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1.2 &SI

@ (Fe J@e [{EE SR swres R [ FaH ¢ @mg 91aalfs T =%
el A THo| U2 AFell SOSR*F (@l O 7l A Te [AEE Tom [few wey, W,
Reaiong siaRed safe © e, sesifon a@l 2o TNl SHaR T4 T8I 7 | [0
FTHATE AYT-2NITTA (FFLQE @ AT 202 oIt WG aiell APl 2ATAISH | O 3 G
GFCOZ I SN BOZPT AFCH WD 41 T2 | S (@ =N (IR TR
AJeT-o{[I7 T, OIS TR (Phycology) A SHECaNEATS (Algology) I0aT | TSN SIECANEATE
IACA SAITS PRI b %o 27 | I Algology *ib 3CAS *[% Algogenic-dd A
AR T SHIe 2ET I7Z0 T3 A1 | KRGS 3LCAGTS algae (4T alga) J&Tl 27 | 7wl
Tfer welte TRt (@Mae S (Eichler 1883) Zo—33 S widie fFrsbiam
(Cryptogamae) To{Gle @8 TARAZG! (Thallophyta) eited wr@sfe @l =@ 1 @Fcifre
T@ | @2 et ol @3 @@t 251 zais (fungi) | fen R [feqeia [iem wke
AT | @7 SITE (276 (Prescott) A3 GG 2GR fWF6 SICARG! F2&T ST 203 | “TRIT 261
FBCHE! (thalloid) Sl 3[&T, e, 2ol @) @R 3% (g g %09 @i {3,
(A afIwaTeeita ) Sfegn 17 fig g (RIe G, O @l @i {21 R @W
G/ (Sexual Reproduction) (g Travdralen T 29, 9 Gl o (Reproductive Organ)
AR G, O AW I T FIFCE 7 (FIF2 34 2, (IS I901 =720 71 S
A 9 (57 1.3) | @Fee s G, 12l M IFR 27 O3 Th (PR TIG =7 |
OIRT! (T Tt ST SB0aNG (Zygote) FLNE Fl Gelel 05 SreBd Fcel (Embryo) Fol@fHe
2 1 | SRl IR 719 32 -G S ARCE @R ST G SIRPR SRCAth [orem ww
23|

Tfgreeice (@ =i rwl e effen Ofen | Rfon @My @3k SItABAR e ©f %
LR 1 TS 203 | OIRiel femwa RSt CRIeTa S Sisifasia | (e sjfadice aew 378
e Sfer | [ (@ STAmAR O @ @iFee E 23|

1.3 7FFre 3o

NI, B3 @ A AfRTe) TRICER Trarl it | Al IS T2 (Phykos), @ISR
e (Fucus) @R SIFIEl A8 (Tsao) JeT0o+ | ABHCT SR AT AR HRIAE
MIACH IR T, @R O CRIEACE 6Ty (Limu) I67 |

e O SISICa S TET SRH 8 O TANC W& T R aFo aIeaelt
T T |
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1754 3te ferfert gies Ssifal *@iba STard I | (F A7 Sencs B Syiers)” et fofere Faw
O K BIAG ol T2 ST, IS, (IR @ RrePrT aige FreiR (<R feet | Seve *rera
10T M8 47 90! S2loifs 2 | 84T Fucus (RFSS), Ulva (S15TY), Conferva (FTTFeY),
Corallina (PRI G2 HRG 90 TN F=ATF S T3 |

TR =R SRIArme! TF TCT TARST e (RIS STl T 916t afaita 5eet | 92w
FOCRAICAR SRS CHRITETS SICEReN (] SlelR 2<p] et | 920 (Roth) 1797-1805 AT C&y
Batrachospermum (GG, Hydrodictyon (@Rgfeshved), Rivularia (RfsSaiaam)
Fopifug Snfmi @ el 02 | €25. 3. o1 (HLE. Link) 1820-33 AeT Scay Srisfifera f&ifem ooret
9@ aitamel F0a9 @R Terraspora (BRI, Oedogonium (STEICATAN), Spirogyra
(NETAeIEET) T sices e (7 | 20T B, @, Sieie (C. A, Agardth, 1825) Rfeq sitoa S
O[T 3¢ S | ©IF Jfefe CAEfers Gt w3t A0e STeee e |

TR * O WOl (AT $F FCI (<IF SR (F 766 RG] (*R1eT 70 9Ieaaell S SRl
(A I (Hassal, 1842-45), A8 (Braun, 1835-55), 36 (Thuret, 1843-55), Paeefx
(Cienkowski), f211212 (Pringsheim, 1855-66), f& i (De barry, 1858), 3GRRIF914 (Strasburger,
1895-98), T3t (Williams, 1897-98), 8 & (O. Borge, 1894-1936) &34l |

el =[Ol @ (ATF2 GO (Oltman, 1905) TSR ST ST @ I | {&.991. 97395 (G.
S. West) @ TfFG. €% It yo o= [t fafen gita fidietem R e a1 seaw @3
SITHE Iefl (71 | &7, @97, STI (W. West) S171 fa1fRre “spiaifel s «/wt<s [ CORiteTa aiow € Setel
Tl SIS W et (el |

08 *ro I NLrels! (AT (AT SR TS 121 ol (77 3R T2 7[5, 2% 8 5[99
ZE)ift 2P (TS AT | G2 ANIPIE (T TG FleT SR (T He Gl RIS SITIReAIF (F0q
R S (HeAte Ol 2eW—™2 (Smith), GG (Fritsch), &6 (Rich), (296 (Prescott),
w41 (Fogg), BII#RTI (Chapman), a8 (Round), (AT (Bold), T2 (Wynne), NfE5 (Morris), P18
(Singh) 22 el | Siai#is =291 (R.N. Singh 1938-1968) 7=z 2 fsifampietca Sfgnfaeare
feitel Tete 7S € 7St CxIAIET fate 1ol SIa=el S0 | Sty ©f @2 Cyanophage WIS
Virus SRR F0a | FIATel #08! T ToT0 TeAele @ Wi SRre TATFE @ 777
fRifmreTal @ et ReafRwpieTcar Coiilet ke 9itaaell 2y e #11e 0 |

SIS I SRR TR o —SreoIeITaiz AL SO ([IET ITel S B |
I (Royle, 1839) 22 Sreireln I Snyfss SRTe: e S=ereT wn (A< 57 (a1 [(ofas
AT 703 i 302 | 1ol Rreits SR exfefs (Wallichi, 1860) I (T FR92S el
@ﬂﬁw (Desmids) G e T @R @ FAF G50 2% A5 A | ICSA (Boergeson,
1930) SRS AU =116 SN FEfE Bioi S | @ 7T Ff (il FCaae(G 21 2pi e |
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SIS G CRRIET I IR TG 1T® A G931, (AT (Ghose, 1919-32) | OItF SIS
FRIPEETHIR AT 761 231 | ol T € AIGITTR TS H7ge ¢RI ea e 61 | 3], 8. T34
ST (M.O.P. Iyengar) 1920 s (0 Wi SRS Il &1 @ AU CHIAIeTa S sicaael
FEA | ST SPAIN SRS Telj SIS SIS YT SIS Toie (2 SN (1 e 2 1 S
AN QG N0y {RCee —I@Peiel (Balakrishnan), (SRHHIR (Desikachary), g5
(Kanthanam), FI5=12/ (Ramanathan) €3 PR (Subrahmanium) | ST TG ZeTST (RN
Fritschiella tuberosa (5t HEaRT)-2 SNfwE 392 @TQ’PR'I/‘TfI

o1 '@ f%57 (Bruhl and Biswas, 1922-26) 2% SIS (*131eT (2 1% 02 | ©931 (Bhardwayj,
1928-36), T ATACHF TeTS IS C*IA1E 0 IS FCA | K FHACHC ST STl 257 ([
& It “sieTeelisifer Zet” afswt | 71, . a0 (C. B. Rao, 1935-38) Muler ¢ Tea2tmisia
TS Age (<1216 @ b e ORI o e et |

Faiedl (Randhawa, 1932-59) Riew et C*Rie T 91ta3el S0 | fEtIeaI1 (Zygnemaceae)
Tl AFIS ACNNF (Monograph)@?mﬂ]% | (A5 (Desikachary,1950-59) Tetre
FE, TGN € (RS C*IAeT Wi el T |

ORIl SIRSATH ST ST PIRCHIASH6 ST CHRITETR T Aol FTACR | I SIS
Z(EH— 9. 3. A9 A0S (S. R. Narayana Rao, 1941-49), SI1F. JAF(«1% (R. Subrahmaniam,
1954), faf¥F® (Dixit, 1937), S, @ 9. (& * (Y.S.R.K. Sharma, 1956), #ilt® «<: fig
(Pandey and Mitra, 1959), &. @A, (=F6a9 (G.S. Venkataraman, 1962-64), 4. @, T
(R.S. Rattan, 1960), «35. f. 19 (H. D. Kumar, 1962), (&. @< 5= (J. N. Misra, 1966-67),
AYL FIRCIEAHEIW | Tl et 4. 5ifbifE (P. Chatterjee) THRITER (@SN &G
ST ST ST (A (10 | A fRifampteteara ot =156 oiaiteta eifReorssacad S i<
I FCACRA |

SEE-1
e Tee fofes am
1) &%, @, 5l @ 21ewiE BTeR JmIE CRIETS & 061 Sfefze 6w 2

2) AR &S oI T2l Sielolfs q06 2

3)  fefel (CaITeT) *<{Bd W (F T 2

4) TR WO BIRGH RS HIRIERV-GF IS FE |
5) TR Y &7, @, STo-a SIauie {52

6) el *Tortia Nerels (AT (I e CREITmE TRt Rmiess e sicaeiis e
Y32 A FACEH S IS G I (o1 |

7) SO (RIFARVIR AL2W(E (F 2
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8) ORISR S FRCHRAEH ol (2
9) DRGH RIS SR CHRFRM-GF 7% fo74 |
10) SIFOR (IAIERT SF. G, P-4 STl 7=ATF Srard e |

1.4 t*_iteTa fAfen s 7ot e gigat

1.4.1 =3ites [oae afegs

a) A 26 FIRIEge 13z Il [R2 ssival Sfen widfie Sfen (v 371, Fle @ sfreim
e 77|

b) TR AL e, INES Sy AR AT “ihedl T |

c) (R [9rev (differentiation) (7T T N FETCE12 BTA | g (%(q Cellular differentiation
1 QA |

d) U S S5 AR G, T NS LI 2 O O Il WA 7| NG AT
N, ARRCS 7T (P2 T =W |

e) TR (FYZA ANGIFTS G, T IR 2 903 7 (raefes T 27|
f) @RI G- SR STeyeE FLUNS Fel 2SS 22 1 |

1.4.2 A4S (IMY) (General Characteristics)

(a) AFFo—

o (XIS O CFAF FLOIE! G Al Aeq2e FAIEI Trerwa! Sfegn wiefie 2 2ia S
ME—3E, % @ Aol ow 71 |

o (XIS 2yl TeTe A VTS 2llR 71 ARTICAE “Alaew 7 |

o TRITT AR IS APITSY Y72 AF; (T —IFCHIN H6e, G foepa,
AT (Palmelloid), FCETI aF(oF 561 @ opbe] @A, EIGAIGIR, TR
ANCHTRRTIONT 2T AT | (THIRITET A1I71S APIRTSW {0 1.4 S0 RKgifre et
I 2R 1)

(b) SIFo— (R 15 (<I1eT SITFfols Gl (] g AETS G (BTN A
A 0.5 NBCFIH-G3 N0l | 5 g G R RN 0 (G 5-8 NBCE-G7 Col | SRS
J2R SFOF AU R SFRS 30 511 (T 100 FHR I 0RS (@1 20 #I1Ta (&, SR
S AR CHIe) |



14 NSOU e CC-BT-02

(€) CHITIR AG—(FICIA NI ST F2AFF I (Ll A, TAN—SNMHTR (Prokaryotic)
G2 SRIT (Eukaryotic) C*<leT |

NI (I R THIZI TA— TS AIST (AN (Tl G2 ACAIFIFIO ) | 42 2P CHIRANTET
(IR AP R 1 (oAsifbreiaiz ¢ ferrt-bize srom smid am! 5fde | Az
ARCHIAET & SRR ATF WL GICANEE R AR S S A 7 | ORG! MBCRFG,
91115 T, AT IS Gifera! TN g S5tle) 2T 1 | (AT (FEZCE DNA % (W 557 o aial
IS 77 | (AACAFRA S @ F={1F wias Kife Snsima 1 2030z 1)

S (FITR I TFEEG Z6 TS IS (AN oo Al 371 (A6t | @3 2 (AN
(TR 519+ S[eTe T (A Sfen (HIIF U | Ut (@ o a8 fNofea oMt g =ige wigfie
Foifdre TG (rdl T | SIHge Sy — TIPS A (G INICGICHIR, RIGIFG, ool T,
LIPS Siferm 2epifn o= |

(FITAI25G (Chloroplast)

2P5T (Plastid)— 25T 251 fa-933 “ige oY, T N ACEPREIR FGSf SgH 0 |
TR Ayiwe 7'aFiF 2NFoT 2l 3, IA—FITIIAPG (Chloroplast) €38 (FCHICHFR
(Chromatophores) | (FICAIF-9 ¢ (FIAIA-R 7g57e AIPTCCE @IARIPE I | (FIAFIZD,
FIAPIZG! @3 TSfACAIFRG! @3 foafb +td @Ieaifret-«a @2z 7 Tenz ol I | @ 76T 2IfFore
FICIRFE-T A T 93 FCADAIC AGFF S (7] I O CGFICACHICRR A0 |

AT CF09 FRRECRAIG gael awta FRIPRRTEN T @b structure 519+
J(F A ARASECTS 5Nt A2 2 AT | ARASECTS 30K o) AGF o1 Sgi 70 | etre
AYG TR (IS TR AT A 11 | ARG AR TTE AT |

@RS, (FICACHICHIT SN, TR @ ARCHIANGCN Gond [ s oo oy =1
@RS ARTAET IS GF A GG € ACF | AR (2ifoe € 3515 @l sifdw |

TSR Ao 9o (Ultrastructure of Flagella)

FiTeET (Flagella)—CoRICSTR 51 SIS (I Z9/32CGICIA, (e 2Giod Gr2ii <3 Seas
RIS IO FICSE! 41T FCF TG AR A1 56 TS | FIcse G 0+2° o€ (o 1.1)
A 9IS | (FTFE b O single t I GUACP € A0 8 doublet AT | (T 1110 w&z
NI G ZIETE 51 (FFETFT— (I (I TRIGEE @ —order GTHIfeR-«< S@sfe Cyclotella
(ATFIEA)-T AT FISE 9+0” O AN 91f5S) | FISH ANACLHA Al SO HCHA 20 AN
(ba1.2); =1erg =121 #i% 20 A (ba 1.2); Ficees 1 ¢ (ba 1.2), 1f5, (b 1.2), 56
A2 (5d 1.2) TS A | “9+1° O ST A5 FTS (7l AR (MTEN S (Golenkinia) T5F
CRRICET (0T |
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IS AT 72, LA (whiplash) '@ BT (tinsel) #FRod | AT FICTENT NG
3, GTHRCS ICEHID (acronematic) FCEwEINE Te1 23 (69 1. 1b) | THRCTET TSt 2iitg cairel
(2ACF T2rel9l a4 fEFsId @I (flimmer hair) QTS ; @339 FICSTAICE 20CHINITF (Pantonematic)
1 ZFNF (flimmer) FC@ Ace1 (5@ 1.1b) | Flimmer Hair/Mastigoneme.

(d) 7 *wief (Pigments) :—CRITER ANFACE (04 ST A 1T ©17 3R @il bizre w1
2, (A —IARCARPIRA— 1S I R0 ; ICHRPIRA IS C*I151; SHICgReies —2ure-s1ge
e, itERewEA-—zfare amsh A CE TV R, TR -qmiEh (R
@TTFZA— (MR e Tonfit | Fires (g avefa f[fome! tRieR @RRTIeR /g e
SR AT I | G TR-GF T Wi A8 RIS s fE 78S (Pigment) 7@ 77 | 2l
FGTFA ey TR TS | TIRITE (T 3R S (TS AR @ 237 fulfers srasse s 260w S0 (@ 965
I APl 2 O IfRseT |

THRIETR (G 2A41TS o] 0T 3G (7l 0T, TR—(> ) GRITAITRR (BIge 96, (2) IRNBEe
(IBITE AGF 9% () FRPRFAD (Piee 16 |

(>) @Al eidiee 26F— @i #iiv 26 @i o= a7, T —@raEm—a, 7, 7,
GRR | GO S (FICARRT-Q 6 CRICER (7l TR | GICAIR-1 (7l A GGG,
BTIACIFIRG! @R FICARFZD! A | @Ieaifms-f orat qi et ewizs!, ARraswizn:,  a)
RPawiEh! At | @RI vy @TeFRbTe g genera (8 (4l T | FIANRFA-Z
WG SHICRIRFIZOICS (rdl TR | (SISTHEAIR GG (72 ) |

() FADICTE (IBTE qGF—2 2T IGF (1D 25, I, e, AW 2l A
51f5® | Bfem (i 60 267 [ifeT 7 WIRATIES 96 el TF | FEHTBAES 865 2o
V-2, AA—FCA @ Sicgifee |

FITAIH (Carotenes)—22 &l A0 1, ARRIAT AP C, H, 17115 25 wicaiba
4l A | T —FIFTT—0r, -B -8, € G3R AZCHICH (Lycopene) | 07 3ICKT B I 2
ST CRRITER (7 T | o—CRAND, IR S04 1= (Caulerpales) A5 sihe
R, SIRIG! fEFCHRFZH! #K @ RITTRFZER (FFE (e GOTe (@l A | FHICARFRD! A
B It siel T I, 2IfFACS 1234 AT @ ARCHICA “fhezl 7 | iFEHewzs!
ATE B IR @R e—FIRANM 2hean A7 | A Ta Swaa g 323 SueeEs,

I o wace Taa |

TR (Xanthophylls)—22] 257 1 WIS A0l @3 ARIF 7<eFe C, H, 0, | &R
TR TG R T S FBGITE B9 T2 T IR SSS G0 SIS B 7277 A |
T*IRITE SCF 40 SHIcgIfFeT (il T1F | iR ey S renifes (Fucoxanthin), e e
(Lutein), MBTHFCA(Siphonenin), f&ismif¥« (Zeaxanthin), JBTFICAETIE
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(9)

(Siphonoxanthin), STRGISHIE (Astaxanthin), fFICOEmIE= (Cryptoxanthin), Mg
(Neoxanthin), SIIAGHIE (Violaxanthin), GRICHEHIE (Diatoxanthin), SRISTGTIE
(Diadinoxanthin), FICAEHZ (Flavoxanthin), GiEtaEHifEa (Dinoxanthin), el
(Peridinin), fNC3emif®s (Myxoxanthin), NCemCRIRFe (Myxoxanthophyll), FreifRi
(Flavacin), SIPTCeTenif®s (Oscilloxanthin), SiRSmEe (Taraxanthin), STCEICATETIRS
(Antheroxanthin) 2w ST T& | SHICZIRFT Slel QAT (€ @ICATN -9 717 |

wFizrsifafecai®s (Phycobiliprotein)—33 a4ie fon o, g2l —FBCFENTI,
FIRHARRT GR GICAFRCEPARI | G2 TGFS AT, ARG, @SR @)
fFCBrrien! 3 foaib #1032 AN | ANCARFRLR 2S FIECHRIRT @ FRIFRATS ¢
IR (T ¢- FRIFPARINT) 32 (FITTIFIRHICS 21 FGFFCE 1 a1 (@ r-FIRCFAIe)
fofere a1l 23 | W3 2T TGP e waa |

@R, RGBT 965 € FRRETRADT G AR ACCTFALAET LA 256 [
0 AHACE GFFAT AT IGF 67 2 | GTFCE (SR« 24l I6F '€ i
AT 7RI AGF |

(e) Wfee AW (Reserve food)— (xRt [ifeq #Itd fmfaiie aiwitag Afes Ay ol T |

*FA! (Sugars) : AES AW ATEFGRCA 2N T, GFICARFZD!, FCAFR0! G3R TSIl
3 FoafB 21t | RTARFRG TS Galtete wesl i T | GRS @ITSRFRGITS e el
7|

AZTIAZE (Glycosides) : 291F 2EHHNRE (glycerol glycosides), (FififGamze
(florideoside) < SIRAFIRGENZT (ACTIRFZGITS 7 A |

#ifer@eT1 (Polyols) : RFCAIFRGITS SfGe iemi AT |

A (Laminarin) : TFGITIEE #it sivem 77|

AR GINECIED (Chrysolaminarin) : 33 TSI (Leucosin) Fitwe #ifafbw |
FIRAFIRG!, MFEnRemRh «itd 32 Aem A |

2JiAge™ (Paramylon) : TEfATAIHIZE!, SHITZFR0! “IC4 sihew T |

THOMA (Fructosans) : FICAIFIRG! ATHE S99 Acerabularia (SHGRENRI) @3
PRI (Cladophorales) es 3 e AT |

3516 (Strach) : SINECAS € SNECACAHHA TSR 3515 GRIIFIZGITS A€l A | OIRgl
TGRS @ GRTARFEAICS SHRIRCE 3615 e A |
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fafEa= 5515 (Floridean starch) : 32 (RITSIFIROITS 2SN AT | 32 SHMIBCACAF O
0l |
FTAFRFE 3515 (Cyanophycean starch) It RTRF@S 615 (Myxophycean
starch) : FRTAIFIZG! ATF G2 2FF 7615 (@l TR, T (ARATS ANBCIICE G W0 |
FATIFZFH (Cyanophycin) : 32 G nitrogenous/ MRGICSTTE (19! R ARCAFROICS
A1 I |
OIRIT! FIPETIREFR, IR R TR @ATE R (I (96 @ FRee™
i Sl AT |
(f) TRA—CoRICT fon 2l Stz (Al I, I —STo0T Gefe], ST Ge] '€ (T Grefe] |
S[ETST Grele] (1OR I3 FKA0© 27, (T —2 @S (fragmentation), - (binary fission),
IR 519+ (bulbil formation), SRl A1 915+ (adventitious thallus) Teiif7 @i |
ST Gl RS 2RI ABCHITIR A SN (@ AR LT 2, (@ —Gr I, ST,
TRACAT™IIR, SHIFIECAG, SCHITIE, GCSITIE, GUAITIE 2wyl |
G Srefe] 751 23 916 AT (Il Fo1a SIS RIsTwE 0o | AT e, SR,
SRR @ TS T et A (T Gz (el T | N SR A T Sy [few
AT G99 b&F (Al I, TN —AN6F (Haplontic), {62 (Diplontic), fetaizizats
(Diplohaplontic) 2@7if7 2Ffes |

1.4.3 23S @ =S (Habit, Habitat & Ecology)

o PG —TE RPN R (FINE (FE 2GS FITHARS TSN, (FINE (Fee
2GS FICSENRE 0o ST SR AT WL (FINE (Fe A4S (Fiae I8 91 Mo
AT RFTFIEHR ARG W7 AT |

FICRE & 28R I FCOIE | ST FCIR0 TGN (I (Tl (Tl ferea™) Site, TR (oA
Tfgva (Twts FpITferat ARCRM) S e 7, el Fra&S (Sws syitsten-syiif) ¢
s (Tl TrerTaiiam, ACAFH) rete @l 1 (F91-553) |

o TG CHIE ITEI SIS (IDAT | AN L[S TTCe] ST, OIRGIS G 2 HeT
A1 ARTICAE T | AfRZ ST (<RI R[S (andive et w1 % | @efer 247

1. TS C*1Q1E (Aquatic Algae) : TSt CXRIET SRR I+ 4TS ST Sl | (I —
(a) TS TEMITA— @ (370 FACEIR Ol 21 57 ©itel @3 ©ie (So . . @) a1 e W |
o BAIRTHMTIA CIRAIT— T —5F, T, (T, (I 3 1ol ZITT (7l 03T | Tmigel—
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Zygnema (T&af=N), Spirogyra (PARGANERN), Chlamydomonas (FIFETSEM),
Gloeotrichia (f2<TGfRR1) Tohi wp1R4) 76 € TS AJe <RI |

o JFTHS! N ST CoIIe— <Gl e Hildenbrandia (BTe+IfRea), Lemanea
(o) eefe ¥ Y3 Re ST AACHITS Prasiola (23RS, Hydrurus (‘(@W)
2oyl (RS (=IleT S |

o WIS o 2TZA o TEANTER RIS —3 A ST Ulothrix (FSTAIR),
Stigeoclonium (FQSTFIWIN), Cladophora (FTOTHA), QY%W |

(b) g TG THAMTIR (*141e (Brackish water)—f3d1 & (AT (@ 1991G 5@ A0 G
IO G| TR T GIF SR G2 AAAYS | 9t Ko Teire e e,
@9 — Oscillatoria (PTG, Anabaena (STRE) €3 Chlamydomonas
(FIETeE) Tohif e | vt [{feq aafos sfteq a7

(€) TS TEAMTIA CHRAA— (T LU SCe oRCH Il 2ifs zres ©itsl 30-44 SioR
@ T, 12 F USSR S ogE W | SN (Diatoms-Navicula;
Coscinodiscus), WE@W (Dinoflagellates) (eg. Ceratium, Peridinium), Gro
FIRCOIRNG @B BT 2hd 2IfFSiced T | ORiel @ E el (@ ifFe ¢ Imifi CHRe e
S | (@G — Ectocarpus (QTSFRNNA), Laminaria (FHREIET), Macrocystis
(OGN, Sargassum (AT, Fucus (RFEI) opifu AmS (R 9= Polysiphonia
(slfemiRCIRL), Porphyra (sRIEA1) Toiif7 (ifge x|

2. TG (@ (Terrestrial Algae) : Rfon @3 See 7 (*[1eT &ARF sifice fre M
AT | @H—Nostoc (F5F), Anabaena (SHRIRAN), Oscillatoria (THTAGIR) 297l | SiRe!
Fritschiella (fF®StIaM), Chlorella (@R, Vaucheria (SISTER), Phormidium (FARGIIN)
Euglena (3&fae) Tonifv s spiey <[t fore wifbrs o |

3. AR R G QRO CRRIE SR CAIRICER Sl SRl O (S et SR e |
" —ffeR & ORI (Diatom) AR “ARCRIANES, femifan, Zeecorfemrs gesif sita e |
Dermocarpa (SRR, Lyngbya (TR, Oscillatoria (SPTECHER) Torifn Tore se
11T, FICTICRR T IS RIS 5iitg e | &few ORilow, Cosmarium (mﬁ?‘m) T
(GARGH (Desmids) G2 RfGq 2= FeTre IS <RI, TMite SRES [ioT gere 77w Siema
MG | Lemna (T FINF Geter YT A 2SI 9116a8 Achnanthes (STFINCLA), Cocconeis
(FCRfeP), Epithemia (@fHtafim) Temif t<iet s |

4. TG A rAwEhs oo : e, W-‘i{{@ C*QeT @32 Batrachospermum
(IBITPFAIN) HSANTS AT M ST |
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5. THOITETA CHIIET : T ATACIA AR TS (2 85°C) ([T Freife G qiole 71
T, (12 2R g e e (IR S, (AN —Synechococcus (FAEE™), Phormidium
(ISR, Onconema (TACHTT), Scytonema (RBLHITAN) TShi7 |

6. TARAWTEAI (<141 (Cryophytic algae) : g 57 (*RIFCE I T2 TIICS (74l I |
@S—Chlamydomonas nivalis (FFZCCNNA (o), Ulothrix flaccida ( ST FIFPTE)
AGFS CHIRIET TRICBITRIS I AT FIGT| A& A T A ITHCR e (T | G2 SREICF “(FC
CRI” T |

7. YFGA QI (Parasitic algae) : 53 5% ([ *I7&G_RIC Tfew € 2Aidice a1 I3 |
(IH—B! AR GFRFEAR Cephaleuros virescens (CTRRRTGAN SRIAEEN) F5F A “@NieS
SRB1 @191 (red rust of tea)” 7B FH | GRARTSCAR] NAPRHI 51 Aol “F=& A6 (Orange
rust)” G5 TEE NAGS Fhodme @9l 7B F0A | SR (@FAFES @G Phyllosiphon
(TIPS, Rhodochytrium (FTSHIRGAN) 2@t 2enfs *R&iR el a9 30 | 9=iel 2forE
(Harveyella) IS (FI2® 5 AR 2AwiGt ( Rhodymenia palmata) SIS (FI2® (RAG-4
ARG 2| A A |

8. TAKT =& (Symbiotic algae) : F3(H 2&1 O 2T e A= R @ TAHA
T S1f5® TR R GO 289 $oid fefoa=iiet | Nostoc, Trentepohlia, (75%, (GFGCeiZe),
Urococcus (ZSTATE) Tohift (3161 A0H+-9 (! T | Anabaena (SHREA), Nostoc (78F)
TNF RIS, Anthoceros (SNCBITRA) FINE ACRFRG! THOR SfGrva ANENET IR F0 | ©IRG!
Hydra (Z2G") A (Wi el 2T Chlorella (GTRE) SI6E G-I AT G | Azolla (SHITSTIET)
TN FfTORT ST SfGHa 7O Anabaena azollae (ST SHITEET) A TS AIST CHIeT
IAICE | Cycas AZIA-G3 05 Anabaena cycadearum (SHIRE ARFIGIARIN) T5E <RI A7
AN

