmﬁﬁxmmﬁWWl A
R (T T TG WRES & | T A (T T Y -G (Y X7 A NRFS =) |

(EFITITATNE IARAT 187 I Tomr
CEFICICITTT IFTANE 167 (1 GfbeT | (I A4 TS SAMI 2o : () S e

8 (R) cafbe

(5) A= wife : @I § @R HBiFe e «inewm Jm; T94- (i) DNA @ (i) RNA |

(i) DNA : DNA @& 9l 919 Deoxyribo Nucleic Acid | DNA T &S (SHITNICHITNE Gl S#MI |
@R RSy oMt g DNA «F = zoR 19341 2 8¢ oty «ft RSmiaRE «f
fREfpabidren AR 7 | = @ ST e are sin FEARMAE GbE ==, We
FED , NRBLGTAOS Fe (ST, enfaw, AR ¢ MIGHW) AF | K= J_FG (3508)
QAR (S5Yb)-9GF TS (TN DNA @ ZEB (@fbra Seire =tog § ¢ 3 | §IIa & o S DNA

(CRICRITAICY ACE |
. (i) RNA : RNA &% 9731 9% Ribo Nucleic Acid | (SITIITHAITY RNA @3 A 206 *ISF4T 0.3-.8
©Pl |_RNA (@RAIGIGE gAL SAME &) dfos RNA- W SRS q@fiE | o 45 sEaRfE

RIS A, o FNF, W, emia, TTABF ¢ NGB wr e | W SIkan @
DNA «3 AT RNA AUTF |

(R) oA : 2B (FTATATT T FIICAN AR IAANE TAWH | @ FOACS Sfpa e
R A | NI @GR A =19 ¢ ¢ O | (@RI 74@0a 6B ANean T | 4 : (i)
fog S sreerin @5 8 (i) T e eFgrr iy Sf @ity |

() TN wRF ey @ : eI @BRE w2 ReSH Rowd @ 16 =@ @ifbew
T4 P GRBE ANGH T | O3 @R S @I RO @S A0 | @GR #inaa T vy

QYR (I | (AT REBITAR 31, DNA @7 ARSI 39l A |

FSF (@6 DNA W7 AR TP RJT AT | @97 (g wfsfam, snehm, ﬁ%ﬂhi@ﬁa
4G (Positively charged) HIRE SFTAF AL DNA W9F WGS (negatively charged) FCEF0 FoF IS
TS T | W @5 DNA-9T A0S (@ifbra e SRYS US|

(ii) B> R e IS : FIAGI @ IEF [ SE @A AT | SRy 2T
DNA #IféTaitarer @ RNA s |

TRR® AWM ToNe @RI TeIBE, STehrN, B, QW,WWW
e o 3T g oA AT |

GR-ST (TAA)-y



Mobile User


83 FRASEN<4T g

v
v v v v
fefgs e @fos q[oq SN GTGIRY
‘__f_$ > Catt DNA etz l
DNA RNA : —>Fet RNA 2ffmicae J
¢ v
OB (R @) -ROBH (STTeeR) |Fefpertzy SR |
(SHITITAICE NS BAm= ey Rene e
Rowa <fit AR v
7 * 1 ¢oo 4G
RfSqeem | pH.(A&B)
fitﬁ'ﬂ?{ R —pHs
" yH, '7[MAT 24-29]

9@;}@ CEFITSTCAICSE 17 @ () (CERITIes mwﬁwwm BIZ TR G 37 41 A,

T2 IE GR YA 01 | (R) ooz Mg @ (@19 o gor® S o 31 (9) DNA
3 &9 =Y 4R FE | (8) DNA-AT V6 SR (S mRNA @3 W4ea (efifoq sReaas <9411 (@) &7
(TTNET GIda oo fdiane e offier A | (v) Remifer IR & ke Giker g RS Rews &

FE | (9) AT TR @ 00T ARG SfSfa 371 T Rries 3795 = |

B-GFITIITAIN : AR (FRG5129-93 SSfE (@ Iion Rowd Bfew, et ¢ =ansa (e @Il
AGINETS B-(EFTTAN ACF | B-(HTATAN FY 8 F=-SIR0[ (FACAN, Gal OACH AT GR
o o IERR | MRS AT ISR @ SePTRe FCA T | AT FORDT WL FE (selfish) RATS
*Md | POS B-(@FTAAN R I T | [SWiend fJerg siagerm et Tt vert B
BTN TS amifers =31 | Tib vel Sfew =i yrerae Sesg I A T cits e

- _Ton @3y Bowe ebfre 1]
1Y fRSIC EFTATAICTA SfFT (The role of chromosome in the cell division)

GtEd a8 T o INEA G2 @I fiowm Tl | (P Ko 10 9§ e |
(@FCINE IV e @ fomm e W) @R Romme oF g " TonRk @aem e
(G SRS DNA efsfmitag gm @ fommT eufs iy <, w4 @INeiTg DNA
Afefis 1 == @Y Rom oF T 71| T2 @R I, @R [omwE @ eeies il 347 |
e efemm @Ry @ee afefen, figr, Reem ¢ creed R WP REw) I)E
(FTNCTHRRT (P O SFGS TH IS A N, AT (1Y RASTGABIE (@ACNR I57 S
A T @R BT ¢ Sy Rt oo e | FIER I+ IW, @ Rorew efewm @

m_ﬁﬁfmlmﬂWﬁ—@mWﬁeﬂﬁ@WmﬁWW TRGIH =1
|

R’Tﬂ@ﬂ“(&meﬁc material)
Trol-frerm ¢afEy Tem-1efs (I Ui | RN 7T GEE (FaR @ rploe o e | ©1R S
SITNR A (AT A o, SIS A (AT FIOFT AT, AITHR e (/TF 4 1R, AT & AT A6 R
S (M | ORI QEifon CafiEr 6 ATF | TRf& @M ‘Like father like son” W1 ‘@I
forer (ou o | @ e P ieEiR o o e g1 oW @, srel-Prer e am @9


Mobile User


@9 8 T oA 89

PR TE-EReT T T | NkPiel e SR CARBer TRIN-Teere ST aferiee e
(heredity) I | F CHCADBT BIA#H (genetic transmission)@ I ZH | (&CHOS Srefiem =z qemfes
Y | SRR G R RS FTe R ST 6 IRl 331 &0 o RISRAIT (genetics) I 1
TR T TN NST-Pera afie] SItve Tei-Tefers S T8 SIvArs G3ta KPS 8 (genetic
material) T TH | I AYH BHAMIA Z0OR CRICICA | T FCACE DNA , (@I féaerst
Piers ATe | R R GIRA 5 SIfe RER qIF I AHEH mRNA 6 5= sf8a Trge
Ay SRR FH (OITeT | 5 QateTl STes TRFFe I w1
AEfFS S0IAC (Nucleic Acid)
Sty I 25T BRI @ TARE_Eriedrich Miescher (SME) Foglta Jew CIogoIeH
mmmmWwmeWwﬁﬁﬁwmummuﬁ@@wm,

R 6 CrRETe AWK (ArE FoReR | Sorbd IEL WHAA (Altman) RO SPIOTLET 43 (TS AT R
fofl 7 I SrEm SRS WIS | Std8 NC R Albrecht Kossel FEi#Fe Wbes 3t
ARG @I—FERm ¢ AR &R PR ¢ TTIRE WITE *HIS FCA | &) SIF S50 A
A (AT ATFE eFIN 1 2H | RGN Lavine 53 AT DNA @ RNA TN {430 fefFe spife

e YIS T, 2GS, SR, SRS R T G e i5s | RS SwibTs

_ BRI AR 3¢ % G2 FAFACE AR 0 % |
ST TR FSFe WIFTE AF | G «Fb DNA &R FoRG 2T RNA | DNA HHTS
SRR (I ATF | RNA-GF *oFdl do S ANeTl I FZGIARTT R F So St AN IR

fHefpeaot |

e Wit Iy (e wiere NERHEe graiE 31 7 w7 WMo SHReE IR0 e T
WRY FEPEEITT | FICER I AW, HEPGGIRveETa AR AP T ofde Syibtes AW
Nore Wil | wRR FefrebRere T Wibe i TERease Fa Ty & TRAGEH FITE,
BT B GR FFIRS PG | ©R ol 1 I, AR wnifie Tt RGeS F6,
(OIS Sl R SCEIRE SIReR T e Wifie T Sidw e qRPR e Side fw
I | DNA GF @433 FREREFe SHsTs | Qere @IEd SR 0ol I 9y | fefee e s
%+ CAMAIBT 9 0T 0T ATMA APBIR NPRFTA (master molecule) 0T |

e oiies F1 SomI: e Shere AZ@FIRPIOR 47 FEfFERS SAmAPRR ANew I9 |

3 | (AITTE BT, 2 | RGBS TP R © | TG SIS |

3| CATOI® WA (Pentose sugar) : A6 sCH0H o sCH,0H
|~ h _OH | H\1C/0H

IR o (BfR)-te M W (B 4c w e m

oI | ST SIS, AR et SRy N\ 2k e INJ -4/
A @ @ AT o @R SWE L L 1
fESfERIREE SIM | RNA-TS ARW@E SR ppwiewe opm PP . -
@R DNA-CS EREAREE Sl A0S | (AT B 3.2  CTCBTET oI |

P THIEE SOIBCET AL SYRBIR 10T
%9 | i HIEvRRFE B-D RS WLET B-D a3 Wefe e sox 3 |

(F) ARAH IR (Ribose sugar) : Efre WBTT AZEE S AFE OF AR FS ifTe
P RNA I

(%) FOFARRAE W1 (Deoxyribose sugar) : efee wfte fCafEaRae oM A SIF
fesfEaRear fAefes St 91 DNA T '
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m@m@mmmmm,ww@m,mﬁm
IR I S e (Rwfy = e NH,

W) | | . g )
G\ Q| RGeS e (Nitrogenous base) : Nfs\sﬁ/ \\ H]|q3/ 4?ﬁ/7\\
W fefes @it 7 o9m ARGRET FRe A ned 1 S¢S S

H,N

7
O~ TRETER, N, TGS € SRHEA P N H
N TR e FRRerT O3 R (BT T 7 fe IR (A) e (G)
g 32 2re == | @ R 93 =™ eoF RS T wEE o NH, o
W 2IT; T (i) PIERm e (i) “eRAf | L o d i
§ (i) PR (Purine) : ¥ &M% wree 1 Hbllf 4\5ﬁ T// \ﬁH H}Iﬁ/“?ﬁ}l
PR | @7 MRS RFS M CHN, L BBRRE L2, 6oy C. CH C2 | 6CH
s e e s aw W SfvhE o N &N Y
‘t (Adenine = A) GR @AM (Guanine = G) | e i (T) TR (C) LB (U)
(i) MRS (Pyrimidine) : <% fRf[(FEE
fBar 3.0 : PEfm (Sfefm ¢ wafa) a 2RRRk"
TR T W ARRAT | 97 R wewe e (<R, TRCBIP XA |

CHN, | REfss wnifre oy o@r «13Riks Tre
AF; I~ AR (Thymine = T), FRBBH (Cytosine = C) &R TGABF (Uracil = U) | T8AB#T @<
IRAMFTFE WPTE U RNA-S A | AR @3 RS IR OFE SIBTE B DNA-CS
AT | (T AL R, I 06T TR 73 (RITBT O 1)

DNA-(® FHRETS WfSR (A), oW (G), ARR™ (T) 8 ARDBR (C) A | RNA-S 8RR
H7RTS TeAPwT (U) AT |

TSR T : ey @ ARF-7 TR T TR AWRAPT (Thymus) (T | AZARY
TS (AT AP AT F T A | ST I 2o A1 (gland) | NRGIOW-GF AN TR TR
(cyto) CF; MG O ZA GFT (cell) | NAF-G TN GTNR @A

(guano) (TP | ST S ZC=1T G 31 I G2 AT SF7 (fecal dropping) | CI’H (I"
AIIRES FFPST XA I <A G T C U’ w71 =Rf6w) HO—P=0 —>HO—P=0
© | FFRE WIHE (Phosphoric acid) : FEFs wbKes o ' (')H (|)-

ST AW AN FFIRE WIC | 7 WofFF FREES H PO, | TS .
forfs Grrard =REfET & (-OH) @b Forardt whErem ey w%é;,w
AR, QT ATBCIET TIFART AW A IS |

PR (Nucleoside) W : <& Wy FRGTETIBS

RS 8 GF TY CITOIS W I T 13T AR@NRs ciiee /NHZ N
1 penRe wme AR == o w0 = /T:N\/][\>—H
MR efpenze, wm wire Pefm = e @ = H N
PR fefpenzs | sizffifen Refrentts =mwa (T/ICU) "20“0\4
SR AIRGICE , CIBTEr AR Sk T LIRGFHT YT 2!
MAFPIRTCT 0 I@ AT | F5g PieRe Fefpenzre wres H OH

(A/G) >R TWRETE (3R T) (ACHTE P S I 0 3.28 : REfpernie (sifeficm sim) |
TRGHT FR AN ARCIPIES IHA T@ AT | (- SRR Gl Fiehpeizs | Fefretize
ol 1R 93 I |


Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


FIT 8 GF Ao« 8¢

Ry avm AEfrens : '

OIS ST | wpifefe (A) <atm (G) | Team (U) | siReBm (C) |- @i (T)
AR Sz S 3eRfes mafofew pe
R foufy foufy = Tafy foufy

feAw ST AR R
ATPEBIBT (Nucleotide) o7 : GF = NH, e
REEPeARe-g7 MY & WY FHED & T ¢<|3 N /|C2
1S e HEPebiRe o) wwerT = ) \ﬁ \>cn i :f‘
T, EREPIReT RS @R e SN 0= A
fAefeabiRe | fAefpebize == e
TSI (DNA 31 RNA SER) of @) POPOh 0 | e O}l
F Y TGOS FEEF, GF WY OIS Nl R AT
WA R G WY I T T @ A o1 OH OH H
T OF 371 FRCIPEBIRT | (THE OpiE-aa By e B e Sy v —
;g&mmmwﬂ' o 3.2¢ : 76 FAORErEBIRE : JAMP 8 dCMP |
ST RIS 0T -