1.4.4 T @ B@ITHA AT @ el
TG 8 CRIIET @ Rl 0Ky febs CaRIRfer carea gl ol T ¢
a) Sfen (12 AR agfen, Sidie ez T, Fe ¢ oo Kioe 797 |

b) IEIFH (FG BT Tl O 8 (FYTA AITO G G (FIS 2T I SA7Fa 7l il
S A |

c) TZCAND Tl S S0 STOTSE TS Tcel Follae 2 1 |
d) ST ARCIC ST @R (MBCHITAIR) AR o %] [B1e 0 |
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LREE
e LU
a) G AT TG | a) @R LTS TS |
b) IR AEPTEsR S | b) FICAIRFEREN et Sl S |
c) CRICHR I SNCeT SoARRRoTs 0 | ¢) A I SNCETH S ifFforse 905 |
d) EICHIReeT ARFR G FCOIG | d) ICHIRPe A QP Gl AT @=%
ARG, &I 2opifn aghos |
e) (T 2B ALTS GRS € e) (I AR 2die, F2Hw G FRANET
(RO Il oifde | CTEICAS A1t 4 |
f)  CRIET—OIH, FCA AP, f) TARF—GFCH A ZIZF AN T
QIR S ACRTRECAER (1T 14 IR MBCARTAIN 95+ FCH | TS
7l oif5s | TN MR- 51w TFeT1
ACTPIENE TCSl 0 2 |
Q)  AMRES AW ALFTS 56 SO | g) AT AW ARCFITS SO |
h)  CHRICER (0 (T Sellt S (0o h) 2@ (FCE TGP (el
e G SibeTel (7l AT | (gradual degeneration of sex) (7l T |

1.4.5 THAIE @ JATHIHZHIA N0 Ay € #Ai<fay
FN] 8 TR € ACARFROR ey fHfiie (a@rafers cwea A ol T ¢

a) CHRICETR K S ACARFIRGR (72 AR G wigfie Tfen (v &1, Fw @ roR ioe w31 |
@ —Riccia (TR, Marchantia (IR Topf7 |

b) TSR FCOG! |
c) TSCH(E2 AeFe SF | (Fg (g 75q2e a1 (7l )

d) ToACEHES Ao QW AT 3515 SO |

e) IR (FIT FICTARTE TR AT & SR ARG 2 (IfeTT—ete 7e @ (&ifze
TN IS (12 |
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AL 3
JoaklGil JCAERH!

i) @A TeTs By | i) TS Zee, e Hite J6re S,

Toby Agfed |

i) ©fen (2 I, I AR, e i) R CACBI il Irote 31 Sfen (g
1421 @ ii4ifTe garea vz | g g AIEHIRCAOPT 2Ffed |
(G PISTOI-2IITIBIZCAONT @ AN -
FIRCNGIT GPfon (7= (7l A |

iil) 7la9F GO (Fe fom MaFere Swenz | i)  ~Ia¥E SO T Sfew (102 T |
A TR |

iv) FREE AlRers (el T 1, T A iv) FEEEE et Sfew (Tl T | O A
O Ol e A | TR *1F (scales) 7 T |

v) MR Ol (e DR dfel (i v) Sfen ez st At ffdE g sRfge
e | g (T [ReTera N @med Jia

O |

vi) G o AEES G, M AN | vi) Gl S5 G3R (R 12 IR G-
O3 A (SRR T4, (e I ka5 Skl akl wige (oa 1.3) |
B SIS A 91 (ba 10.3) @gZai
RS GFCHIL, M LI 2 O
T (FRSE T4 |

vii) GIECIG NI 9 32 B Gl S (00 | vii) ST B S SICHE SIeiaas Szl
(AT @FRCT SN | T8 T Gele] S0 F(E G T AT 2T | a5y
(TorH2 el w2 07 I SIgfie T JCAFBHIE SRR TGS 41
(e 2 1 | peiey

viii) THRICETA B Tieiel ST (AR 1l (FCa2 | viii) JICAFIROR Bl Gelel S m13
Tralferaiy 961 23| If5CanfaaN (Archegonium) 31 23 |
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SR -2
e Ted fofes ared Tt ¢
1) A GRS TSN S%! Biole i 5 & Sazm (ol aie
2) CHRICER geie e (IR 2
3) el o1 STET Uit (I 1IN e |
4) g oMo Az fdl TR fonf CRRITea 1S e |
5) oG Myfus CHRICETR S 5 |
6) “liEtAeiEA @ fEeifas fiwet Tt s e
7) oo e e el Bita s e
8) DRI A CHRIETR IS T2 |
9) I AR DF (AT I 2ol |
10) “@© /72
11) ¥ 7&K CRIER =11 € OIthR =l 3% (A9 I ST 0+ |
12)  Syiceel Sfem (i o SeAéist Fest 91 63 2
13) TR e agfon Sfen I 23 (2
14)  RACoMF JZnFod CHRICER IS 261 |
15) NIRRT CHIRICER A SRS R BT 3o o112 Trard T |
16) R« Toig fofe 03 =l it CoRiteTa < <5eet |
17) TR gaieres S0 (olPIee 36 (rll TE 2
18) @A (NPIee qgrefer w5 2w |
19)  FRBTEE (IPIeE 6= N0 51 SRR TN 5 |
20) TRECISTIIR (e TR CoRICeT (ol R 2
21) C*AICS SRFS 5IF 2K FCAIT-G I <0 |
22) wECHRETCAITT @ @i @A <RI el TR 2
23)  wRERGETAIDT 7gF @R @i 3GF I e
24) NS TS (A @ (MRS CRICH (@i wiacifferatiita agt aue
25)  (GITEPT S (GITACHICRICER 32y A1 52
26) MRS 5 399 FIw e
27)  SARREES @I SR I
28) @A ¢ BarTe Fitere 5 2
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29) fRfon CRIC Fiteen SRZle 507l 209 It ?

30)  CRICARRIRAR iere vy ot 2

31)  SHIfeGeT (RILR 2hhel AR 2

32) Tfafie Afee dmpafe @R sieqt a7 ¢ AlFtEriEe, FEREmmiimiE, ARz,
IO, PRGN 3515 |

33) TR & & a9 GiebaE (rell TR 2

34)  THRICR b AAISHIR AR i Srae T2 |

35) TR @R (Aiey 52

36)  C*IAIE S RQICHA Gfo ANy ST T |

37) Tl @ BaltHd SR aiuie #iiefy Srard T3 |

38) (Il @ BAIHT SERBIFre #iief Sravd T3 |

39)  T*IQIeT @ BAICHA A AR AFfe 5t |

40)  TeRIET @ AATCAIFIRDIF (ZF 5197 51 Al Trard e |

41)  T*IRIE € ACIRFIRGR *NFZIWF (anatomical) ) STard 261 |

42) TR G JACARPIROR Glel SH5T® &1 AILFT Trard 20w | (51126 LT i, i, vidi =12 1) |

43) TR @ ACAFIROE SHrerziamre ufb s Srad 3 |

1.5 ==

T2 A I (ACHE AT N AR AR e | AL 2ol Treicsl <ol T
SRR e A0 A SO AFD SHACTR &) MC e aicazee wo aifors Safeq 7t
A 5o | SRITOS CRRIE SITRelld TCT =i 26 |

CHIQIIET SCeT SIS, S (RIS FI6 ARG Mo A S e | Ko #Afeaes, taiaie a9
T, FAN—FEC, B3] TR SCe, AT S, Berer AR HAeiice Nbcs, S tie
3l Tl Tof AT FCol, AT TofF Prrpiznace, T2 2AFAC, IACH W0 297 GReiw
sAhed T | g 2REIR traiere (it T, 1 e st Sfemra i w0 | (e RS wele
I I |

TR AT ¢ TTHikels Tox agfon el T | R (@FIEE @Atem R
2 — TR TG i, 2T, e, Afdes 4 Tepif (Bl epiren |

ST Grele RIS &1 (9] A1 57918 27 | (T Gt (afbays)el epiacew (ral i3 |
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’m _.__......Q‘I'H
FIEEHS

frar
A offf
o™ e
b

B 1.1 ¢ a-b, FICEENT 519 | a-FICSHNT AFCERN, 9+2 O& [, b-L2A
GR fomeTe TS |

i

Bk 1.2 ¢ ffeq 2 0Tl | a) BTSN~ 56 AN S2lZ L2471 ST b) Tereiaifam-ag
FERICETe! R Groiid; ¢) ACBIFRwANT-aF ARSI 3@ 5o SPm (rehif*iE pivemet, ez ganigfeafs
oe@ a3k Fugfeat @omm eFfed; d) Cfes erbeR i Bare Fitee (e sFd; e) &
Fireal {8 2Tfaat; f) FRAICTR spie R sz e |
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e
L
AART]

5 —— e
T TN Sl
e [

-
e
Tee AN, PRRARY
-
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LY
v

e
4‘.‘"|"
A A

.
anway

1S 50
T
1

SO
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-
~
L AN N

I,
Sy,
Y.

mwan
gt
- ™

-

L e,

- ..'
-
-\ Ty

- 4
ks’
LTI 1 1°}

a b c

f5@ 7 1.3 ¢ a-b, CAAITETI ILHT Tl SO AL ACHFIROE el S5 AL | a) ACSPIRAT T
IR AN T2 ATFVTE 5 q701 SFA {2 AWConfgan; b) ATAFERGE I50 S9N (Jacket
Layer) A¥® I22(PRYE SHINCARTTAN; ¢) ATAFZOR T80 SEaN Ao 22 (RYE SRbCanfamia |

1.6 FE0AT 2MFen

1) TR0 9GNS BfOR TS FALCERCo! STEAIb el |
2)  CRIGETR IANS TAITE ATRCA SCETD] 536 |

3)  TARITER 96 2miteld wREFS #ifgow fae |

4)  T*RICE SRfFe Rfen e e 7o R S fb1gw |

5) TG SEfRe [fen @ Akee Qv ARACE G SIfER ovge B |
6) TR € RAIH A € AL ST 26 |

7) TR € ACARFIZGIF A € AILFT S| et |
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AT eriiRen
H 13 [eH| (T |
2) 141 =R e
3) 142 @7 TR LT |
4) 142 @3 F O LT |
5) 142 9% IR WY
6) 144 R4 Y|
7 145 SR @)
1.7 T&d ACF©
SRpATEA-1
1-10: 1.3 %% (w4 |
ST -2
1-12: 1.4.1 5% (73 |
13-33: 1.4.2 5% (74 |
34-35: 1.4.3 5% (04 |
36-39 : 1.4.4 R4 (7Y |
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qFF2 0 (HNRA, SR (g @ wefiafes vy

ez

2.1 ]

2.2 AP

2.3 CRITETR (@A

231 AIREER Ao N

232 RIER cedfifaieT fefe

2.3.3 fafen tamfan ¥§& AR AL Forraat
2.34 fafow @ oatea v iy s

SpAEre-1

2.4 CHIRITET SHGTTHTEA o7 (Ao
AT -2

2.5 PRI wdtfos gy
AT -3

2.6 LG

2.7 T e

2.8 eI

2.1 STy

% G735 1Y B WA

THIICETA (MR Torgloie 00 A GR RN (XA (SF FACS I Z(3 |

SRR 5199 (D@ HAATE SN FACS A 3% (*AITeT RS g olt e
Ce wAi=ea |

RITeTR ffeay 3 a@ze ¢ st wwmg IR Mrs «ikeE |
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2.2 &i<t

wpIRY) AGiied C*RleT S Rfem ARTae a1 3 | gov= sifdfas @iigy fom | [Kfer @fieem
A @ T Tt fefe wta aommes Rfeq cibice e 71 303 @3 @b T3 R ol
IR ATH O IR K I % | S5 NI (S ATAISTAZ RIS FHoATE Sl AN |
©i3 Ffsre TR [0y TN HRAETF S T @7 EAelol F1 2002 | (@Fe TG 3 =M
3 g (ORI (G (AMDITS 1 T, (T (e GG (P17 4(6 AfST izt wieet €2 (s
] (AR FTATE SN e G0 AR G=ell S |

(TS A7 SEA ATO! CHANETR 111, a1, e @ a7 (12 Sl qrnd Seozlfes (@ igafa
TG AT T (IRY AGF I, (GRS, FARee A, Ficeen Teiing Tk ST 0 IR
Afreel Tl TR0 |

NI 4y T (AR e F7oATF S S0 GG 41290 ST | OISl 3R He G hace!
ST Tl a2, SN SIRa et (Itea Weay (A Wi @36 Coaess et fare wieae |

Ao 25 TRICTa S (M2 9197 (Ab@) STEIbIF NG (RIGTa TioiFel F=9{(F Sl
42 SAICE T RS AT SR AR FAA |

TR Sdtafes g S | [fer tRitem a9z i Alble S (A3 0T SR |
U AR FATF SN FF Cale] AP AT | (F IS A (I SR AT, G el
20O AYUF CHRFCE AW AT SR [PPSR IR F00 204 |

2.3 PRIteR @i

ferferaT (1753 ) 22 “Sieistt (Algae)” *#fb A<219 FCI | ACAIFIRG!, (GRATSIHRG! Al AjooE
Tfera @ARETIOR CFea Tferm SHremiad s1oers (QRHTER Tol @y (el 37 | (T A5
Tfewm daiTe e, siiel, &1, e, T 29l @ARTER T fda 07 @R 321 23 | R
A @ (IR ST ToR @G (el 2 | S PRI ©ITI A SR G S KRR
for ATe TTEE T TR | T I A1 FACS A0 RISV AR 3 761 R =
(IR ALIel FFF (ATF 5JAF 9J2F Sl TGN 9/ RIS Aoz |

2.3.1 IR AT geifos s

EEI$S Signml szl (International Code of Botanical Nomenclature) (Lanjouw, 1956)
THRITETR RN CHRTG A 419 (AT TR 4o [ifon aasefr oy sifme afafie
A o] ST AR ¢
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eiel ¢

Toifetel ¢

i

s (A ¢

3 8

g 99 3

¢alia ¢

A9 8

Aefo ¢
«H Trigad ¢

eiel ¢

i

3 8

¢alia ¢

A9 8

Aenfo ¢

FIEG! (phyta)
iz (phytina)
B3 (phyceae)
B! (phycideae)
G (ales)
EQivi (inales)
G5 (aceae)
AT ST 1
AT ST 1

(FICAIFZG! (Chlorophyta)

@IAFEA (Chlorophyceae)

SECOICFE (Volvocales)
FIMBCSICNNCGA (Chlamydomonadaceae)
Chlamydomonas (FNNNBTSITIN)

nivalis (fFeifer)

2.3.2 txiteTd cedifaeieE fefe
fermferie tafHafer T fofe wta taaiter Mt = &2 ¢
a) G (Pigments) AT AGCFT 2Fhe 8 Soiifes 27|

b) 2% (Plastid)—Simple plastid (without CER Chloroplast endoplasmic reticulum) @
Complex plastid (with CER) GFITRIRITCHH SIFFS (@m—ist 7, SFIghs, A,
G, (@B 2 |

c) WS AW (Reserve food)—Itna IR 2 (oA, (a1 2oii |
d) FRAFE (Cell wall)—IARE a5 |
e) FITEE (Flagella)—3<45l, 515w, SIREI | STo7& (P, G 1= FITHG 2ATNSTA ACHCAE

v a1 =3

f)  2ieT™ 996« (Thallus morphology)—Ifs, S, 915 (GFTIR, IR T |

g) T 8 G (Reproduction and life cycle)—Siee 2%, Telel S5 510+1, (T Gt
ToIfRf© Al SRpeifEfs, GReblas €3+ 2w |
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h) ultrastructure of cellular organelles—flagella, cell wall, chloroplast, mitochondria, etc.

i)  Molecular aspects—Sequence homology of rRNA, DNA, genes.

2.3.3 fafen teratefan 3¢ @A ie™ wHe werad

THRITETR AR S7=ITF 2iiere 72 5@t 4t ol 1% | 725 (Fritsch, 1935, 1945) €3k ©1F
SIS S 0w Sfew Toics (e e @36 [eialm seriee | Fites o seefe ey
SO (RIS RReIToid AT =1 (AT eI 71 12 gfesmere | et feea Rl Aienriznies
el @3 AT SRR “iToe FRMRET | (12 4IFell (AT 76 ¢ O Sigaiiial e
TAPIR Rifon @Aice Row 3 | 903 92 @@ Ryt (0 M0 23 9 @R R (0T O F OF
AR TR e 20 |

635 (Fritsch, 1935, 1945) sqwa syi@ai s 1116 @ice oot Ftaw | @xfer za ¢
L @ fSEeiEst (Myxophyceae)
II. (X% FTATEIA (Chlorophyceae)
I Ce& SPTIFRA (Xanthophyceae)
IV. (2% SEENHEA (Chrysophyceae)
V. @5 iFEmifaewEA (Bacillariophyceae)
VI. &8 f&FToB=iEst (Cryptophyceae)
VI o SRIwEA (Dionophyceae)
VIIL. (X8 FTATINC (Chloromonadineae)
IX. cu@ Tefafet (Euglenineae)
X. = RrewiEA (Phacophyceae)

XI.  CE@ ATSHES (Rhodophyceae)

@3 Aol 7 fofe g
() 9GS 9T AFE | (ii) P 2B € e AT AR 5G| (i) T G 579 |
(iv) Flagella 3220 | (iv) Gecae 23w |
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P51 (Pascher) @< Division 7 4179l (7, @2 Division 1 281— (2 7% (@Teferd sc0
R [T @Ce S siexl T Oitvd @< division @ A4 23 | (@X<—Chlorophyceae,
Charophyceae, Ulvaphyceae (< Chlorophyta ¢ |

TG0 (Christensen, 1962) ¥l (<< 51T Division @ e@ S+ 1 32 ¢
Chrysophyceae, Xanthophyceae, Bacillariophyceae-(F Chromophyta-o o[@5fo 1 27 |

(i) Cyanophyta ARICIZFIZ0! (ii) Chlorophyta GFICAIHIZG!
(iii) Chromophyta (FITIIZFIZ0! (iv) Rhodophyta (ICTIZFZ0!

SATATEI TS CHIANER AR CFLa BIRTH = (6 AR T (@%@ T (Bold
& Wynne) &2¥ it < FAR0EAN @R ©ITwE 24 (Introduction to the Algae-Structure and
reproduction-1st ed. 1978) &% FLHACY TILH =M (0 J& I ATOI9] 2FHS FARE @
Chlorophycophyta | € @Sl =T (1985) T AT FZCH! * (0 AW (0 | SIT7 I[E 21 93
ST GG GPICAIFIROR CHCE | Sl (FF0G (TN A6TS FIS G, AW CHI1, (iR t=iais
TS @B ARG fTATIEH | (el THS (HATS SAG TS SFGHB 2CF, et, Al #A16T
Zo71f e Aot 916l 2 A | ISR 4G GG CFTA Sy 3 TG o1 GO0 AR, BRIz
Fopifrs A @1 (R0 ARNCARFIRD, CACHARFLG!, GHCARFIRE! Q2SI 26 312 I 75 e

IR S FCE |

(AT @ T2 (1985) F$F (AT (AT
I fAelol— ARTIERG! (Cyanophyta)
T —ARTAFZIA (Cyanophyceae)
0 feo— (&N@Taes! (Prochlorophyta)
(N — C2APICARFBA (Prochlorophyceae)
M fe9— @Carees! (Chlorophyta)
(¥ — GPICAPIZIA (Chlorophyceae)
IV fes— FTArees! (Charophyta)
FICAFA (Charophyceae)
Vv fen— TSfataiEst (Euglenophyta)
(A —3SfATFBSA (Euglenophyceae)
VI Rel— @t (Phacophyta)
(A —TFCarAIZST (Phacophyceae)
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VII fReltl— @RSt (Chrysophyta)
@A —TFREAFA (Chrysophyceae)
= —femfafiewiE (Prymnesiophyceae)
(=R —eHICFIEA (Xanthophyceae)
MQ—WW (Eustigmatophyceae)
= —rfATerREA (Raphidophyceae)
N —anPremfaewiz3 (Bacillariophyceae)
VIII F@i9— AiRTareigst (Pyrrhophyta)
=qt—afaewiE3T (Ebriophyceae)
(SN —TARICAZSA (Ellobiophyceae)
= —PreiEfTewiEA (Syndiniophyceae)
(A —TiZCF3A (Dinophyceae)
IX fReli— f@BiwiEs! (Cryptophyta)
T —fEFTERRZ3AT (Cryptophyceae)
X Retl— @Te®iEst (Rhodophyta)
(N —@ITTIPEA (Rhodophyceae)

ARCAITT G355 <@l T, TSR Q28 Toe won ©2 Sraibiae M @3 EAREI=
sAfaade AT SETtee | 99 (FILR (<F Ol I57 SPTEF | O @2y Foop-9d T[T e,
AFSIT ARG G TAF T 8 P I3 AT STepriel T (M2Y TF5-«a Ay «3
S S| SEPIAe I | ©CF Sfefs Fere FiFe (@I e ©2eF @z Sror w21 % =1
T2 -7 @il (amifReb ¢ TeTIRIbR STeE & d SIEb 741 203 =< SR
T2 Srard 41 74 |

TR RTfER oW (Endosymbiotic Hypothesis) @ Spiaifaa a@ifaem=

2 oM TR el FpHInie (TR 26w I | o GFel Siais 2ewifae s
(PE GHITAIZIG @ BTG ST AT ACHIFHALCAT -4 T IO 6 L- cAifbepiizz
T GG AN B Ay AN 23S 20ee ©f SfFs T ZE SERTAER Fest (A0F W1 @
il srast e sferifes 2 @S ¢ NRERigl R 0 | sEfE e &Ko



NSOU e CC-BT-02 33

Protista (7@ G EF G RIS 791 Flfoo 27 | 2 Team-97 &7 fofe 2 [ealat
TG GBS 1 (S5, 00t) RfET TR RATS GFIRIATEE RIS SR I | 42 Tl
Trlel CRIETCS B ataie el [Reifere <1 zrare 9all

1. AMCNGFHET (Group I) : @i caimifebss, REoH c2lifon seifFe ¢ B2 (Fmira™
plEER oS i R (@ Endoplasmic Reticulum, Golgi bodies, Mitochondria SIg#/fZ® |
SHAFATT ARBHAFCIC GFH T TS € ATF SHF (T A GA0e S_ZW I | w2 @ Ieaizss

SoGIEST

2. fasiw fJ=tot (Group II) : TEFReTF RS @A @G0 9gg @EAePs-a
ferer ufS =il @il =g A |

Al foaf @ (it @3 o199 or@sfe T2l (ACHFE6!, (@TCFIR6! 8 GIARFD |

a) CAMTITIRH : W @FRAPT RST-97 G TBIS! T | QAT ACETFAHT AGTS
SRRTAGT AMCARIFO R 7 T 27 |

b) (ATSIHEG! : ((FIfE® ) : @A a ¢ FRRECEN SoifFe; Tesige @
7)1 SroifFe @ FAfRew Ay EIfafeaE 3515 |

¢) (HITATTIRB! (& C*IAIET) © AR a6 b ToifFe; 7w A 3616 Al GHIRIAPE-9 Afdew
7|

3. worg faetel (Group III) : 3TFIReHF (1 (@A @FIA2PGH ©F e o grote «a
wfsfie Af2sg 7 aidl S A AF GIAAPE Gretepifcs @bRESes (Chloroplast Endoplasmic
Reticulum (CER) Je1i 27 |

«3 ol a9 orefe @Ml 2

(a) TEIATAGIG! ¢ @RI a @ b ToifFe; GFTb T T ST T OB T2IfFe A |
TS Ay 2ATAIBET (Paramylon Starch) |

(b) TTAIED! ¢ oTFIRebs e fgam; aitaifrer e ¢ ; @G 7 o 321 Gfotia
(Epicone) @ ZIBCATI (Hypocone) 9 Reifere it | 7io iteen $oifFe @4t @6
SR ANCACE TSI SR I |

(c) afPTRCLA ¢ ~RTSIE! FCSHRS R @A AT TgFRen ¢ ©ig &FiH
fafus qrea Zg = |

4. vod fRetel s TEwIRSHF R @A @FICAIFPEH ©iF frer »ii 2iwle CER @3 16
W A S AT |
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3 fTere-ag S@sfe 2yiae oft @& ¢

(a) f&FToBIFIZI s CER @3 3227 € ow% W9 167 W 9@ 2w Nefgam At fnefpess
(Nucleomorph) #f¥e | @A a @ ¢ @R FIRHRFTCATT (Phycobiliprotein) TSI |

(b) (TTHITAFCHITIRG! ¢ S2F TAGE (Tinsel type) 23 @ 2HBIATH 2ZAFTA
(Whiplash) @33 Fpitemtl ©ifFe | @ICRiReeT a @ ¢ 71310 RrSeiaiaa (Fucoxanthin)
8 I ; (F1E AT AW FENEREIE (Chrysolaminarin) |

@ frefrel 12 o ol 22 ¢

(i) TR (Fe amifsl t*11eT) Chrysophyceae, (i) AR (Synurophyceae),
(iii) TSFHAICEIFIRHT (Eustigmatophyceae), (iv) fPR&SCAARM (Pinguiophyceae),
(v) =iz (Dictyochophyceae), (vi) (?RITaNFERT (Pelagophyceae),

(vii) ATCTIFRH (Bolidophyceae), (viii) AP ewER (Bacillariophyceae),

(ix) FNFFCEFEM (Raphidophyceae), (x) STINCARIRA (Xanthophyceae),

(xi) RrecaFiE (Phacothamniophyceae), (xii) ZFewiE6 (Phacophyceae) |

(o) ferTCAif1e®iEhite (Prymnesiophyta) ¥fb 2271 (Whiplash) TSl € ZR9CHITT
(Haptonema) Tf¥e | g% e LTS IR a, ¢ 8 FePEIAT (Fucoxanthin) | A
[ 251 TR (Chrysolaminarin) |

2.3.4 fafen iz eeRitea e arRpg
Cyanophyceae (SIS 39%7)/ AR AFCH RN
TR — I ST, AL € e (IS HTe Grmai) e a7 |

AGF—FIAINRT-9; c-FREAI (FeT), c-FRCHARR (30T), @R SHTaArFRERe
I TR - FIAID, ferenii@s (zeaxanthin), F2€q (echinenone), FETIZ
(canthaxanthin), STINTLATSTIET (antheraxanthin), NTHIEHCIIF, SiamETiEa
(Oscillaxanthin) Tepift FCAHCTC T8 (el T |

(FTAFE € (FW M—33 (AWRETS 11T | (PRI —2iTe 16 T Toifge ez
(AAoBiRTTEES ¢ 3fFE Frsivfermemize %9 |

FHAf® A —ARCAFIZEI 3515, ATIFZHE 7l (nitrogen reserve)
(TEICeNSt (Cellulose) 2 (PR sigeere Polysaccharide (ST 9[9ER) |
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SHCNEE™ (Amorphous) Wi 2ikiee BIFG *&41 92 L-Rhamnose, D-Xylose € Glutanic
Acid @it sifde 72 =1 agfeq |
FteE—Ts)f THiEe |
T —SPBTGT € ST Grele] (7] R | (1] Grele] Sleif3 | g f&rmiate ojeoegiof 23 |
e Chlorophyta
* (AT (IPPRE)

TR — IS I e Pien AW | O g g s | 75y awife were ao Hrestire
BICA NS A |

AGF—AW IGF FIAFA-9, -7, —B- FICRTA (y—HAITw, Ffer-a e am);
ST Ag—Tere o, aistienfEe, farasifEs ¢ ez 2o @1 fifen aefere
TS | TR GO A6F TFS | FIRARE (4T ER It 7 A0 |

S AW—IBI5 (24T SPZCES € SHRMBCAC2FO) | GFICAINEES foord S-fFs |
(FEAFF— AT SO A Geftene
TSN —ICCR (1,2-8 A3 SF) GR TG (P 2igfes |
G —SI 1 € (T Sl (SR, SRR € Sopis) orl IR |

® Heterokontophyta

+  FifwTorERM (Toge 7ge)

TR — I I3 fIETs #few I |
AGTF— (FITHICHIR Tege e A0 | Sfsfae Sitgiftrs aes |
(S AW — (e |

FITEEA— A G AT Abe 2GS (7l T AT (T2 T_ES PSR A AN
ey S |

T — T Glel AT YT 401 g Sl A | GF1G Vacuolaria (SfFesfam) esifers
] TR 32 FFEA O [Reifene 23 @R SI7eRIas 1@ 0 (Fritsch, 1979)
* TITIHEA (FTTIHE)

TR — 24 31 T Sfhew 11w, g 5y 5y e

AGF— (FICAHITTR T TS A0 T (@FICAIFT-9 G0 ST IR 2l |
@FICAIE-R SoifEe | @ Iaie-2 TeoifFe | Faitaes a6 auTs-B- Fil wrew |
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e —mifelm € Frermifes agfea |

RS A —IBITEF ARRCS (wa1fa @ TSI (leucosin) Al cytoplasm-& FIZCAGTIRIRE
(chrysolaminarin) 23 I |

@FEAFT—Cellulose T AWITLS A | (FINE (e (Fg Hifewige @b @
A @R AR (@A 1o 7 A o 4t [ow qme @sa it wief g o
(overlapping) I |

FITSEA—eT (T PICEE MG G TETSI0e] IS | ST TP |

e — (el Sl AT SRCAINGA I SR 2Ffon (Taisi agfen (@ eew
GG Vaucheria (SIS -8 (1 T |

* FRETERA—(FfeImEaAT6)
TR — IS Il ST ST AF | O g AChe 2hem I |

AGF— CTFICACHIIE AW N el TR-<F | @A, -7 Toifge | o0 fgrmg (@ieaifm-H
9ifFe | TR aaTe B- IR Trow | SHIglfe auime FerreniEa st S
RS FEIFAFIE SHICZIRFET 7 AT |

HAfew Ay —FI2ENETIRIE (chrysolaminarin) SSIF |
(@R — s REE, Fewe |
FITEE— 1-2, SEE 1 5T, ST I |

W—W*’i‘f TR SBITHIT™IF (statospore) (721 AT | Srele AL ST | IR (e
Gl (SNRCASMI) (7l TR |

itEnifRewRR—(TRisT) —(Zam w12 Felfe qmis)
TR —ATTE 1 ST, ACE S, fere Witre apa Ak shem |