WGP TAFHET = AMP = S HEipebEe (Snieffr wfie)
@WW=GMP=@W%W§G(@WW)
WW=CMP=W%&@W(WWW)
TEACH MAFTES = UMP = L8R Sipebize (FSRfvFr )
o eRmee 2
ﬁm@wﬁmﬁww:Mthﬁ%ﬁwmﬁ%&@ﬁs(ﬁmﬁﬂwﬁﬁ%wﬁw)
M@WW=dGMP=@WW@Gﬁ?@(@W@@WWﬁ®
mmwmwm=dcmp=mmmm&wm(mmmw>
@W@WW=HMP=WWW(@WWW)
wdie FRTE (I PRSFEPIRIe) AR RERrebitten AR 391 = |
Wﬁ@mﬁm@mwwmummwwamwﬁwmmnm
FIFES HYST TG AMP (SR TAPTES) (*TF ADP (SHETAFH ©IRFTFG) , W ADP
AF ATP (TN GIRET=5) i =
AMP (ST NAFACEFG)  + P = ADP; ADP + P = ATP
GMP (QTMAIPH TATES)  + P = GDP; GDP + P = GTP
CMP (F¥f5fe A= 1tes)  + P = CDP: CDP + P =CTP
UMP (ZTRf%H TS + P=UDP; UDP + P = UTP
e : EfPBIZBETT DNA @ RNA LR o1 FISIRN 15 07 | quiot w4} Roee (NAD' @
NADP"), G2If6 TS (GTP), WA (ATP), THFRIC ST (CTP) Rivea ST AP FCA |
(Dinucleiotide) : «3f5 fATfPeBIRT T Wl fSRrebiirod sy -

TREDR I R TE 27 U ST CITOPGOIEE 7 | 3T fOfpabrRten (B WoiEa e
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FEAT AL R T EIFEBIRTA (16 Yo R FIEH FNFT TIR-FOH I U TS 2 T
b TIRfAERPSEIRT fFs =)

ARABRPGEIRE (Polynucleiotide) : SAPIT NEFPEHRT €& S A AT TE-CIRGDH
T[T ARG L& T G0 71 (RS MR B FA, O SNF ~AFAOPEHIRT 9C77 | ANElPeBIRe
BB G247 TCST Mo T F@ | Q BGIF-Q TIFD WY GFACS (O WA (AR FGT -
SRR -GF ¢R I AN T& ACE G TAAHCE AR (BT SPIF-GF ok FECA AL &
2ICF | DNA W7 2 uas P b AfAeipebiRe 63 |

fRefre wittes a1
fiefre Wit Rvmm orRb adwes, @ fefERee or 6w s 3w Fefre @it
WO O 41 TR T FeaFRIRfeiEe Wifte 1 DNA ¢ IREClFe Wi a1 RNA | s
« FCF e Rage e = )

RafERAMRCFE WIANE (DNA = Deoxyribonucleic Acid)

DNA ¥ Deoxyribonucleic acid-493 ST (acronym) I1 7S T | DNA T ST RPIS
WPIER G9F @ ITF | DNA-GT 5167 3% T (MOPEBIZT (R % 7T (OfPabIRe-aa Wd “AfFmm
=0 GG DNA &9 | DNA 20 G2 f6 JZAIE 06 e 1 R W@ & (molecular core of life)
RN AFS | DNA—GT 757 AW 2T A6 IEAHE ARG oI (S); ST (A), @MAT
(G), RGP .(C) ¢ AT (T) TN PR WA ARBGAPT TS GR TN WIFHC (P) | (AT
8 IR (R WE) @b (FITeR e DNA A0S | T8 (@I SAES weEam, AR,
IS tERT IR s R TS QRGH T ¢ LT & ROFS Wwife oF DNA 1)1

SFOTHI (FCHGITE 1 TAM ZET DNA | FSF SIZAGT DNA ACF | DNA R 58
TR, WRGIFGA @ @IS I8P DNA S | (AT DNA-4F #Afaret ot (s Pt an =
50~ Q) GHCF AP AT W | WLH TGAHG (FNY ¢~ TN &M DNA US| T IEITF AL
(T2 300 ST DNA-UTF |

DNA-G3 (ST 515 (Physical Structure of DNA)

 Sbud I R SPTE WIREPS 291 oF (UFR 07 24, Mo THAMIT R (STS N5 THE TS
& 387 AR OF TW | ST FIRARA Robert Feulgen $538 AT DNA-GR ( & *&(© TSGR I
S Feulgen staining TN AR5 7S 37 | Y50 AT Erwin Chargaff [ ST 4 (TS 37 2
@, (I ENRT DNA-(S A GR T & AR FHF | SRE G @R C 99 WS 77 | DNA WS

TR A 8 T G FRRAM C € G YRR @ TETFITS 1 ZF Chargafls rule. TGP #RCPT

TG A IORA (A, G) AR WA I AN (T, C) | GPR S Maurice Wilkins G Rosalind
Franklin DNA 3 X-ray fBIemiie S @3 (55 SRIOTANS e gy ©UF TAgeia I | GH-F
RESBIEIRIEd NN ST DNA 7R3 SEES9d 797G 2.0 nm, 0.34 nm @R 3.4 nm 36T S | ST
WAl A (@, SIS DNA WY TR SBI1S (G5 31 oS ) R 1 JICAt o187 Ry, 3 et
SR RSy 7ag Ol T | DNA S9F &S 907 FF Watson & Crick (1953) &0 TRl A
e QWA F0E | 5 DNA ©Ie @ wree A jeifafe |

Watson 8 Crick-<< DNA Ce#H
" RSy o2 TS (ATF Watson R Crick JreimaR fAgfiie et seers == -
i. DNA T 51 &P fefpebize firca sifee sffema |
i, o 2 T RO RrebIRETITER IR 0 |
jii. (329 DNA S8, FE2 FEH &+ WPIR B (exposed) U |
iv. Chargaff’s data STeTRIRT A-&3 ST -G I Z0I qR G-43 FRYT C-4F I I |
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v. Wilkins € Franklin DNA 998 X-ray REBIemiE 903 @7 (ST6 SIS ergef 3
oA FCA T G FAE 77 T 2.0 nm, 0.34 nm, 3.4 nm GR helix 4= |
vi. iﬁﬁ@ﬁwﬁﬁﬁﬁmmﬂﬁznmmmmmw@ﬁ%ﬁmwwﬁ
P Y9G 2 nm <@ T TR | IET G AR 6 @ AR T @for-a Redfrogdr
20 PO (A, $(E2 Y2 SWIS-GF G 2 nm T AL |
vii. AeT@mwmwmmGecwmwmwwn
vili, 78 35TE 3B oG FFF (Complementary) , S#3 (identical) 74 |
TS S St FSRTS Watson @ Crick (J.D. Watson 1928— & Francis H.C. Crick, 1916-2004)
»eoﬂTﬁDNAwqa(m,ﬁﬁ,I,@?@sﬁﬁmmﬁnm%m)a@ﬁc@vm%mﬂ
FE T AFITS e Wed R THa IFS TR | & WG TEREET I TIARPWIR OIS
SoUR FITET T TSR AT T4 ZH | ’
Rosalind Franklin DNA 5157 SIETa egaf QW A4C16 W@ 04 -3 I90T JIILT I, (A
RG-q S VT TGS T, PR TG RIS I FIOCP (AT IR R = AT | Franklin-2 3¢9 @,
TACED FA o 2R fare AeF

i@ Crick @78 TI3T (R TS SRl DNA W ¢ST 15 fAwaet :
K e R e R ST DNA BT QP TR @t oIt efarafd (b1 &1t Nature-

> T 3T AACH AT I |
DNAww,ﬁmmwmmmm(mm)ﬁ@aw,mwmw

¥ (double helix) | ,
/@faavﬁw. g i RAfeg® (@ 5o 37 IETA qR WS 3 5 ;) T

FA |
pv));gm% . mﬁw@amﬁam(smm@)‘m@ﬁasmmmm| |

3

34 A (3.4nm)

2032m) 5’

f5@ 5.3V : DNA SR G (FRAIFS) | S-S7I1H, 5@ 5.24 : DNA Tl P (AIBow-fers wree)
P-TCHD, A, T, G, C = TRBIEART &3, ... TXGITaT IS | P-PET, S-G9, A-SUIfEfw, T-dfim,
G-ouIfe, C-RBIFM, = TX@TE I8 |
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c
6@ 3.3 : 7T Mnew Tog @ IR GR IR TRETT S |
TRCGTE R T 7P WY TGFR PSS TS (intermolecular) TR |
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5/

f5@ : DNA 993 (RATSHGETEAIT Fesiar fo@ : DNA 993 &3 &t

MII&HIIIMIﬂWllIllHllmHllw’“ A0

AN e [

r'lllllllllllll"llll

R v (ToTe) DNA) S e i
i

a1 3@ (Sere] DNA) =

B (3 ONA) il - aiafer e (SSBP)
¥ Az eori s DNAvfﬁrrm SR 28 — efefersica e

5@ : DNA afsfasm
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IffsTad T

ifse Spiftre AsRfas a9 tsfq afjicm .

O//\uv- J, w

RNA -~ . ! )

y |1
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@IS 8 T O 8%

/@{@ﬁawmm«ﬁwﬁwwmmmmﬂ G =C) W
FEE TG AT CSFALEE SN 37 8 5 IR (90F 8 ¢¥ I FY GR FIEPSTA
76 AP BAFANRRG SPIEE ' IGET (ST FER) MY | FIe Fdd IH e
TED R (TSR WP TGS TS A | :

/W{DNAWWWWWW(WW,@W,WmWW)Wn
SR (A) 7 SRS FI9E AR (T) @R G (G) &% TS FHE ARG (C) |

%aﬁmwﬁﬁww«mﬂﬁﬁmmﬁmwﬁm (A=T/T=A) R
S o S SO TR ARBIPIAR A ToA6 RGIE I (G = C/ C = G) w78
2| JICER PO A I A =T SRAT G = C | 7S TSR =0 “Ap1eiif) 9=fgs 4 #RFF O-HN, NH-N

G NH-O @& W@ | C IR G ¥ T % Foaf wopg RN 1 A G T @& W0 Gfo e W=, T¢S 0
QAFTETS AT A 5 HN 7R 1]

/WDNAW&EWWW?TWWMAGAnm)Iﬂ%ﬁ%ﬂﬁ@@ﬂﬁm
ENea doft €It AWG YW I | T BT @F 4 (WP WA AR TR
3.4 A (0.34 nm) |
/(,ﬂaf%ﬁﬁnwczﬁaqﬁaw 20 A (2 nm) | 'S4 DNA R vy sfenfere ffeq |
}}d)mmwmﬂmmmmmﬂ@a%(majorgroove)‘etﬂw
oS A& (minor groove) B W |
Wﬁﬁﬁﬁamﬁ%@ﬁﬁwmﬂnmml
afefb s T gt 3% kYT 25 51
}wj DNA-93 Sf% @& 10610 99 W47 |
it w4t S R “RRERPebiRres @ RAfogeiT i RIS T b e DNA
&y 5167 0 | e e Bt wwer Reve 4t |
DNA-G3 RS 98 (Chemical Structure of DNA) : (PR e e f4 DNA ¥ opR
AT AR 2T DNA-GF PRS0 A | &F ¥@ DNA-CF SIG-RCS I “Aeq I
FourT RERFetIRT | FEfpebizere wH-Reges st “near T wefis Wit s RefFpeite
AERPeAIZTIE TR FATT “NGH W TRERETITS FEF R EAFAREME SR | TRGLETS
TR ROE S0 oeT I SeHm, e, ARAF ¢ TR T i (BT &@7) |
FIEZ DNA-GF IFTHS 167 TAM - (5)_I6 IARF3 feafEmEmm o, (3) TEie
IR GR () ARELETIHOS FES | FIIPLE I 6 A T HERH G FIGIH @ AfH
T Ao |
;Ae _ i NA) : f5t6 DNA-«3 3= Fier Trae #41 -
| (TS MSf Totmi R Fe 363 |
* X eifen e o fea o o2 |
| G GBI RPN SRR et YA U |
oA G TR CAICBTR LT TB |
YA G Tt ARSI @ WERe 1G-S e e w1 3
A\ €34 AR (mutation) % T w1 0 1
I DNA R O RFTS CPITAT ST CIFTEm (7l e o Grirrs e foies 57 |
%DNA-mma%ﬁmaﬁwﬁmmuﬁmmaﬁﬁWmAmmm
30T ST LafF SRIFS (27 T DNA |

Ee-57 ()9
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¢o GRINEW-T og

DNA Jerg e A ?

DNA-R &I F1&7 T G 3BT &M 71 | BT 97 T Gd [T dapt o @2 2t

AT YRS =T |

DNA-¢R QT , BRfFrm qr BRi i T (e9, eb @ vy BT B3 ACAEA

BT Y I ACF |

DNA-4% 2R Bresif It w3Fg (Biological significance of DNA) : DNA PR R ERAR

A9 8 IRF | SEPRA G R*PeT «FF Wl R’ (gene) DNA Tl w g2 7w fasffe

FRIGTT N2 DNA-F I 410 '@ I 311 27 |
(i) C3T RSTETT  DNA-GF @3 ot it 9 =

(i) DNA FItsR &+ 4 erpicaar cenfer sy wca |

(iii) DNA IMfea 9 43

(iv) DNA-9 5167 078 grilt «a RSB Qol w3 @Il AREST =8 71 |

(v) GIRINER 0T TIPS (27F TR DNA |

(vi) CPICAT FTRCY DNA W 25T AT ARS 201 “Affon Bed = | SR “ifgs 20 Rase

A |

51
o=I 0O-CH; ®
OH
H H
O H
-y ©
0=P-0-CH
3 Ko »
H H
o
5
o=f-o-cnz 0, ©
OH }g H
H H
I0 H
&
O:f-O-CHZ ®
OH KH, H
H H

f5@ .35 : DNA wom =fb frerera qaret |

mwlmo’ g @ TW\”

Ty L
f6@ 3.90 : DNA &9 efSfifoas (FRAFs) |
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@Y 8 G o7

ARITCY I W, DNA-TY SRS 7+ IS
i frfie 3w, SR DNA-2 TN IF6R TPRSr

(master molecule) |
AR[AACFS WIHAE (RNA = Ribonucleic Acid)

RNA 0T Ribonucleic acid A7 ST a1 =S 7 |
@ faefges wftes AFRRiP-bIRICT WA GFPITATS
MofE TAWIRCS AR PR IR TS @ (FEF)
e T/ABE (DNACS @RIH AI[W) WEF ST
AP i T RNA 07 |

g I RE® : 7T § @ RNA F | 3
FITY A RNA G2 31 o Sl TP HAIRCHIATE,
e o opt FRefFamt | MRCBEE™, AR, fofEm,
(TN, RGN @R AFBres RNA e I/
efpaew fAofpeitl @R DNA-@F R@P ot
(ST RNA QITF | O[T (IS RNA 26T T |
qRITT fFR SIZAMIS RNA TAfgs Ats |

RNA W97 (519 9187 : RNA &Y @S (53F-4F 0T |
B GA0a ASPEBIRT T@ T IESRHE RNA &Y 169
7| el fAefpebRe A2E@e PR, FR@IEN & 8
s N fde | NefpebiRuerE §-5 TFCRGTR
TF9 WA AT I A | 6 IO P e Skgw
YICS ATA| (FAAT (AT RNA . SR 1007 I

U-1315% ¥ (hairpin loop) I 77 ATF |

@d

o .05 : RNA S 3R |

RNA-F RIS 197 : fanfeiiie anmafae 4wd e RNA o |

Y A5 SRR MRS WP (CATHIE SR |

(i ARG T () -SE, wHife, XTI e SR |

] TR (TR i) |

RNA-9% RSN : 5157 ¢ FEa ffers RNA-F RS
A6 STt S T AR |

(i) G RNA 1 tRNA (Transfer RNA) : PR RNA
GBS (FIC A GFIG SRCA IEE mRNA TS

YR I (B TROITT AZRT I CRTITS G RNA I |
2S5 FITT A 3-8 4T (RNA ot | fASfFem oo
RNA 3 =@ efefb RNA-c6 QBT ae F o6
fYefpebide @y ATF | (P A d¢ P RNA-X tRNA | (6
W FAFR RNA R 68 AW ¢ooo T | RN R.
Holley 43R STF 2T (RNA-GF o074 (PSR 7% (Clover leaf)
WEH AR AN | @ O TAT (RNA-(S 66 IR @ oG

X AT | IRSTT EA-SICA Se AR, T IR, SWFBCIIe

wiifeet e CA
e g c (o

j ( '
. T-TH
D-¥19 = l
s @

wfefie qig

]

%@& JUu

ifereres
5@ 5.9 : t(RNA-F @R 7% e |
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@R RS- 49

AR, D IR R SfSfE IR | AT &fefl (RNA 4 Ja @R a1 (B30T WCOT A 58 *RISITS
oft S5 = W Gk [feq @7 T @R T &fSfB t(RNA-CS @IfdF FT (loop) B =W
TR wFged 1 2 SGBPIEH F1Y T mRNA-GF (FICH-GF R 04 02 30T @TS A | tRNA-
S AR I AP GR FPTRR ACC 4RI @7 S I | G SHRLA! WIS RIS T | G0 7
WWW|WWW3W@W¢WBWWW%%WW|

e oot fovear wmfSere 32 =)

R RNA W FT et <@ 999 74 | (@1 Pryeom @ 14y @3 IpTrfee et =iday 53
I R oA TS = Ao RNA Sefbrelte wienzy és spfir snife iy s A |
WG WFTes & e +9F oF (RNA IHGTeie @7azy g | (RNA Wby ez
B RNA 96 I AMF RNA-GF TAWE o ¢ PRAS «f =1 off GTenze-eaess
coRfIRbe afe s Buread | (RNA-R e SRl SpifIes skyfe o g Frsroizres sy
AT Sfes SRYfErs s =i =R FE AF ATP |

eifd : DNA (U0F (RNA-GF B =7 |

JIE : (AT TRCIR TR GADF @I St Sy SPetE mRNA SIS SRR < |

(if) A$i7E RNA I mRNA (Messenger RNA) : (3R RNA e sk sadt c2ifbw sweaess &5
fEewe s T e S st SEry =12 309, CTette GTOTIR RNA 3T 16198 RNA 9067 |
DNA (0 Q=P TGTY mRNA ¥ 20 | mRNA 4 (5304 W0l | mRNA-GR € &6 IR0
1 QIOARRA, @ KT E-PER (5-leader) I0T | SRR 6 AGT FEIH @ @G, @ AT G-

@I (3-trailer) T T | VAT RS (FfER Wt (coding region) 01 | =7 foafb (@1 fieet wafb

@lwmnmRNAﬁfﬁ‘?cmﬁameWW<mlmmm%RNA-«ﬂacr—so—MmRNAnm
WOTE FAYA | MRNA SGF 9fds 65 ¢
TF (TP 0 7F |

I : (@B b ke A ef Frer
Pt (It AIEIARTT 929 @GR
ARRICIN 6 (RNA-A AR FKe Syifiar TE863 60 - A S5 e

SIFTC TN *ee Cof A |

AGtRNAmWWﬁe

mRNA tRNA
3| GEF, A ST 1S e 1Y 0w | S | ARG (FEE, O SIS T IR
FE A TS @I FP SR T A GF ¢’ 6 o | ANTE @It [F T @A Pl SR
18 12 e wagm ¥ | e e 20| are @FIite 91 A |
R ¢’ 8 O Y4B FIRFIE T A |
| 411 Tt 318 =rw Nefear @ R | @ ST YR 2w ARG S

SR I | IEI

0 | ST WCAFIFS 09 | O | SIRPICA (3 (RO |

8 | YT (PR, YT (FIoH AT | 8| TS (IITH AP A IR GI0 SGIOCIICH
AHF |

(iii) FRTIATET RNA I rRNA (Ribosomal RNA) : (T4 RNA AR S Mo SAMI
R 2% I3, ST ARTATIAR RNA 01 | (FICEE 776 RNA-F 16T bro-5o SIHZ rRNA | (I
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@Y 8 GF 5

(¢gV]

AR 7 SEE | S g @R SEIAT RNA | @S0 R 3@ TR ARAehpe-cibs

T 0N I |

I : AECTL NE_IE-S RS S_ww

AT A MW (P

R wwg

@nfo RTAfE® =1 |

(iv) T8 RNA I gRNA (Genetic RNA) : P RNA fog SRAPTR

(EH—TMYV) TP B REHI F& I3 SLF RATOR RNA I | PR

¥ GIITAE DNA SAE® At | (@F-TMV)
e : 2 G (b o | g oigart (g IRAmfer Tome R

36 IR | (@H- TMV)

foar 5.98 : @G fRNA |

(v) %@ RNA I miRNA (Minor RNA) : TRUSTTEAH RNA ‘¢ e

RNA ICH {9 ¥4 RNA AR T (I o (afbes e e GenseR SO A1 I | 91 NS
RNA ROTE 4R | @7 %@ q- fASHT RNA/Guide RNA/AIRCIEIRT |
P : ST (A TSR IS W F3T <R GG RO F1er 341 |

RNA-H F1& (Functions of RNA) :

) RNA-GF &4 Fer 215 TR |
) tRNA-STIfCAT SOIFTSC® mRNA (S FHRT 0 |
TRNA-AICAIfSlpe-caifb oigs 30 |
” (8 mRNA, DNA 0 S8 37 301 TRETCTY 01 (RNA~F TRIFror caifba toff e

\\pj’deRNAmW’n@%
£y 2

caf=isy DNA RNA
S | (SO 457 g, STBICAT 31 gane Fifes et | G , PR U |
Q| AT N | () WrS Ui FeufERIdeae e @R (i) TS T FRCIE ST aR
(i) DNA-47 ~IRRERR «2fm e | (i) RNA-a -TRffer Talm e
RGP & A= | FIRTBIFH (T 4T |
o | &I DNA-SYR (IRAT AFFCoA R | TS | e e 2r© RNA b &9 | I9T-
e S DNA-9F 339 = | {RNA, TRNA, mRNA, gRNA,, &4 RNA |
8 | Teafs 2SIt W Fg4 DNA 78 | T RNA 3 20 1 I effefere = )
@ | oG AqTS (NI AT | AN AR | (@R, ARG, IRAE 8
TG GR GTAANCEDS ACF | S fP It AT |
b | S TG Mfer (R, e ¢ e Roewd I | @iffw kesw <+
el
q ) IS DNA 3*7S 5faq 925 93 | ©I39¥ RNA RO RIS bRid o= o
il
b | RAT «re fNefFebiRred YT WS & | e NEfPEBRTEa TR NS ¥ |
> | Wierae afy | Wik oA sforaefy affy oo 3 | AP 3 Sfordely 3 e 27
o | MRT G5 | iR WHRE ST W % o @ (I | iR HE 9o IS 0w @ A
T e = |
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e8 GIREF-29 g

DNA W93 @A (Replication of DNA) I @fSfor *

DNA-47 2SR 20 of S ST (03’ it e 68 1o eiffertsy «afs sem ol I/ S
R | ARFFONT DNA S RN O oo my Rt eiorge ¢ @ foafs seg au
FCET (S5¢Y); GO ZA—

(3) FRAFAANT SR, () NERIFHNT gy iR () Fvgaertiet wweegt |

fAew efermeteim ke afr onear zos—

(3) SRAFPA STFW (Conservative hypothesis) : & AT TP DNA (UF @
% Tg9 DNA 0 78 & O GAbre 5 WY FaR ST MG DNA (T R &
RS I WPHR AF TGTONR B | SRR A Reafs =i g

(R) TE-RIFPNT ST (Semiconservative hypothesis) : 9 efeFRr @G e .
DNA S (%(F 716 97 DNA 9 552 XA | 79 58 DNA 99 701 Areaibrs «3f
TPE R TP TR 0 AMEF | GO T FERIFPNT SGFg I AGS 907
GFET A AP I AmPS T |

() ﬁ@‘ﬁl’l ST (Dispersive hypothesis) : « &feFaa DNA S9dq
a3 a1 <fes z0m afef 3 @ | aaﬂaﬁﬁiﬂﬁmmm:gm(w)ﬂ?zg .
FRYE ML BT DNA =Y *f5® 270 | Seeafs e f{rafoe =afy | s“

¥5ea-ddey A QWIS T @, DNA GRTIT T FERIFPNT A& | 294
O0F (55¢9) TERIFINT *Ffs o SR ST | IPPPI-SBT@T (Messelson- .
Stahl, 1958) AAFE MGLY . coli TIBRRAIS SE-ISRTHN Sas oare e 1 »

Sdvo AT FEP T N FICY GR AW ddYd A Chlamydomonas PR

TR 7T ST IR |

Meselson-Stahl-4% *aHt

Meselson and Stahl E. coli FRRBIRAIE "N (N @7 6 SRt WIRGGH) Tym
AT SeeT 7<) I | @ PR @I A9 E. coli FIRGRAPHET DNA BN =g
7 5iF® = | qaom o[ @ SN gm JeERES JwaR N R g e | L
ST (G (7T (T TG B JIFLBRAIGTT DNA BT SHITER 935 3H71S N )
R W e N R @re aufte =W DNA @R @ wdoramane (@

|

GEIRTHTAT ST DNA O G 1 i

GIGRICH FAO eFgf T8 T OF DNA | I SRA (R VAR & SRS (@I IR
feifers 20 27| G TR G e o FARE Te @ Reftre o1 | @@ @ e 7@
f6 (P TS 26T W3R ASFIFT DNA TR (Prioe v wieet - #ifiers 2t =37 | @1
e ¥ 26ua Wt THRFES A 9B DNA BRE @ (F 4S TR @y ol =) « bR
T DNA W98 QAT 1 effSfer | o aferam «3f e DNA (itF O et 45 DNA By =
OIF DNA G 90T | (F19 5I&F S €I DNA-AF @R g 20 | DNA W97 QR =@
AF TE-RIFN GO (Semi-conservative method) S€IR Bl 51? oRRe &feE-a7 Bt el
21%15? TS R B RfFTH I THTOIR FB | Mathew Messelson € Franklin Stahl ddeb et «fs

FEA | :

" @ (T SN #ARCE ST IR FICS B | P T (I T AT NG 7 Wi (I 98 T |
o ow ok BT A WS AT | - R (U@ GG T Wi B 5 Wre W wroRy e e | ot S e
e TR T W | PO FAT IR T S LA | IER DNA GIAR 5% & 20 @feiat 2ofd widie 935 DNA
T TS (AT ZIE WEIG DNA BIF#1 SIS Lo | I1& DNA 2fSPIoIRR, replication of DNA-GF T 32T @iffeet 231 |
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@19 8 G T ee

fir (FICET DNA JOIFH, TS (FITAT A A TR (R, SIR ACPIA] G SR @R OF T R
R % ¥ foes o1 P TR g s 20 e @Rt ¢ 2 | FIRCGRAE JEPE DNA
@RI oS RIS Wi 7% o (PR I& 0O ANT | AFOCFIIT DNA T @I | @3 7Y 41
ACF | STRYT AFSLIITS DNA-GF G oo F9, RVE ¢oo—¢ooo A8 R IS S A | 9
FIACT AFSFICHR 74 FAIFIA DNA-GR (PIAT TR @RATPH OF T 1, QAT OF 2 T M