AGI—FIAIF-9, -5 Toifgw | B- FCAIHT € FCCRHiiRa & (FTIEICRET )
Foffe WIS = | ORI TRICHIEHIE € TRIfSTeiEa oie a7 |

(FELAFT—TOH (T @F2BR Y6 qe @ od ow @ BF (Alform el «
ST S5/ ST TR BRI SIRICH S 63 | (PR Pifereiye «i Fiferl afeft aeifers
el ool 20 KT 40 S 38 I |

e WH—FG 8 SeTS, FI=S F515 2T ol |

FITSET— TP (G 7R9TICCE (T 211G A | 927 Q{0 S=eI0al &, 2GBi T (BacreT)
oAPpled |
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T —ETe (Y TCATAC | SRS, SRS @ Safse epfed (1 G @2l
qA | cﬁawhﬁ@m@fw (auxospore) (w4 A |

* TreS—ImET)
TP — o5 2ifS TIel e eEifoz AT |

AGI—(FINBICET AMIN A0 | @IAfreT—a, -B1; B- Wieite; etz (aasnfim=
o) 9 AN B, SIEEHIE (violaxanthin), fewnifge, syicgareiE Tenf a6 ez
e |

(FRRAFE— GG, SIS SO (alginic acid) €3 RFSTFiae wniFe T q=
5w |

Ffew A —eTINiEe (laminarin) €<% SHfAGeT (mannitol)

TS5 ST 2R TS SYG GUAIR € Telel (FICT (il 0 | A 2eBiferamifos
=R (RIG WiterfT e 2o |

G — SRS, SRR @ Sais eiFfed (T S (rdl A7 | GRebee [fem
AP S (7 A |

e Cryptophyta
* BUEHER
TIEIN— 0! T @ Y ToF BT ST T |

AGS—(FICAIET-9, -F1; A0 (a-Fea); engiize [ShicneniE, ez
(crocoxanthin) G438 (ITCIEHE]; [feTcaia (FiRermEe ¢ F-wReaiReg) a6
NS A |

FAfS AW — I FILRIZCEE A BB AS AT |
(FEAFT— (FAP AT 7108 (AR =a@dt ot 7w |

FITSEN—581 (TR K10 AN SPT SNIPied FFICSe A (At 2 Seeital (subapical)
TG AT |

G — LTS ST Grefe] (Al TR | (T Srele] MBS (L TR 12 SRS 2 |
e Dinophyta/Pyrrophyta
o FOTARIES (sip 2w =t ams et
@3 @A7 e eRetE egfen | fNeiFan Fewikefbia Wiw gafde e
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fReemmcst fMSTg 7l @ et s =21 1 | ST wivia sItaE @ eIteic s e
23 | G2 (AR RO GIRTAZFICETCa0 61l 23 |

TR — TSI AU 275 e (7l I | O3 5 5y ol wtere s 3 |

AGF— (TN 9N Zeqw St A 007 | @Fcaifret-«, 51, B- iy, cofafefam
(peridinin) SIRIECAISTIE, CRIHETIEH, TiRtICHE 2ot Trei SHtgliRee 2t |

FRAFT— 3 (@A [ A G e aibkge | Sfemme < ISt 1 @i
Tox 2917 20 I | 9661 (I 46 e (7l 17, @ ety @3 GF6 SR S[afEe |
ARPICHR AN1G (T AR [ghe ol T |

i A — LTS 515, ST (FIe (FIe (G (@18 N T |

TS A6 (S 96 FICeail (rdl AR | @3 ZFICeail Sz et (@8 I A0 93
S FICETE! SO TS (I ABIMTE SR A |

e — 2T SN el (7] AR 6L FAIBR (o] Srfel 2 e SR TG A |
e  Euglenophyta—(Ru%o1%)
o Tl
TR — S IS R0 |

AGS— (TR Ry 1@ | (@EiweT-9, &; B- FE0T ¢ e eyl
(erferenfes, Fearerfem, - fesicorenien 2enf) e |

(PP — (PR (72 ARACS (olferee] (pellicle) i CoIfF 2R (periplast) INF 23 SISEO
T |

RS WH—TIANZHAN (paramylum) 515 € (&7 A 277 |

TS —ZFICSE 1-3 20O AT G e FFICSTE (S G0 2Pied | FITeen (IR Sereitel
AR eI (subapical) I |

TAT—AIETS O (FRSIE Bl SBre Goe 53 | FAe A€ Fp% 5197 ¢ | (i
Grele] IO T ACH Wl T T |

e  Rhodophyta—
¢ (ATTFEA—(Rhodophyceae)—( (=112 C*Iier)
TR0 2GS oI ST AF | OIRG! 713 ANGF |

AGF— (T (AIfZe € T 76T TANF 1- TR 3R - FREEHARET a5
FRIRG 6 791 91 | O @IiRRT-3, -%; B- i, g, sy,
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1Sw, FeTniEm 93 #1s1 T | (@PRICEITRT RS AT #IfFa0s SIS AEaEe
7l T |

(FRLAFA— GG, (oI 8 ARTATCRS GBIF T SoAmI @i 91 |
ARG A — AT 3515 (TR Sror)
TN —GIRABTA (Pl FHITOR FIEH (712 |

T —S TS @ TiGeT TP 40T G Grelel (it T | FiGretel S FICATCANTIN @ 9
el OB AT O7IfRS < 23 |

ST —1

1)

2)
3)
4)
5)
6)
7)

8)
9)

10)
11)
12)
13)
14)
15)
16)

CRICER (T R ooy *IRe, (67 PRI 32 (IR S (AHCHE S @
(A T3 Fa0e W (@2

TG AR Sesifo o 2

TR (ARenioR fofeuf & e

TG CoRIETC M (AT @19 e 2

TG (PRI Toi7 fofe 07 el FIE9IerE T ©Iitsl il F1 AR ?
R ERRIER A 7es-93 @NREIeR I 2Nl (52

ANCRATF RN NI CFCG RGN = (od A TR ALG 1 [etoiefera
(FCQ “TIRCFIFIZO] 92 419 (0 5 36 orfcafeeere 2

TR A& CAIACD M [N ©1] T =L qovdt =11 2

(A7 @ GABf THRICETR fRSITa T “TPIRCFIPIRD!” *0 JRICHH ATHS (el FIRCH *10
SJTIR QAT (e 2

@IS @ S RIS TG KoItal Slsl FCaw 2 G IS T |

TRRISTCE AL (S (ARG @ TTHRET! ATl ©l9l 0 2

ACT-GF (EARIR [Ty 52

RICHRPIE Q1 ARCARFRACS 2 ReT agraf [ (62

frswiEsce 2 e sgeefm T Srae w3 2

T & (*RICER (SRR Fzwod 2

AR vl (52 @b @ ordl A e
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17)
18)
19)
20)
21)
22)
23)
24)
25)
26)

27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
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@31 @3 (2FIfRetE TR N T (@ CF0g FICeTen s SrgsifFe |
CPICAITRRET-f (IR (IR (a1 TAICeT (vl A 2
AR e @ 2
SHICERABINCS & &l Afew Ay (72l T 2

CPICAITRRET-2 (IR (0] AR 2

FHICSTEIER (I (TR CRRICeT (2l A 2

CPICATRRET-f31 (I (IeT=T CoIRICaT (el 3 2
TR FFICeens (I 52

TRIGH (FIe &A= o=l 2

VTS A (*I1e1 8 (IR CHIAIeT rele Sl (e (@A cxiieet [ferceifoa wigcmifferaiba
G ST T 2

CoAT BRI SR (Pl @R To=ICeT (il A 2

fCoBI=rIR3 (i CoIRICeTa FFieeris Cafizy fe
CIRAIRFIETCSG FIwR I 23 2

TeARPRRT (i CoRICe (PR iy 52
TR CAITeT PITHE G912 (el 0T 2

CIRCARFIES! (XA RN (PRI IR 52
CIRIARFEAIR PTG (A2 STard 2 |
SATRTIZE 515 (Pl TR CIRICeT il AR 2

GG ZpTcere S et (Pl (HTe (il 3R 2
RPETIEnEa (e (TR TR A 2

Rrawigdl (MAge *RItETR (PRADCIT AR 2o 2

i @ G (S @ Caalet Al A 2

G G CRRIET AT T T (T CFCA YNNG Siole] (FIT FICSA! (7] TR 2
IR 615 (I TS el T 2

FTReTF 2 o7 (N @G RITETI SR (@I wITOR TS (7l [ 1 2
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42)  @CAEA-fC @ @A RITe o TR e
43)  (F1IfZS RN R-99 Tl (I IS WK 2

2.4 THITETR SIOISTIATRA 197 (ADTAR FAFA

fafe i CRIteTa ey SosQ RIS THC Ao 208 Gifbel 2Ffes R 918 2R |
e THRIECS 216Taa Tofa fofe +°0a fmfefie wivel Sicatbe w1 21 ¢

a. FCHA (A0 3

i) GFTHT FAPA—FICTART AR 56T A | TTHETF I T0ay Gl AL 7T |
fifem SIFfex 2°0e AR | 9718 e @ Gl @RIz | FitesE 714 16 (g Feriwzsice
G BTCATAFIBACS), 2,4 T SR ((FICAFRACS) 203 &tF (Ba-2.1 e f, a,b,c) | Ficsen 26 2t
G I S (FETeseeT) (59-2.1a) A1 =P o R[S (TRt 20 #i (59 2.1d) |

i) GFTH o1 — 9! FITSEAIRE | (TS AT (AP (T -FICTE), (P 2l
S ARG @ {6 (% TS fFanT @ (ot Sigfen @taans s | ey @@ics aom ol
I, (AL, GICARFIRA, TFRCAFISA, Glat=rieA 2w (b@ 2.1 ) | el sifeits=
T Foebe] ST C*IR1ET 9% FRR 6 e 411 23 |

b. FCE efFfen tRE—4e iftest SRR e @SifEE (@FF @Fea MiLe o [Rers s,
I ST A0 | G0 FCAIR (@FrResfet 5=o)ef JiRe A Qg e SRR T AT A |

i) e SN —ATHE (WS TR (I @36 S e e 21t e fSeea s
I PR FT TENN (T SASH - BT (0T ), @ LA NS AN I
(coenobium) 0 | 7561 FAINICS PICfac afst g e [ FzreseR
TSl (4TS 2 | OF G2 A FENAE Ao Reaea sieeiione @ Ifw ol R |
@NF-Gonium (CNAN) 4-6 T (= 520 91f© (6@ 2.1,h), Pandorina (F7CSIF)
16-32 6 (31 =1 51 (5@-2.1, i), Eudorina
(FTruifaa) 32-64 & @@ @R 5w (5@-2.1, j), Pleodorina (fasteifa) 32-128 &
(P A 910 R ©o ST (Volvox) T8 FATHT Tare SCatiell Azl 500-60,000 (T
E oifde (Ba-2.1, k)

i) foet FER—a el FiveEnEE P agfen | o stape [ifer geife R
CRICER ALA9Te SR i (vl AR | o0 [ifen aerifore qore s ¢ wigfonrs fems
Ll A | W—ﬁmmm (Scenedesmus)-93 (%0q 4-16 & @&F (69-2.2, a),
(ATSTGN (Pediastrum)-a3 ¢%0q 16-32 5 @7 (53-2.2,b) @} 2ZC@ICHTET
(Hydrodictyon) S92 (R @it 9fd (6@-2.2,¢) |

iii) ANTETCTC (Palmelloid) 2FFeT—ITHCE AbeT GFCHIA TR FICSH 2Ifeyiol S
freifere 20 SItamafe] FICSEREN Fbe (FIaF 978 T, AT M 2H =l
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iv)
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7% A9l RIS FICeTE SRFAR e o S | T &Sl (@R Mt qrel [Keifee
201 FEhieTs SIREERl S 27 | GBI Spike) fxbe (Fge 3 Sfvmeores
el B 2T | G AT FCANICE 2ICARG FCElel] 6 | 43 2 FENICe FFe]
FrResfer o)l JIHT @R (@FICIF RS WS T | FBCSITINCT @3 21 Freaia
Ao ST TR SR 9% 2 A2 (T Palmella (ATCTE)) genfen o7 (ba-2.2,
d), Tetraspora ((BTIT=IAY), Microcystis (NETFHREA) Tojifv awifers sNwees
o) A AFed |

(GGG (Dendroid) 2Ffed FCETN—a2 ST FCEAIA (TS ST JCF I

o | el @ Rhistem St s Qs ¢ fehstes @iy [aiew
T3 G (AR SWIER9- Prasinocladus (2Ftige) (ba-2.2.e) |

c. JASF A (Filamentous form)—HR< SR Ffeers (SRS #7717 & 20 AT
(72 910 FCF | 9ufer Rier o 20 A, @wa-

i)

i)

AT AT AR RIA— QTG THEN Siverel (2l TR, @E-Spirogyra
(IIBCRINER) - G e (I (Fiele Rreveae (rll TR =l | e SpreRes g
el SERECT| IS 3 (Ba-2.2, 1) |

Ulothrix (TTCAILH)-T CHFG @3 417 Seoifs (] TR | GTHCG ALK So7e (RS
5 20T @Al [RE9 @FeErs (i TR | (@TFET GR S-S SFfed (@I
TS e BTG (I MGG e e 67 (ba-2.2,¢) |

Oedogonium (TSI —9 SHSGCHT QOIS TAS G (FTCHIG, [yl
(oogonium), ?ii%ﬁ (antheridium) 27" (FT R T | FICSE ATHG (FICIF
fRrena=ter ML =¥ Keiew wiwe i3 (o@-2.2, h) |

TFE =TS (Pseudo branching) CHRFA—{g 5 & (<RI G2, EHeTs:
SR SN GG 2SI SRZI PR (@ IR * I S 2 | SiRgel-Scytonema
(1B (f59-2.3, b) |

TS QA CHAA— 71 =R AT TR Sl ST | SR TR @
Cﬁ%@@é—@ | w1226~ Cladophora (FFTTERY) (5@-2.3, a), Bulbochaete (ATAIFD)
2ol

(BITATGF (Heterotrichous) 2F&7 (HATT—aA1 7 A =11 NI 9178, I —SN e

= @ A *14 | RS Taa 41" @ TFe (¥ | $WZdel- Fritschiella (FHeza) |
Stigeoclonium (F5fEetgifamm) (5@-2.3, ¢) o 7w (& |

e. JNICHER (Siphonaceous) 2FfeA (*RAF—a! PITARIRHS 2o 2% 2 K2 (<[ |
O (2 (TS TP IR SR TSt 9 | ewizgel- Vaucheria (SrET5{EaT) (5@-2.3,d)
Caulerpa (F=1371) (6@-2.3,e) |
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f. ARTHTATCFCH (Siphonocladous) : *14RE, AR @ 72 (S0 RS 771 (S Toifgw |
g. FETCaEE™ (Foliaceous) 26 CXRAE —ATa (W2 HIi#6! 21 T Stz T I |
TWE@e-Ulva (Seret) (59-2.3h) |

i) «@F SRT (Uniaxial) r2f[RMR tae—fReg R iz @3 g srwai sifds |
ST AT SIRAIFS AR #1217 IR S G 01 27 | SwizRel-Batrachospermum
(IGICE=A) (f5@-2.3f,g), Polysiphonia (#lfemiErrfa) |

ii) JTorRE (Multiaxial) (ERME R —("S R (12 SIS o0 7= 55w |
Twizae Nemalion ((IIfeTareT) |

h. ¥ 8 2[dTS >t (Differentiated into node & internodes)—Fg xR (72 7K @
I RO | 91 (AT =121 Beofw 27, @-Chara (1) (f5a-2.3) |

i. e egfea txiaie (Complex type)—a3 Tioe 910719 | AfFFSI Gug (W2 I,
1% G TSI 0! S KOS | GT7R SIS 916718 6a | I T ST LZTRH
RICHIRC] oI R AT | SR - Fucus (RReI7), Sargassum (AR5FHN) (5a-2.3k),
Laminaria (sHiS=IE=0) |

SEPAET-2
1) @ GICHIT AbeT @ e RRANTET 1% <o |
2) ST FCeEl [RIfE G IR CRICER IS 21 |
3) Pt e
4) @3B FAACHCH TS Aoe PICTRIAICF A5 526+ |
5) @6 foa PreaiicE a1 26 |
6) NCsE il {52
7) (TIGEE AFRex (RN 6709 (< (IIH 2 G Swiizaret et |
8) TIZTANEAN, TTCENRF @ FCTIANTIN-GF T2 (PG FFAICTS TS % (e 2
9) T HLTS <RI TET00 [ @RI 2 G0 Twizgel e |
10) CBICAITGI Coiaet 5 2 @hfo Swigael et |
11) @3 ARTHICARR t*iRIteTa Snizge fae |
12) PIAPIRGS (2 I@0e ¢ (@R e
13) O3 SFFRIT IR T2 SFRRT CRRIET FET0e 16 (RN 2
14) %1% @ 2RNGTE 6 AT I 6+ |
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2.5 TRt TLifos WY

TR Seftafes wrg S @ 2 | 0T G0 TS SB35 3-
A. Toid gfea 8

a) AVPEITE CHRITETR S ¢ ToTer SAfRTaTe LM elta] @R Tesiivnd Fest wrgel S silete
F(F | S SAFS S a5 FRGIRNIGT (phytoplankton) ST @ SIie) (X1 WR € ToTe 2
YVIRCA =0 2T |

b) AT & (ATY 2 ST SRIFS R AR 2IRNCe SPCE S IR | G-NSTE 7S
Tfgn 7R (@ Aol SIS S 23, OF (@E S92 T Sfen w2l Ao (<A1 2lH] S 7 |
AT &AfFT @2 A (*0T FIET-TIZ-SHITT &1ze F(F IR TG ST 0 | AT
HRICI* O,-Co, SIS RN (I wwgsjel Bf\el 7ot e |

¢) COIRITETaIT @ i TV IS ¢ CRRIST (AT TGN SIOR) @R G &% F0 (T
3T G- 27154 (zoo-plankton) (ITH T, SR (W2Z (& (19 IR I AT HCHH ©CeT SOl
TG ST B(H B AN 2T | G397 43 A+l SfRFremiaz “ikeae Reaifers zoa deres
M1 € (AGIERIN Gror swicel #iffere 23| aiFfess 71 2xive e el Tl tememited o
R faFa w0e Tesm 21 |

d) ST AVTACA ORI ¢ AL o [ifea 2fees (et Soimie @ fObifse a3 et Lmsicst
CAIRICETS 121 ARG AT I SR | GRCIIRA, RPETFRA S (RITepiE (e Ciatet 2o
QRACe 7S 27 | 107 T aiceia (IS 4936 @i (siuie fRrewias ¢ @ireiwiziia s@efs) 4
R I9ze T (@S eFi3E, 1985) | @A G 00 Caulerpa (FA9), Codium
(@IfGAN), Ulva (SsTel), Chlorella (PICE) Twpifug w1 Sraraciay | Rrewgdl =i s
Laminaria FRRSIERN), Sargassum (ARGAN), Padina (251fS), Ascophyllum (STITRITIZEN),
Alaria (ST, Tt Sy | RITCRAZA! (XA W0 Prophyra (s=riza), Rhodymenia
(@R, Chondrus (FG), 25 I STAATIIN ISP Prophyra tenera (SI7EA1 (GG,
AR Folers bR 1 23 | AR 30 77 4 =i Kb 271 Ulva lactuca (S@Tel
FIFHH), FOeTICBS SN FIT AAG (Salad), € F?! (Soup) TSRTS A2F I 2| Caulerpa
rocemosa (FEN=I IR Referfoiapt-a 4wy eI v w1 23 | 95 AT A (9I0E ST
Afsinca 4 SIfETR 2l 25% ANUF I ACF | Nostoc (F8F), 9R Spirulina (*1ZFeT)
Q4 BT wffedi fRfen @ Ay 2ot a2 311 2330 AT |

e) iy R oot ¢ (5w Gieisje, TRet, (G, T, SNCwfa, eferns aefs oo
9[%F, RI9E, (T @l sRiMeistr 4y fRETE eiFeita Afuss (e 2 1 23 | AR,
SRR, STCEIPIPEA, SHIcEwRrzea, sifsmiiE 2o Aw<v Rra 92F 1 27 |




NSOU e CC-BT-02 45

f) AFFHCA A ¢ @R ¢ RpewRd @@ [Rfen Mus R @@y apa AR
ABCGITST, »Biws, TP 2o T8 GEy 3 Aee ANUF Saiel TR Shre “fb
wifbce Wfitw oem =1 9TF@ Fucus (FEFM), Macrocystis (Wmﬁ%‘;[), Nereocystis
(f2eBI5), Durvillaea (SFEETRN), Pelagophycus (CHRNTATHIZF) Tohft WISt (<1 AK<ACot
R A=A |

ORTl SReRTR S R (et a$wita FRrefice TRt W 3w o ARETe
TRIFIFIA! W-‘i@f@w @S-Nostoc (F96%F), Anabaena (ST, Aulosira (STEAPNEAL),
Cylindrospermum (FrfeTcgr=isiv), Spirulina (*ZFH) ‘Z@% GfICe AFTHC? 72T 391 W |
OIRI! GBI NeTS-TE CHIAIE BICAF NNITH I 2A<ie] No7 g arsisi 1 27 |

g) Migewra tiaie ¢

i) & (Kelp)—8aRx *ORITe 2SR AW CRIETCE (WA AT SA9iT=! I=7 23)
A o A1 Toft I ! (A [fen 4w smid—sieifes, «Bifww, @ifE
Zo)if eI 1 2 | (T 36T (I (A ©7F (ol 1 T© (WA 5 (Kelp) T
o7 | Il AR 2T AL SN SRS 49 (51 (AT el s S org |
SR AR Cof, FICHH feafem1 tofd, Sies (alum) TR (5 7217 41 27 | RrChIY,
IR, SNCRIRFZEAN, AR, ACFRHEEA, @ReFio, ctaiwzsm agfe
(5] SO C*I1eT |

i) SYEATTTG (Alginates)— g AWM TR (SRR (AT SPAANT HZSme 2mief
RIS RGN SR (alginic acid) FTEHH T 2 | (T 767 (A6 (ATF &2
122 | (1ot 21— Laminaria (FHIRSIERAL), Macrocystis (SRCEM5), Ascophyllum
(SR, Fucus (FCI), Durvillaea (SfSHT), Lossonia (AT Tonf |

STt [few Miee ame =1 IR e, ), SiEAfE, AT e 9w @3
wfafacais i< gefore g Tz Sraian |

iii) SyEE-SmaNE (Agar-Agar)—afb (STEPTH A8 A @ICTIFE-T S@efe ey tEe
AGIfon (T2 (ACF a2 T 27 | 7R [T si@melaitg TR, 2@, [ 2iofs
BICIE S (Culture media) BTG 2 9 992K 31 = | ©igel (6, fiolRrs wwoe
T[S (AT T Gy, el (3B TCAK T G0 14T Sy, BTGl #iCa, I8+ #I0a, 2=
AN eEfers, (@ ARERT 374 w0l T wiRe R[fen Fte Spa-sneg e
= |

F@ICCIFZAR wgsfe Gelidium ((SCIN), Gracilaria (NFAFR), Chondrus
(FG™), Hypnea (Bf23M), Phyllophora (FIREACHRL), Pterocladia (GTAZTIGT)
aefo sl e geife (At SyieliE-Sriala ke = &3 |

wMaNtE (Agar) : @it @ (T TR =FHgE AL T @COERGE SFS wriea
(AT e T | @W"i‘fﬁﬁi Agar TV Mot *eaTl &6 (SACAN (Gelidium),
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SRR (Gracilaria), @R (Hypnea) GRIG S (Prerocladia), FG™ (Chondrus)
8 FIBCACF (Phyllophora)|

AN AT AN IO T Mg (ofF FACe JITe =W | @7l
FITETS AW Hed, AL AN, BINCl, I7 € Fae #a Seg « 3 wwgs)ef
T | GF ST (ATHT SPJL-9F CFLQe T2 |

iv) TEITBINEG (Diatomite)—SIRGS] (Diatoms) TR FRLHIZNGTT (R Hiferap!

qiow 7 A8 3701 Spe A0 | TR 219 G (12 e 06 Bea Wie s 2
CRIGIETS S (Diatomaceous earth) I CRAIGINIEG 9TT (O | G2AFF TG
BSRERCEEE

1) fOAINIEE Aot Ode NIBGI AT (T 0o SIS (RICeT GCF 2N 2
FAMRCA | O3 @2 3 7IF[ed ©O6! G2 (3 |

2) (T A GHICe SfEs Telreid % 27, (T ITEE, FPo-FIHER (SOl Abicd
AT (e 2T |

3) fafen faite siffeiRezmes! (filtration) 93 TR SCEACIIN |

4) o 21w tofsa R b At o wwel-fseE afer g e 9 2|
5) REAT (e IR S 2T 26 Core TR 51 2 |

6) ORT HiTed WeH, ST agfors, Med-#iifeTr 3 2T TR |

h) 83 2A/RSTS 3 IR (Chlorella) (ATF TS GIEES (Chlorellin) Gl “wi<f |

Sargassum (FAAN), Laminaria (FHRNIED) Toift &8 iR R (s e
SIS 92517 (AT BT 9519 RIS 9219 641 7 | SisliF-Siaid (R ARt
@ fifer 830y 2w+ =7 |

NI FICH & S *ATTER € (SRAPRT 20 (FAF-ACARTARCER) W01 i
SRS G I, Scenedesmus (FTACCHIN), Anacystis (SR T aefen
JRET [ TR |

j) TN e eNYTA (In Sewage Dispoal) § #2291a, (GTe € FERIFIIF fofe T7aT Siaere

GIe SR Sl T 2 IR I WA A0 @i e 27 | 92 wiRee [ifew R,
T -ZIBCICHIA, (AT, S 30T ST SRS T© (ol (77 | 0T Sl
&2 7 23 3R TG O (&4 A FAefe 27 |

k) FIRCFFCENTS (Phycocolloid) :
AfGF =13 Vitamin-97 450 o158 z@gs)ef T @94 Vitamin A, D, B, B, AR,
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faifse, srecsefs snte ¢ o snfe | fus *mea (At 5y ewgsi Teime e
TR [ AP ©ICa fwiRel Tea (@ TR 7B 2 It PRISIFCEACTC (Phycocolloid) T |
«ft aFIfes SLtafoTelta @W‘?ﬁf ol 7% T2 ;- FfeE (Carrageenin) @ SIS0
(Alginate) |

i) FifE@e (Carrageenin) :

Fifofas ¢ Boitare afew RE (At e 9 | TNl R @t D-eFeE-3,6-
SPARIECG-D-NFAFCEIE 19l | (NTAZIBILATRIRG ARG 5 SIS SGHT @945 (Chondrus
Crispus) <SS *71Sa (AT 2eT I A (Are IR toft 291 @it F2rers, 16, 2hi],
vl &, a7 @ e3fy Mra ewesld Soimia T I9Te 2| TF O @9 CR(a9 93
TAWNG TITre T | OF6 ARG I TCEF T91-9F RO Gene @it I9Te 27|

ii) SpeIfETCe’ (Alginate)

WE[@W Wi (Brown Algae) C*IA1eT I SHIRCIER (Laminaria), SCEFPSA (Macrocystis)
SICHIFIBEAN (Ascophylhum) (T3 WEIfTe SpefE{e SOt (Alginic Acid) (ATF SHATCAG
ot =1 @b @5 = at awifsl E-a3 @ ABE-@ ACF | ShiEfETas aRE B, e,
SZAG (Ice cream) € SiA2fETAET 37 AT Tz 2T | TG ©HF-GF CFLOe @ ATHA
@l T | 3oL, 1 e faw tofkm (wrae SyEfeat-« 3 R el I |

Bioethanol Production :

@f5 g6 g aitelz Ew 3l Rere fog T=ea ol ACoz | GRS GieraR A @
BT | GHFCE G2 Glenea ARReS GReere giendl IR 1 AR [l O TEACH 4
@35 wFgslel 27 | *Ties @At 93 [ROIT B 217 FRet T2 =7 e Sgw cveomiel
ofq A0S 7N (SWIZAY : Isochrysis, Botryococus, Dunaliella) ST (I (i Sfgnens giaia
Tofd F0w (318 Sfen(l q2e #Ifwtd b 91 GeaAe | =pies, Reiae Gl =iest srore
o5 SAfRTCE 92 AN 5F F91 99 FORIEIRTIFo (Photobioreactor) MNF ACF | ©IRGH
e fEET (@ Amfe O 493 TR0E eI (g AT I T ¢ GRSl
(Transesterification )-43 AR GIANICS 2ATHS F9 AW | G3G02 TECA *PISeTd @Y
ACTCA (Bioethanol) TSR CFLa SI#fTAN |

B. woaias gt :

a) “fHTa TF Tl ¢ 7/39, 27 21 ST FIRGICeH, AR € e 2o wibe (e
smitea TeifEfore fAfen tRItsTa wo awigfa 906 @ STt 3R 9 7S 3¢, Tare-19er At BIeaa 2 419el
(| Sl ® G2 (AT “SBRZH (water bloom)” 362X | €0 TG 1 e 341 '€ 27/
G LI SN ZF 21T | G251 SIS 7oA AR F00 AR ST ATGH 27 |
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CRIDEE W *[eTfeT 25— Microcystis (Wﬁ%’f\), Oscillatoria (Wﬁm),
Anabaena (ST, Gloeotrichia (fATRGREM), Lyngbya (ferfaan) Teosifn Tioire e a0,
WW (Scenedesmus), Pediastrum (CHAfGSIIERIN), Gonium (CAAIN), @iz, 2o 2ot
G CxIE 72 BRe ffeq Al FIRCGI2G |