TR G Y I SRR (GOTFITS ¢oooo TR |
_DNA W93 GRIR O @A S ¢ (i) 93T &b, (i) SPRY Pt GRETEs
(dATP, dGTP, dTTP & dCTP; d = deoxyribose), (iii)_NEFebiZres Wy I8 B & opa =&, T

BETTEE QI W0 (iv) el 5y qneiRy e FREr o] AEE q3a 20 @R
AN I @RI (Replication complex or replisome). @RICICR 44 T3 ZET DNA ARSI | 9

Bee SR e, elideve, B e AkRR @i (SSBP), e, Srerndwaree 29 |
DNA W98 Gt 4IPTR : &F (T DNA @R 36 Sifbet eferdl | wd-sraseorie
2ffeFT DNA (RITTR 4GP et :
4iot-d : T EP-GF b WIS G WS-9 I
@RI ©F RGTF & DNA S 0T SHISCF S#12 G5 (TS S0 %A% S A | DNA
oz S FASRPEBIRT BItSITE™ (Sequence) G AT el RN e FC | @R o
q Ff%2 BT S Origin of replication T Replication origin FRTFCA Ori (SfF) T =H |
(i) N P (helicase) TNT 3B R GTEZY S-S RIS TH O Q-3 e
YIS TF A TR FAACHEI (PRI TGRS I (50X DNA S 1S 7Bes Aoy @
P T O S TS
RS 5 s I .4
(replication fork) <1 2 | T
&P ATP (F =& 7 =
T QUGEA T SR sormmem e
FIEs I A | -
(ii) 9 W AR A" &R ; 2
TR A SIS P four 3.0¢ : APTTE GENEN FHTH T WIS DNA 97 Y15 T 9R SSBP

RIS WS G EE
5 APICS 8 &I TS 51 | BEATNIRGAMES (topoisomerase) TEIZN oS SIS Rfor® 7R

AR S5 Cof TS @ TOT WS (A A1 | (9 G7EI3T DNA SHecd G $6-a7
Wmﬁmﬁwmmmewwww@m@m
T | @ GTEIRY FIBT G TR RIS I R 1) W7 @I @ FIE(D MRS et 0 WS |
ST AMELAE GAGTIRA, BCATHRGINS eI TGS |
(iii) 9% T® TP I oG Ao, IR G AT TGRS I8 COf T FRYF Z0© O |
Single-Strand Binding Protein (SSBP) JRFFS LTS Bio0® TRYE TH T IR qAH I 4TI
FRHICEH IS (o TS WA A |
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g\

HRREE-2YT 2q

(1v)@WWWW&F‘%WWHWWW@mﬂm)WWN|
@ wSffem e @few

TEIEN DNA T T e it STrrece e DNA ST crar QT T
T A A | @R T 7 e =

S S U ~N~—
fie wop@ = R TRRICE TR G ey iy
TR SRS T e e
@fIFT I (Replication bubble) I s =<8

W 3B DNA WB-9 @R AW SR e
APET! AT COfd T | IRFSTT 741 TS
qPF GR GF T T4 AF GG T 9o
T LIS o I I | GG ori T
T A4 e afefem e gvam 15 3.00 : At PP : 2of, Y ¢ s =er

SRR AR P P8 NPT @A AT S0 ST T Ty 4% 907 |

-3 : RS WIS (o

(i) DNA Polymerases (93e® q7&nzy) &fefS &b (template) Wﬁmﬁ (A7) Tow
IS Lo I AT P FCA AP 15§ @ TSR (TG o1 (AT e SHiced o'
2T FASfPSBIRE T& A0S AN | O] T WIS 7l ¢'-o' WoTR o s =)

(i) GRS RN T (o TE ORI @R 95 &S GBI AF I T9d WS
iR | R I97e T 8 G +F (4 KA STl SBIS I1 O SR QACF A |
meﬁ@@mﬁiwwqﬂwmmm?w@mﬁﬁwwﬁawmwm

FY BIET SARS arred |

(iii) RNA Primase : <fb <35 @@ Q712 a1 RNA &I39F (o I AMF | @ GH&I3T Fared
G5 HIeTe T RO IR I3 @A T IR G TG FAECTHI RNA @ o
FE (| @ TG RNA JITSTE (do—vo NEfPHIRERMFB) I+ =7 RNA Primer | IR ©'-
mq@—OHﬁﬁﬂNmNAWbﬁisﬂﬁﬂDNAﬁﬁﬂmmamﬁ%
I3 fAefpabide Y& e oF TS AT | ‘

(iv) DNA Polymerase-III : @ G7&2Y BI6T GG FARAHBI (A = T. G = C) [NEfpe6RT @7 RNA
LRI 0’2 RIS I 797 DNA IS Lo oAl I GR @I I1&fb 9 77 e
8 3foa A7 w3 NEFebIRT IS beie AT | (17 8 TP 8 DNA IS (NS 2RI
R A NG T (IR SRAT RNA) | (EQ DNA ARTIIES-111 GFGIRY 79 SIS

@@ ¢'—>', I I COR FACO AT NG TA 76 WS ReroqAeica I ore Az |
DNA TRF -9 e it @2 worfba Aice BeBrere (b ¢'-o', Wl o'-¢') w_iEs

e | ©iR R Fre @k R TS e oo =1
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eAq

L

o P 00

=R TS
DNA “Aferieses 111
3:71u1r 0 Iy d ¢ fEfpetize
DNA ARTICS 11 - ' i
3’ 5'[ 3 : ’
50000 0 L : .
P9 DNA RS w= g+l Co &ETR
v AR 3%

94T Okazaki ¥ R8T Okazaki 48

TUUUUUUT 44
‘ DNA ~fFemitas 1 —<?f 7\ 5
E IR W 5 , " 3
3‘1‘11111"'1'[1'I'I'1'I'ﬂ'|'|'|'|'|'l'ﬂ"""""""“‘"‘"'"'"“"' : V —>

5 v
P DNA-FNEE I W B QRN
TR e I ki

5@ .94 : DNA afsfem e

GR-5T (TH)-br


Mobile User


ev GRIGH- 22 7|

(v) Wev @ @i fNaRmeIR T6-97 e 3k (Ite AT OIS 311 20 PR 34 (leading strand) |
SR Qb QR - e Fes 3fi coivs s i w11 2 e s 1wk @ 9s QseTT

e 2 (S forzw W st 3jf8a Sarw fire oriTeeT =R |

(vi) Ffe @ fftereics oF afewe 3 w@ S 2eww IR PR @ CeTRIRAN
fefeebizren sifi tofy =01 cameIR® fNefpabraten MRS «Ff 1 20T eRTTE WRERY ISR =
a«awmammwﬂma@o'-onmaﬁ?mmwwﬁﬂwwmlﬁ@zﬂmw
QAT S foeften 21 A- We weend =W Ao Wed T @I iRV 99%S =1 DNA
APRITI-1 , AIRFCF DNA TR ARG I 7, FTT QLT G5 CRICBT W7ot (0@ 07 1.

(vii) DNA S G PR am 2o we Rty SNF Okazaki X8 3T (SRERST
AIPAC) | #MRCNG GG Okazaki VST TGIE AT RIS I TSI JB SRS oot
A FE

(vii) G2 Y DNA TRA &fera-aa oy g QR I oF 2GATS G TNER WL Ao
T @R AT 2w 9t Tke - Afe z wdie efsRem e = | @RiTe T TS =
RO (qrenzs Faw) [ty =@ @ Im |

Y- : DNA &FF fiftr © (RIS : g His toRen w1 HERreIZ e 2 @rs oI |
DNA@Fﬁmmamma%soooﬁmmww@ﬁwwmlWA=TaamA=-cm
@O AT | DNA-4F e fomee @71 @) &y oF e fift 999y oitR | @ @R @ 39 27 o
(Mismatch) | ST €& AGTT O GRS F (TS IY K| @ A 3 A C & T A,
CRINCSA TGN C-(F AT Med T TG 02 (w20 | RPTHT5 AT DNA AT 111 SN0 P
O AT A, R FETIe RN IR NN SR 2 | <4 @RI me Ry oy e @
QTS AT, 71 TF (FPRCI L GFT BT (AF @S A | DNA AFaE 1, DNA ARSI 11 @
%mmmmm(repaircomplexes)W’ﬁ@mWWWWW@W
CRCT §F7 4RT AT O FRTATGT I (73 |

RT s Ry Tz Fwa (U 3B, Rere G, SRBTarst=e smid 2oifi) DNA-9T
O (damage) XS A | P\ RINCSR Y AT | Mismatch-97 A MR I L& I B
ROV AP | ALIT Xeroderma Pigmentosum TN O3 P SR 20T UGS | MRS UV I 7= DNA
R @S 2 O (HRINCOR JIY] (P! GIETS 1 AR IHol SR R S 20 24 |

R T (Replication complex) : DNA @33 T 58 IR FrFa b gy
g avedT @ 2o e 2o @ wibe aife WEe 17 3§ F07, G T T AR L

—% GRYR | 9 AT ST ZE—

DNA G e

AW
i. DTSR TNIRS DNA 9% SR 51T SI3gl (A0S IF I AT |
ii. DNA &fFites QRN ¥ DNA S©IRe &7 A5t L F |
iii. DNA #femiere 111 AEPeBIRE e 7 307 5' &% @ 3’ & fFTire “ffse T

107 IR ATE | DNA 2% e 93 |
iv. BT S TRk (@A (SSBP) | DNA W97 49 SWiTS RIS 2 IS <RI T (oo wg oed

TSI |
V. FRCE GG IS AFE IS TS I |
Vi, ARG RNA RYRCS RISA AT TS (A |

vii. DNA ifémwicae | IR DNA T &fSg1o= a3 W7 |
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(P9 8 G A6F ¢S

GREFITS DNA GRITR eFg Wi | @ Roms ok 0fiG 3@ & DNA @i
TIPS | SR (TRA I 8 TAA qR GF N AT A N (S TeA T g 2900 &
DNA Gt IGoTFS | DNA-GF %57 8, T @R TGRS S W6 1 | DNA TS T
&P RNA Teoig T | fBI5*7 Q%I DNA-(S @IAT RS+ 96 =1 |

DNA (3 o
AR IRA 2JIe LRy formae F A B (Gene) | &7 DNA-FR 36 Swe=foers 31 sff~fe
@ B far ofde | 58 @3 fGH-97 (1 Baas Sitad @I ([FFET oam F3re A1a =1 | fEm-
97 IIE 2 @I Reag ARToBiRT-ag s smfe fSreest ffafigers S 3@ el | S|
@B 2+ @ 98 T qorFend I A@rFed W FF A TIq THAY I tafHEy | farae &
B T @ JAWE AFTABIRT vt @fSn Seofy Fare b Rey afew sepmee Fa0e &1 @]
S 2reT Jroferer i 3z feSrfb 2o RFeemIs |

mi‘lﬂ (Transcription)*

Brfeme 2o DNA fRCWR© 4td RNA RO | 3% AfSra I 31 I/, “RNA AFeEs

GTEIRY QA DNA (1 S I 03 mRNA Te0aee afermr zow Qrtfers== 17 7=e $UF, DNA

(AF mRNA Cofd of = G e | GPf@ Mt WUt DNA (316, RNA. e &rwd
IPTRfNPSITT AT 27 |

DNA T U HT® 58 RNA T @39 TrefifiE | oiR Grfeome (3 TIRe Jiieed «feers
GFF TS | @ STISF QS (template) FROTR IR I0F HPTFIRT 991 AE GIR SWITSCP <11 T template
strand, antisense strand 9T non-coding strand | SF SHIEHIE (@ WIS (AT FHAFRI I ) TN
FARACIHIR SBIIS, sense strand 3T coding strand, I DNA S @ SIS (1 FIIICEH W Tgweld
38 mRNA I (357 PRI A T8 G 799, (%1 T 99 L1 U T0F | Grfer-1ee e fom-a @
SHFF MRNA TS FARHS I @ SRHGFR =T Grfereie ROfAG | efara e Grefersrm e
oo (ot Row a1 = A - (7) o1 4, (ii) ISR 4ot 9= (i) TP 40t |
G ef eI S T AT

DNA XI5 (template)

Ve{) RNA-*FTHI% GFeTE a1 fom o 20S #I1 |

\/m{ TS ANV FEBIZT JIZFTTFS (ATP, GTP, CTP 93 UTP).
AR *f&, HRECES (ST AEIPGEIRE Gk NRCAFED JBINT TS T | ARTAFNES
(ST V2 AN T Loiaiete g Sfsfae e sinear a5 |

\y)’ g =@ &fifoe |

* T AW (T (P JRAEETTE IR effor IRrRn AR A1 wardi, IR ure 7 tife wHR e = I e
GIICCTR TRFFE IR HSYT S e =T @I T 1 B Apfon g3r v | Rl 9w wien @t 81 e
o T &Sl | Grferr afEs DNA BRF fFT (30F F9e W @31 B & s = A @ s R =@
RNA T @3 GrsRf¥E | 9=ryl DNA STe-aq (@ Fae™-9 T 490, 8 RNA SGiTS-9 Taaﬂﬁamuan?ml PHL
B -ag e affoxr 9wR afefreim 3 e =0d 71 1 ot Fefereim AR’ qurd |
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o 3.0 : Graferepm oferat : -cRIfeR WIS (§5 DNA) (IN); @I WS (SIF) 9 F& mRNA (FREITT)

() QMG SBA (Initiation) : GPEFPE 4N GTEIRT T RNA PWIGEE (RNA

Polymerase) | DNA W93 &b WIS & SRT*1 SmRTT SRES GBI (Promoter) RNA

T TGN RIS A DNA S TR RTH-GT h1> 1 (MGR (TS AT 3000
(PTARR YT TW) G0N FReF=r A7 o 20| 4FS (@I0ET @ARNBIET 18 20
TATA Box, @ R THIW WR-S(fFm 7 A | Wifti I8 TATA Box-a3 ARRTE
TATAAT AT | FEAfeFPItag &0 (It IR #1est =1 )

(i) mRNA T IS (Elongation) : RNA *IfemIaer «menas eiceiifir s St &5 DNA
RIS TR fHEFFGEIRT (AMP, GMP, CMP «&k UMP) @354 R «3® §& 73 mRNA
4G 3fa FACS FUCS DNA ST AT s ST 20 AT | 0'> ¢’ A &5-DNA HTS
A A, ¢'— ©' TN mRNA O = | HFFZT T mRNA 7 OF T ¢’ @ TR 77
T ' A8 (Bd-5.0b) | Wi RF-0'-¢' YA T mRNA W W ¢'-o' I, I TORSE
3 et W% §6-DNA G [IFBATRER T ST 1 T9F 5B mRNA o
AARFOICY RIG-DNA RIS AT HGFICA (A G I2EE DNA-RNA TR @fRTE-9 “fiee
2 | mRNA TRITCST (AL SR SR 40T 990 200 T |
DNA 108 (AT SRE FfEFoMe S8 20T RNA ARTITAS 471 SWa &F DNA ©IRe
SBITCEA A SR Y01 (7 | RNA “APRICE AR e BT (o1 (IR0 DNA SR S
©IRET (I 20 AW |
[ CRTTAIBIC WM APCT @RI RNA SAFTRITAE BIerEd SE NG WP Z0T (il @0 RNA ARTICas 67
TR IR <[ BRI P WIS mRNA T SF IS A | IR @1 PR mRNA ¥ T AF | @I

IR @I R 2B SR acmem e 93 R e 2aR Trar 31 RFRW 351 mRNA 2of 200 )
TRCATER 26 RBCL® 0a¢ FFmH R =g 25 1 35 mRNA (3 of St 331 763 77 | |

(iii) &S (Termination) : DNA-IF BI6 WIS GATe-1 swife g7 48 31 AF | RNA
TS mRNA SBITS 0o F0 &6 403 STe e Sepi 20O 200 DNA G0 SRt
(31 FRIE-q (Nrg o1t Gt e =37
iy @@ KT @b mRNA-97 7Y RIS 2@ BAIEMT % I (1 924G mRNA
B o1 3B P GEFIT I I 7 | AFS (I BRI Breapicest zeem «womfa e
I mRNA-CS BPerdd Fa @1 Reafer )| el @ifta @ sEsafe sret e =7 @
Brfeops 95 T I | -
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(P 8 GF F d

(iv) ® mRNA (0¥ }9® mRNA
Wy (o4 fA-mRNA fEFIR T G7aR ¢ Afa 3¢ wouw 26T FRA! AT,
e & #AfSTITR T fA-mRNA 9% 77 | O «qre RFgh1 “Afmei Fare =)
ARAET-5 : ¢co—deofl Sfefa FEfpebRres uafs G2 B-mRNA-93 ©-8It8 IS Fa1 =0 | >
A AT APA AFTEIRET gwenRy | pfefa EfPpebiRten @ (63T I =W A BE
TARGIGNER (S GTe2eR =foea 9@yl (WF 9@ (637 mRNA-F TH FA GR FEED FAS
RIS I | @ AT I =W IR |

RNA _ @i Sraem

& Exon ipt{on Exon Intron Exon
pNA[ P27 [ | R A
. ST
Breifapepsy
§: Exon Intron Exon Intron Exon
Pre-mRNA| o] | ]¥
7 l LA Ban

@l | R | | [AnA..3

TG (PG IM (G TR

5=t v

ey
6666656] [P A asas

v MRNA=ZRR (FGeRm)

| «<— b cifer P —>|
GGGGGGG | |AAA..3
i 9% mRNA
B 515 Brerers 5o

5@ 3.05 : GETfeE=PIw efféwar : 2iRFR a3k R (ATF T mRNA T )

ARE-2 : B G (SAHIRH FOEPSBIRT) BLmRNA-GT &N kIS F1 W | ITF 1 24 ¢'-
I @ FET I A O @R G GTenRy IR | @ fEE T W PR @ 7]
AfIISTHE %98 mRNA fNEfFaRT (A 73 267 B = ﬁmﬂf%ﬁ@@{w&xm=
expressed sequence) R TH-(PIER ST (intron = intervening sequence) TNt *f¥e At | fa
9 TEW NeFIR FFTFIRY A Pre-mRNA T R | -G ST S introns (BTN ICAT S
(FTC I 1, OIR H introns SR* Pre-mRNA (A& IV TS T | QA SRSy (@ SR
m &« Tt 5 intron , 9% & Yoft 18 introns 327 I |
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Y Gfea-aUT *ig

ARET-9 : mRNA Splicing : [NOFATT Pre-mRNA (¥ “II&PR 341 T | mRNA Splicing X1
intron SR (TR LT WA (FG AW (RS IR T exon SR* G T GO RIS A
@Al | G f&F splicing-8 I T ATF | Splicing FAT T ATF Spliceosome-9 | Pre-mRNA GR
PO Small ribonucleoproteins (SnRNPs) fffT® FWCAHCF 911 T Spliceosome | Splicing BaLiin
TOTST eI T AF @ intron GF GFG (6 FUR mRNA (S ACF =1, WIKHE exons 49 6
(3778 PO mRNA (JTF IV ATC =T |
SBEACAGS "R (Alternative splicing) : Pre-mRNA-(S IZR-9T 917 exon @TH RSy ST
ATPRENETS 20 G2 f&H-DNA PRI (it [RSH mRNA o F900 41ta 1 @ effems =1 =1
OB "AIEPR | TDRAGS ™22OR-47 F G392 o (U oy o ¢ tafbarm c@ifb toft
Y ATCS |

ToqE QNI T TRWIEA (TG Pre-mRNA-GH 2T8 SO foqot WDRIADS “2i2PR T MTF | 9@
(TS ST T ACHE JSNI T 0,000 & ((TF AW 3 ,00000 (GF 7F) A @ifes Tz o =W
T ¢
TO® mRNA-Z PSR ot : IR, GRPR i ARBRr—a oD eferam oo f3-mRNA, PO
mRNA-CS {9 2| FOB mRNA TGN AREeR &) Tge, o WeiFaer fegee
FZTETLATEICN BT ST G FRCIACATN 6T GRTCeTs 2w (&A1fbey e 3 |

SR ¢ T GIARE SO0 g ok
a8y wifrcrE M S
YEG] T 1Y | efgan |
3 | e T &R : RNA AFSIES 111 o= 2@ : RNA AFmIcae 11, 1 @R 111
o | FfeFRI e | Fofs : afs G de—w0f | ATfe | afe cars ¢—vfs WEfpebize
fAefpabiie Y& 27 | IS T |
8 | CAICABT T AT | wioeT &phod | (IR forea ofrd g |

¢ | TPl fRCT (= mRNA-CS SRY® A | (MO (2w AFReane ket RIS
AT mRNA fTeR ot 9% F0a | 200 GPfehm e e |

AP A IR
Y | TNEE-GCIN | A SAGE AT L TG R GCH G012 AP |
9| fA-mRNA TeAg | (PIAT @-mRNA (O =W, | fA-mRNA (0% IR, (GRFeR Gk =RPR-
53 S PO mRNA (SfR7 7 472 | @3 WYY pOR mRNA (O T | FOe
@57 tofRTs = (77 | mRNA fREfFa™T S5t Fa ARG 9T

@5 tofars o 73 1

fAeref e ™ (Reverse Transcription) EDAT |9~ 2.0]

(P SIRATT AT B B G- JeRH2 RNA U Siwd feam fog +1d s=emem 3
@RFG A ANF | ©IZAE RNA & feref FfeBer (reverse transcriptase) GNENRGR & (FIC
FACS A | @ ORI q TGN P A AT SANS 1 28 BRI (ritroviruses) | ot

_Dfertw aaeity JI2 T SIZAF RNA @ Bb (template) RO w3 ey SRR DNA toff

]AE @ RO HIEferer ) HIV 5 fer Gefders =0, SW@Hl SRR RNA @ fowmt
Srffererrid TT DNA 0ofd 3@ 19 PCR 391 T R (@19 W/ (+/-) I W |
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(I 8 GF 15 )

l__‘Tl <— RNA (HIV)

N frore GrfEcRe ,
\ <«— 93 TGRME DNA (el frfers)

wvd’\\ <«—— T[F SGIE DNA

t

IO SIRAFT DNA

54 3.80 : RNA (UTF DNA o (freref Grifareir) aR *RSf qrorTE

HIV 347 TR I FE OI (IS T RNA 97 0d Foreft Grfecse qwerey e
R | SIFTE (FICY O o8 GrAfetbe 32 I ©IZTFT RNA 903 I3 GF HIIeRPE saRersii
DNA 0fd 33| o fReref-BEfacbe DNA P QIS FAYCHOI &S TS 0O 07 1 Intrigrase
QSR (RNA-T 3 (R STIIFS) (AT (I RO FfeoMIeTa W4Ty 0o ©IRe SBI1S DNA (&
(AT FETAICT &t S0 (7 | @ SIZART DNA O GIiarRT 73 13319 RNA |

LA GG S F© TG & | E. coli TFGRAR 36 & (e @3 yooo HERFeIRE
2 mRNA G5 308 Wi TR 0T @ G | RAATH (DNA-4GF) TOFF Skl ool
mﬁamm@mﬁammmﬂﬁsvmmwmmmwmmm,ewﬁﬁ
R T — @ o e AT | DNA-S9H @ SR @ofS ARTAoI513T (5377 31T By ey
I o & 31 Bl (cistron) T |

LRI I B 2 NuFers =6 mRNA BPier3y o1 O f
TS I T Monocistronic GFf&% | MWTRITT G RGP (recine) DPTERI3Y F0F ©I (A0S G oy
GFTTD J0S AT | AT 3 =W Polycistronic BTG |

W“F{ (Translation)

e i e AFaBize (our @ifb) toft ar 2T GPer | R-DNA (3 @it tofkm
(AR (FTCTIR GACRHTE FTF ¢S 20 mRNA | mRNA, AN @ tRNA-GF FRITST FA-DNA (AF
VFCE BT @l o7 =7 @36 Sy e =eifte I ARz (71 o9 sl
@SR ~fRafSe 27) tof v afewan 2= G |

T SR QRISAR SATWITTES, ;

P~ mRNA 3 DNA (& (@GS 16 3 303 e ot | oS 5T skesmeas §1a ez
Xl

WtRNAWWWﬁWWWmWIWWﬁWWWWﬁW
tRNA 2F | tRNA 99 YIR (RIDT | TS 9¢—bofb NOfFebIZe A4 | (RNA-9F ¢ 2ts Syiiar
Wm@wmmmwﬁrmﬁmmmkm-mmmﬁaw
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L8 : RS- %@

© @97 B GG ATF | MRNA-GF (IIGH GR tRNA-GF SFFGTFeaa fHefpetize
SEF; @IF— AUG-GR TS UAC |
@KWWW,AUGmm@MﬁWWﬁWWWMWWﬂWﬂWWM
UG 90T | GO tRNA ST YR Aoy ARG ST S 311 2 A6 (RNA |
MMWW%WlﬁWWiW@WWW%WWWl
N/ AR 0T mRNA 8 (RNA 397 W% | 2S5 AR (RNA T & of> 25 A,
|- AED (= SHBHES 25, SRITsE W2 I WINA-SGEIZT HLG); P-AIB (=
ABOTEe A2B; ARTCABIRG CofF WRB); E-M2G (= Exit M6 SR ARCACIN (AF t(RNA @R
= AR gF) | G ARCATIN @I mRNA-T AN qR T (RNA-F FY FRIS 0

AR |
(vif TRHTSDR TN : T AYRIS RSPt tRNA FEBrers (Aminoacyl-tRNA
Synthetases) 30711 @ifefs wpafbrefty «merRy w36 SfeaT e ¢ GFG (RNA-9F T«
a2

BeeTR afdw

BT AT RITER TR IAE ket 2 | 4 afwws foafb iy faew Fua e 30 T
AT TA- S | BEEHCT BT (initiation), R | AFTATIRG  (52-97 A (clongation) TR 0 |
FNI&F (termination) |

3 1 335 4 : (i) TFAPIEBA (RNA, (R SIRIAT SPIPE RIS F0T ARICHC CRIHT-<0e A1
<GB Y AT IR |

(ii) @ G (FEF) mRNA 9 ¢' STGR ITH SR Y % T AT mRNA €07 0" AT
i3 510 QATE (T T 20 WIFR) T&H 7 BIB (FICT AUG (T TF | AUG (TS MY t(RNA-GF
UAC SHIf5aIe TG 98 TR W9a 2 |

(iii)aammwmmmmaﬂmw?&|wmtRNAwwW(A,
P @ E 3135) ZeT 16 QIF | YT V6B RIS A0 Y RIS TG A0 A0 JACTI FpAI- 1
S T | @ TG GIRISALRNA P-T25-9 AT, A GR E 2B AT 40 |

leﬁ:mwmwmwmmmmﬁrﬁm
@B o G T WBE G TE 4| D INRICEET RNA-R RS (RIGAT HAIFOIT
*RITER o1 % I AT | AESFAC ARG A, P R E HIRG 16N 7 |

(i) “J AR MRNA BT 309 '-2lR 1 Sapr 20 @k s (RNA 6w Soifie e
00 AT BoifEs =0 | R 10E & QG *& GTP RIGFIRPH-GF TT FAIAR 341 27 |

(ii) P-T1Z05 CARGH (RNA (0T 4 T FIts AR5 (RNA 97 ST sifies e ¢iebiRe
3© o I | (FBIET IS LSS AT e cAfBeIRe Frorepieaes S+l < |

(iii) TRRICIN TR GFHT 97 G mRNA @I FF I -2 T (FIer| e e
| 3 T (FIET SR FHE Sy S i I (RNA IREEIER ARG &I6T, 049 A-
AZTGF tRNA 501 TT9 P-2C5 €2 P-Z6F tRNA 0T T E-NRG | 59 (T a1 SF1 46 @ aferan
SN 2E R ARTATIZT (53N 7T 20 ANF | ESNR5T tRNA-CS I8 (T Sifsear sifse gl
qTF | :

(iv) E-5T1%5 (VT3 T (RNA FIRBTRGTH 5T W7 | G SRR @, ARG A, P8 E 9
forfs STET FUme PR T (RNA T = ATE 1, IR TN ORI 55 ARG (PA WAl PE) 45
TP |



Mobile User


@1E 8 GF Ao

AR BT e E] < RTAITATI
CRITBT tRNA> T e

—_ —_
1@.“&/ \AAA ~oR-2l

G’ e-ere m
foa :W’CW:EWT-"F{

AT st
tRNA

HHE ’ﬁ?