Microcystis aeruginosa, (W25 Snifafecar), Anabaena flosaquae (TR
W@), Gloetrichia (faTGRR), Aphanozimenon (SHHICNG ), Lyngbya (feref=an) T
2GS (A0 KAIe 2mief ol 23 | 0o 92 & (40 213, siaifeled gy 1K 906 | QERtas 203
o1 FBTET NI HoTpifel Z ACF | CRIARFICSTCHS (MBI Gonyaulax catanella (CNSIESTIH
B SRR ST FoFaE 77 F€ @2 0 (OIG! Mg (A0 AT $FeF ST 20O 2 |
GIE NS @O A |

SO FER TS (72 IS =AFHIN DR 2R Sifere 2ex1 Tl dpa AR s owe
(ACF &2 I | OIRC] CHRICER TSR 2RI Sy SHCSTR TS 23 | 0o Giee] SIS
AT S T G TR € I S 2T M1 D | @2 T MR G SIgoige 203 A |

b) A& (*1Alet (Parasitic algae) ¢ Cephaleuros ((TRARTEEAN) -7 Foee Ao b, (olleTizs
Fopifit SR A RS- (Red rust) G9! % (A 3R TER NG K | Cephaleuros
virescence (TG SRIPEP) Ted 73 ©IFe @ SIMITTR b A9 BIEE (@ifze &5l @iol 338
(A 3R B 9NTZF o1 o e | @b (ol S 9AItRe G2 @51 9/ I | Cephaleuros coffeae
(Creiferea ifr) S 9liteg = A4 | Cephaleuros parasitica (TG “niamzHR) 5i
@GR SN 7AICR 06 A6 (Orange rust) (@191 8 I G 19 T AL I |

eAtee -3
1) AW Coiaet 6 Sl 2t e 2
2) AR A @K R G310 Sl Sare e |
3)  CORGITETRIN @ 9o CoAWMTe (R Bl Srard 320 |
4) SR AMACA RO GG CRRICETR IS e |
5)  THITIZEN, FGH, TSl FNF (KRN By 52
6) ABAMIACA JIZS Yio IMI CRRICETR A1 26 |
7)  ~BIRRIN € FHFACE &) SRICS AR TIZS 28 Gzhl 76 AU CRITET 1% 556 |
8) TIREISH A Ifad &) TCS Az B TZCGIS FRIFAPIAN CHIIITEH I 521 |
9) (% fee
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10) BRIG (FHGTOR TS s fore |

11) OISt 2

12) SHAMICAG 21 AR @k 9{0 CHIRANER I T2 |

13) SHolE-enieie 2 229 wwg 2

14) SHF-SWaE 2N AR G5 95 CHIRICETR I 32 |
15) MErsca @@ TN € (@G FIN CHIIeT 9y 52
16) ifafae 52 321 ohem a% Ghel 55 TR IS 326w |
17) RIS 92 To/CF Trard e |

18) GICHIEG 52

19) SIRITEMIZCES 9o wzresid G2 T=oItF Trae 26 |
20) @7 AT IIZ© 27 <7l b (HIANTET I e |
21) IR @y (52

22) SR G (<A Ee 2 Al qib CRIAICETR I e |
23) SR o 52

24) <R g BRI 70 RN T 2+ |

25) Gl AN CHRANCET IS 2l |

26) Bl 9ItE ‘EAifRe-S&61 @19l JRid) 2GR I 6 |

2.6 I

T T O SHAIGEAR e CRRAICER (AR T ARG o7 311 AR | Kfew Coiaefavalel
e ©Ita tRIeR AP FCa0ee | O63 FACHE2 [ Gl [alb g «fada wiH |
TS (FRRWIF ST 87 fofe T tRes 29 (et ¢ Teafiets a2 7o sl
it T2 0% 0o 0 91 =W

TR (TR S1997e (IX¥B) ©ebl 778 € fTSataian o7 I0, (R (FIEd 2Ffs, 69,
NPT, ARSI, FICEE, (FRAFICA TS 919, Telel '€ GRb 397l O Toid Fog e
TR AR 51 27 |

FERFGH TS IR EAREIER Tt e 471 TRR | ARy RFoap-aa @@ wm
RGN, T AbfeTe G} [fen SR T @2 siafe Srp@ed 31 27 | of2 [fer ifa et
CRM(Z) ST KPS AR Sl 1 291 |
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TRRICS R SIGTMCEA 919w (Afb@) eFal | GRS 6T @ TG, Faia aigfon Toet @ fawoe,
QIR *IRE € #NLTE, TR, RCHIATIA, Soa1 2F od TS S CHI[E (72l T |

R Sftafon wzrg SIS | (-6 RfSTeita o 01, (@—MHs(te] Sesvamtel
JE I € A (@AR; OIRIG] ARCIA G- (I, CGIPTI € 27 SAMC, NFCIA AMAC,
Ay 203, MeR [fen Fia (IRItea Soimidl Sl It | (ORI SIsiidl el ze1—afb
‘GBI A 912 LT SCers 73 <O | {5 #II&G1K1 CoIfeTe St AR (1) 1% ST B, ColeTsIfzis
it S AR TN A |

(Chlamydomonas
reinhardltii)

Carteria crucifera

(G T )

Polyblepharides
fragariformic

Euglena (35f2/e))

Glenodinium uliginosum

(faafe i zSffemamiT)

Chlorella ((FIT=)



NSOU e CC-BT-02 51

Eudorina elegans

(ZTTTIfl ool

Volvex sp. (SeTe3)

5@ @ 2.1¢ a-k, CAQItER Aenicwd f[few a1 a9 {1 (a) Chlamydomonas
(FIRCTIC) - TG-2ricere, [Rf¥E @FCE 661 C101; (b) Carteria crucifera (FRCE FhICE)-vR
FiceEl (% @& I 651 =, () Polyblepharides fragariiformis (AfeTgraize waifawafioy)
oi6fe witea (I @It 767 NS, (d) Glenodinium uliginosum (fataifefams
FT AT TR CAFEAR Sr@sfe spm i {8 f&-FIeige @I A6e1 %[0, (e) Phacus
(PR )-9F FICee [ARE A6e1 @R AT; (f) Euglena (3TfA) -4 Ficems (8 oe1 @i
I1eT; (g) Chlorella (IR -FITEANR2 661 GFHT IA1ET; (h) Gonium sociale (CaNferss
GNP -5RT (FRRHE FICSE Aoa Feetia | (Fef@=s); () Pandorina morum (Sicesize
) -16f5 (R Fireenge woa seetat (PfRam); () Eudorina elegans (F8tSifaet @fsiaiiesy)-32%
T Ri*2 Fiteen I& oe1 Fcanal (FfRam); (k) Volvox (Setes))-spike g Fitesge Hine was
(I Sl S5&1 et (Preaifaa); (Toifa%e tamafer ey Ao wyug SRz, Fiem e
B2 2o ST G IR I A1 (PICRRIE (T orgsfo)
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\-"---a'

ANewET eiwifeq S
Hydrodictyon °P- (Palmella sp.)
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Prosinocladus marinus

( ePTIFeR ST

Spirogyra sp.
(~ETaaiEaT)

Oedogonium

(Zroitshfemm)

5@ =2 2.2 2 a-h, CRIETR AR [feT 2w 1o+ e | (a) Scenedesmus quadricauda (ﬁwwrsrm
@G -51 (FF (2 FreeiRa e seena (FaifReis); (b) Pediastrum boryanum (CATSTEEN
RIfFREEE)-16 (@7 [ e {2 fva S0l (¢) Hydrodictyon (FRCGICHHE) -8R (1T
faf¥(® Ficee K& fopbet stanel (Freaifam); (d) Palmella (SATCET)-#ATCE eiaifen SCere; (e)
Prosinocladus marinus (APCIZIGR SRR - (GG RC 2o a199; (f) Spirogyra ("FNETASNEN) - (FICIF
Rtensael 2 RFTTD; (2) Ulothrix (FECAIAT) -1 RTeSw2¢ I& (S1576T (1T 'S (2T e,
(h) Oedogonium (FCTICHTIN)-SCAHFHIFS AR (% RTerFaige FACTS (57 (I, @IFTHPT,
SR EI, Senfam) | (T frae e Aeifes @armzsie owsfe)
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Chladophora
(ICeICi)

Stigeoclonium

(Foferergifemr)

Vaucheria

(GEGER))

e
Caulerpa prolifera
(FeTiil cefercara)

Ulva lactuca

(ST ARLH)

Batrachospermum

(RIS
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(©)
o
. ot
o
. ]

1
Polysiphonia Chara Sargassum cinereum
: (pra) (st st

f5@ 7 2.3 ¢ a-k, CRITER WIANER [fSq a7 916w KU1 (a) Chladophora (FFTSITHR)-*NLATE
J@IFIT CAE; (b) Scytonema (GNBTHICAN) - T8 #AYT A, (¢) Stigeoclonium
(Foferetsifam)- @R eFfed tRe; (d) Vaucheria (SISTHERN-TARFRS -, (e) Caulerpa
prolifera (IR c2AifeTra)-qBISN, TTSHT @ T (ACEAPRETT A T& TEAFRe R, f)
Batrachospermum (DB ) -G SR (RIS 11T (2) BB Serele Sieie fTafde
<H; (h) Ulva lactuca (SNeTe! S5 )-21q1i (<=1eT; (i) Polysiphonia (sfemiRcriam) - qe oren (e
C*R@; (j) Chara ()- 71 ¢ ‘713/5[20’3\@ TRIeT; (k) Sargassum cinereum (AT HICEHN)-Srios
Agfod ComeT |

2.7 FETT eiE

1) TRt AR fefesfs i &, ATFCo! Acen T |
2) TR NI FNET S29ife A=ICF AT CETDl e |
3) TR (AR F={F q2e7 2bfeTe GFib 2% © STED T2 |

4) ase e Tl (@irEa o107 (b tae Soig S S tiRIteTa @R oiafed
AR TTETR A |




56

5) Rt ¢ rerrEAR [Kfow i@ s = |
6) Rrewigd ¢ itarReEsE i ARl entsbal e |
7) TR SIS R CARICeTR S (MER slow 3¢l e |
8) T*IAICETA SIS @zrg Tt T2l Sl IiTg forge |
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2.8 Ted TS
SEpATeTe- 1
1-3: 2.3,2.3.1 @8 2.3.2 OR¥ (w4 |
4-13 2.3.3 S¥ (7Y |
14-44 1 23499 (W4 |
A2
1-14 2.4 %% (14 |
SAE-3
1. 2.5 @ a-S1| (T |
2. 2599 b-SiA (g |
3. 2.59d - (7Y |
4. 2599 d-S¥ (7Y |
5. 2.599 d-SH (g |
6.  2.59q eI (7Y |
7. 2.5 @3 51 (T |
8.  2.547 f-IIH (Y |
9. 2.599 g-(i) OIRH (WY |
10. 2.5 990 g-(i) SI¥ (7Y |
11 2.599 g-(ii) 9A (74 |
12. 2.5 99 g-(ii) 9A (74 |
13, 2.5 990 g-(iii) S¥ (7Y |
14, 2.593 g-(iii) WX WY |
15. 2.5 990 g-(iii) SI¥ (7T |
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16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

2.5 &7 g-(iv) S (T4 |

2.5 &7 g-(iv) S (T4 |

2.5 G g-(v) SIH (M |

2.5 G g-(v) SIH (M |

2.5 @ h- S (74 |

2.5 G5 h @R i S (7 |

2.5 97 j oA (7Y |

ORI SRR a-Sg* (T4 |
ORI SRR a-Sg* (T4 |
ORI SRR a-Sg* (T4 |
FHoPIEE BIPR b-S1x (1Y |

FECT ePien

2%-1
2%-2
293
2%-4
24%-5
2%-6
o7
2%-8

2.3.2 SIR%| (W4 |

2.3.3 SIR¥ (W4 |

2.3.3 =ikeHl -3 edifayeT fKifon taf*i@re iteival Face 23 |
2.3.3 SK7H AITT B2 TR @ PIR-G @A REITR Tt oo 267 |
2.3.4 B0 RP5-a7 (AR SR e e (e |

2.3.4 B0 RP5-a@ (AR SR e e (e |

2.4 %] (W4 |

2.5 wIR¥| (W4 |
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3% 3 O S

31 T
32 e
3.3 oG @ S G
3.3.01 S G
332 oA S
SRt - 1
34 (@
341 (T SRR SFETSH
3.4.2 G 5&A ADEATSH
STl - 2
3.5 Al
3.6  AETA epe
37 TedRiFe

3.1 STl
B GFHT 2N I SNAfT—

o ST AT TRt Ty Srre, S € (19 Gecd 2fEw @ O wigewy bfzre sace
@RI Mtw = |

o I3 Al FAICF AF LIl FACO A |
o ST TXI<ITeT Opre € ST Geiteia W) (@ fomet (2l T o [l S40@ “Aea |
o (T To=d CFeae (T [Afemel o7 21 T ©f ot 0w A |

o THRICSTH (L SIS 7@ 403 (X e 2<hla Giaber Al Srjarsl (wll AR it el fcs
AR |
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o THTCIE FHEN GiveTel SPIRe FCH SIGRIerd ARe] Reisiafera (e Ao,
GRTTeRE! 2wit) SRbE A2 SR FACS T Z3 |

3.2 AFIE

el GG G0 STeIres (A% | Sroteid AR (T (I S OIF IR e wiffe a9 f{wsicaa
N ©OIF 2GS FCoTF (-1 411 SRIES AT | G 74 {0l 2N T2, Lo Sl 23 | (RN
(a8 O HfoT 27 1 | (T 7Mafere &9 e (Rl (TS G2 799 T9ie) &4 18 F(H, OIS
el A | GRS o] &I Grelel (el R TRl —ST57e, ST @ (I Siee] | 903 319 (AR CAINCE @2
oo 2I7 Gel 18 20 AT | CRITETR (TG SIoTET € SIC o Siefe] AILONS SefeT AT 370 2
QIR (T Gree] Afogat AT Sovf 27 |

3.3 SErE @ STl Gl

RIS o 2P ool (7l T T, ST, G 6 (e Grele] | 3 SIL0H] OBTE, € S o] Grefel
GO 1 26T |

3.3.1 9FFe Gl

Sgriees (i oieel Rifoes 20 AP (1R i (A0S ieey Sfen 98 aifeics were ae
JCE | (AT fINfeTfie eicad smwrer Gee (] T |

(i) feerem =it (fission)-SICF GFCFT (<A WIFORT E SNz6IHF 2fean [Keifere
2 o T2 (I ﬂ'@ A SWERS - Chroococcus (F=@™) (o9 - 3.1 a) Synechococcus
(PIAIGEIFE), Gloeocapsa (1S9, TSIT TeTe 7S (<916 €<% Protococcus ((NTHIFE)
I A (R |

(ii) ¥Cre3 (Fragmentation) @il - b 7SI AD© 23 - a) Al &few @3 b) 2Rl
STOTAE ST |

TIfF AT (@ - (P GICS) (I RN FFATTS (8037 2w 77 @3 @3 AT oige
(1T RIS N #IfFere FFEATs 10w 6 |

ST eI AJG CHIANCETR f1Pzet SR S0&y GIRCH (trichome) (0% IZCHIA FH 5 A0
~Afere 27 |

Afofs <ore ZEITANEN A0 | G2 SRS et (At [iven 20 Reretas s
GBIz sigw w0 (5@ 3.1 b, )

ORI FRI-F (Chara) FICSA ATE o1 (6T Mg, SHRIZEAN 617 (SIFFFRS (FIehz)
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Teofm 27 | Qufer METS 71T wge Tien S | AT SerR (*IAiteT SIZIfw 271 (adventitious
thalli) ST ST ST Grefel FT 2T |

3.3.2 T Gl

(@)

(ii)

(iii)

(iv)

Tt I (@9 (asexual sports) SITHE NLTH (T Tiele] H¥T T O SCIN Srelel 0 |
ST (39 7712 NZCHIM 2ifgarg Sesiy 23 03 @1 BHIT™IE (mitospore) F&1 27 | @6
LA G G |

@b ARG (FCa G315 AR 2wl A SepeT ARCICH 3707 23 |

ST (9 1 MECHITIIR A0 78T (I (AT ST 20 A (MBS, ZECenfesy),
wiefle G ARe SRR CHRIfER ReT FiE 63 | S cHRmfga A [{o
HATTA (2 A5 I N (FATS SIS (ATF 24 | ARG @i (erecsiza, 57 -
3.2, a) A IR (GCBFR, 5 - 3.2, b) 20 ACF |

CHRMITGATT Bl (@97 W47 @F (FCCICalfas, Sree e, oa - 3.2, a) al ¥Fifes
(FCCICE, PR, 59 - 3.2, b) 20© At |

(9 5 FITE (AHIEAPE FEDS, et Keifens 8 wEiie 23 (@9 515 701 |
CHRICETR (30 (TS Smitas S (39 ordl J ¢
GLF (zoospore)-I| WSS ; be1 (19 | 2enfs Rty [Kfen e grsiig ol T |

R-Fiteege - Fitee e (RS ¢ weres 3% (3Teafad, 5 - 3. 2, d) At =e™ o
IR @ SiPfTvee I8 (UBIFF, 53 - 3.2 ¢) 23 A |

BIF PSR - (SCEAIRH (&Hitavl, 5a - 3.2 e,0) |
A2 FITSENE - 0T FICGE] SS9 N0 Jred I KOs e (Freicsifzs ba - 3.2
) Al Fe (72 {33 AT A (@177, Ba - 3.2 a) |

TRILNTIT2I (Aplanospore) - 2f$Fa SAfFCITH Greoi JfEa #IfFACS AArea e 2=l
e Fites1l 2 fopebet (@9 5ifde 23, G ST A0 | MRS, TS,
BT (5@ - 3.3 i) Agls oitet (7l T |

fRPAT=I1a (Hypnospore) - 333 &ife3a1 20 STIRATATIE 5JzF AP a1 ARwe
o, G &Wﬁ A | Chlamydomonas nivalis (FRBCSICNT eIfe™), Ulothrix
(FTEIH) (5@ - 3.2 ) € Seyiel S TRICE (7= T |

BT (Autospore) - T4 ST T¥beT ([ @feT (T T2 WPCHCIT T T, O
SIR SICHIT™IE ACeT | Swige - (FICa, (5@ - 3.2 h)
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(v)

(vi)

(vii)

USIT™I1A (Endospore) - (FI (Fe CRITE CATBIZNTEES T S (SR 7R 5§12 93
Rreifers 23 opikey Fuighod fbe (@9 38 T3 (SR € SMATAITITER R @Ru
[geleZe FCE A1) | 92 (@91 (FIRARPCTR [0 ST SRR SL4H 2 e AT TR
A | Wis- Dermocarpa (SRR ) FAINE GFCHAL 7M€ 7 <R (5@ - 3.3 k) |

GTITNT (Exospore) - &g g G (AT CRICTT TSI (FRARFE (S0 (TGS
QA TS 2 3R 2 TG (ANGIAS Kreifers 20 fxbe (@9 o19e S0, G0 AT
I | G (TR (ABIAET T TS T (79 9107 76 4R (F9)fe1 we AT I, ©iF
GUHAICIF A0 | T - Chamaesiphon ((FRPIEEH) TNE GFCFA! AT - 77 <=1 (foa
331)1

ZACIATIA (Homospore) - (e (Fe RIS G (FIT G0 AT &I =l AR
20 LI (@Y 9 FC | AT ZACNTENT 0 | ©Wil- Westiella (STAGTEA!) N e7re
e <A (5@ - 3.3 m) |

(viii) SHCAMIREA (Nannocytes) : (I (T GFCIIA A0S 7S <RI (RATHIASTR I ot

(ix)

e sz eifere 2 FuifoFn (@9 Teom 703 | R (SRR @ 27 =, (AGIZRE 72
ACF | 94T @ICF AN 5 | ©Wl- Aphanothece (ST (6@ - 3.2 n),
Microcystis (WBTEIBER) Tonf =11 |

TG (Akinete) - SIS CHAICET S3T&T (FICIA (ATCHILAGTTT AVIAE AfES (3 "o 7 @
5|2 2P B TGS 2 GG MG (@ 919 I | AT YL 2R 8 @RI AP
52 T AR A | 7T AP 472 2Af ST | G2 o4 [FOR &0 2IfFere oprer (RS
G 0T | Bwrzgel - fifen 2 Teire 79 (*AITe (7l T, (S - Anabaena (STIIEH),
(59 - 3.3 0), Nostoc (78 ) @i |

ORI FNBCCICIA-GF AT 70l RS GFLF S - el AT (2.4 S| T87)) |
STl - 1

(1
(2)
3)
“4)
)
(6)
(7)

TG el IS ACA 2

@Y oTe 7 IR FCF A9l G0 GFFI AR A1 T |
gCCalfaE 2 @3 e e

SIZHA B (IR (7 AR | 97 /e 6 2

SBIfers I ST S A KB 7 @il GG CRRICER 15 e |
O[] Gt AF(PS T{Nﬁﬁ?

SN Gelel FICSF 06 2
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®)

€))
(10)
an
(12)
(13)
(14)
5)
(16)
a7)
(18)
19)
(20)
1)
(22)

BIETD (R AT

Seppe AR e IHRBICIR Gely IR 6 eI Grete] 37l 27 2
e 6 e

(LRI AR CIRTITERIN 0o e FCH Gl G5 CHITE A 26 |
R0 @t e o1fe 23« @< TR A e |
TR CHARTITGRIN (! AW T GO RN /IS 2] |

TSl ey RS TR Ieatiye S (IR 2hex R 2

BIS ZFICEHIIYS QU (PR (7l AR 2

BTN @ SISTHREl-7 Greiitad FiteaR R s 2
SRR € RATITAITES say 2l &2
SCHIC™IE 5 2 Gfb (P ~Aen A 2

BTN @ GURAITICE e #1127 (52

NI 5 2 (F ol 7 2

TICAPIS 5 2

oppifefelt 6 2

3.4 (T T

@ afFr gft Kot Ges! 5o S (FIcaa Seie sITesa SeTta Szt Jiea e gwe

T 2 SIS (1 Sl I |

CRRICETR (30 ifere Sfemm ga R aifeget AR (@19 gew Akaibe 23|
T Gl CRIETR GFT0 ST (A1 |

(9 GG G 2T SIS0 A Eelel (T |

SICIG (T (FIC I 3 TofT 2T OIS WICHONTGR (gametangium) I |

SICRGHTGI G (AR, ZreTanfaa, 3Brafesy) A a2 (GUaFRIeT) 2o
A | TCHIE 20T FFe (FSTR T4, (F T @@ a1l S A =i |

(I (I TRICH S Soifaafes SREItes sHsBacst FS I | Chlamydomonas
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engametos = C. moewusii (FTNBTGICA BTN - 9 (FCq G (w2l T | ACHHCT
SUTCBIITErIIN 6 SICG 2 |

o BTN A TGN (Zygnema)- CFTE A9 OGP TG GANRAC IS FC
352 g O SyIg (2ANHIze #If<fEe 20 TG 19w I G- UG MTIGHTERN
fifere 231 | ~iEtaaEal -7 (Frg 9% @I @6 TG Teom T @R SiTIonfg
TREER-IAE TN J& 23 € g (AN S8 (I (TF GFIEF S0 oo 22 (T,
FTCAI) |

o (I (FIN CAAIE SHSTIT (AT 72T 7JRameonifen (suicgffew) «a & aiesohifes
(Tranfa) Sesig 23 | ZCCTaNTIN, Vaucheria (SISTHEAT) - (€ @@l (7l T |

o (AT OIS (AT (SAfeTARTHITN) 2j2-Trete) Sro7css SiCE RIS #AfR<es ~isbrfegm
GIR Bl Greel S GraNfeRg #if7aes wiesfvantem <= 23

o [ Chara (FIA)-T CFE 5% € T Gelel oS TG (A8 @ [0 G o1 27 |

3.4.1 (TSI LFFCSW - (AN Fool 2 (T ool (el T, T — (1) BN (Isogamy),
(ii) STNEENSIN (Anisogamy), 93 (iii) oS (Oogamy) |

(i) ST - TS (2 b sncsa et w0 kafbe @9 Tewes SR mst 90T |
UG el SIHIEIZoRFIR] DR SRAICB 6 | SRR 66T (FISEE) Sl
fopeet (FpiteEnfRia) Tex 2Fied 20 A | SR NICITARER Tt 0 Sieials Soim 23 | qUHtg
TR THRLAMTAR AT | THi2el - ISR 289060 (54 - 3.4a), Tecanfdzm e |

(ii) SHIZTAR - 16 K SPI SHTHCES AT e AT (T Gel (< SR e
JCE | ST BCHD 0K ST JRRFSA TGS FCNG <R FAFRoF ITIOCF 290
A | Swizget - Chlamydomonas braunii (FFECSITHT A18{) (fo@ - 3.4 b) |

(iii) o - Gl Fuiphon 3be ¢ T Jigon ffbet sitabrEE fEtTa e 7<abe
e Gona et (5@ - 3.4 ¢) | SCFFS 7 IGCE FRIG Al SHCFCACTIC A STl
e @R o5 JRUIPHod STTIHCS F9ICG Al f&=19 A @SIF (ovum) 3l ST (oosphere) I |
5 @fi7 g Sfen aore AR e (g f7bet [TH1q Fiome SIo[ SIeSid S I @38
OJIfEF Wy TR F6 =N | @36 g @@ [Tx19a e e 23 | five [Tt Srim
(oospore) I&Tl 21 |

SR, SPRIRCTaNS @R Sars &fs a2 (RISt Wiie f&=19 al izeelt Fieme
(3 OISR SN I I, 2IfFA0S B0 @R W7 @R 77! [erem At Jia o 27|

CHRIICETA R GRCANCHR o190 ] Iad 2iFfs Teq 03 O SIbtara 2Fod B9 | S 5l
Yo T77 fioq & Rifm 1 gmi [Rerem afenf fom oita Axaite 2, 72—
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(i) @iEealios Sefm - sizeaies wrafoe = |
(ii) Coiifes RCAIFRET - o etita el 23 @3t ARG (19 Tl |
(i) oS fScafm - fatme oz 7ikaite 20 @R et B 04 |

G5 (Life Cycle) 8 (T SGeIa 0o GRAT GiBCaNG (I barip #itel sjefiet Sfign sjfe e
SR TG GHRCANT 919 FH (2 SFE ALUCE GG A0 | GG IS AT (TG
bR (AR |

TGN - (AT GBI 1o i (7Rl T, TSRS TICoIwiend I femrea v |
SICICHRARHF 7ol A S mIfTg 267 SITAIG (o 1 IR CATARR G wiid wifthg 261 ¢o=iia 1t (@9
TR 701 | CRIITeT 72 S SHOCHAR Seen GHRAR0S € Itareizbe @2 it o 90 S2[E
fTafe SIta SepRel F03 GIeb@ T2/ 0 | G Sejg™ 04T |

3.4.2 bl AFATe

CRRICET GIaebler Giberels & fifon trieifmald «a [Kiferelta e Seares | S
OISR CxRERTEE (3 el AR S @1 A fofers [fern e e A
DTN F 26T ¢

(A) T2 (Haplontic) - «TF(a 2 Sfew (v2fG sMCIoreRe widfie Fiamwe aFfeq |
SCICHIRAIZT S 2B wTers 7fea e 2j2 @ Fl AITG SRofH B0 | G0l et ez eals
Teow 27 | GO SiEcalibe RIRIPRT 71 23 938 AR (79 Toiw 23 | YIARG @19
TES T HIT SRR Sfn ey S | SRS, Sreiaifms, Tecenes
Tonifit I CRITE @zt (ol TR | e ARGEIaNEAE CRCa (@9 (9 SIS wizranfee
Fntm afem ol iz Wefras Seom 27, g we foaf 78 2@ a7 | A 9o
22T WEiEr 72 Gizceiith fre? @@ Tiw FizEe @I sifHde 23| 4t SersiFe
Wi 420 21 26F 5 | 2T G AGE S B Sefarsl (7l A 1 | (ool ST
GiRCals SREifE CeiitaeRie At fTars mikiet bfere | @3asi Gave ewifs [eaita
I @ EiTTefer Ten awE zre At | (ha ak - 3.5) |

(B) f®275<% (Diplontic) - YTF(g 2 Sfent [Tae ol | 8 fTawe AceR oiE
CAICRRIZ IO S <&] AT =1, (el 2 TORTT Sfew afsohieRis S 23 | Aol
SAES Gl WYL NCAPPT 2GR 2SI Teom 23, (79 Teof 27 =1 | wielie
GGG IS SR o/ 23 o SR9ICG Al Wl @R Femess At [T fifere z
GIBCANG o FCH | SHBCANIG SF o 20 71w fO2Tae Bfen 19w I | GTHhiae Ta@s! J7(%
T FIRe ANCACHIFIRF wIiT waeig omiest 7 e | @2 @0aa GiRbe 2idive 2lfice
@l R | RPN (TRGN) 27 Al defs, RrewizA s@fe Fucus (RFSHT),
Sargassum (TR ) THUTS G2AFF Giaabe @2l 7 | (g =R - 3.6) |
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(C) feraizi2afs (Diplohaplontic) 3 €3 2FF GRHLE 52T MTICHIFELF (FIARC) Sien
@ ARG (T2rae) Sfgr 6 | AMeICorRrR b Sfern MBCHIEm 71 542 € J e
Tl 0 | 7 8 F ANIG IeTe 2 SRANG (2n) 5109 0 | SHR0ANT SIFE© 20T AR TR
Tfen 19w I | iRt S cwimifeRs it @EAce SRS @ et Iieie
froie 05 G3R IAEC (A9 (n) T2 27 | ©12 GUata CIES MRIPE ke be 27 | 2i2wre
@Y STERS 20 7 MO OF Sew 919 0 | FIST2 ATFCE 51T Geg@sl (ol A |
96 1% Sex GoifEfen G SIS GUF TRIETAGP (Digenetic) SR 051 | G22I
GIRAGLE [AGRS ST (T4 G WL (w2 ¢

() =EETaREs fSraigi2f%s (Isomorphic diplohaplontic) ¢ FTTIGIFRTSF € CHAAFRTS
ToT Tfen Srrz et A22iRIE 2o OIt SRR A0 | Cladophora (FFITOICHR),
Ulva (SeT®1), Ectocarpus (GCERR219T) Aefs *RICeT (ol T | (@ =12 - 2.6) |

(i) cHitawafeEs Tratgiefs (Heteromorphic diplohaplontic) ¢ CHICAITERTF @
MICICOIFR0F Sfew, B FLZIFFOI 52T 206, SIS (U 2iFfod 2eet | (b =% -
2.7)

(a) feraitee @7 24y (Diplophase dominant) § 32 SR 140 (72 F | Lami-
naria (SRR -7 CF0g CHRARARGS (Tame) Sfent auie «k g ¢ Jauigies;
SAFATHF SICACHRAZ LT (FARG) SEHis NBTEH IR FalFhed |

(b) TS @7 ai4=y (Haplophase dominant) ¢ SI%FWCE Curlaria (FGaREA),
Urospora (ZSTATR) - AN (R 5 [oiFTe Sl (rdl T | G0HE CoATeIEs
ST SITCORFIZG - = 2T (TR 3% SCIACOIFRE SAFIFS JRIFhed |

(D) ZieiteTasf5a (Haplobiontic) : GRb(Ed SIBS G0 7 FIRTSIF S_ZI F02 T I2TC
(Haploid) 5121 f62101e (Diploid) 20 7t | 9t Bfew (2 2112 (n) 280 G0t Sizcaith
@G FORTTG Wil (2n) @ (I 217 [eiew(b Si2eaNt « 23 (Zygotic Meiosis). (fog 9:-3.9)

S0 T B (v fB2TT 20 (2n) TG G G (M 1 9ITHG (gemete) ToT G
FIATTC (n) Wi @ T [RSIGF Gametic Meiosis I 27 |

(BE) Fraifraimitaifss (Diplo-diplohaplontic) - T BIRTF & Giaber 8 (32 G0 [ons
Tefd GoAEo ol QT GIRCE & (Triphasic) S 5@ A0 | AT Al Sew SITIRRE 2l
AT 27 | THHIF S g et =AitrI ¢ fom1q ez e 2w fTawe
el ST aiom 0 | 991 (AT Fe e FATIIEs sifde = 11 B SHGsRezs-as
Toia STt | SITATHAITATRS (A0 AT FeAT=in Test 27| sz sgie 7™
FIE @R ICICOIRAZG Tiew 73! fFCAET GRITITArReEts Sfen Teo 27 | @2 Tfem o
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COBITii spch et 2far iziere GRITIR Tesid 0 | AR K SFfe 2w
AT CICORAEHF Bfegw Teom 07 | FICE3 GUFCE AT ICICHFRE, Tows
FCATITAGRG @ AT BRI @2 foafd o= (el T | ©iF Sacs A
feraIfCranznz e Gbe AT 1 GREreRs 91 GRS R Gidw 5g 0 | (5@ a% - 3.10) |

S - 2
(1) ANeCTR A e
(2) TRRICET (I Sl Seget 1l efopet (e AR 79 232
(3) T S GFCEE W 52

(4) “ICOHTEGAIN SIC 012

(5) @ @A € G T AT GRS CHANTF ST 52+ |

(6) S GG CAANCER I el (ACTHCG G (P A SICAGFCA PG A |
(7) AR (M2 (T STTION G Tl PG FCI ATl GF0 AT A1 T |
(8) 9MTCHH file arere saGNfgRE Jamfa ffere 23 @St C*RITeTa =1t 52T |
(9) @ OGN GBI AN ToAT 27 G5t (RIRNTE I e |

(10) 2CTOIGRITT @IfEF TG SLAT 27 ol TR 1% 2 |

(11) T*RICER 72 @ Gl WA (% o1l 22 2

(12) (P T TRATER 5% Tretel ST “SHOnfgas @2 F) Seiel Spicas FICsATaifeams ace 2
(13) fCfeCe @ c2ifaCe 2 (I wfle A 2

(14) T T 9o Fo &34 ¢ & 2

(15) =S 2 @3 Tnzgel e |

(16) SRR 6 2 Trgael e |

(17) Toish 5 2 320 (ol TR 9ot 3 CHIRITET 1] oot |

(18) SN, ST @ Taipiiha e (I Ao Tre ?