UAA AA.. o
By N W —

b : G IffeTan 2

ARTATBIES B2

il
B PA i
T ,

fowr : G - sTifes o
@ 3.85 : GETA af

ve

9 | TfeFa o : IRETCIET NIB-A-(5 @A A @S _(UAA, UAG I UGA) cf’ﬁm

BT Tf® QO | 355 (FIed ARFCINAR TNL0-A (S T& 20 I SHPIZTRNA-GF A0S

35 (2T fRfeTer TTFT (Protein release factor) TIG-A (S TIF B | G T ARFTABIRC (52 H20-P
(A3 TF T TW IR GFR A ARG 76 Se*e JAd 200 I | ?ﬂﬁtRNA w3 fifeer w1gas
T T AW |

AP (Polysome) : (R Sfsarey (@b Sfye e Seoima AT AWET T G2
mRNA-(S RGN G314 AR 01 HRTEHH FE ATE | mRNA-CS I8 AREEIN T@ AFIE

o il
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LY RS- “a

QI BT @ mRNA &1 FERE e 1 c2ifbq S syifSear syifices skt ¢ Sqa | o
mRNA TR DNA W97 936 SRT*9 g3g ef o< | SRt @R 7 e sore spifiear syifires e
@ SN “TAFOIE DNA W1 fafes =1 |

W FOFIRT T AP G2 A ¢F A8 mRNA-F GFIEMH 5o0e AP GRS &I
ST 95O ATd |

(@5 TN 9 05T IR A, ST W@ R0 I IRTA S RSy SR sifters =0 wel
0T AT &Y 167 I | 7S Wrﬁvcﬂvmwﬁﬁtwmwm%}v

mﬁﬁr—vm 7T Qe
51 DNA Wqre  afds  aoe SeteEitd RNA | 51| mRNA (R/F @i (o dfeeans 1
(mRNA) SIrs 3 919 AT 37 20 G | BT |
3| GUSTE ATP, GTP, CTP 8 UTP ST IS ST | | R | GUHE@ AGRNS 200 Spifee sy gaze =3 |
o | 9 effFmle (eres FefFmeR iy mefte T A | © | @ efermfs ARG RIS =T |

8 |_Dfeeea Afermit aEemlne J JRAs 71 8| e aferlt @Ites RQCIT A
[MAT: 18-19] REE |
¢ | 9 G RNA FiEe oienes orgd o and | | ¢ | @ ofaw spafreiy gvedw ewged
ST AT I |
b | (TGN IS TR 7 RNA e &y DNA | & | a7eidey tRNA @ e ffwe spfsea
9 A Y W | e TIET 2R (@@ T AW 9k AMP
AT TSR TS = |
GRRITTT (G &SI I Central Dogma of Biology :
NA (@ & 20 RNA
)M(NA T B = oo
/(,uf)’ cfo == 4gR F3f &9 (worker molecule)
M@mm&gﬁmﬁeﬁﬂmmﬁm

FIER A W, PT SR @3RS =W DNA (TF RNA-(S @R RNA (3 @b, &=
(2o GIF T+ Caf+B & 03 |

f& (/15 DNA)—> 3’-end 5"-end
v c C T| |T| |T DAY
TR e B Gl 9 [N W A
et M i N N N
N M ~ B
Gl 1ol 1ol 9] |l [c] |Aaf |A] |A
3® mRNA—> 5" end ’-end « mRNAS
— —— —— R e
e | | |
o — Efe wef | REw < 7@ cafoy
(@1fSe wpifirr spifFesnR)

f5@ 5.82 : f& (215 DNA)-(S 1S; mRNA-ﬁcmmamwﬁmwﬁmwﬁ@wq% : & s
ST mRNA @8R mRNA (U0 BT ifoe : G esmr

aferst e o T, ok @ WW Central dogma W"BT I

"A dogma is a core belief or set of ideas".



Mobile User


@1F 8 G A5 vq

craet et fmmt -
DNA T RNA o, a5 (APTBIRE o)

Central dogma T WHR® SRR (molecular biology) (N A | Francis Crick dd¢Y
AT Central dogma TG &AW ITI | TSN WS T T AEARSF RAMSRW (molecular genetics)
Gl NS (fundamental principle) | _

* Central dogma-¥ CPIC TFSeFT |ITR 7 73+ & 5 mRNA tofF F0a2 79 RNA (U0 (ifow
tofd =31 7 tRNA, rRNA, RNAI (interfering RNA) AT (TP FUCAT (A5 toft = 1)

(i) RIATEITRE TYTT S DNA 99 GF Y (0F T SAYTS I |

(ii) DNA (203 S mRNA (S 2@1f%e =7 (Feiferera)

(iii) mRNA (S S 5T I (BEET)

BT AT R SNCRA IOIIP 4% |

T HIEfEF-MItaa RNA (U0F O DNA-CS S, 47 mRNA-CS T R 1 =6 @ifbesy a9 )
PR FOF SIZATT (AT T, SIZART (I 7 | WWWRNAWWWI

&= (Gene)

@mﬁwwmcmmmmwwemcm O T A FS B,
I GG (e AF | P8 (AW F@ I NG QA A A (WS OAR (RHA-(NACS (AFHEpecst
gRRe T G We By @t @ =t 1 b S oF =z | @ [WRve e w1 e
A IFawar, T R EE G A 5 58 an R T A1 oRRSiTe W (Gledd o, RUeT (AfHRy @
IR IETeR Rer bR | IF M T-IRT (AT (=TA-CACS @ PRIt qoTr o AR & |
R T 3 BT | e G wiffe P Freeedt e s R <= |

G TN (TS _(Gregor Johann Mendel, 1822-1884) 6740 fATH <Itaqel Fa1 I (Svbo &
) S IFEE ECE N A FFT 0 O I | A0S @G (Johannsen)
S90d T AT & T T FNJACFL T (gene) RO Sfofxe R | 933 AT T. H. Morgan &1
AT @, &7 @I @Iy SRES | S {w™l Har Gobinda Khorana Jfaw f& sreasd
FCI S AT AT T AT | ’

(FITCNCR @ Y G5 & =g 963 @ gNF G (locus) I | 58 &= Iy

JeeT G2 BRBM (George Beadle and Edward L. Tatum- 1941) Neurospora crassa NINS &l N anf
NI 47 I @, fafwe e e avends tofea &= Wil | @3 T el Garrool 423 ‘G

B s GTEIEY YoM B @A | @9 S (AR G R Genew Wewe @b, oI Awadis T
TSR e 03 3N 2 93 B ARToIBIRE 3 | e qean @k (2B WY fom Fge 2 |

Bt o R (Yoo ST Shifte M Aif5®) ftar F1er FF Vernon Ingram (d5es) (AAIF
@, @ @B Yoo IR WfFTE @afs WS A& (sequense) SR s | @ (AH2 awfds =8 @
WWWWWWWTW@WW@@@@%@W@
b JE e AT R o widlt | O @ifbre 39 <0 ST ©IFT (Language of life) |

(TN, R 303 Pifde NSFAR @I @IibT @ DNA F012 AT, 3 P08 ?

Pneumococci fTR IR T Frederick Griffith (T (F, &7 SIZFCETE AP IIFT B
RIS PRI | AT O.T. Avery &I ICEF (@, A IIICHAAR FIHPFT (TR DRMS FF AGw)
tofim (a3 gefe® =W DNA fitar | FITsi2 @RI ¢ DNA-R 20 & |

R A ¢ : RS Avery, Macleod 8 McCarty 588 HITT @R Hershey @ Chasi S5€R
AT A (AF oo emMfIe = @, DNA I s 38 |
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O Qa2 4q
[MAT: J6-17]

iy G o, B RSy qeeaest 8 T W | @F- @3, fio, @fies @ i

3 | GR (Recon) ; | &7 R @7 @39, DNA W97 (@ FaoT 39 (@ADL PRI SR
& I ONF @ A0 | @ G AT Y2 (&1l [Ofpebize ey s | :

RSB (Muton) : G & RBHHHT G 1 2 | DNA W97 @ FHOW S fASH= wefoe

T, ST OO 071 | GF A (IS (ACPGHIRE ok (W (NOH If6S TH A |

© | @R (Replicon) : DNA-GF (@ S* DNA-4T S fgad 33 ot @@wmwfmaﬁ
T @3 9T |

8| PPEA (Cistron) : & IR «3F | DNA 7 @ L6R* FIRT 767 I faet I3 oie
G 90T | Escherichia coli TRGRAR «b PR &R seooft FREFEHRE vt o | afS FrGe
WAF (@F ¢ FTHN ATF | O} @ 8 NEoF worn el (nf stve @fr | Sfsre v & s
PG & TG (equivalent) Y I27 I | & DNA 7 FEEA G I < FFGT |

™ 1 EFIRITR FIITT S)ES DNA SR e Frecm o dige @b f[fie e
TFS ART (encode) I G (BT RO Wiegper It 13FER Repr won1 | Spons <11 T, &
EFTRTTY, DNA-F 36 e 1 @36 T ARTBIRE fen st Toe Al I 303 | ™
T, B 2N B TN A8 SR DNA SR @36 ot 71 @b cfebae iy fame
I

L SERSIRLIIR

/e Fefee s i oS |
\ R ST AT SR P <3k e e 8 1 apifive sy w0 |
\)f/ <> ST &Y (variety) TR W(mutatnon)w_ﬁlﬂml
v o Sitaa Rers @it CafiEr qeeiErlred 9= 94 |
\/@W«ﬁﬁMﬁhﬁWW@ﬁTW@ﬁﬁmﬁn
i 7B @I SRy W 4 | W (ST RS TSI (linearly arranged) 0%

\@?&mm,{;

o ool R (LLethal gene) : (R &3 RseFITR ST TR T97 X ©IC e & et )
o SCEIET (Oncogene) : @WWW@N’}W@WWW!

* CF-GEFITIITAP & (Sex-chromosomal gene) : GTH (X, Y)-(EHTICIN (PR o 329 301 ©itnd
O~ CFICIEATe f& 90T | o Reanfeferin, 3eframet Tonfn |

o i O (Trans gene) : @WWW?WN@WW@WWW@N
31 feiricy ef Sy w21 T OIS 5 & 90T |

'Wm(Splitgene):@WWGWH&WWW@E@F{WI

o %ol & (Pseudo gene) : DNA-GF @ St fofflr e a1 f&tad (@ St (20 FITAT ARFTTAABIRT
tofi T 71 oS e e 9w |

o SEORET & : SHTEIN @R & 41me FT3 S SHTETe foe 90 | (- TICea W 01

(3T, SYIEIE |-
o @S BT : Y- @R & 32 303 CTeteT (@GS & | (- TIgeas e ¢TI |
o PRIT & (Linked gene) : 37 7f> &= mmmmmwmﬁ%ﬂm
TS TA 7T OU OAAE o1 2F PRIC &7 |
R AEIST RILT R o R 99 GT6 (@FITHT R s ferea e e 3o
i Sfew e Hans Winkler S50 T 542 &N *#fb j929 FEH | W4 AT &F vooo
fiferm =F-LF (base pairs) ACE T 24 (22A + 1X + 1Y) B @Fonemw s e | 57 Tga
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(19 8 G N LS

AT 107 55.5 O GFE T3 | AT W 0. ©7f Foger e vy o fog tafnsm g mxt
R | WET CFCE X IR FICHCH @ (20ub{D) & A @R Y @ e Hwe 30 ([05%)
R Qiee | T Ry W R St R RS a8y e s 96 | I sb ot R R A
T4 &I DNA (junk DNA) I | Wieed fRaices et Frewiiferr fReaicsst sv ot «r < feaieas »a

ot fieT TR |
o &3l : AT B ST TBrS A T TG G FA @ FHATI AN
O A YT T | AT FAT G o et q3fF tafiRy fommer 90 | @- ARLE THT | FRCAT
FRAT G5 o ooy e dFiee ARRST 0@ e AR, e Beam am s wer ffis zre
AT |
Arpfes 41 Fhaw RS w e QAT (@ae AfRES W60 A | e el W@ ARTSy
Eaa PITET Pt AR | AFOCRIN G o (@Ifdr @ FH-(PIfeR SR¥ AT | AP IAGFCH TH
(exon) @ TG (intron) FCT | (T G (BT RTINS SRel F7H |
R YT : aaﬁwnﬁmﬁa@m@ooomwmmmumf@mmm
DNA S&* frd ifde gk a1 EfFpebiRe wr ¢ ag@as AfHE | IHs Fee Sy Fms o a
RTFS A ICF | Human Genome Project €7 O SN (2007) @b fE2ae IR I o
R wo-80 TAGR| @ A RONFE ey R el REpebiRe ¢k e BT 80,000/
ACRPEHIRT @FC 41 QAR | VLI CHIE (G 3-9 S @R (ubfB) B @R Y @i
TR I (3930) &= A= |
AFOI G Reem I ed, g ¢ e fre skie® @RI exon-4F WA T4
TIFSREAT NG (intron) SR* THT FA IR | G @A G PG & (split gene) 37 1| RO
ST (AT O SREA 004 AN IR AT voo ferm HEPGBIRT uik &M wo 000
e fo 99 ToAfEfS e vl AR |
K TS SR N7 et oS o SesBresme nafirs et Anofb
\}ﬁwmﬁcﬂmﬁwooﬁwﬁmwﬁwﬁmml
GOTITRFT e R G103 R & 20fb o i fovafare =7
\fwﬁm(Albino)mmm,mmmﬁaﬁwmmwaﬁmn
@I @I SIZAIGR & (@5H- TMV ©IZ30T) RNA e oifes |
WY R aort : W fFa Fa89 IIT &7 Jacob & Monad (1961) SCoHET WA &BI9
A | NI (eg. E. coli) B eI TBMG 3911 27 operon (TCEF) | GR(G Mof &, o
AR o o, e w8 Twivies o farw sfafereey s1e 303 | @ 19 9P e @ SeoiRe
T | S I o eeea 9ols TBHE | efSls st Site «=ifes Ssiam Ate | SRl s fac
LR A6 & | et SR -
3 | MR & (Structural gene) : I GTEIRT FRTET A |
3 | GEITAIBE A BWe® & (Promoter gene) : AITT RNA-ARTIICIET Q&R IS 2 |
© | TAIEBT I 5 B (Operator gene) : 5% & N6 &= 2o Seamers famas +0a
8 | AeT6R It fAE® & (Regulator gene) : =7 51+ &t fmgd 33|
ofSfb SR Gita wIIfes AT A, ANA- RIS Seofaw, Besvrena sz Tonf | g
A e =1 RS-« TaAfyfers | s Grbrene swere s =7 Brebrens S AT | s
SrsaraE s fom foaft | s Hesrene= siofe & Anfs | el oz @ see o1 e«
WﬁmaﬁmRNAMWmmﬁﬁtﬁﬂwmﬁmmﬁﬂwﬁmmm
4T AT LA, ST ST S A A |
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RNA
AffiES
G 5.89 : TCAIT |

AFSIICY & 21 : GO 71 O & S DNA-CS RIS AT | (A5 ST Tr4iey
@R SR AP WG | (@ e o @b SRR SRz @ oS R R (action of
gene) ICT | AFOLIICY & AF™ GCC TAIFH (i) GrafeF=P=, (i) mRNA @BBR, (iii) THEPN, (iv)
BT 2938, ATIPR @R (v) fFC 9 (feed back) 3R afemara s |

FIFCBRRIT CETATAICT SR 7 o 1-Fiet form i 2y | RS (PICEa @Iy
TR (G- SCoreIgs &ioeT | (oo et Skeem o famamiier =1, hranamfe
SRTR & femartier =

e e

(i) & SRmicz ISR IS R (bR eerics fomaa <t |

(i) T& T AR 8 R tafBe @5, quedy S NN RO TR A

IR
(iii) T& o efifEe wuy GRfeEeMs 2%fea TMTT mMRNA-CS 6299 30 | mRNA @ OF FHAemeE
TGN APTIBIZT @ A 157 367 |

(iv) TR 3] AT RNA 6 lif Besi ot s St «iem < |

(iv) T&m eenfen B tafsr aware ffve a

TR © AP forpeie g ey fawet - ,

() WP AN NG S ege e o G T A | 8. aFeeE
PR YIS 4P SRFSI TS ACF | FeeR &Sl w-q few ey At | @ oe-q e
o Rfeq 69 (R RFOE 3 H TMYS) ©HA @I IR R Sremmi-aa o=
@ G (Hormone response element) AqCF | -

(ii) PR SU I G &I RNA AT qRenzy e (78 eperi fog fom aem
RNA “feicaer qvenzs Aies | ifeq @ sfemes ey s e Rew e Gree @)

(iti) NPT 9B AGIRE ARREMET TR RNA AFPTIES @TNGRE JnsfEaie s
A, G AFOTRICY [0 Toe11-71cd T2 (b 7oy =1 |

EABT @ (Genetic code)

WAl 99F W (@, R 5139 (AFB7 Rz 3 AtE DNA W97 e Rovs sl 11 & (gene)
e Afdfoe | & F @I e (e s A TS =W mRNA. mRNA R @189
ARWICINE T I t(RNA @7 T4ea &g @12 vy Mot sl s smfie sifie g
@57 o g AT Rew PR @iy tof o) @ tofige R @b diew e
TR '@ STSTEAT! AFET e FH R IR T PR et I |
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(i) 5T (&1 (ATGC) &7 fSq it tofd Z=1.DNA 91 (ii) SRR 516 (7 (AUGC) @ Rfey
FRTTIT o =0 RNA &9 | (iii) SUWCE 0 &R Sifiear spibies f[feq e toft = f[feq
2421 @If5T | 9N ceifae SITR TS F Emad 8o e spitie oy | @b spifiear syiest
g AR earma @b 1 oK @ Aes AF | @ AwwEar dfmww g@ i g Wik wike
TREAET R0 T I G (IfBTa (33T ¢ «F e 92 2T oRAT Gieics o =1 |

Ve 2eE 93 @iftw | are e ST o smfica spfe wer | A WE e g -
SRR + G + BRI + @ifw + 92PW + @ + ofem + ¢fem + 1R + 91RPW +
R@tE + BT + ... + SREAT (€ ) ; @ TP @A T 0T NFIACR TP (I FIe
FACE A | WL ST CORA T QAT 53 T (IR ACHT g ek |

@A @b (SN, «NenRw, W, o @ity Tenfr) A srfte Wew
TegrerEe e = (@Abe (@ren MY 7 f5fE 20T DNA Sqre S/Fs f&m | @is @re T
G 3-Letter (R REPEBIRT A @) F1E It DNA WS 7 G3@ RTE AT | DNA IS
SRES 3-Letter (PTG AT FARRS 2 mRNA TS 3-Letter (TG R A%re 2 | mRNA S99 3-
Letter (167 tRNA-GF WG e i snfel @z [ @it s9re wye 3| I
RRIRTeT Afse af b @R o @ @ AT i sitie {EvT w3 o Wy o= s
IR 1€ TN BIABF (FT6 | DNA I RNA (PPILRR MG (AP (IS &M T4 I | (The
specific coding relationship between bases and the amino-acids they specify is known as genetic code.)

TG AR (GAGT (FIC W DNA W97 FOfFebiZ0ed Sera (sequence) R (AIbTaa Sifier
WIS SERNd W4 9SG @MIEN *%f | DNA 998 fefpebiRe Raer siee @ifbe snfie
WItT RUTR T @ @R NPT AREFSIG 7% FEF Sarabhai 8 SF TZIAT ddu8 A |
Yanoklei 8 S FEFAM G2 4RI AN T FCARE | A

DNA @R RNA-97 436 s ¢ a1 @ Gited @ifoq tofir s snifiear spfSe Sesicas
fodiaa 30 ©12 @ADS (T | @EADS @I RIS AR B | (e @Froq 2 SpIfRg
TG (FTC TR AITSILF (TS FCYMIAST (redundancy) 6 |

TS (Codon) : mRNAWWﬁ?Wﬁ%@WQWQﬁWWNlW

@req G3fs Spfiar Syifies @ 3 |

(IICTH FRYT : (i) DNA I RNA SIS (@ ATF 5 4901 (ATGC I AUGC) 58 ifb st
e SpfTed AT 205 1 I @ 93 ST S @ IR Tw 8 e snfe
RITT (A, HuER A e AT

(i) 0 (T G AR FACT AT T IR IRAT WSIT T4 sufb | 206 spifier
FTE e TR & Suft ST weerwgs 33

(iii) &% off @NF MY AT FAT AT PRGN TRIAA WGR L8fb T 722 206 wyfier
TPTCLF (FIC FATS AR | FCH2 I TRAT W8S | @7 T ofb (UAA, UAG, UGA) T8 (Frew =
A SR IRE @e IF 1| IR S S @6 IR & P @eT AT 2=
)6 1 Y IS (AUG) BTN oF 19 (I8 |

Nirenberg, Matthaei '8 SITHA IR (3518) L&l (FIECH & |

B (Triplet) : {57 @7 ore 1 = f=t6 | DNA-WF RFICTIR triplet; mRNA-4F
PR BeEt, 9 fE (RNA-9F SpfSceens feet | foaft @ (fefpebiRe) gr e emd
triplet. T=TeG Frriceer ¢'-o' T |
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a3 GRREN-AU o

@ADE @ - Geab | e @ ofpebiRiea vt Gowh A 4f5s | afes Gorhre @ea
| Al @Fre 20 dFm WA Wttes @@ It qTEe w0 ot @ R
IR I Gt @Ie e Retw smfier snitie @ s et Seeiest 2=T @ |

WIFBCFIST (Anticodon) : tRNA W97 f6af6 @7 I mRNA-9F ARSFS (FICCHH AL TS S TF
1% (1 RoAtrE Tforare 99 2 | (RNA-GF ST STifie A1R6 Sroivee Syiforaietad Sy |
mRNA W97 (TG T(% 5'-AGU-3' T, T (A tRNA-(S IBRIEH T 3'-UCA-5'.

@A @A ST STRTea & G35 FRME @Ied AFES S ST e 3, », &
G=E oft e Frew e [M4fee = | @ - IPW-a7 Ty Y, enfem-«ua wwy 8, SR wRiEs-

G G S (PO AT | S5LY T @AGF (T T &L TH1 799 = | (@HADS (PG AR
G At @ ZH0NRA (IR G (%R ST S S50 AT |

mRNA @I T
TSR RS A (ST TR
U C A G
, U
UUUy fm¥ |y cy UAU UGU}% &
yluucs s UCC} UACS UGC ;
UUA UCA
vugGs ™ |uce UAA| gt UG A | ¥R G
o Lo U G G e
s ccu CAU CGU 2 g
: cuu ﬁ}ﬁi‘m C
cleve CCC| gmm |[CAC ‘eietol MO Y *gg
CUuA(Perm [CCA CAA, __ |CGA G
E o CCG cacy ™. lect 3
£ AUU U %
wzor- [ACU AAU AG
E Aﬁgi} pepm [ACCL gefm A A CF T o U}"'ﬁ” i o
ACA AAA AGA G %

GG o wRfE
(mﬁw.)f/\ AAG)mem |AGG)

Guu ges G A Uy seeifits [G G U 0
Glaucl o 16CC| qupm [Gac) whs |GG A
GUG GCG cact See |cGo

* mf‘wcﬂwwmﬁﬁwamwwﬁml

\}% ITEd CAMBIRMP (Characteristics of genetic code) 7}“ ’«jé
\y(m%mﬁ@%eﬁm v8f5 Toieets e oo | @ BoeTbee @re 1 = |

.\5/ GFRF @Iew G ST BT @re 7 i 0 (@-FehH) |
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@19 S 7 )

\%@ﬁ@mwwwwmwﬁwmmml

\%@mw@wﬁ@mﬁﬁw (T letter N SFH) FACAT SO PR
4l (non-overlapping) IR @& (sequence) SePIR I |

\ 1 FTETTR AKER (universal) W Rrea 57 erefon & SO
AT R (T2 NHFE (AF 26 [RIGT 411 SFoTT T qIT8 G2
TSR |

\W A TG 3 e ST o e 1 e =

M@?\GW&JWWIWAUG g AFTTABIRT-7 oF U

: @IeH UAA, UAG 31 UGA e @3 siwif& <5 |

Mﬁmm«wﬁﬁ@ﬁ%@s@mﬂmmwmmm
AR 8 TAIIZSSIE SN SHFTE TS 510 A |

AT HfSTT :

TRGIHGA 8 GFIRAATT (9T DNA TSI (AF GOTR 0T H I
W) G AT (@R G *afers fFgor ey (7 I | 99
@5%B-q UAA GR UAG GPTTH 3% IR foi 71 facs I 5w e
F(A | G FYT QU ST TR, G ALEAA-GF A JroTuR 471 = | four 3.88 : (FABF @@ |

TS fAd DNA-9R T
R @R Wl-Prom sifafi ([fFEEr IR SIti TRH-Trs gamas _ewe 307 IS |
Fifer fofe == 3o 78 Sl (@B, DNA, RNA T97if | 3tk emife fadfr uone ofiat
A |
DNA-GF SR : «47 Few e @ (@ene SRS &R Sieaa 1y faem a1 ey
FIFI-RATR T GNTS TR @ DNA-9GF SRHARe92 & R Fe 309, ok DNA-R &
(NI NG N IE A9 DNA | INGL_@INE_DNA-2 Rpifos 9 a3 memfen

]

Codon 1

Codon 2

Il

Codon 3

Codon 4

Il

Codon 5

L

Codon 6

Codon 7

QPrCcOQPOQOCCOO»OO0» QC»

L

mmg; & (chemical basis of heridity) | DNA-2 FaF( Srel-forer z0e 33y o1 eW-T8fers 329
P03 0T S | )

TG @R DNA (Mutation & DNA)

(ETALS BB 20T DNA PR «f43dq w61 | s @i, @frmm, oo @i w
3R CAIBICA (random) TN 7107 @ FIE 7S T6TS AN |

AT ACE* (Point mutation) : TH-97 Wy QUL G3fb AOPSEIRTEA RS THT 20T ATD
= | 9BT T6TS AT (i) DNA P @36 FaIFET (Base Pair) W (0 FRIJCSG! W41
Ffef® 2| (ii) DNA PIeR @of FRIee IE 20 | (iii) DNA PRI (e a3t Feaee
M #G | (iv) DNA Freaicaes siereifa uft wreanes g= «fes =01

G35 TFICIBA (Population) BIETHa T4y RAFER @ oy “Afweifrs zx, o Aws RSHT
G} A AT | GTF S =7 Single Nucleotide Polymorphism a7 SNPs |

o @i P sl s e A see o 38 @bt Pramm g 5 fogea
R (Missense mutation) | Nonsense mutation-4 &F© 3590 (P AP SR G5 369 (PG 5L S |
GF T 8 (IO ey ATHT T @ I 27 T |