(19) Scae=ix &2

(20) TICAIT=IE @ BHITF-92 Toxy ey 52
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(21) BT (oospore) €3 STHAR (oosphere)-«3 ST #Htef 2
(22) FICEAIREN 72 MG MRS [ Fo7 232

(23) ST IR A RN FiSrell O3 SBCA6 28! [erer aife wcaite =7 [
(24) IS TCAPPT @ CRITET GREbTE (] R 2

(25) ST MRFFT (@ RIER GRAbGE (el T 2

(26) TGS ACAPRT (P CHRICET GREbTE (] R 2

(27) Sl FET0S 6 (AR 2

(28) TeRICeT Axie [ & 2ol GRbe (7l A 2

(29) TANGF @ 2T GRwbras #iefy 52

(30) FICAITF @ fCCAIfTF GRAbF (e (& *RACE (7l AR 2

(31) SNREITRRR CTARICAITTE GiReTbar HICP 0T 2 (IR (7 I 2
(32) CROIGARERES AR GRabes 0 01 2 (FIR (] AR 2

(33) EOICANAFS fCCANTTATTE GAbTTF (FI AT CHATATFIRE @R (I RIATA
SIICCOIFIZG - 2] (IR0 2

(34) IRCHET G 5 2 G0 Trize e |
(35) GRS GRIv FI 0T 2 A6 Srizael e |

3.5 A

el GG SO (AT | Selleld T (T (&I G4 IR 0 | PRI o A1 Srefeia
el AR - = S, SN 8 (I Gl |

TR (FRReeH (Ta-Reien), oS, ZACCsifeR ToniiE St SBrer See 7=/ 23 |

ST GG G 26T BB, A ST (€ T 2 | 7661 FITAITES MBI S
QIR <l 23 | oleiel Ko e fowbet (xoe TRt (ol |

QYIS o AR I Grele (7l AR, T - SRCASIA, SHAIBCHIA € SN | CHRACE
(F(q GR-bred [ifemel il IR, T2 - AT, [Trelfts, Rraaifts siRemsaes,
feraiaf©s EbitaEfRee, TR e Al YrARITATE 3t FiRres Al i tts |
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Ba R 3.1 a - c, oS G Afe=a IXREEE (a) Chroococcus westii (FFe <) - fB-ferse a=t
FHABI; (b) Lyngbya (f77A30) - 2aceaifaaiT 72 Gz, (o) forfamia Gl (2t saouanfamiea
e

5@+ 3.2 : a— h, S G, ST 2 NRCBITE A ST | (a) OISR GF (I Ciifess
@R GHONG AZFIEENTE DEGTAIF-a 9 5; (b) GUBFRAT—aF IZHN ARG @) @3hifzs
AR 909, () GCFmFaNT-93 =P ey {2 fa-gpiteetige NR@Egr=ig; (d) 2erefg-aa
fa-grITeraTl {3 MBCFIGC=IF; () TR - 92 517 vt [IRNG MRTFIgr=ia; (f) 28canaF - @ 517
FICEEAIRE STCEGTAR; (g) TN -9F 92 FIEHATE GIF; (h) GFIEER - CicRIgas wotl
(T (72 (AT DB -4 o




NSOU e CC-BT-02 69

5@ 92 3.3 1 i — o, ST S, [T &P ABCHITHIT A SCACAY | (1) MECEFICHRIR SHACACT=G-97
MYTE (AT 959, () TanfRg-a3 coirmifgam wst e (rRisiead st RAT==ig; (k)
ARG CRCIRRIFA-T (72 (FITIF W SREI T SR 21 (1) CARTITERINRA (SRmizm-aa
(2 (P (AT 5 GUaT==ig; (m) STEbEes e 7l i3S 2@ [EIT=R; (n) SoAzifRE

o

L o fa laax Y
CPICT AR JICHPAIRLA; (0) I SRR~ SIS S |

DA 3.4 : a—c, G Gelel BTN
(Chlamydomonas)-a3 ST 2 AT |
(a) SBTAIGTING SN0 SRHALZIF N
SIRCIGICIEET; (b) SHIAECHITICIGA
G SIHEIReRI SIIRENSICN0E; (c)
TR St SIR* AZORPI 5T 29T
'@ febat Emighes & S |




70 NSOU e CC-BT-02
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Reffread
/ mcaha fiwm
Lo ¥

(n) @n
Y CRATCATERG
" g o Efgw (2n)
sTCICn TR EG Sfiw
(n)
syrrahrasibe ey : i
o
TS (v /
(m)

foa =R 3.7 : WRGANS fCraz2fos |
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MBI g
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5@ 2 3.8 : (RBIANEFS B2 2f5s b |
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3.6 LT %It

(1) T 7G| el | CHRITETR Sreree (a1 ALRe 2(f5% el |
(2) SN Sl I A0 2 CRACER S Gelead (. [Kfen 2 ([97 A e AR e |
(3) T Gelel PGS 0a1 2 [fem 2o @ Teces 75e #ifaow e |

(4) GG FICF ACA? (HRATE S_AFS ALl ALl G 5T DB AICH SCAD
FA |

3.7 Ted A(Fe

SRR - 1

1-5 330 SiRM (g |

6-22 : 332 SRM (g |
SR - 2

1-35 : 34 SR (g |
FETT eplIe

ep- 1 3301 e (7Y |
o-2 332 e (7Y |
o -3 341 e (7Y |
o -4 342 O (7Y |
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«FF4 0 ACFRE (Cyanophyta)

a\oe

4.1 T

42 R

4.3 AwICAERAE AGEe Emd
431 TS
432 YEITR Ao
4.3.3 ARTAFRA (FITIA 5151

SRt - 1

44 T
4.5 (ZDICADES ¢ oiF gl
4.6 eMS HIG CHAETCE AMCARIFO TN Faet |
4.7 G AACARPFDR
STl - 2
4.8 A
4.9  IETR epiEE
410 TEPRCFS

4.1 TTay
@2 4G Al I SA—
o RIS (AR J1 “TreTre-71e” (*I-1eT =i (@i gt RAcw 4iell T AR |
o (TR RS9I @Al ([ wFgslel I wdel FF L, ©f IRITH T AR |
o UA (ITIF 51077 G Tiele] #7690l FACS 2N |

4.2 &1

59Ty (Fritseh) @3 (AT F1et 29 (*IRAIEE Myxophyceae 193 (H3AICS 121 27 | (XY
(T GRS A G ACARET AfFa Eukaryotic ST NCo! ©12 Me 2fe (*RsTma
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I 2R SpiEdiia AR R T (@ | ATTSIBICH WFORAT AL AT ST
A 2T TR FHT—

(3) @feF (Prokaryotic) (T (@I T2 S EM SeeifFe |

(%) WS (@I (Chromosome) S#If% | DNA i) AL IR 26 AT |

(91) (¥ A Gram negative JFHRTE AT W@‘?W?i‘f |

G I G7E IS Kingdom-Eubacteria-d X% Cyanobacteria R RRe01 51 =31

4.3 AMTAFRAF Ao 779

(27 TR RasfeT RMRT G 2.3.4 ST SCAG F41 2CE 1)

4.3.1 =f®

ez wiefie AT STEoE <R SIere aAfeFe 2R PRICT 7T | Qs
IR TReaTe, ISR T AP (3 SKCAE (T 21193 AR | Nostoc commune (T2
FAT) T 2GS 7F ARTATR se AT | S e Fmete, @€T—2n, 939, (O[l €
eI (I T S (7] TR | S AT AT AT St | $iites =ite, fore 212,
ST ABIAIG, BT U7 2B AR (7l T |

g MeAre-71E AT 45° - 100° C #1® T AW A€ T, @—Chrocococcus
(FFF™), Oscillatoria terebriformis (Wﬂ\‘;’!ﬂillﬁl M GeRRfawali™), Calothrix (IFpCaIfER),
Scytonema (RNBLBICTN), Microcytis (NBCEFAPGA), Phormidium (FANEAN) 2hiv |

Phormidium (FARIGAN) (@ T AT AN AR (ON(el (N T A0S 2T A7 |
AT SRFS RIS FIFIROF R A0 |

YT TS 7S CFRICET FCIBO SHIZI 5 (RS ZoT—

Lyngbya majuscula (TREGT IS, Microcoleus (NECFFETIN), Phormidium
(FANIGAN), Dermocarpa (CRERAN), Trichodesmium (GRTITeA™=IN), Calothrix scopulorum
(FFICeTfes (HIfFSTeT™) 2oyl | RrarGl_l sl ez (Lichen)-« ( 3&1 @Il ARG C*RleT
9[tF, @9l T& - Nostoc (F8F), Gloeocapsa (@@@T"P’H), Seytonema (ARG Twhifn | ©rRre!
ST IS AICAFRBIR, STICSIE IS G167 (HACSIRFRER 3R ABFI 0 12 '€ Sl
CAGT=AC A F0F | SIS SRFS Speifiad b AEifq T 267 - Anabaena azollae
(SR SICEfen) | ARFIER 0o SRFS 2eife 2e—A. cycadearum (ST ABHIGHRN) |

SABR gA RFI Teiie A& RIS N0ay, Microcystis (TSR, Spirulina
(AT, SEPETIChI, i, srefaa 2o e |
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JIBO FHE GG IS @A 261 - Gloeocapsomorpha (fasslo[CM=), Girvanella
(ferreit=a), Nostocites (AGREG) Tepfr |

fog AeTre -1 (a1eT fon fom Jrela Itetl =il (72 3293 #AfRTSw 16 | 2 AT AiTTFe
2f& T (Gaidukov phenomenon) 3t Ifiet SfSTTE (Chromatic adaptation) JCT |
SPETICHIRRIR S 2eifs #lie I0efa SCAIS 7S A, Zeqn A0 ST NeATS-AIe I @]
TG A0 SN w716 9 4199 S | eaiall Gandikar K2 SABCAGIRRN (13! (Oscillatoria
sancta) CF0q @b (T |

4.3.2 AT Ao

G, FCA 2Ff07 ¢ AT T AFITT 20 ACF | @ 2P0 ST (T @2 =WA7
TG (TRCICE, (39 (RPICA A Srel (T 151 B2 ST 777)e S12if% | Anacystis (STIRIF155),
Chroococcus (FFF), Gloeocapsa (126371701 2oyl @I 2AFM0F | eI AFRoT C<1eT 281
- Microcystis (NBC@IMABOH), Aphanocaapsa (SNFICAFNAA), Aphanothere (SHIFICAIARE),
Gloeothece (faefaf) T | dieTre e R w4l AP M= Gizew (Trichome) JCe |
DG ERSERIRARI Wﬁw FATTS A0 | Oscillatoria (W’[ﬁlﬂ?@f@m)-ﬁ et
Gz € | Lyngbya (B3, 98 RMEHIes Side a3 Gz I (<A1 |

RFRAICTS 7T *NRE 209 A, @ - Scytonema (BTG S 250 -ITE 2@ A |
@ —Hapalosiphon (ZATARNRE), Stigonema (Foralitars) 2o | g Siere->—e (<t @oIRiGam
2AF1ed, (I - FBIOP (Nostochopsis) | T8, SUIRAl, Cylindrospermum (Frfergr=isis) 2eift
RIS SO XTI TG TCSTS: AMIC ST I I SR G | AT 197 (oI (=i
@ (RBITAFES 21 1% 1 4.1 ora Koy e Tt s aieT (el 241 |

(@ eFE ¢ IS ANARIFORT & Tl T e @ 211 ¢ s
AT R5 SIS (Crystal violet) At &S (3541 (Grans Stain) 71 7fére 2 1 @ 93
@3 (FIRARFCE Gram negative (FI AP 767 27 | e FIFHREAT @0 T ARG
feTCaAsifer STIES € colsbRresEm B 7 Af5s | 94 cA-biErelaiE B9l e ¢ iz
Gram Stain 4T3 AT ACT 1l | (2 P2 ANCIRIFOLRANCE Gram negative I 7 |

CoiiRTTIaR waf @ N-SrifbiEe e s (NAGA) =% N-snifbiEs feaifis
@ (N-Acetyl Muramic pentapeptide bridge Wtz A<J& |

4.3.3 AMTAFZA (T %9 (5@ 4.2 a,b,c)
AR - Azl 76 =il [ex a1, 7an
(i) FM @ (FEAFF (Sheath and Cell wall)
(i) CRATTHI2PS
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(i) 3w 2 ARICAFIZAR g I ot (o SPPRUICHIRRD) I 7 R (FIRLRFE
37 @3 fifbzeT SN 2, AT A A |

ﬁrﬁ\\‘a fsifoeT (mucilage) < 2AYTe (muco-polysaccharides) =T 5if5® (Dunn and Wolk,
1970) | 33 TARISTCS YHOIH 2o (AT T3] FH G ST (T 2NBL BoCe AR B |

(T &AFA ¢ BERG MLECFIA (Electron Microscope) 5@ SIS ARICIpFh & (SR
476 w9 @l aifde | @ W0 L, €L, % 76 I 25 (o1#{Giareiaizai (Peptidoglycan)
fSTCsifemeIFEe (Lipopolysaccharide) B | L 2L, 8 (oI STCey SRFe 307G (Elec-
tron) 5% (Transparent) < | L 8 L, G304 W‘@_@?ﬂ%@? L, <1 22 | Gram negative SIS0
ol S-lays L‘N@‘?@"FL W?I ’VR.?I 4l 917 | FgrHCg S-lays @3 Ai20F ARl (Glyco-
protein) &l QIPIS] Wﬂ (Microfibril) @ T#f%fs @ (2l (ot |

(FIRARPICIT AT € g Texuas fZuge (13um- 20Uum IPRE), 4 AETemisa
AN |

CATTHIRAPS ¢

(a) (IR - oM Torcaifbn g aife w8 i |

(b) CRATHIANT - axiTes 1o oK Kow, Te -

(i) TS - (Centroplasm)
(ii) cEITNge™ - (Chromoplasm)

(i) CTCTIZIGTS! 2 32 (2CHIASTR (TR e, AR F02 AFoF | G2 e Gy JeID f8.9e.9
(DNA), $&4 SiI(d s it | f.99.9 (DNA) T8 206 (2o il 3@ o7 | gepifacafre
g Amifade « 2 fE.9w.9 Trs FefFarre (Nucleoid) 3t GRG1E 3T (Central body) 7&1 23 |

(@FITT 2T -3 AR MR (ACHIASTIT 6T | ST ST 0T G2 SRHCF Tl T8
(AT | 3 BT ARAPEG 2pF ST [ At | Aol @Remia e T
It % AT | 921 BT SRR AT 71 A0S @3 SIS G TACY S92 3 [ g 57
AEIFSTe FAT® BT ABGIAG TYE SRE (2 A, IS TN (AR
(Prochlorophyta)-ﬁ@@\ﬁ_@wm, T Prochloron (CATHITAN) WIS R | | ARETRAR0SA
T @RRE-9 ¢ FERHIET agaul] S 30 | AReFrEred aEsita wirraftEras
(Phycobilisome) 75 (21 7= & 2T | G2 Wi ZF @I HRCRSTeTliBa (Phycobiliprotein)
GIeR Fg (e | F-wiRrermitE, f-wRraafEim ¢ spraeREnmie g foalb ags
IR RSN SR 0 ANHECF GF0E TRl a0 |

QesfeT IROTe A CAICHI RGN AIBCATSIN, 7 SIPEs @ AfEs I8 Tohif (7l T |

ARTCATSI - 221 70S 2O G 32! BB RFS AF ST GGG S (9N A |

W SIPE - Gl GHIfET Fioll (@I 47T AT I 2 90 27 | oigasfe sl
e 5 wyg 2o aa oifde (arewta fsiicenfba 93) | @ el Ao s At T Sfens we
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SIS R FCF | @ 205 SLaLCIaN (3 57 91ZCaR “Iid (ToF MR Sy=IG ST 1o 906, e
AT TS A 1|

9717 ©IIPEs Q&feT ... FACO A A | ATOH (<7 € MC7 0o 97 ©yIPest 9 A<l I 21
R A (TG 2 WA SF7AS (A0T AR I T ANCIRGIBOAT (et Sl 23|

e TG W

(i) AT 7616 (Cyanophycean starch) ¢ GRS 2AfTZC 7 A ST AINE (0
granules) I 23 | ABARFCACTT FICS FIF (o1 F7 9 vl T2t (30nm x 65nm) T I,
RS ST SO I0F (7l T 1|

(i) ARTAFZW Wl (Cyanophycin granules) - @%fe] @FCTF nitrogen reserve AT
SCEIE Sl A0 (7l TR |

(iii) #ifeTc2weT %o at SIS (Polyhedral bodies or Carboxysomes) 200 - 300 SIIZ&
P TE il | Qe ARITAIS - 1,5 TRt - FcAf3eTe: - ST (Ribulose - 1,5 bisphosphate
- Carboxylase - Oxygenase = RubisCO) BB (B ARl ATHARTAERHICH Fie-G2-S32s
FifeFace (Fixation) A2 0 | GRS QT carbonic anhydrase SEAGF NS T HCO, &
CO, 9 (9T O |

(iv) 2IfeTICS wiel At SfeTS B Wit (Polyphosphate granules or Volutin granules) - @@fe1
(NPT G2 PG Qe FCH | G0 (I BF 4% (metachromatic body) € T3 |

GIbN (12KDa A fersiicale) <31 0, 7 &fs e i 7=reg ofF A 3@ 23| a6
THF B (Nostoc commune) &3 (G (A1 7 | (3 &= @B (2NfHa{D A089 3562 ©F nif SToid=
(Operon) @< nif V @R nif H @3 04 S<EZ 0 |

4.2 BTa ARCAIFRERI (SIEa S5l 5100 K99 (real 2e7 |

SRt - 1
(1) =2z e eiifoia g R el 2
(2) Tz 2TACA SAleT T Ao b TS A AT A% T+l |
(3) TGN FTE TS 7S AN S T 2
(4) BIEG et A CHANTETR IS 26l | AW Y AN T |
(5) FRTRAGIRIACH el T 3ol BIRG FeTS FS CHIITE TS 201 |
(6) FBCH - @ [ 2T TS IS <RI AT ?
(7) SAIREI-3 (@I deifsl Spires T Sfgwm a7 61 2
(8) TR o B b VeAS-AI& (*IRICER i T2t | N2 g alfea 2
(9) 76 T THe-7E CHRAICER IS 0 |
(10) ¥fo G TEANS-AIS R /IS 2+ |
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(11) N R 6 TS -3 (RN I 2 |

(12) Gz <ette i (a2

(13) TIe-7{E (*IRICE AT FICH A0 2

(14) &1 *LTE GFH S -AIS CRRAICER I 26+ |

(15) 2 #ATE GFH AEAS-HIS CRRICER I 2+ |

(16) ICAIGIA 2Ffoq @ TeTre-7e CHRITER =S T |

(17) @Ifa iz FSHTATSH SIREAE W04 SRR SR (I G {0 eI e-IGS R
AN 5 |

(18) Gi3FTE AM20a wge FrEfafEm 3 - @3 apiafas agfe 2 32 e 2

(19) S-S (<RI (AT F6 W 21t sifde 2 qurm apmefe oS e

(20) AR (FICIF CATCHIAICTCNR 2iie 76 =ik 5 2

(21) ISFES Al ErEIE AT FIF 0T 2

(22) ARTAFRA @FICT TS & ©ita [ w2

(23) TS 2

(24) ARCARFIZIA - (FICI ARCACSIER aFfo F 2

(25) ST S1ZAS CAM(T) 8 T Srard e |

4.4 T

ARCAFIZA STFS A (IS TG € S Ne] Sl 2GR 391 1 03 |

TG T - eALTos (I el (fission), 4TSI (fragmentation) €38 2T
(Hormogone) @A (22 Slel M 27 (RN Siofel SIICH @ 203 SACAG T 23(R) |

T T - ST 2Fia S @ﬂ@ﬁﬁm (mitospore) ‘ij@?f ST G2 AP Srelel
ol 23 | fAfSa AIa ST (29 o1 261 - GTIT™A4, AT I, SHTas2sH, shifEs, Zamne=ia
35717 (9 203 CRITETR ST Srefel SITH A 401 ZCACR) |

(T Tl - SIS A&7 CRRICE (11 Srele] S ifFre | ST TSN HANCPEEIA (Synechococcus)
TIF AT AP ORIE I Wﬁ?ﬁ ARG (genetic recombination) T A5 (e 41 20 |

Cyanobactarial Genetic Recombination AHTARIFHFA fEmere Recg= 2

ARCARTRBORET I St Sl | e GTvd (R (i (78 G Srel (o1 1 =57 9% 23 =1,
femiare mecio «3 5y Tnizad Siel T |

@ f2y fpefmpieTal (BHU)-93 S171oiss «35. fS. FuIF A Anacystis nidulans (SHIAGEA
ﬁwm) 31 TG19S oA 7 &3l P A 2N ARGA b (Parasexual cycle) € a7 23 |

ufs smifE Meeu® (A. nidulans) 2SS (Strain) @3 TCHY 2RI I 2 (@A 456
AGIS ERTFBINMBH (Streptomycin) 2oz F1 @ #AFEE B (Polymixin B) (ATF AW 14 |
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A.nidulans 9 A.nidulans
(Str"Pmb’) (Str'Pmb")
\:
A. nidulans (Str® Pmbr)
ool sl geifslt CRrrbmEhm afvge wtx ¢ »fFfNfem-[ (2t Fcawes i |
9B (G AEST FFARA- T T ST B2y (G GFTZHIRIIER (Streptomycin) € #IfEffEm-R
(Polymixian-B) ToAs afeze 4 |
G (A 2 2 (@ Ae ufb (IR Fea (i Sl (1 31 23 411, femiate sjqeoicgiol el
IR @A 219 7T (T Tex MCHIT @7 fEmsre (Af(Ey 927 0 | 99 (ACF 2ifere 27 @
fafr® AR CFa Tmere saezive SoifFs |

4.5 2oitaies (foa - 4.3 a,b) e ©i7 gﬁl?ﬁT (Heterocyst and its role)

EBICRRPS - TAe-7-e CHRIE SRZS 97 AR KRS, (2IF R 7f%em] (polar nodules) I,
HBZ R SIS (I (AT FOF, NBCGITST FAHCF (nitrogen fixation) el BT RO €A1 (FIACH
@BICAIREG 90T |

(ICHIPPG-9F (2T T5Z, FTL LA | AWK AL I8 G<R 9129 SIFS | DTS
T2 SRER ACF | FICRBAET 76 (I @ THireifzeeT) Aot Syl 96 78 203 7 | AW
(BICRIACH (R SFST (1T 12 2T G0 (oA TG 8e =R i@ (intercalary) GBICAIRTS
ToY 2T (AT f6Te Toxi | 2AfSf (oAl AfSTa aifa g el 7l AnKS! sprer (FIEd
A IF | Nostoc (F5F), Anabaena (SHRN), Gloeotrichia (128TRRN) 712 St W-‘i@\@
CHIRICET (ROICAIFREE (il A |

HITATTHA SRS - EOIHIFFS ATCET BECETA ATH WO | 9 AR 7l o
G TABGICSA SLHFE IS (&2 FH0S AR TR | RIS ST A IS ABGIEHCP
SRCfE #iffde e Eref winetas Soffore Rare o ¢t | widie wineta SoifEfore
TZEIETTe TEBFH [ 203 T | ABEETe TCEBFE T I o (OIS @ g
SISTAIGH 976 2o 23 (ol 2

1. {43 (@IT AR ol 2 TG ¢
(a) Af2® F23M B (Outer Fibrous Layer)
(b) W4 FICACGE B (Middle Laminated Layer)

(c) ST%% RIS ¥4 (Inner Homogenous Layer)
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B SIS (Aol & I | (TP 3 TG (ZGCAIPPS @ ToIfFe ©fg IR SIfE0ee wizgifEaets
T8 A0S AFE A € & ABEIE A& 2 |

(ii) ZEAIPPS @ EIRICCaE T (2w sl aitg Toifze A | 3 (@lifoal @ wfEne
FRA A A | 9T T RUGCAIPTT Q SBFer (FICHR Gelal SIS G @] S| T QACF |
3 G2 RGNS SLOHSH {8 21 S RGITSH 737 20 Al |

EGCHIPPS @ TREITSH 77 28T AN ¢

N, +12H + 16ATP

o) 2NH, +2H, T+ 16ATP + 16Pi

(+) AR ” REAIIEC]

2H +2¢

AT N, 7% € GS-GOGAT &t (N, fixation and GS-GOGAT pathway)

AR N, FRGIETe SLbe-a9 SHAEfers SHicfemis 48 w0 | ARMCAGORER g
#2es e v@ o W‘f, A FCE 2— RGOS (2-oxoglutarate) SBE (FICI AHS Z0O
T | G2 TS 2 SCHYBICIC (20G) RUGCAIPEG @3 (2 #f&®e (polar nodule) € THTTH
COCRAIPPS @ 23 FCF | @2 20G ST @7 AT & 20 600 (Glutamate) SHTHBTA!
SfTe Tofd 23 | #RS! ey @Sk SHtfEs St WyE 20 SeF SursiEel it g5ifE
(Glutamine) 3@ (2 | 92 ZBIFNE ANCIRTFORR e 23|