WA 3¢ THE (GITAICNE o SRe O 960 Ifea &R FIFR JE 83991 wo% (AT

0% € ([{TS I |

Caenorhabditis elegans NS FQ mmsﬁrwrm -9 NYIZ ({06 ANF | AR i Poicare qovs
daf-2 v T & WO W «ar fRgy smw s adie IS B & o @W &ew
GRAPE f[TrFaeny fSaEe $a0s Aa |

A P (FNCMIT DNA (© B & fSSh=w o ¢ @ et Saaer faed 4
qq? 4

G9-37 ()30
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q8 GRfeem-aeT

AR

@Y : GIRMZ NN IS T (I | GRS T IO (FHITHS (P | IEL SO 0
8 FEA GIIR PN R Afifoe | G e 7b & syvve AIH @R 36w oTe
PR TR SIS (TATS A IR @ SIBIFL T (7 Cell, IF IRAT FA AR (I | @ @ HIA
(IR 5107 (R OIF I W (I, TRE TAAICE & 78 OF 8 fea RMee 31 =0 Gwaans |
s fNEfFamsfafe | '

CEFITRITAN : CEFITITAIN AT (FINY AP S ¥ AR FREIFA0H (SO0 SRS | @I
T BAMH T DNA, FIHE (@FACMNR IpoT 417F ¢ 2T | (@A SIS = dbae AT
(1Y FIFF 2T NAS ) R AT T T Sbrbrb A | (@A 5 2o Afere (7g F1ae
G FOLT @AHF TR 4 FACS AT | &S Fewis G Fi2 U @GN IW F@, IR
TRYT FEMSTST 2n = R (AF 2n = Svoo e TFI 1R | &fSlD @FNCIT FACF I CTRfrE
AF GR CTRIRIET FIGFCOW (FINEIT SYTS 5IR &4I1; - FGIae, TA-qraas, Tt
AU R LI AT | (FTY RO @TICAT orT SRt A7 309 |

DNA : feafSRIZEfee Snffers SRTFTA DNA T 20 | AP (A SES DNA
SR | WIS GR @IRLAPT , MGG To7fir SHE DNA J8I@1F | 2SS DNA =9 oifFs =0 «s
g A6 FEARRE TSERREE orie,  F Y rEie e ) IRGRES @ e @R
fRerEee @eeR efer St DNA J@a fagn w2t efSfem =11 DNA w9e afefem =
SERTFAN BACT | DNA-GF (STS 167 A1 %7 et , fogass a1 vret =forgy RRoma #iffos |

RNA : IRQIEf$e fes kfiFe 19 RNA. 797 GRIITIE RNA A3 | IR RS
BN, TRGIETRT (3 GR FHFS [N RNA 15 | off TR 93 @ | RIS 16 491 RNA
(TS ANGT T, TA-tRNA, mRNA, rRNA, gRNA €2 TZFT RNA | DNA-43 €16 (0P mRNA Gl
T R (AR teRR &5 ROTE 797 T | (RNA ST SUITer 329 FE mRNA @3 Q69 A &
I (MO FRTeraTe FRIwe! F0F | g g ©1=RA0T I2moT 38 I RNA 316 36 |

& : o == (FITTITTR EIRRICT SRS DNA =97 i3 st 11 &ieae @b (32 s s
I AN @R @5 e Sraewe w0 @ §F® it e 9o Sitea [fey w@fEEr &m
¢ frfee qa I r=ia geefte o3| afelb fri-q fefpebiRe-ga YT ¢ @ F+we | @l
feta aefb (= 80 000 e fNEfFEEIZT ATTS ANta |

Greferori : DNA (2% RNA 05 2 | DNA (905 RNA 0% el Face 31 =0 Geferepd | igieers
@57 toRm &% DNA i SRRt J5 BT U929 0 RNA toft 33| @ifswr tofim &y
mRNA @R {RNA &FfI | (RNA WA WiFE 720 FE mRNA-F 80 IE @R DNA I$S o479
A2 et St mRNA @16+ tof ¥ | *

\%wmmww
%mﬂ;a «F IR af o I AR

31 @® (Cell) : NIIF9 I Robert Hooke Y42 AT |
@ A AR |

1 Cell R T Ze= #A71fB Cellula T & 20T F7 &F1Y |

o I PR e e SIYRAFRET T AHEE I [E @ @ TH T AR (A0S
CICHRTTA O T SPDOTENDE GToT A (A |

81  Micrographia @tg Robert Hooke O (FTPRE® AL &M I |

¢ (I T GIRT A6TS 8 (ERF IHF G g3s T wdrewy ey v #Afical®e At o
SNE %Y |
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Wit JmeTe e RSy e fife fraee apferens aww tee Wy I 20
1 @A 4= | _
wifer Sl TS 7 RNA 749 &t 1 (At ta @ifbw toft =S (oiafedt | @ 4/=eits RNA-
world RTACA™ I 27 |

IET RN T 73T G (AF GHeT I NI (EADF (TG (BE; IR A0 T
(AT T3+ QLA T AR 0T poIed FReurt w1 = |

Y @R oo e ©f (WF ¢ DNA & Rftes 3@, T AFOIE, AFOIIE

. BT AR 5o Y T g Tenta |

do |
N

R
09|
381
el
MW |

01l

obr |
0 |

R0 |

Y
2

Y |
28|
R |
QWY |

R4

R |
W |

@ TafawIia &@& Robert Hooke; 78 Sy @rafawria &= W Carl P. Swanson |

ST (T TR @ T RLII | YA SNEE P JIARE (n) R o Siega

eIy fostae (2n) |

?ﬁ%@wmamw. NI 6 ST T TANRTT | FHAACIIY JIAG | 431 #WIfG A1ews
< |

@ @ITE (I WL @B &g <A T, O 2= Wi |

(T (I AN @fFS Y AT, O T AFOCP |

T IR | _

FACHIC (FICAT @RI ACF A, 97 RS 936 JIFI DNA AUF | @ DNA G A0 @Al

RREBM (@i AT 71 | @ JEFE DNA 7 & e 3+ & fefzpeicae (Frefeamt 7 1)

SFOIIE DNA #T41 Sareid (JBIPR W) , ROBH celifbeera e Afoea o e swgm

F0A | (EONCTNREE @ o fNefgant a0 3 7 e @ SIgs A |

@ Rreg €70a @i TYLF DNA SH7Te SIge IR oo =0 o RevH cefos 0 )

TR, TIROGRRT (TN IR T @ (FREAER IR T @R AP | NI @I

1T BT AP M| :

@Y WS TG 0T ARG GO ACAT (PG MRSFAGE () O MG (p) AR ARG

(nm) TR A |

FROGTH CRICHT (T T NIZCHIATETAT G, SACHTH 0TT (P T SR oy |

ﬁ@wmmmﬁa,mﬁﬁ,aﬁmﬁemm,ﬁmﬂmm

3B

7% sAreiir SR TR ATF TG, 7 (TSRA LF AT ARS 21D, @ICAT et

(ITT AT BT (SOTEA LT ATF GUFSI AT (Mt &5 |

apeifr g% @ter bl TR feme Wy SRR REe gt =@ e

ATTCATCIAIGT T |

0 | coBTeET o Wi 9% |

EBIAETSE T (oT© fofe 3= = |

(FITEa AT SRS a9 [ER @R I AeeTEGs | 39 IW, @I @I [

I TN RER @RE SewceE, IRFGEHRE (FIF 8 WIF (P «@F AW G TG D

AT, IM (Y B AW Ao | .

TR ARCRR e @Rl s

@Rl T Al g oy EfFer A% TS @nbeNR MRoEeN ke

AfTS | TGS NS S AT |
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8y |
891

8b |

85 |
¢o |
@1
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@ |
@8 |

ee |
QY |

eq1
e

(&

GRSM-2RT g

(IR FALBIAGTIAT SHIPTLET 4 ARCAN, GBI, RGO G I 7a
Rfe (R | (Nefearr o wRiys efpenri-gas @i s RS &%)

% 933 TREEG fw qafs A=A 45w | @i R IR ARG &4 F1eT, ©IF
AR RIET @A TR+ =)

I e (P G ot I =W PR Iy AT TR BT @R W (AT AR
i, =i a3 faeg T o= <8 |

@ I 3§ TRETCTR e ffe w3t wde A <o o T o7 e W T o
Stabilizer | &% (@ 71 9§ Wrve fifeice A =ve e A2 SITwatE 3511 =7 Labilizer |
TRTTHGAE (FICI ANSAF 215 97 #Ifeee 971 =7 |

@AAFTLS (FIIF AFGA, AT AW BLAMTHT ST 31 I Foleraa S 37 o |
(PICH SAIPTRA WL (PTG MGG '8 PR fNerd JaE DNA @ 70S TR
MR |

GRS (SO (SIS SAY 3 |

@I efFaeR wRe RfSrs sPry @ e T Seiram @ T <R |

ARSI FCNT IF TN @3s |

RO @if5eFa e TRIT TG DNA-(S 71 20 FSfpari |

CIBCATEHTT mRNA ST SRR 1 |

(SFITATITR TR (17 &8) DNA-9G9 repeated sequence 20T (G | Grenfimeg N
A o o7 fIow T3 |

PIefam 1 12 fRiifB g 1RARY o oo fRRfE

fAefee smfes fae aae o MEfpebizy |

DNA =@ #rneiifs 56 G sy wiie 3 somfba e Sdreny shgH 4 |

DNA 997 70 TI® Q2GS 3§ 71T RIS 27 |

mRNA (S 93%S 9947 e qu fonfb @1 T fifroere gt Re smftcar spfecs Fop:
(Fe) Fq (12 Fo7b @ T @36 @reT |

DNA SIS (PR @R qvd &4 farifare spficar smfites wqam 9 e @it s ==
AT (F1S |

ToSfAIZCareT SITad QR FHECT (PICAT SHCE (OH ) AT 7 |

DNA G 3 SERTFNT 250 |

o= srpTsl ¢’ (T @' ey =T |

SIFGIRIEH Z tRNA 91-9 SRES G5 © WEFeHie sr™ I mRNA-93 (@TSE T (Sis!
e |

v8fb (ETafbe @Fre-g Snfir Snfte ot e o= uefb |

CATCHIOT : GG FOfPebIRT Saptest (sequence) A1 M5 RTa oice wafg® @k RNA “femiee
RIEFIA |

TATA BOX : (NI5TER @ S I RNA “FSIEe WIS F90S 7% |

@I TS : DNAwmﬁnwﬁwmmmwmﬁmmm T P
mRNA @3 [HEfPebRe Spms Sa@e (U-93 I A JOS) |

@Ife IBIETF sense strand 8 T T |

mRNA 33 & DNA w93 @Wm(template)mWWN@ RIS
Anti-sense strand |

Stop codon wib; IA— UAA, UAG O UGA, 99 nonsense codon 9T termination codon
e Ao |
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Start codon «&6; IW— AUG, «fb fefam faoer otz |

W@ v syifiar smfices w5 o6 SR @ wig; 39— AUG (ftefam) UGG (Tesbrem) |
fehm wfiear snie i 331 &1 o e @R | GBIR D AT @FET T G
it Snfrecs Foi 303 | SIfEfae sere oft @re Wit |

(FICET ST &M G : DNA — mRNA — @25 |

&= == (@ TITNg DNA- aamwwmwwmﬁmwhW%mﬁw
A

@fSaTF 1 =7 HI¥Ca o1l (Language of life) |

4TSN DNA-9F f&-9 (i) @R SR* (@ RHAF I = exons) TR (i) T-IGe wext
(ITAFF M A introns) ATH |

79 % Pre-mRNA (/T intron SR¥PTYR (6 IM T8 (33 exon SRR FRYEF LT OB
mRNA o=

5O mRNA fEET (0 MIBIAGTT 50 A G AR AL TGET 4w R{erg
effm @ifow toft 3

SRS "ARPR A @FfF Pre-mRNA (2 o7 o 243167 o mRNA o 303 4= |
T @3 &7 (AT GIES ARTATIEIT (S TS AT 1 GFEACAR IT 0,000 fET AW
5,00 OOOWWWWWNI

Fepifen aPTRf fof =t DNA (DNA is the chemical basis of heridity) |

RNA (0% DNA % aiferzt <ot foret Grferrm |

PR AT e s @ fim fereifea (sv-%) o

TPF X-NATT T AR & 4 ([_vupfb) R TRGEw F0 WS Y -(@INE
(03) | Idie A &7 UK G TR o Ayt @

S

A e (MCQ)

y 1 R-=fEanes a5 g I SfEEe =32

(F) 29 () © -9 (1) 8 R-q (9) ¢ -9
| (FAMACHA BT CA—

(i) 9T T R AT 0O IS SACE (i) FECIART zrS B =

(iii) TR 2RI TG A

IR Reariinks Fo )
(F)iGii (2) i @ iii (1) ii 8 iii () i, ii @ iii
TRl AT © ¢ 8 T ATT BeA W |

AT (TR T (P qNF G BAMI AR T RS Wiy fofs Rowe a1 w0 @
G (AFBPTIR AR TR 2] FIea 0 | '
© | SRroEa SoAmMEGT tAfH8T TeT—
() @me (i) TGS @ TABF A
(iif) efSfeiform Trges way e =
g @G A
(F) i ¢ i () i 8 iii (*1) ii @ ii () i. ii @ iii
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81 TwiNFa SoAmEiGre MRGIEART (T el Hees AT 2

(®A=T (DA=T (MHA=G (R C=T
G=C C-G C-T A =G
Wﬁaﬂﬁﬁaw

i@ [0@ (o [81® |

FETNA THR (CQ) T
S TweRT oiter «ar fATea epqetsia Tar ws |

Tfem ¢ enfiree «afs oY &g ITF *fF T (Power house) T = | WK *RFAETOIT AWy Cofd
FACS AT 9T GV 1Y I AT (R F& Araiaere e SEWcIy «fhewr a7 |

(F) T-2FT I O B2

(X) B S (B Cofdia T e «fty Fafs W fAew sifds?

(o) TR @ S oy Tfew (FIET “New I/ SR o7 (1Y |
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