ﬂﬁ@#’ﬂfﬁ@w
)
2 -SCIEOIET + NH,  oies feafRugifeeae 45 + H,0

NADPH+H* NADP* (Glutamate)

oI ATP
ey ADP + Pi

(GS) NH +
2 x BTG < o < ~ #oifE
ST 20G
SRt
TS
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O (RO STeT@ (F A 2R SRS A Ol ROIRIPPS (P ez 210
Az 23 | ROICAIPPEE ARRIZE 766 (I 96T 7 11 (PSIN-9F A I& (FICAIRFT-9 -
670 QATF I | FCE ACARTREACIE SRS ST 2 1l | ARG TR T ST (AT
AR Tl A SRZI 0 T2 (AR TGS fomolt2l SIS (I 2t 3 |

4.6 |EMNS-IIG CHAFCF AT -JIF0Fa (Cyanobacteria) I#04 FFel

Terre-1ge R € i Term W fafeiie @i e ¢
() Terz (@TifRets a9 |

(ii) 7 (Faz i Wi (12 widie DNA 7% Fe@ »Miaia i =13, #IfR-0s A6 aets
TS A |

(iii) TS CF(A3 (FICAIAPE ST @R AFATET ARG TG T2 AT |
(iv) T Sie] SIoi{Z® ©(q SOACH(A2 (SIS [RPAKCI (genetic recombination) A<AH® 23 |
(v) ToF (Hra (FRATR coeAbreiaiEa wrsh Awid ami aifde |
(vi) T (A2 (PRARICI 20 Fifbzet sl oxfZe |
(vil) T TR GICF 304 g AT FBCGITST AR 75 |
(viii) LRI ¢ TAre-79e <A Tox (Feag f-eien afamm aikes @3l 97|
(ix) ATFRYS “ARCICH TSR ST FF |
THfae Frel el RTapat 3 T TAS-I71S KRS ARSI 71 27 |

Evolutionary Status of Prochloron : ((2TFITIN @7 Fasaore w=) &
AACAGIHG I 3

AT (@TA2%) RSt ¢%0a SeeMTd&S (Endosymbiodic Hypothesis)
T wgell S oz IR | G2 MW SR AT % @t wibe afe |
(RNTHICAN (Prochloron) TS TFHRAT ST FRAD 71 25 165 SAfFe T
@FTAAPTS @ (7 T | @3 qGF MLl AT @AireT a @ b (Chlorophyll a &
b) | (T A1 7S #1151 Chlorophyll b FTET 33 fRq$e191 ©IT OITva 957/ 03
(@€ Chlorophyll b E#f2fe wifaai | Srewa, SrE:RrA&R SToaqm Sl 7ge
R ﬂzl/‘ﬂﬁf(ﬁi?f (04 (AT (Prochloron) TN TG A& Fesl s<zg=
(A TN AFTOIFICH (AN (FICT SN FCI AR 4 I3 (ARG 7 07 |
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(TG CATFITAN (Prochloron) (FITI Chl a'€ Chl b $oifFe fes Gtayg e ([
(FICAS Chl a '@ Chl b TIfFe | €3 Teqm SRR @ICAIZET @3 4fb owig st afzez
A0 (AT (I W@_@?l (Vacoule) €3 #Wl (Membrane) d<% STBeE 26 261
CRNTHITA SO AT I WO (el 2w |

CRATHITA (Prochloron) @3 STARS AT AGF @F A5+ IS (#A0eT @
ARNTRIH R Terg AL W@‘?"’Uﬂ‘f | SR NAGRT Toam m Prochloron
(& & ool TeTIReTF (R @FICAIRET @7 K6 91 sjF=jFahcol 471 27 |

€ TN B® Molecular Biology and sequence homology ICHIZATICI G
(Bioinformatics) &IC (<l AR @ IWS Prochloron (@RI & (@, DNA
Sequence SR S ARCARNF R LS S A4l TR AT 77 | 0f2
CRITFHICAT (Prochloron) ISNT CAlet &M ﬁaﬁ 9 | T Unicellular
cyanobacteria ¥ At Order Chroococeales @ 141 2GR |

4.7 IS AACAGIFOA!

SR - 2
(1) (I A I T el SleoifEe ?
(2) VATS-IIE CRRICH [ 2FIF Srerel (7l TR 2
(3) M-S C*AICE [Rfeq @R S @F N 201 |
(4) (ZICAIPPS 2
(5) CROICAIPPG (PItad oo 62
(6) CZBICAIPIGH FIe 62
(7) CZBICAIPRE 2Nel TR 37 Yib AeNo-7E CHRICER /IS e |
(8) TRTre-7e IR AN AR 96 Ay Trard T3 |
(9) ARCARTIFOR HIC 0T |
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4.8 A

ARMTAFEAR (RCIwE) S"afe e e -] *[e et | @t (elimifiets
I |

TNG-IIE C*RET FIY, ST, FCH, FCE, T AT, A1 I 2G| AR | e el A&
TRRITETR A 21T (9T | AT (7 TR, FCAI 2o A1 GRS g 915 | 2% w7 st
IS IR (2 SRS o= 7ld S 2 |

I RIS 2gfe | (i 2eR 516 W= 7l 9if | G aTes 9t wikes o - GIegiaie
G (FITIZCT | GICBIZIET S JEFE DNA T SFICH R A0 | (I aiiems) $iee AR
GFF ©IF RO AT | ©lRiel e (Asigecsy [Kiey Alws 7% ¢ ARSI T =g
I

Gl - TS @ S S T 2T | SFGT Giele] - WA @ 2T @Il 791w 27 |
S G SR 2P ARG i1 719 2| (@9 S Se2ifFs, otd Hfaaeat T
TG-S (AINCE PO I (STCATLD [KRHCI 23 0T ol 1 2062 |

TG-S (AT (FHITANTET I 2P RO AT (I | 32 ARG FIHC AL A |
IREHRAR AL TS5 CHRAICETT T A T e T A0F ARG 7
= |
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5@ T 4.1 : a — p, AWCAFTA @A Tofe g HAE PACE [fST 249 507 KO (a)
Chroococcus turgidus (FF™ Srfere) - IR TR (b) Microcystis aeruginosa (BCFIHAEH
AT - SRS (irregular) ST (¢) Coeloshaerium dubivum (TN TR - CW@’%

(spherical) FCETA (d) Merismopedia elegans ((NEACCAGA kﬂ%{W) - GO FCEAINIT AP GTHCG
FEAND @ [RE B71981; (e) Lyngbya (TR - Jaifd, =@ et v il wige =iaif@w
GiEFW, (f) Oscillatoria meslini (SAPEHGIRT GMHlM) - ﬁ?ﬁ%ﬂ oiiel GiZS; (g) Nostoc (F8F) -
=T Fge FACTS; (h) Spirulina major (FARFRT (e ) - et sige T& GIZF; (i)
Cylindrospermum (FIfTaCgr=iisfis) - 28 @BIEAEEG (Wi3) a2 e FeNe (Fiftee «itag Wy
SR FH); (j) Anabaena sp. (SHIRAN) - G @GITAPPS (intercalary heterocyst) & FACTS 12l
foifoeT «ICad W&y S_2W F0F; (k) Microcoleus vaginatus (T ICHETIM SRifEenitm) - kﬂﬂﬁ?ﬁw
(6 RFATG; (1) Schizothrix (BTSRRI - @Hifes GizF= MRS fFAGIG; (m) Tolypothrix tenuis
(Gferconfes Cﬁﬂ?&'{) - @3 ZaNI4ll (single false branch) I WWW; (n) Scytonema (AIBCHICT)
- Eﬁﬁ@]ﬁ‘f‘{% =4 #1415 (0) Stigonema (FHTANE) - &F© TS 3R 24 =FF 2SR (pluriseriate);
(p) Haplosiphon (FI2ITAMIEEH) - @F S (W2 (uniseriate body) IR 2F© I TS A&
CH[eT |
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] LTI
R r@f

= G }—-c¢rwfl
o3 - FrEuRE c

5@ 7R 4.2 2 (a) ATIFRR (FICIF DG 919 (Svnechocystis cell. FTHFREA @1); (b)
YBARPRCTS AN & TR -RleTreis-a7 [1fEs @el; () @Raes &Ko w1 |
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5@ 7% 4.3 ¢ (a) ST Sl TG 42 ZOICAIPPD,

(b) (ZBIAITG -G THCORE SAGISIIC Hashot |
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4.9 AT %I

(1) ETNS-AGE CRRITEA AT 919+ SH=9{TF SIS T2 |

(2) FRCAFZA IR 15w iz o011 21 |

(3) THS-3G TR Trelel T=9{TF TN2! ST o1 |

(4) EHIAIPPG-9F 519 @R G BRI ST 2+ |

(5) TRTE-FE CHRTCE ARNCARTIF LR o0 FRefer Srard T |

4.10 Teq ATTO

Sete - 1
1-9 43.1 SIR¥ (7|
10-17: 432 SR% (74|
18-25: 433 SIR% (7|
SR - 2
1-3 4.4 (R (Y |
4-9 45 @R 13.6 9% (73 |
TR Pt

o- 1 432 e (g |
ol -2 433 o (W |
oM -3 44 SR OTYA
o -4 45 O (Y|
oM -5 4.6 oA (Y|



qFF5 O GHEEE0! (Chlorophyta)

9N

51 Sy

52 e

53 (FrarwiEe R sifaen
53.1 34 GAHEPTR
532 (FCATEAR MY [{qqd

ST - 1

54 FWRTONMET-97 e gfog
541 e S@ZE
542 e

543 @A

544 T
SR - 2
55 SreiaifFae-aa Gee gfegm

551 Ce@iere sage
552 wEfe
553 wEre aioe
554 (@ fqeiem e HAA ol
555 T

56 SOTSI-GA QI 2O
5.6.1 @Fre S@ZE
562 ®
5.6.3 SOrG olow
564 W

57 ™

5.8 HIONT At

59 TEaWFO

5.1 STwpy

T G o1 FCF SAf—

o CFITATBI (g S@ofe e AN H=#CE Aliael Ao MTe A @32 AATH e
G €3 TG M9 1B LIl ST 40 A |

o I (M BrETIal (AR i FA0S AR G3R AZCSE e A G (AT 72T
FACS AR |
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o VA FRATHE SZTe 0 AFS! T (X3l 7=2(T3 (T ACAFIZT1, (BRATCIeIRn!) FITe [Feita
AR FCF O W0 AR |

o TN GIw-3f0Z (AT TS CRIANTE SN LT (T Grelel AT LIl FACS
AT |

5.2 &gra

SR A R & R I 23 | IS I o [gfs, e /o
Cafbq, Tt @i (o% 333 “I% | €3 AR RN AT TFe Sfeta ST CFLg AN (7l
I | (T - TS (A2 (FICAF-9 G - A TSN G 24 ; (FIRLAFF CRICAIS 7l (o1 Al
QW 3515 | K8 03 @FIeaifret-« @ -7 T3S @3z AR 2if@m1= ] (A0 ST e
TR AGE A0 (CHE T© (FAN Sfgrwa 9318 2002 | Oy (S AR CHIiteTst A Se @@
TR S A (72 | G G (FICARIRI AR {9790 @ 4y (@AEPTR ST T @8
A Al @ foa wife AT SivTE Stz THg7 S 2RI | 99 A G deifen
G 3SR AT I AT T (e Siele] oaf o G0 T[Tl 90T 431 TR |

5.3 (FitarwiEA- AFHFe Afavn

5.3.1 327 CAM*r8) IR ¢ (CRRICeT (AR G 2.3.4 S SN T ZRCR)
5.3.2 (AT A 7@t
S - &l 20,000 SR AGHST T IS GFUAFBAN (S (HAACE TS AN &l
oW | G (@RIK Ol Aifos O e (fresh water) AT G | 54, (I, 4w, K&, 7, e,
ORI 2ighe SR ; HiTe Hite ABTs, 212 2ITeT GNH TGN FHCA G (] AR | o0 by
g geilfe AUz (1.4 wige we) |
Tfen tza omere talbw - B R TG ST (GRS S19e Sl 2P (Rl T | el -
G - AT @ fowbeT; Breaifaan 2o - 3661 @ fobet; AR S I A =i @
4 T&; 2O TS GI7H! AT (FF I ; A Pariizfios aighon e (2.4 wiwet waay) |
(TR 19 ¢
o (I AR - g O GFCFIT R A6 A AIS CHRAUNCE (ATHIZIFT 6 (I AP
AR SIS | (PR 1o At foafs w7 aa oifde | tare-a3 @i 2t v w7 ak Al |
(1) foorzafb CRiete aRl aifde (e & a9 w4 | (2) 3f2% T2 Complex Polysac-
charide I AT (Rhamnose), SRS (Arabinose), TZICeMS (Trehalose) @ A
7 aife | g owa femel (4l T @ ARCHERDT (Siphonales) G (GG GIZEA
(Xylan) @ FIBTSICA (Chlamydomonas) 93 (04 ARG (Glycoprotein) siiew
Q|
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FITSE - F6A S (I, GO GR (@A Ol GG I G0, 7o, B Al SIed
IS ARS TSI T AT | FICGEN 229671 (whiplash) G I ¢y (3 |
el - ITwRels ua Fiztae agfen | s awifen @ « o e [fE,
w3 g g (0@ (ST, 2 (7 e g e Prapizbs agfeq |
(FENZA - ~RT (T GF | GFIEF (FI 5% (72 AT | GFCI AT HNDHS FICSAT
o ST ACHIGTAT 91ZF (7l T |

FITALLS - IS CIANTE 0% 7S @FCAAT (72l T | O3 efeilfo Rt @ w2,
SigRere 3R ReTe SISy (74l TR | (I - (AT (FNETeEm), wifwghe
(Rreisifemr), Sl (feast), A Rrorphe (=izamiza), @@ghe (Ferk),
Tyl e <@ GRICAIRIPS (il AT | AT [feq 299 96T @ICAI206a 002
SE A |

2GS i - T (AR Semwa o IS R @FRIRm-9, &, p—Iita ¢ o—miaita
() et AT | SHICRIfEeT 38T o1y T1 o, «risbremifee, Maenife ¢ sicaaeyiza
Topifnr ofheml A | Sfosw tRIts (Gabreifer) RGits 9 et a6 ordl % |
ARCETT - wIftic 7S R @RS @F A @hifas AT ol e | @3 9
w1, foe T elifon it fUea S515 =nadl &S | ©iF AR fRarrers Afws e erek &
23 | SIYfeI SIel Sl (9102 Pyrenoid-4 carbon concentrating mechanism 23 | carbonic
anhydrase & RuBisCO, WIS SLEIHIEA AR 2RSS S04 FI 153% 27 |

ARREC 5T IR @0 RIS TP | ACARCET -G T (O AW (FITAF W& AfeS

(A (FIRT 4ITGT TI0ed 2IfFSe 906 | @ T (FITAF 2APCNENEPPT (Plasmolysis) 9608 21T | @2

“faf2fS TITe Tt 27 ©IF T [Wine S 2RREEe i 20 @RI ARG F0 978 7841 616

(Starch) o 7% 27 | #iRfawcae @ (2o <@l ar&t (a4t A |
o 3B At 57519 (eye spot) - AZRFCTT QT 7561 IS KA FICAILALT @ fFwbet CRITeTa

HHH Gelel (FICT SR FGF TS P2 SBHl (7l T, qCF P69 (stigma)
5a{g e | GfS FCOIBIIFOT beTta I 0 | SICETFCam 11-cis Retinol €3 &1 23 L-
chromophore + opsin = Rhodopsin | €2 F&3(T (FXI=[W[7 T AICF | @A @7 3Tw
WA Y 0T SRZI A |

RS A - 242 3516 | S FICAIFFIA 0917 g aeifors 3515 ¢ o it | Rrwiwe
@ FAGANA A5 CHIRCE (0e1 @ B (el T |

Qe B! (AICBIRAEEA Ky NRCOIFAGT, Me1E, Tl AE e Sifere 2w A |
T - o AT Tz (! TR, T S, ST € (e Tl |

o G TN - (I OIGH, YEISA 2oy AR OB 2P Trefel 91 27 |
o ST Gl - BTG (A9 (NBCHIT=IR) (R ST 70 23 | ( (FICI Al B3 (7 Tof 27,

St CARTIGAIN A0 | (T AT CANTERN el 1% 909 Atd iRz,
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FINBCON, 3T W[l [fns cpiiea siffe &3 ( Trentipohlia, cim%mﬁm )1
% (T RIS ST 2P SIRCBIT=IE (71 I, (T - Groella, SO, Peie=itg,
G, SCBIT=i, ATt 3w (3.3.2 B1%%1 w8y ) | Bieaifas efes R (weres)
caNfafSas s ST Swcai oifds 23 a1 Reifere 2ra siorey e 938 e |

o (TG - (I Sl SN, STIREIS @ Taiih 2o (3.4 =ik w8ay) | esifo-=arst
1 foRal 209 {1t |

GbF - AT (FRCeRER), ralifes (SnFhRaii, @i, o™l gr=ib),
Rrageafs - wiEEwatEs (Serel, HCICER) A @BICANERFS (Urospora, TSR,
Monostroma, GGG W T A |

S - 1
(1) @R or@sfs qfb Prramizhe tiaitem aw forge |

(2) FICAFBACS ANST T G5 5IF ZFT I NTH I S T2 G AT (i AGIfere
/e Y 2

(3) SIFSIFS (HICAAPT (T ASIfOTS (72l AR 2

(4) 5" 52 93 e 2

(5) “ARREET e q F e

(6) FICAFEAR (I 0o FBIE ARACS Twetfay @ 5 et T2
(7) calffeas /62 @b (@i aeifore @<l e

(8) =A@ foqai awifs qe1re fF @i e

(9) FAEACS & & 257 Gl b ordl T 2 Twizgel e |

5.4 FNETTTNH 99 & 2fegm

5.4.1 (¥9re STF (Systematic Position)
1 (s590)
(X —(FTAFIZIA (Chlorophyceae)
If—eeTeITa= (Volvocales)

ea—giiRrem=ifeR (Chlamydomonadineae)
Sl —FMLCINFA (Chlamydomonas )

5.4.2 Tfe

Ao o 2 St siem T @ 759, (o, e, fafw 3onfi | siem Soifeca s a5 a=
(e GETEAs 9 G 1 4 0 | 6 (0T 57 F11g SCo1e (7l A (SFINBTSICTT Ficenifeat)
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5.4.3 (wZoa

@t @35 G, TSRS TS (<RI | 2idiTe fRifs 23 afre Rgrarta (ol sfome (il
QR | @2 (el et AT T ZHIeT 2 @ Fimtea e 9T ©ita bes! 23 | &St 7&a @ T
20-30 cm. T | (P2 (S (Cellulose) @R 915 |

6 232@T71 (Whiplash) SR FICSEI (FIC< Si2reitsl SoifEe a1 ABCGIze™-9 ICFCAIzes
(Blapharoplast) (AF F{@ | ?ﬂ% TS TSI 23 |

ABCHIZIGTCH GG JEAIPIE, CoRIBTI-SFo3 RIS ToifEe Al 7sjef (@ ifs 2t g e | 2ffe
FITANEAPE @ AR 2NBANCES (Pyrenoid) IS | QLT TS 3516 s SRR AT |

FIAIAPG-GF TSIt GF{0 SNTEIF 7@ W%loi@‘?f% AT 276 (eyespot) 2t e (stigma)
e 27 |

5.4.4 G
3 (RRICETE (F0G SICTI € (T Gelel w3 (7] [ |

ST G

A4S A (Zoospore) G VYT T Ifre SmAnTIT=iR (Aplanospore), fEoltaTg
(Hyponospore) Al PRETIF (Synzospore) G AIRITIS ST Selel 23 |

i) GrIR : 2o TS @ IR ARFTo A0 7 27 | G2 7R 91> (TRCHR FICea] 18 2= IR
@ T (AHIAPEH (2B (2t e [tz 27 | #172S) w7t 217 MRHIM (@i [erem it 16, 32
3l 6415 5F7 (2ATHIAPE NSCRCHR TC02 71 2 | AT IR0 MPCHHG (FCH A 8 (ATHIZPG e et
&I &at 1ol 231 | I3 GreliResfer #1728! S0 Tigel BT Siie) (i 3B 0 |

il) ST @ AT 5. WSifem (C. nivalis )€ 5. F€C0! (C. caudata) €3 CFCE 436
HER (FITHR TSN TGRS 22 6 (FISfT I TPl 20 I | SO (@Frsfer o35G oiret
A o A | 92 siroa @b R[S 910 Srws (792610 SH2TaT=IF (Aplanospore) J&T 23 | €3
ABRT AW G 23 Ot G2 @It RATIT=IK (Hyponospore) | IR AFRes AR @3
@& feT TG FIMBCCITAIN S2ey (HI 7 |

iii) PTEIC11 (Synzoospore) : Y@ . AT FISRE (ARE-9 CFQ2 (721 T | G300 WGP
VAR NECHIFPT otem =il 476 w17iey (w1 3% 221 A1 AFS! FI0 AAferS BTSN (Pl TofH 0 |

(T e ¢ ST [ SIY S IRGICET rore AR (T relel (el 0% | &iete Szetaify (Isogamy)
HGSTS Trelel T TS SNBSS (Anisogamy) 8 Tamfs (Ogamy)e o|fze1fFe =7 |

SIRENMIRCS T @R (7 € FY) o791 It A2l 27 | FoRATH SpTeirtamfce
Goe (1 g5 afIwere ©Ita Sl 27 | Bamifil (Oogamy) CHFCE WS F7 @ ol o Tlel (1 €
BEUIREEAY SIICel ST G| Grelel @mﬁmwﬁm (Oogonium) &1 23 |
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IgEaCa 7j2 ¢ T o (1 @32 Sfegnencg 8 23 S homothallic &1l 23 | SIARCHCE Siael (I
(G SIisi7l Tfgeite 738 23 ©ItS heterothallic 71 &3 |

S ISBCAAMIR (Isogamy) : 91 SIT AN GG Grelel (P11 21 S5 FTTS 0B | SITG {5 AFCh,
S Tamt I%, RFFItee @ 1 27 | 9191S ©IT I 2EA 92 8 F MG 46 7j2F a1 T8 OIwd
SIS TS| ST | 910 T 2)R RO (+) oz @ aIe St B aesioasfet (- ) oz arat e s
7|

TG 7o Feacea 7 wiereisl fifete 231 o=@ siieit 7o 32 @32 e aeifie 2637 o[
TSI (Plasmogamy) 8 Ffesmfs (Karyogamy) &I G SIS o2 (2n) 306G
3% 23 | Twlggel : FINBCCICIA (CAEl | Eg. C. debaryana

3 | SORTSTIREAN (Anisogamy) : GETHCE SICG 6 999 SITF 7j2iF LG JZHBIR TG
SCEFSTICG (Macrogamete) € T&T@‘% TG-S NBCISTITG (Microgamete) &1l 23 | ST SICIG
T 9IS SRS 20 T e ZNTeret! fReTs 22 411 | S9! G SUITE 9T’ SHRTEr s et 7l fass 23
@ foitare Sigeeilt 78 wa |

TViERe : FIBCCICNN AS( (C. braunii)

© 18IS : G2rta 3 (RCE FTEE RS T3 SR T 20 ARG (9IS 202 Fl Grefet (1]
1 SIS 9% 0 | 92 ST NRCFIHICG =l e 2 ifesiifil (Karyogamy ) '@ #iRTCEmS
(Plasmogamy ) S&ICS feams @E'C‘v'ﬁ%ﬁ FC | TWEES : F. FRCEAN (C. coccifera)

TR : SRCANGT 92 AN oI 2B 2141 (6 SoTE BT SZ I S S 0S| 8 20 T |
I GFIfET TR Cofd 27 @ (FIRABE Cofd 27 | TR FRDTES ¢ (wesmid Afes 2t Tl @izeabhes
TS &I A0 2IfFafSe 7 |

GIBCANG @7 SFCAWE : GRS (2n) @izCsil e ge-Reies afewm 4% Zi2ee (n) @
% I | G AT (1 ooy T 3 0 A1 (AT 5JeliFTS FBTOITImmT @ 33 =7 |

5.5 Sretalifaas 7 Gew 2fog™

5.5.1 (Xre SF (Systematic position)
& (Lee, 2008)

o — GIERFED (Chlorophyta)
@R — @R (Chlorophyceae)
3of — mﬂﬁﬂﬁﬂ (Oedogoniales)
(e — ZroenfEeE (Oedogoniaceae)
99 — Froiaifam (Oedogonium)

goife — SRfNrEN (armigerum)
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[T @3 T2 (1985) 8
e — @itareiEnl
S — (FITArREEA
3o — Frertaifaifeny
(ol — BTSN3
aist — BTGSeI
geife — saficeam

FCAFMH SO LT - Oedogonium glabrum (FTSCMNNANT 27<AW); O. elegance
Croicaifams @f&em™); 0. armigerum (Freaifaa SiafiTe@m) |

5.5.2 Sfe

TGN T S S CHIAIET | QUGS AR08 254, (Ol 39017 SeAita (Pl T
AT I SR Al I |

5.5.3 wEre 9o (fo@ - 5.1 a,b)

23 A Tl 4 (filamentous) S1¥ & CxIeT | (IR (K@TIFE (cylindrical) |
G35 sifzrere Tfgn (g Ha7bIe wi<eel [Krefrs, wereiam (@R MgeiFion @3 Hsires (R0
(21T TP 207 (A | (RIFGRFICIHH AR TG (72 (Il T I BT AT | (R FES GRS
Y33 ] IS 0E S S0 {62 (MR | @I (02 (g 5y (17 Sl ieal 5N (apical cap) 10+
I | GRS (PR GACH (cap cell) 6 | #If67S Sgn (102 1% 7j24141 (antheridia) @3 Fiaiell
(oogonia) (Wl AR |

(FITTR 919 - AT @I (AR fon w7 [T B - ootz w4t ertare @3 Az of
fafeq Polysaccharide @i 91f5e | (iasi! footza i (@R 72 A6 | ke afsl @i
{5 TP S, (AT TFE ADR 21 SZIW S | (FIT G0 (R 97T 4R
(R 5 0 9 (RERIRR SiferRppio @RizeS 2 | SR @t v mafkics
sAizfaecae el T | 2SS stifimrares @gre c@fba Ml @3k @t T eeeaT SIREA AE |
G2 YA AT (ATF ACH G0 GFICAIRPE SRR W) s 23 | 04 G2 & oA
GG 616 (stroma starch) <CeT |

5.5.4 (39 f[Aeie @ E‘»’qﬂ o194 (cell division and cap formation) (5@ - 5.2)

@I7T TS TSI (ML @ (T SHFe (FIF 2ty [eifere 2 s@sm (ieed e Jfa <oice
AR | AU ST T2 TR TS 20 A Groid SFe 203 7d A RS e 27 o
Aie [Reiem safers s Jia «i7| Fe kde Tr mrae (@RIRCEE AR (2
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T 3 @ Treel o 9IS 2T | UGS (1T [Reie 2idiee e (intercalary) (T 40w 23 |
g 5y (10 Y72 QfRye)ef feie 906 AtF (T (70 (FIIF Secal G Seok 23 |

CafRgs)el (1 fRrersmics e fFmit (ite Seitaa frcs sty Ziee g 503 | it
NECHIM el Reifers are % 303 | (2Twe [0 (PIad T2 4% AR 55 s A
ABIER 9ta ERTEEITER @3 Iea SRS 90 | @3 @R Aea AF 9F 27| §F @
foota 36 1% 92 27 ¥R ST AR (FII b 2fgo &7 | 919 A2l (FII Arfaibia
CSTH AT | (ST NG AP AT Toiraa SzHiB B+ ol Sereics Sgie 30 | oowhiel (S [oie
ST ZCA AW GRSy STt =i SR @3 SR 27 2iiE 92 23 | «fies sirfaibia
(S0 TET e ENCRIECE T 2BEe 8 5 5 203 e 3 (oIte AT @R e
@I 2 AFTRC FIS FCA |W@WW§@ A2 S 2IC AIPICIS AN ZCeT
0T AfBE 9ItE OIE 27 @R FI T2 A Ak 23 | eIt it @ieE g 7w 9k G
TG (I T2 TE SRZI S |

5.5.5 T
o TG Giee (Vegetative Reproduction) :
(I 2P ST A (72l (S0 T Gk 4wl eifers 20 s~ #ifers (77 foa 0 |

o ST Gl (Asexual reproduction) 3 (5@ - 5.3) @b 72 TR U1 FIC NG
SR T | (FFTHRT € T2 (FT FOre (@ (I (T UGN Foel Fie T4 2t wigfie
TR 91T IR | 2l GrARTEIS G oNIE QT S130e 0 | ST 9199 I Gr=ARTI &R
CRNTHIAPS P 27 G SRS GF M G JoR 1] (7] T | {3 FOZ SIHTF (K0 TP
(RN MR Sesife 231 | afofb wiel (A @i I3 FICSETR Tesife 27 | 92 SIOR TR Afeers
TSRS CHHICAIFD (Stephanokont) 7l T6T 23 | G322 SARTITIGRIR ©ot3d Miaa Sarg
ABR (ST TR G3R (ANENFHS, AFeracela ggriceren [AfE grria aizca @R =iet | 220 6 3
firehitsTe elfera siea g At | Srezoid 2fe wdiee 2 AR +iF @it ota & 23| g
FFACEIR 7 G ISR MR (I € AN SN 2 | Ficersl Koy 27 @32 (0 #7I0E
IS 416l FCF @R reier 7l 7jof5t (<1eT (72 919 I |

2ifiegeT SIfraT Sfen (iea 57 (1T 5% 2l a1l (@RS 20w St o1ow 303 | @ft S
ARITITH SFIS 20 TO (RIS (72 915 A |

o (T T (Sexual Reproduction) 3 @5 Saisi aFfed | #ja1el 5 25 0@ Seof 2 oI
Tz Tl I TreItaNfeRi gefsrs ¥eltel ool a1 20 | 32

(1) WG #&ife (Macrandrous species) 9C%Cd ?RZI@ (antheridium) '€ &I &I
(oogonium) ALK Tfew Tz TesiT 27 |

(ii) WIFEPT 2if® (Nannandrous species) T FlaeT e SR (e e -4
¥l 52 (dwaft male)-3@ I TG S 27 |
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(i) SUIFTIG ™ 2EIS - 3 AT A AL (Bl - 0. nodulosum, SCITHNEIIN (FITSICETHN)
2] ST (THl - O.crassium, SCOTENTIN FHAN) TS 2509 20O 210 | AZEHAR CF0q ?_[‘(?ﬁﬁ[
S F-4A 9T Sfgw Teom 23 (5@-5.4) 3R [CTRFR (a 7j2i< Sfgw G 23 (bd - 5.4) @3k
ORI CF(g 725 St Sesim 23 (@ - 5.5) |

YA € WTFIF TATE - (T (I ST (I ((FTFIT € Tl (I OIS ) 2JR41 TR
IS FCA | A AP ST OIS A1 St CE FRFhod 40 (T IR [oa s
GG JAIFI S (FIT 91971 FCH | JLP S/ (G 9f72 2f72 Spiw oree a [eifers 2w
SRR 2-40 5 521t (17 1wl otow1 021 | &S 41T (FICTF (AT FoABCIF NATH G
1 45 SHITTEISTES (Antherozoid) Al STIY 915+ FCL | AT (TUTS GLATR I IZrIcere| {2
€ TP A (2 | SHCFASTIC G O 2JR&E TSIl ST AR (S0 Netitee
2/fet 7l Ao 20 AR @R T | Al vy 29TF F0E G SER W0 I 23 |

et 4t Fraia Tefe - (@ (@I o (1 (W (FF € (@7 FT Gere) Traifas
MR e 03 | Al Tranfaa rer [Keifers 2w 16 @7 19w 61 | 5 712 Stz
(PR CAHIZNE € <Ay ALCAT LT " Z0 (AT o Gl 0 G S | ey
J(A | T (FAHCF 4ITF (FIF (supporting or suffultory) ICe | s Rea 417 (@R 2=
TR I CHRACH IS FACS AN | T Gl ST G AL QA | ererca sigsiaigel
T T Sl G5 St [ &t | wifdere Seallfemies < {819 (egg or ovum or oosphere)
AT Tl (ANTHIAPT AP 20 TeoT 27 | ST T 2T ARABIET GFUes wioa Al
fewoltad 97 27 | femeiel <a1a fGR197 5iitg @6 902 76z 213} 7 (Receptive spot) SfTE® 27 |
@2 s e N0 o (odt A |

(i) TAEM 2efs (b - 5.6) 7 TG 2efes faasit | FRd arwca sjai =1l
S 542-970a 91 27 | WAFFS 9j:-37@ SHTGITR (androspore) (ATF T 27 | SHTHITN
STGITARITGTITT Sesiy 27 |

SCYICRITEGAN @ SralfeRitss SRtz S=i7 fofe w0 TRy geifers reite wiaf =i
20T, T —

(a) AZITGTIA (Gynandrosporus) - TF(d SHTGITIRITGIN @ Sl @ e
TRREAICICS Q1 S@eIa (M2 BT T 1371 ¢ Oedogonium concatenatum (ZCOTATTIT FIFICHIGI)

(b) EfCSTHTZTAA (Idioandrosporus) - GTFE SHTGICRITGHN @ Sranfaaw foq
RIS B2 2 1Tl 2 0. confertum (ZTSITANRIN FTRIFHN)

SRTGITITGN 8 SHTGTITIA TS - SOTEIC>I=iGas TRNg ™ deifed 2arae
o2 9f5e 77 i SpTgTRmiEa et A a7 [eifes 2w o A argrerfgs
Tl I3 | 2fSG SHITYITIRTITERITR (AHI2RE TSRS 203 G N4 IZFITHARE SHCGIT=I
9197 I | @ (RITS GrIitad T© O SIRFIE GO @ SFIgF TRERE | Spiegieimigas
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0 TTaa e S 2BeFE (S5 IR G FNEHtee el gkl S STtGIe>=iE 20d @R
e | el TS ZreT SHTGIT IR Sitel T& 23 |

TITGATTR TesifE - STITTITIE S T G0 A7 (17 DL SN N S
o7 G TFTe 20 4GS 22579 3 T | 9j2 7@ FTHIG AMCII (basal cell) @R @ S2rSITa
TfEe FCat SIS (1T (antheridial cell) 9t SyicgRie o sifde | 2fef spicgffeaa
RAINF (AT ToIe @ Fol@ ST N 16 FuIFhod 72 Ficeen [ ezl e 30 |
STl 241N TATR W ST 2Pl (STs NG PireTer 2Afeta siay #1920 130 (@& =i |
&G T 23 G BT G I 2 |

{102 (Fertilization) - STIFRIIEPT @ TINGHT T3 Aenifors st T@aemie @l Srafamica
AP forwd we frcw [Tz AR sewios e @3k fq199 e ffve 20w wifzeei (2n) @t
T (0ospore) 510w A | GIBTANG +F 2AlFI 711 (@fore 27 |

TIANTEA SFCAWEN (Germination of zygote) - 7 2FE @Fe Sizralb SCARIGE 9@
AGCAR TG AR T& T 3R TSI NI SN A | AT GFAT I 9 (AT St 2IfIC0!
O < GIRCANCER freter wze 231 | 991 fozice ez sicfm aferr elfeas 2w 4 b gize
TSR o1de <5 | STwgola Aol e ARG e Al RGO 2R 4B GRRIT™IF (zoomeiospores)
% 0 | Qo] (TITS GT=AITE 17 F2 FICSe S | SiReai’ 2 (o gk afs NP
2ffeT a1 sifige 20 IR0 RRE e | 4l AR vige 2 @R GRITeiRe e Ie o1 | g
ST AT PO 21 ZPICSTHAIR HNRIC 1 (el I AN S 2 G FpIeewe| AAfrepial 6 | Srogig
TRICE SRPIR 43¢l 3 G RIS ST 6] CHIIET (72 9107 03 | fomanstt arwnifon (vt Sesia 5iafe
GG 50 716 7 s @2k 716 F RS siow 0 |

(1) @S ¢ €A SR BTN 97 @Tars g Trad T30 |
(2) ECCICAIRIN (PR (=l F 2

(3) @rTHERT 2 G e 6 2

(4) BT A o O e

(5) TR (@FRAFCET T T 9, 0@ IS 2Ffs 2

(6) TIEFFFS GFICNARE “en T Ghol GG 2rafod i e |

(7) FCSITANTRIN-9 AT @IRARACEE (e e S 2

(8) GHIIIBI5 FICSH ACeT 2

(9) BTTITANTICT G-I 071 STavd et |
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(10) Zrortaifaan- 3 afs @ (s 7 grta Seomzae

(11) Freiaifn-9a [ien g (@9 Saee 9 Sifers dEs T |
(12) TG 2eifs Fe 01 2 Swizael e |

(13) WG Aeifs B A0 2

(14) SNBVCGTHIRA 2o FICF 631 2 Trgel e |

(15) SFCESTGITIRR 2eifs FIe A0et 2 Snizgel e |

(16) SHICGICIA 5 2

5.6 <e1ed (Volvox)-43 GE=bE

5.6.1 C@‘gﬁﬂﬁw (Systematic Position)
Lee, 2008 St 8
fF@i9 — (@RS (Chlorophyta)
R —  GFRFEA (Chlorophyceae)

3o — SIS (Volvocales)
ol — Seceiea (Volvocaceae)
s  — weredH (Volvox)

5.6.2 e

TG (Volvox,) 2w FIY SiTel PRPTAN IS (A1 | RS9 St ST (e G 0K TG
TS C*A0 |

5.6.3 SIS A9

@t G eI 2o e CHIRIET | FITNBTCICIA -G ST T T3] ILCHI G 20 (7597
TR SR 97 IR ACF CRRF (Plakia) I06T I ATAS! A FPRI% FCAI 1% FCH A Hreaifaams
(Coenobium/ Cenobia) &1l T | FiTea1l TofFe e RS s 77 |

@oTSH (Volvox )97 eE ISR T4 21 et Aol SRR «fFafoe &2 a @i sl
wered PTG SIteta i IS 23 | s 6MFe ISR G Srely AAfiase 2z = |

weTeg-«7 2ifefl Sl fGHPho Al (aETpE 27 ATS R000-Yooo (T G T Fifeers AT |
2 @I FBCOI (Chlamydomonas)-43 «I¥ T eI CATI-SNPoT @G [
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SRIF® ARG (Pyrenoid) Sl 125 (Eye-Spot) W41 (NS @ ©5i5ee (Vacoule) $2IfFs |
A @ e @6 I FeSe ToAfFe |

SR, 7R, T GAR S2RE] FCEI! 591 BN T TS G fet 52 2 |

5.6.4 G« : (Reproduction)

@eTeF (Volvox)--4 S AIS (AIAIER I oo B[ Tofel (7l TR IL—SBFS7, S @ (I
el |

TG T : CETOH TGS g R 107 (¥ ol It A (aNffexl (Gonidia) @1 23|
@3 (oIS @fe1 AR ARCHIFF [eiew-a3 AR Tgd SI9ie) FCelw! 3% I |

ST T : ST el AfFRife (ol (Gonidia)-2 712100 231 g @@ califRfeaiaf srfresita

BTG Gl SHIZeIl (NG (AT el 27 | ST Seeas Collffan wfer uib S &ae srard
AT WA T AMe opre Gecae ColifiGnasfers 92 bLara #itae gy 23 1 |

Al Sifaere ST ST AR 2000 54, RFISHIRS (S FCEE SoARere Gaib Gitas
ST S AT | 63 (A0S Res f0pa Bea sufs Jamiglon confafal «fo w2 «itas ait sifde ¢t
CERKSACISETR (o

gfefb canfafal 11-12 & wifswe MRCHFP ot et @ 7 5@ | 92 weielr 22w ot
frere 2l 23 T (A0 0:fb @I 3R 27 | v Rere (e sz @Rl sefeny e s
SPTI (RIG-TC Sy (I 3% IR | T (PR 77 (oS 38 367 | (26 (@Ref s ey
I ReTem e oErer (1 9% 6 |

enfefea el @ Feiew T Face, wore @Fete 11-12 T [Fee va 71 33|

O3 (3 oo afFmielm «ita @b (2 TS (17 TfFe A0S 9l @b A6 FAice et
Ty Ifre @ @@Ll e YfFre FER @i [Jede 29| wdie e seae foea e
SR 03 @ (alfafeaiel I sz 5 |

QISR FG o1Ie191 212 ARTS IO TN 2SI (Inversion) 6T 3, T FCE S92 FCEAIG
eI FCATR T A0 =7 |

T ol © ST el (X Cafafaniasfer Siemiaizel 02 411, (Tfet 21739t FITet G Sreitel 71 @ F Feaate
AR IR |

{5 CoNfAfSa 1 Rrerem T 16-32 (S 7S Fl-IFCte 3378 0 Al 91916 Ol St ST
AL AN | 2! (SIS S5 (FITA (ATF I GAeS ©Itd I 7 (il 972 230 |

2 Cxafe] fagmiteeye ame 2 FHIteEd 7R Gl oise 7%y 23 |
SR @ (NG (202 9 230 T AT F-FCAIN @ 7S SN AL 9199 I GF2TF
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23 S Ol AFS] AN GEETOIA I i 211 S FUIFRe 27 | G2 GO 5J8 FCHAINCE A FLEING
Tl & |

R FCEANR Jian SBre el Ioi2 27 AMe ©f T AIfS 220 | Sore SR (A 28 SR
e =T 7t 52 dRfEs sl weTe Relfes g 64-128 @R Ab-Sighon 1%
Cofa = Tl Sk*F BTSN (Inversion) B 7R Gl (F* (Sperm)-4< @BEV[@ EXERIEDRS FCEN
ey 8 forwa ai o)) e et fofe =7

G (FI¥I-GF @B SCET IZW SR A @ 7S B FCANNG A AT AT 9J% 8 F) Gee] (-7
wiceEaler ffere 23 I @l 7R T (ST G-It S 23 | ITORER F-FCEAITS G0
{178 fow Cofd 22 A1 S0 TR 7 Tele (il @bz 2131 IR € T ST (ATF 9)2F 20 7R ST’ 712
I | 3 o fer fTaacs e S wizeal’ (Zygote) (o I T J2HIIT 416l I @ Fua! A0
27|

2 HIZCANG0 AU TR F-FCEAINICS ST AE A A90] AN {9 20 TR F Sl (AT |

g TR #1Ta SN Ta STECamals 905 @ 227 Ffow Tl (on w03 ez (=i (Mesospore)
QR 0 | (EATIR-99 (ARG REFItemTe 23 8 ©f Ui (Zoospore)-43 i 27 | G2
(ATHIZPEH TR [Reifers 20 &l Sooofb (i 1HfeTe o ©etes (Volvox) et %% 23 [l
w77e) e sheel bz = |

5.7 A

FICAFZAR TGS TR TG - (AT FeT 27 | 31 21T 391 Set 37 0 | O0F AT
B8 S AT G 5y g 2 Trms siew @ | G Sfew ez iowere [femel ol 1 |
IR 2A4iTe EEyers 7l Wi | @ 2Tmebe «@ea | Firee Fmiz Leiet Qe |
s Rt [Kfen a9 @12t @21 1w | Tre @ Sfema Wi @IIAeS @k«
@2 - T Towe 2leT A | GRS MRS e TR | 7w 4wy 24w 3516 |

BT Sele] (I S IGTe8 U GSACT AIZIT =907 2 | AT LT AR S RO
TR SICIN Srefe] 9/ 2 |

GV Gie] SRS, SRR € oy 2iphod |
GRebe FIefSs, fraifs, fGramiafos agfea =71
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D)

THS TP CFH ()

() *ICG (n) (=) SITCAG (n)

\ %

e e

GIELsIG (2n)

\/

/ NN
IR 2T cotffe, cfagan
(Colony Inversion)
IR F-PreAA
TR T oJ% TR @ \
T HAREE (Sperm bundle) (Inversion
' =
G (Zoospore)
<3¢> MELOSIS - - . __ & e g R
(AT (Mesospore) (3n) “’"”@W/
foate & (2n) /_&
\@Tﬁmﬁ‘(m)

COH-O9 GqeAbeR
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B@ 2 5.1 : (a) TCCICANTTN-Gg G5 7= FeACTT; (b) Tewicanf=T-ag G (HIicae 50w |
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) ot f
), (€) - TR fofsel; (d)-(f)
IR SECAMACIR NGCH o Sfgrn 7 |
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fPa R 5.4 : SN 97 FZEA (monoecious) AEIEH G 5 |
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PaR5.6: mm-aawwmw<mwmn
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5.8 JASCT el

(1) EICARFEA @@ :FEF e e |
(2) AR Y27 @Rt rard T | @3 (A G Siolel M9 FALTHC| ST 61 |

(3) Freaifa-ag Huwg oBe (ead side 9l el | G2 AEifere (FRfeetas e 5
I At oifde =7 qefeyl e |

(4) FCOICANTAIN-G ST Gelel FH=9ATF ST 5 |

(5) FCCITAIFTAN-GR I Siefe] F9(TF ST T |

(6) BTITAIIIT-GF TG 2ASITo7 G Srole] THCF T ST (674 |
(7) ZCATRIT-GF TFTG AR (T Sree] et 261 |

5.9 Ted A(Fe

St - 1

1-8 5.3.1 @R 5.3.2 W4 (74 |
ST - 2

1-16 : 5.4 SR% (7 |
T el

ol- 1 5.3.1 OR% (73T |

-2 5.3.1 @R 5.3.2 K (FY |

a9- 3
a4%5- 4
a9- 5
249- 6
a9- 7

5.4 TS 519+ SIH @R (I oiere @ GAA a1oeT S (74 |
5.4 -9 ST S S (7Y |

5.4 -3 I Sl S| (WY |

5.4 -9 (T G0 VIGO0 |

5.4 -93 (T4 GG WIFANG LGS S| (T4 |




9% 6 O FAwA (Charophyceae)

Ao

6.1 Ty

6.2 B

6.3 ICAFA AR CArTy
6.3.1 =&fere TP
6.3.2 e
6.3.3 T

64 felFH
6.4.1 CH&ore SAZA

6.4.2 AZ
6.4.3 I A5

6.4.4 T
6.4.5 FraTeren Affass
6.5 A
6.6 FETAT T
6.7 T

6.1 Tty

3 G0 AT Fa AT —
* PICAFIBA (AT TV AT T=ATF ANFe I TS A= |
* Chara CSIQIET 7™>IF SICe A |

* Coleochaete (*RIGEH GIREGE FACH QN &S FACI |
6.2 I

FICAFBA @A CRIFA AR FY Sad <R | o Sfewtnced SIiEIal oamafe
AT et (BT P | @2 (@37 S®afe Chara @ Caleochaete FIH 92 GI(F WESIF
SCEHA F<1 2CACR |

6.3 FTAFIETAH—AYF (I™T : (General charecterestics)

T {0 v Ael I | SIS gduiwe 65T awife siem am at 6 st st A
A | [F1 (Chara), TBCHeT (Nitella), STRTHIANFH (Lychothamnus), Lamprothamnium
(FUITCNRSWN) MECEEBT (Nitellopsis) @ SEtcoi@l (Tolypella)]
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AFS [ S [feers SgR AT | [FREHCQ 7 TN Se 27 | IL0HCE FICAFIL0]
Q"‘ﬁi@ 33 (Calcium carbonate) |

Sfgntrz Tme, A4Ee (BT (4l T | g, *141fES @ 30 ELAL (30cm) SRfE e zre
AT | W@ﬁ oI ¢ sifacy fTeifers | #iF (At W8 tAedha (branches of limited growth)
I W @ 21 e A |

oA SR A (AT WS iea (Branches of unlimited growth) *f1e 71'@ I R
@ft @35 siffers Avosiw Sfgn-9z AfZrs Mo 2 =7 |

Sfgnortes (@FHef 9 77, 93 EFa ¢ 3= (IlEsE @ Ieaiehs ol TR |
@ G TF® € S (Oogamous) AFFoF 27 |

€ F (T Gl SEafercd TA@C (alfaSst (Globule) @ fafF8s (Nucule) 767 230 1
TOTE TNe oFied 27 |

TTI1F (Oospore) (TS @ FYel 2Ffoq 2371 @2 AfTrs oS Fcen, Iwd, zem A
A A0 = |

A Gele (] AR AL
6.3.1 (¥ S=Z (Systematic Position)
fJei5l — FICARFZE! (Charophyta)
@M — JCAFEIA (Charophyceae)
350 — S (Charales)
sfl@  — P (Characeae)
i — A (Chara)

6.3.2 T9f®

PV 91 (Chara | Stonewort) 88 ZEifod (i A | @b falfeers SRBR FW SCaR
73, Wifd, R[iet Toniface #fhexl a1 @b F2SEe (Rhizoid)-93 AR SCad AICs Fml A
Fifer SCay BB AT | AT @97 My T2 SGeeTs qrape i (] AW | ORs 9ofb
oeife @l ¥ K N6 A% (Chara grovessi, C. handae, C. hatei, C. nuda, C. pashanii,
C. Wallichii © C. vandalurensis) $4Nq SHC02 Wl T |

Clenonz : Sfenmna e (G102 (7l T | 92 <RIfES € 20-30cm cha 23 | Sfewva® a2
AFSET (Rhizoid) € A4 9% [Keifes |

FZGTTC (Rhizoid) : T, I, *NES € AW 067 2 | G0 S GI961 (Septa) TofFs
g o} Serifge | @3 BT @7 AR FA e fWsfters w2 W S5 A |

o O ;A SrHG Ay, 5F, 2 NAFE qR A ¢ Ay [eifere | sdw® o,
IR, 93 Sfeifere @, s« e 2teg -8 wol @& 23 | *R1f6 I 9 @3l
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fafne e ftere A | TE 4H @HF v-20 ST @ fog A | e Srwa S
(AT BIF AP O (S =3 A

i) Branchlets <l Primary Laterals

ii) Axillary branches 91 @8 Trcdia 2
iii) Stipulodes

iv) Cortex

Branch of
unlimited growth N

Node -

\ / > . / ,‘ ‘!’ i . — Internode
(=) Node 1

Main
(A oF) XS

3G 6.1 : FF (Chara) JAZF 15

i) 249 2N (Primary Laterals or Branchlets) : @&fel 8 eMial it gy oicsg #&%
59fie (TS 0T AF | Primary Laterals @9 1% (A0S SAF Fg GFCFHN, J@IF1E Second-
ary Laterals (72! T | Primary Laterals @3 #/F (A0S (T4 Goieli % =3 |

ii) IS HCdre 2= (Branches of unlimited Growth or Long Laterals) : 244 S04
sifere o (A g Sfe a2l o 27 | @2 el Wrare #F e SR[way (rdl A |

iii) FGfETete™ (Stipulodes) : Primary Laterals @3 qI5% Sik# (AT g AFCFAT (M2
9% 2% ACF Stipulodes &t 2 |

iv) FC6F (Cortex) : TN o791 “1w5H g (M = (== A ACE 69 (Cortex) Il
27| 93 Cortex-93 5g O Toag #1F @ AT wexifb 67 A7 (AT 919 27 | To7% 21 (AT
7% @l descending filaments @ T5% 7K (AF B @fFTCF ascending filament
T T | @2 qREFE (P WS] Sca fifets 207 F6F (Cortex) B 27 |
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6.3.3 T

FIAE CFCQ AL OFE € (T el (] AR |

e G (e afEm o w23 39

i) IeTe (Bulbils) : 371 € FGTS (NIRRT | CHFIFS G2 O3S Srefe Srasfer (rl T |
aft 2y Sfegwtrz (AT pre 20 Wbre “te ¢ wEke 20w T9v Bfer 7 I |

ii) Amorphous Bulbil : 31 qI S¢S A (ATF g Fu @ @Ffae 0w @3 o o
3% =% ACF Amorphous Bulbil 3= 23 | (SWg=9 : Chara baltica, C. delicatula)

iii) Amylum Stars : T F@ ST 515 (Amylum Starch) 7f%® g (@M 2
WWWWWW C@H@WWWW (Amylum Star) &7 23|

T e ¢ 2HeS T Al (Oogamy) IR (T el (w4l T | (masfer aifde
@ Aife] (BT il A1 2R (Sl (NS, Tew 9l afes q0fE ACE Antheridior Al
aNfa®et (Globule) J&1 T | J %0 ﬁ?‘i@%, A e f8fF8s (Nucule) J&1 =7 |
Monoecious I Homothallic ¥R @Lw® (2l AT @A 5. STHAH0 @ Selim-aF SCol
799 = (Protandrous) | Primary Laterals @3 A (AT AT ‘i‘@ 77 ¢ fefFeaf
(Nucule), 2N (Globule)d3 827 S&EH I |

Stem bulbil

Amorphous
bulbils

9 6.2 : oG Tew-a7 [(ifeq 2497 T IFE CFe@ @ A A
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(=7 2=l)

Primary lateral

Stipulodes
- (haplostephanous)

« Descending corticating Main
filaments axis

Ascending corticating
- filaments

S¢canduiyiateral
CEEED)

Main

Inter{fide

Node
. Primary lateral

i~ Nucule  gyini10des

_ (diplostephanous)
e . Globule . C

T

[
A
5@ 6.3 : 27 2=l @ PHPRTET AT (Mol 2 (] JTHR |

sfgere (2fT®a (Mature Globule) : #if3ere (2fRE#T Tege1 zow At o1& A0l 3% @
cNeteIg 23 1 @fb =66 (v) “1>ita9 AN I& (26-93 U (Plate like) &7 (™I (Shield
cells), vi0 7&iFR WIGRE (& (Manubrial cells), ¥ 518 47 BTN (Primary
Capitulum) € 8t (48)% ¢t Ff*HEaIN (Secondary Capitulum) @il &5 =1 (Ma
BTN (T =T, @I, ILCFRR #11fFS A1 =29 Antheridial Filament 7% 231 |
#fSf5 Filament 943 WVNW (Sperm Mother Cell) Tt IS F(F IR (ACF G0
e fFaPRe, WgFiteEt Spermatozoid A Antherozoid (% 23 | @39 e @HwfT Sl
27 8 Sperm Mother Cell-&d Saeredq-a9 (Getatinization) ST Aoz fdsfe 23 |
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Primary lateral

93 S (ATF IR
AR G SeeE (CaNfaSer) € F/ (@ Twa ((T8fege) -«
5@ 6.4 : 72

Tube cell

Ovum
Cortical
. ce‘fl

Primary Capitulum
Secondary capitulum
Antheridial filament

foa FAR 7R € F (T S0 SRE € STl 19w 2Afe7 |
9qg6.5 ¢ q1< R
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sifqae fSEfFSa1 (Mature Nucule) : f18fFSs at Bralfs (Oogonium) fTHF= i
ATET M @ IR WGeF A | FERFTAT f6 Affawicg wafs B8 @&FIT (tube
cells) @I S ACH T fefFee-aq wgeits % i (Corona) &7 H‘@ B SERUE IR RS
@3 5% I¥ @ Oogonial (FIAT WHCH ACF | STATI (F-97 foox [T AT | 92
75 9 93 TOfFIr 2@ okeel 2eF | @t I2e 2IfFsliel 3615 @ (o7 F%67 6 AL |

fStas (Fertilisation) : Ste@ Soif%fore s 23 | facacaa witsl Fcae @diefe sism
2@ 583 @ (tube cells)®foTts SRMFSICI SeMml I O | @7=cel b Fu At 7R
23 T MU A1 (Antherozoid )& fNEFEs-9 At I | (@ (FIF 9F SPTCATASIG
T 93 Wy e fgama st faces 9oy fetae T (Oospore) ‘i@ FCEN

TT=I17 (Oospore) : 46 4 TRV, AMTHT T FAL Z6TW (AT AW AE 20O AT |
CaNETIE A1 TR otow | e oI p1afs w3 Akl wige AR S AiEEE 2 w9 98 @
foetaa w2 wfb 392w | Aiztaa T 4f6re Arafae (Suberin) € Hf0™ SmtE (Silicic Acid)
2F IR &) G2 BAST Spiege 23 | TR #ifFere 2re Sralfes &b (Ooginial wall)
A e Fmt A Afea Wy ffeee A0 | T TeifEfore Tgw wierey Sfewtnz f® 23|

TTAF-9F SFEmeN : Sriia-aa Wefgani ge [eifers g viaf Ziztae (Haploid)
ST 9% S | 991 STHIRT G1761 (Septa) AR I € <G pHI (@ @ 23 | estaa
Fu GHbre Gals @ Tovx g7 wKedl fonfs e o 27| |ievs oft g as 27|
st feiaarifs Srim 2tk cev w3 @R ST ¢ @1 [Kerem @ @ (@B
217f8s @ (Protonemal initial) € FBEHC 2AEF (@ (Rhizoid Initial)‘*j'@%‘(.?flcm
AREF (@ (AT WICIHRFRS Sfen (72 ¢ AR A[ET @ (AT IREEe 7 27|
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Protonemal initial

Diploid
nucleus

Haploid nuclei

Degenerating
7 nuclei
&)

Rhizoidal
initial

Protonema
Protonemal
filament

Secondary

rhizoids
Mature

Accessory plant
protonema
Rhizoidal
Qospore node

5@ 6.6 : FIARF TCAF-9F STFECRAWBI @ g MICACHIFIZG 7B |
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6.4 (&S (Coleochaete) ST

6.4.1 C=&5re sI9FA (Systematic Position)
Lee, 2008
@ — FAFEH (Chrophyceae)
Fof — @ASRFET (Coleochaetales)
(Mg — @FIfSFER (Caleochaetaceae)
s — @FfefFH (Caleochaete)

6.4.2 ATZA

A4S Il e (<RI Ifre I2ceRca fosfeere Bfen-ad ©o[ epiphyte S8 #iNem F | T
@ Sfen (@X= §il (Trapa), SNECART (Ipomoea) 23T (Hydrilla) 4 SI=1e) (21 920 41
(Chara), SISt (Vaucheria) 43 Toid SRZ F40e (7] TF | e awifed Sty (ifersfsH
@Wﬁﬂ (C. orbicularis) ¢ ™. %6151 (C. scutata) 4 ofem |

6.4.3 TF o7

IR I Al 24T 12 2 27—

S | STl (Heterotrichous form) € & 1 571961 P (Discoid form) |

S | SRR Qe G (SN o o @ o7 ¥ib (e it R s | 4 ieTmin
4IfTS 270 @ Ss@IFRE FI (Cushion) €3 T SFRS 9191 S | (B, S5t C. pulvinata) |
STl wrel [Rgw el 2kl Sighomie! agel w1 27 |

2 1531761 21T (Discoid thallus) : $&E SRR Ota2 D K | e Fan-Siigfen
8 RIS ACH b G RIS 1et™1 0 23 1 Smle B1. 6161 (C. scutata) o191 <G @ H51
(Seta) @1 %If5e 27|

(PSP & SN T SR (IS TTEIFR Al si%egelaR 27 | Tre (2 (el borsd
@ T | FTHOCAR (FHIfT ([P 27 T e 2ATER (AtF (@0 77 | AfSb ( aF o e,
G5 T (EFS GHIRILART @ SF© 7> ARBATRC 7oya 27 |

6.4.4 T
@iferef@E @ ¢ S Ton AR T 2AfEl Tolg I |
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ST Gl 8 A G (TRCP [T 20 CalleTielaT, TRzpiterenl @ Gih HCARPG, 9
fTSfFarT @ @3 ARIINETT I& Greniid 9194 I | 527G (Eyespot) AR @ SifFe A |

S G IR GO G FICeTE] 7t [ 2218 TG < o7 [eietera MLes 5o @l
R =02 | Serg (D BI51 (Seta/Hair) (o 01 | 917 (ST GFIfESA17 G0 S AICATT o7
frere 03 BI7B1 et oigeif %38 w3 |

SPTIREIf (Heterotrichous) 27161 @3 (@ GU-IITG SIE (19 B *[11fTe 511751 ietis
Tofd FH | 9T (A2 1O (T Rere 23 SoTpiRIfe 27iat 312 23|

(T T ¢ To SIS (Oogamous) G Sl 2 G304 | 7T (T Grele] (1] (SR
(Antheridium) @ F-See (FHTF SN (Oogonium) Fiesficanfamm (Carpogonium) &1l
7|

wierefafEnm ¢ «ft et THy =1 Ssifarere S 0 | [Fgrwca Sanfaas 3 A
O3 A SR I | (T (AT 766 203 @3l TofFar ¢ Ritemye 25w @
Al SIS (Antherozoid) ‘i@ JICAN

Tranfaas (Oogonium) : 7% *1417 &%% @I Tranfamm a1 Sesfitaif=m (Carpogonium)
5197 | SAferere Sranfarafs e =3 1 o GG (oNeTe oIke 27 @ <G o171 sieT! A GIRIReNRe
(Trichogyne) 3% 1t (&IfEe =[S @ FCHATAfRN @7 A AN | o (e siHfbre
fSfFam, @IS, ARINES ¢ a3t fG9s SoifFe A |

TS (Fertilization) : Gt 7751 GiRGRIEA @9 @iag Siifs s (ore % @ ©iF (A0
(PITR 419 (Cytoplasm) (RCH N | €2 4tad A weFlgsler ffEe 23 ¢ wywa @36 wwwle
GiRtFIaNEe @ SafFe [G9s @7 (90as 611 | (0acsa Tee @i fT2tre izt (Zygote) o 27 |

6.4.5 FTaTFEq #7996 ¢ (Post-fertilisation changes)

IR0 77 T2 GF0 T o =7 Tl Tralifas @a senfoes ifE e (2t el 6 |
GBE SrANRIN @3 Teve oG I #A ¢ Tranfaas @3 simS! @Hef Fu ve TR
CCCI#IR=F2CNoM (Pseudoparenchymatous) B 3% F( | @2 WG T TETS-3 479l I
@ BT (Oospore) (& fIGT AT | BT 8 ©FF T&TS-0 TF ANBLE GFCE ATl
(Spermocarp) &1l 2 |

Tr19-7 Afew w4t o8 203 7 @ 92Ee AR SRt 2% feie (Meiosis) @141 16-
325 AT (i Toft I | 92 AT (Fieet agritesige 23 erefer g e stro FioE
AT Torl JIARG (@FASKET (Coleochaete) HRTFN 3% I |

@fAeFh Gve Bt AReRre 2 = | 2T FRIEN AET 72 8 F—GeT~ ™l
3% S0 71 e et fOR (2n) ST 219w 02 11 gM1 Rereras st 8-32  fagitesige
(M T A [ SRS A AT Sfgning % A |
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Antheridium Antherozoids

Broken tip
¥

Septum

Male '
nucleus

Female ™\
nuclens \

G
Fertilized
oogonium

Swarmers

119

5@ 6.7 : @18 2AFCTTE (Colaochaete pulvinata) 9 Tt SsezaFR Ko Sfegn

I @ witrd @ |
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6.5 ™

FICAFIZA (D A0 A [OY #1ST AW | Chara-93 SRTS “Ateq T 65 2wife |
G fsfeers CoRIeT (02 2dle 7, 217 @ o514y (7l TR | (e Sl 2 Ffed | o) Sem
S (2T @R J el SIS A0 WG TEGH, ST T | (Fifers s firgl oet w3k 72
CFa QPR FCole 2N | @F EH SPTEPIREIEF @R discoid—a3 2 2T 27 |
SN 6 (F—12 LR G (Ll TR | (1 e Sate eiffed | frateTen Afist
=il 9ifde 23 | BTl g Rereta wiet 8-32f0 RFteeiE D2ts & 915 F0a
T |

6.6 ISTAT %N

Chara-93 (@fore S0 #14|

Chara-&3 R 915+ 901 T30 |

ooz califaSa ¢ MEFCrem slont 3t e |

Chara-93 SR 2AGfed TN foT4s @32 S57er Seel 21&fS e e |
Coleochaete-&3 T 15+ 9w T2 |

Coleochaete-43 (1 Goel siwfod ez el e |

Coleochaete-93 RTATHIGT AfGTET 7= AT™CA o1 |

N AR =

6.7 TeFe

1. 6.3.1 5% (Y|

6.3.2 =¥ (MY |

6.3 TO (NS ¢ S by anf*fe 2z |
6.3.3 SR (T Gl Amfet e Zeace |

6.3.3 SIA (WY |

6.4.3 SIA (WY |

6.4.4 <% T |

6.4.5 S @I |

W

N ok



gFF 7O Wﬁﬁf (Xanthophyceae, Heterokontophyta)

15

7.1
7.2
7.3

7.4

7.5
7.6
7.7

]

GGED)]
THICEERA- A wifavn

7.3.1 4 AREPNR
7.3.2 THCYWRAS AgEe Tqqd
733 (T
734  (FSICTE € G
7.3.5 WAfdeS AW
7.3.6 T
S - 1
SieTsim-7 Gaw 2o
741 @R S@TE=
742 SO (NI SRFW TS oL
743 e
744 SIHE Ao
7.4.5

T
SR - 2
A

FETT eplIen
TeirEe

7.1 ST

&3 GG Al T Al —

o ST TGS KRR TS G5 0[B 4179l FACO AR @R 3 (A 7S
A #Af5A MCS wAle |

o SITHRT-T e 3fO2 STAG FACS A3 |
o T (XA TN TS (T TOCST W0, O T 1T FC A |
o JEACH (F (I 9l RARY GTF SHLRIFEAT RN FAre ©f IR e AR |
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7.2 &AJ&A1

f&. a1, P eicereiea ¢ iPriResaa @i yiore Foseft Aluime ([HTER SoE fefe
FFIRAPIZG! (Chysophyta) REITR SIS (A | O A541 (AR @2 aeifers e siex
@CS IR | 75 (@I 1 (e deifors 21 AR | @Rl 26 - () @R-2A-60E 50 =kl o |
(4) FICTEART SPT @3 HarTe 2Fiod e Toifefs | (91) (PRARRCE Plera =% | (1)
AfEs AWy FISCHFE (FREETRMIRR) | 5 @3 @ RAME @FREEAR e 741 29 |
e RS @A 97 SgifEfs @z FHHTe 3g0a 24 @R S TG
AL, (PR, S, AES AW, ARTEed SsEfs (@be ol am) Toiia #Nedm
T (FICAIFIZA (ATF TR 7J2iS 91 2002 | O3 FICAFRIAG A SHCFZAR AT 95191
ST A B2 | M T T (FICARFSA € SRR (I AT Rl (/T TSI A0
faf$e 2tz |

TEA SHICZFIEAR B SISTH T (A9 SR 0 T Torew Wit | Fe Fe
TS G Z (FIATEACS 2671 T | SIEH -3 Gk 2oz SNTan-1 W e g 2 Hirgeit
ICEoA] 91 20 |

7.3 SHITTIRA-F AL 2AfT5w

7.3.1 YA AZ 2 (CAANCER TR SO 2.3.4 ST SCHIB F1 20ACR) |
7.3.2 ST AdRe 7

P - 2T TS SR SRER AT (4] T | 7 5 2eifs sresiice orexte
9MIT= ©Ita 12_1 fore MGTe (vl TR | FEFL i (@N-Halosphaera, TEATH) ANGS |

TG 2N - (FFICAFIZA I B (HACS, AR, SN AP, FFIC (coccoid), Pamiizos
A2 AFTod, I AR R (] AR | AR (5 I6e1 FICSwige A ShfReEe g
TRl (7l Y, OTF 3l (FIT- 2l K3 |

7.3.3 (I NN

(T AFE - (FIT AP 2d4iTos gen. character (A TS 2(A | ©C Tribonema acquale
(BRI SHIFA) @R Vaucheria (SIETHERN) eiwifors (@REAPR G 2@l (od! | aeifs
R0 (PRI A2 PR D90 (72 T | FIGTARE G (I AGSTS (FRAP AH
| S geiifon (@R (AGER o gl 4re Ree Ame 3t S==Ges S it o
A4 (@ - Ophiocytium majus, SERSARTIN s1eeT) | 5g @2 ¥ w1l AT STt T0F
R QR | BRI 2GRS Gror el e 19e 22 FAIF A198 ©f (AR 78T | I
AP MR, NN Tribonema bombycinum Gz I=HEN), T, minus (BRI E99)
o7 eEIfers (72 A H- SIItad 2 e (odl |
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efFam-mrerar g Fofgam [ | Az agfen @i ez [E, o demen
(PICaPTEoe) |

FSE-FISH T& (FIT PSR HMI3 (FICIF SS9l Al AW TSIl TE AF, FEAAE
ARIRSICS 7 | TSI (GGl ST, STC2FRIFS A6 2HICHITsiGs Al et ¢ Fueai sptwfmite
| 2T Ao |

7.3.4 (@HNTHITHFT S AGF

(FINBICR AT (discoid) STRFRSF, 26T 37196 A01 | TR TG0 Toie SitRIfeces
AT G2 2o 7S 2R |

FAIF-[7 SiFe | @AFT-2 Vaucheria (SIERAN) @ Tribonema (GRGATN)-T CF(G
@ T | AT 75 AT B-HCAIT S | SR 261 - ek @ Hirerenizs e |
G 31 F5oM MK (FINCOICHITR S0 ST | 0 (FIBIHICT AT 2RI A 1 |

7.3.5 wf¥ew Qv

3516 G | SRS [ALISERUEN wreAEiEiEE (chrysolaminarin) sitest 21% |
FRENTIREIREE feiee (leucosin) 767 27|

7.3.6 G

foTaPR Taa (] T, IX-S0G, A S (I Gelel | O(F ALITO8 SE & S Gl
A o4l TR | IR AR (A2 ARG AR SBFS Gele] A | FCEAI] 2 Fhod enifors
G| ST Srelel (! T | WA fa-feier afeaie ol 917 |

ST Grefel (AR 2RI (11 1 (9 378 e 3771w 23 | [Rfon aipiar ¢iie 2e - 1ot Ui,
febet ST, SHfHE @3k g fog @it aeifers FP5 (cyst) At SBIBITHE (statospore)
I T | SCATRA CRCEe i SPTSI SIS Slieital I& A0 | (@5 suicafasmfos at 22«
AT @R AT (=I5 2 4-6 wel t scHifamios 1 e w@eF |

9 Gl 432 = (72 ¥ | ol awifore Mo it (e S #1Sl (51T- | Botrydium
granulatum (IGEAN @ﬁﬁ?m%m) AGIfOTe TBTATNHA @ S W2l | Tribonema
(BRI -7 (P 2Sifore G ST AT 23 T2 W IR SICE G A5e1 S0 Ko
{0 | €3 0y 93 il e 27 | Sl ATHE G S SHIEEeISIA | Vaucheria (SISTHRERN)-A
fifeon aeifors 1% Taiise ggfon (e Gee ol TR |

SRR - 1
(1) SHTZPITAT SBaf© CHATE AL 5ol Smalg g 2
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(2) e (MCEF 1919 (AMbTad s FTa STTRIReRSg AT (I @R CHRIET sy ot T 2
(3) SHRRFITAR S@© R (FIF APANE 2o Sare T+ |

(4) SOCERFZIR G G0 CRICER IS 04 T (T2 H-SIKFIEE 4 2l 0ol |

(5) SICERFZIAR CRRICET ISR SREI € 2PFhe STard 2o |

(6) SHCBFISI (MATE <RI TR T IS 28T e 5 2

(7) SRS (HATS R @FICAiee-R @ ARiaEe o aw & e

(8) T (MAGE (<=ICeT e A= apiafae eigfs 52

(9) SHCBFIEI (HAGS CHRANTH (i A TG 2L @A 2

(10) SHCTFIZAT w@afe foafs AT T I ATwd QST BTN, 9FHre
SIS G GFOCS S (e Srelel (7l T |

7.4 SIETHiE-1 S 2oz

7.4.1 cedere IZA (Systematic Position)
QAT qaR SR (1985)
e - FIRCAIRG! (Chrysophyta)
@ - ST (Xanthophyceae)
3of - orecsfifem (Vaucheriales)
g - SISt (Vaucheriaceae)
S99 - Vaucheria (SIST5R1)

deifs - sessilis (TR

FFH SO A - Vaucheria geminata (STETHRA (GR=Y), V. sessilis (SETHE
W&Vf\), V. gardneri (SIS N, V. terrestris (SIS CTJ‘@“"[@W)WI

7.4.2. SITTHRT-T (AT S FTF oL
TRfon CRIBTRMAITeR SCe) SISHRAI-3 (@197 SR F3 740 T S |

25 (Fritsch, 1935) @3 SCe SRS SRR S @109 @IawEs &ace ar
Thw |
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(a) AR AT eFfen Peamizhm o= i afde |
(b) CTI Solel BT T SHICIFIEAR il 2SIfSTS 7l T =1t |
(c) T2 FFIterEl [i*E Prgr=iitaa SwifEfe |

5 SIS 9SG (XA S@efe ABTHTHA (Siphonales) Tl Bioe I |
EICIR] WW (lyengar, 1951), (,@%WW (Venkataraman) GG 5« S |

g Tt AT R[feT trmfawere (3, Morris, 1968; (2155, Prescott, 1969; Gil#iSi
@ Biofse, Chapman & Chapman, 1973; (3% @ @312, Bold & Wynne, 1985; T e P,
Kumar & Sing, 1982; T, S '@ &+, Hoek, Mann & Jahns, 1998) sfafe af@afes Som
o 03 Gtz w0l (6o ©Ita Srtgeest @i Seee FCa ¢

(a) (FRAFF ERICENG 2F(o7 216 FICARFRIAN S ASIRoT FRIEEd A 97 212
T (ST € BRI, 1973) |

(b) SIS RICHIRee - [ Se#ifEe A epcgrRrgE Syl eeifon (e |

(c) *NRRACTCREN O T FICAAPT, A SHCFEARI FCAARC 16 (FAID €
ICRITRRET) A9 A | GUHCG AT GFICHIRFIZAF I AZCFICAIEHIE (siphonoxanthin)
420 0 |

(d) A <Amy Cwet a7 Al SHICEIwizAR (a9 |

(e) 2R TCE ¥ “irefia, Somsie (rhffie it Tows qwd @3 Baeore € SioEiG 22 st
oFhod | ECERFRIR aeifed weae it « 3 ol (i ey |

(f) ©ITTH R 22T (1167 58 HIAIRFRAR SIFolS Seyieyy AR AR (11 O 2itae agfon
(@S9 - S0, Caulerpa) (55121919 8 Bii=yIe, 1973) |

7.4.3 e

Vaucheria (STSTHER) 24iee ol &0e, (@9 - 27, 734, (TIRY, T TS5 FIC A1 0 | ZoTS
Aeifs HeHIce NHre Fger Swe 73R FC | O FEHL A AU (Vaucheia piloboloides,
WW) | ORI V. jonesii (SIBTHRE! (SHT{Y) i aenifofb gae o | V.
geminata (STETHE (SIfRIG0!) eisifofb @y Fret smg |

7.4.4 <G 919 (7.4 fora Afdcre Sfemwa 9ow (wew =itR)

qU (72 ¥R TR, AR, 2% ARREN JeeFam [iE Prramizts agfon | e
feits @b 392w (RIrFTRs 7 MHH AT % ACF |
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(FITARPE Y32 2A1eTl 92 76 T2 B | 913033 51l (oAF0h1e 2 @3k foeraa wafs ereycere
Tl sy |

TP (MC2R (FHZLE GO 91%F 90ad Sieielal (A0S fTFeial °:(® epfae w0e (@ 9240
TR BT AR 73 e3¢ SRTge | Spice) o=, #izfRaere [a O 21 pifon T epikey
FICRAPT (@FARF-R T A SCACE G0 (GFITIBICER AE) G2 A AWy (oeTgzice!
ARBIAET g AT | (FNBIE @GR A e @afm-[7 s € o[ @rakme-2
741 TR | SISl SICEIRARAR (ARBTS A 2P FIRNARS 16 (7.3.2 S+ S 911 20AR)
2 |

7.4.5 S
o 2Pl Sreel (il A0, T - SEFE, S € (e Gele] |
SRS Gl ¢ UGS AR S0 2 |
ST G ¢ TSl SIBCHICI1 e Maes 7=/ 23 |

(a) FeFiCeEn RS Grri v Ft ¢ AR (02d ol [Fg0l e 27 @R ¢ 2R
% G T IO O<¥] 361 (72 (AT 72T 20 A | 24T A G2 e SIS Grriizpifears
0 | TSI {fE S iiferTsa (2hi2es FkPive 21 | e fFames #fft e Ras 23
R (FOITTRSR fooraa s gmeie o | Ao Nefaarm 3z Wis «wieie! Fives
A 2 | e T AFH (2AEIZEEH T2 FISEITE G0 Greniiea #ifdere 23 | @2 4701 Gr=iks
FAACS LI (compound zoospore) Al PTG I&1 27 | fSizFam [+ 2 grim «rfge
T QLR GO 910w 3 | sAfdere iRt greirmigaiems sieis fea sjfea S 3z
QR S | G 5y TN S Sel Aok (06 (@O @3 207 A6 (@1 it 127 27,
TS AAReTIal FH IR G0 AR AR 2R DS 27 | 93 (M2 (AT QLT TN SoJfa 12
o | U G ABEIC GO (RIFTFPT ol FIS B G- ST o791 203 Sfgn (v 919w 0 |
fa7.1))

(b) SHENTAT™IIA (Aplanospore) @R ¢ SEH/31-3 ¥ e afega AR Gr2iita
ARICS CoeiRmifesITsTa wCay wirestl 2t 2 el R et (e 910w I, T SR
1 27 | @b GreRniGReR i B @R e GR TR TE RS 20 ToA (R (7 510w
2| V.geminata (SR &G, V.uncinata (SR SI=ith) Tonf ewifers i
IR 1 (6 7.2 ¢)
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@36 SicefafEan ¢ @ Sranfaas sl S_fFS; (b) V. gardneri (SRR AMETH); @Fwvz
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T : 8 O JiEiFeTRA (Bacillariophyceae, Heterokontophyta)

Ao

8.1 T
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(TSt |
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T 2 | FATGGT 51 AR A i et 51fd | 46(G Petri dish @ 77131 5w 5w oo weriigers
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Af S T w7 Siferya smief @l Ffis w31 s 9 2w TAteates sege 36 |
@2 SEREe SR TG (IR Adwere 2Afeansy ol A A Axiee 2 2 (1) FfsAT
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TR AT | 9RITle Afel TRITY SFre « 43 2Rt e (=l T A0 (1) e =@ (Puncta/
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(@O [ifen 2R ags (Y247 @HTE Srad 41 ZA0R) @ MBCHIAGT Afes 4w
FREITIREIET ¢ Sfee A |

Siele] - TOITK Grele] AT 23, T2I-(a) (T TSIG @ (b) (T Siefel (STCHNTA NITH M) |
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sfoe 271 (foq - 8.7)
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h

5@ a2 8.1 ¢ a— h, ST 2= TR | (a) Odontella aurita (STSEE! SEG6Y) (b) Triceratium
reticulatum (GRPFNERS @TFCEGN); (¢) Stephanopyxis turris (PSR 5ifE™); (d) Achnanthes
linearis (SGRTCL FRIER); (e) - () FROGT (@IGraEPT, e T @k oltes &8 (f)
(Cerataulus radiatus, Valve view & Girdle view); (g) Coscinodiscus perforatus (Wﬁﬁﬁﬂ?ﬁm
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Cymbella cistula (FCI& BIGHR); (0) Cocconeis placentula (@‘mﬁ"’[ TG |
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TRTANAY §

‘ —_
f5g = 8.2 2 a — e, GG (FICIF 3 | (a) Pinnularia sp. (TelegceTaa); eeife ©iefe f; (b) @3
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BTG 910wT; (g) BTG e 201 S0 SICHTH 910 |



NSOU e CC-BT-02

145

8.6 T 2Pl

(1
2)
3)
“4)
&)

iRz e kel e |

TG (FICIR 510 FHHCH DAZ SNCADA e |

TGN (RS ETaa MR Fer axiiwr 302 fog 72 34 T |
fafom SRIGT ST S1ITTa M (T Gelel AT A < |
TRIGT-9F LA @20g T=oI(F ST 26+ |

8.7 Ted W(Fe

SR - 1
1-15  : 8.4-93 3fs, AIFR 95 8 (FITIF W S* (74 |
16-19 : 8.4 - a5 o] S (7Y |

eriget

1 8.4 SIRT:E FAG3E FRCHCo! o1t 203 |

2 8.4 -9F (FICIF 510 SH (W |

3 8.4 -OF Ge S (I RoTer o] (g |
4 8.4 -9 (T G TGP (0L |

5 8.4 -93 SLAfeT ey S (MY |



g5F 9 o frewdt (Phaeophyceae, Heterokontophyta)

QP
9.1 Srmy
92  o®iE

9.3 fTrewizdia wFerg wfavn
9.3.1 FrewiEda YU @FERTR
9.3.2 frewiada Aurad Rz
SRt - 1
94  GERAT-A G 2feT
9.4.1 (TS ST
9.4.2. TIfs
9.4.3. =G Ao+
9.4.4 AUFPRATA Y 2APE T (7l I, TA-SCT S (T Tl
9.4.5 T
9.5  Trewm-aq Giaw 3oz
9.5.1 (e SFZH
9.5.2 wIfe
9.5.3 o9 (Arey
9.5.4 T
STl - 2
9.6 A
9.7  AICHR epi

9.8 Ted ALFO



NSOU e CC-BT-02 147

9.1 TTwp
&3 GG Al T Sl —
o FEHITH @A HATE FAICF G 9N FACO A |

o 3 (A I &AeIfox GRAbCTa TibeToiafet fNri FICS T3 Z0 | €3 FFeT AU
CRIFCE SifbaT 2iFhe oIt v aielt e e |

o FSTITAR W9 TR TS KA Gl 2f0= [Tt 20O AT ©F GrFIFF=N7-ad
G SFOZI STAGIR ST TAZI AT FACS 2N |

9.2 &FIa

SIS ST (2 e (I T ATE ST SAfR Ol @i fdl Seer (fresh water) CAI1ET |
ReTIA @ @TTHEA AT I 261 i T s o, e wfawieiz e afm |

RrewiEl (@A xR 2Rd ARIC TR S9N SR | urd IS CoRIeT TeT 27 | €3
A CHIRITER 151576 GbeTo! SIS ([ | 5% GICAFIZAG I G, Fene 2Ffoq @7
#IfRE TGP AT (2 | RReTRATS AT A4 919w I& RIS 2671 @IGAIGF agfeq
AR (72 (GBI | el e ATs siowars (abd ¢ [ifere! @Az we (3 | 9t
s fSIte 93 eRiteTa warg St |

AP FrPSFBAG TS AL FT ORI | I G SO ST 1 ZRCZ | 9
@ SIZCAISISIA, SIS 2iFfed (1 S (7l A7 5 J718 T #ifaifre 23|

9.3 frewiEd-7 wFY wAfava

9.3.1 frewizAa TR MR ¢ (CRITETA AR SO 2.3.4 SR SNCAB T TRECR) |
9.3.2 Rrewiada yRe =

ARG - BIIG 919 =Ie! T WW | GBS 919 = - Lithoderma (Fcaieizst), Heribaudiella
(A, Sphacelaria (CFHAIRR), Pseudobodanella (PTETSITATGITTEN) [(QAFG @R S,
1978] | €% (=T Tfen 2iieTe AeT M7 ST Sfen | 3 SRR G A2 {6 | Aer Teq
8 T (ANENICEE FTRCUR ST SRR GO (g AT (741 | SRR TS Ot 2y <1 |
SIfEHIHZ 2li2l I TSR T AL S S el Gl Fwizs e |

TG AT & (FF SO Sfew W2 (¥ SIS T | Sfgw (w2 Tibet aigfon @k ware tafba (el
QR | STSTEI 1518 Tfbet | GFCHI, I AFFoT @R ST A& FQIFIF (7Z QT STgiFS |
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wfeFy SIrFas af+rrats Sfen (At 9 702 60 fiie oifss T w=fif#® Sfen (Macrocystis,
WICFIRG) @20 TR | (I (i TG SHTICHIRZE SIS FY SN, S CNAFIZE
I | O ST 2SI CHAIAITIRE S SITLHIAIRE @38 SR 20 AICF | (02 519w s
wfE a1 e SRR 2re it | (= JWE SR 2e, 321 o sk few s, wa -
TR A S (RIFTHPB, W) WeH| IS R G| € * 512 (stipe) G 5127 (A Tge
AS T TS (frond) | TS S BT Srelel o5 S S0 | Fucus (F&FM), Ectocarpus
(ACEII[2A), Laminaria (FHSEA), Macrocystis ( WWW), Nereocystis (ﬁ@@ﬁ%‘i{),
Sargassum (ARXAAN), Dictyota (ﬁﬂf‘%\‘iﬁ), Alaria (ST, Cutleria (Fotafa=) e
eIy st ooet (bw 9.4)

(FITTA O™ TR € AT eFfe
(FITHITHFIR ¢ (FGITF GF0 (@FI0T 9F A G 2R A | Qi RITs e ¢

BEIFIR | S (G STRICE G |

AGF ¢ FIAIRF @, B1; - (7l I | SHICIReT A6 300 ReStRieniiZeas faeaa
N3 (EINICOICRIES TR AW 2T | Sl SHICRIfret 9g0Fa W0ay SIEeni{Es (Violaxanthin),
SCFASHIE (Antheraxanthin), fNesHIfga (Neoxanthin), GRIfGCEHE (Diadinoxanthin) €
TRICGIETES (Diatoxanthin) (71 1% | G @fet fifen Sigsiits ffen awifere it | g 7ee agafe®
(O SR 0 |

(FRLAFT - (FRAP A4S 76 T W07 fde | qazea w1l fehias a mia wrem
ST Al T TR | GBSO AT eI Soimlel ZeT Syiaifale (algin) @< FFEFafG (fucoidin) |
aeifs [T ¥ e A syefiw i Spefife Snfme (alginic acid) €33 RFEFGe @
S #{1fe RICT= Sos) (7l AR O AKIerS el -« 2/ (41 A0 | =il RPEH (fusin)
TIT G2 “171f (e (I (TG (7 1 | Foe12a WG 24T (Rejtener 2l sifds Tl gl (PRaF=
Y5 ST 9T COICH | AN TG (@ 7561 AU e @z (RrSietie feg et
aifSeifaaifom] Tenf asfa toiaeT) SItwa CRFTa SRR APTCINTSITIG!H (7l T |

TSN @R TR ¢SS (FIT FICS AT | SLE@ Gl @ TG ATl 7@
wfo SPSI (rdd FIceE (rdl T | (5 AGII A, SHtECTITE A s agfen ek qufh
AN T 2P, 2HTBieasiGe 1 fBarTe oo 1903 Fer™ (Fucales) a7 i aeifers
(T - RS, AR Thif) SR *PBI< A FICTeT STormiFe Tdiphed | fSfRebfem as
aifors (@-CHOG, Dictyota) @R <3 W@ Fieeal @l TR @R @t Baee] agfes;
97 FICSHANG LA S AR 2R T | 27 | L2/ FICSRAINT AT G(T “Fho x|
el TR AR A BFRY SZ S (90 BFRYD (@FNICHIRICE SRE I0K) | QS G0
F(OIRTI#I53 SHIIICIG™ (Photoreceptor apparatus) T |

2% (Physodes) @3R fTRewZAMIM B7ivis (Phaeophycean tannins) 8 fSFIRTE fKGa
(FICIT AZCHIAGTCN T 2S¢ FTOPT (strongly refractile) SR 26T (vesicles) (2l 917,
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GUARCE FI2G Al PSS 2T (fucosan vesicles) A0 | @2 AfeTd S0y PSR Giieliw <l
GRS (Phlorotannin) =S I92e #in1ef AT | G2 7T GAMIT (FIMCEICRICT ST =T |

FHfe A - 2uiTo: FRAETIRMIE (FTeTHife) AZCoIaeTs S[f%e 913039 (vacuole) ST
OHE SR A | ORiGl Wife ¢ 70w tosm el SR 03 |

QWIET CRRITST 22 ARTRTRC ACF | (MBI (AT S @I Togfag 0 ARz
SR A | ARKART (FEICHITRIRE AItad ALY 9Fh F@ I 61 7171 I 2t (ba 16.2)
APFGATT TSI, (FINBIFIR € ARRAEE @ aieloag €2 5 =iy areiase wifers gl
GG I 2 STSCHAT <Nl ©F (Internal channeling system) 510 B | (FINCOICHIER feg
A e qreiziaie sifemr @b Tog AR ¢l T O @It qreinie
@ifei@l (Chloroplast Endoplasmic Reticulum) AT .29 (CER) 3t | 1.2.eng
(@FICHITRICAT AN ARFATC(PS GF(q (72 2 AL, 1 (T8f57 [t @ s@fal 7wz Aede 7@
(fb@-9.3)1

Tl - TG, ST (1 o AR Sreleia QWIS CAIRITeT (7l 11T |

THFE Gl - 4G (fragmentation) AR 2 2R Slel 05 | 4T @fet [eeta ARG,
A ool AT oA 27| (FF @9 (F@ (CFPERTER, Sphacelariales 0o
CXRITET) 21T (T (A2NeeT (propagula) SisRE RTA =I141 9318 23 A1 7J2/36 203 el 2T Seofm 3 |

T T - HreT A RTElem™ (Tilopteridales), W@t@ﬁ‘i{ (Dictyotales) €<% Ferlem
(Fucales) 0513 XI5 IroKe 1661 QWIS CAIANTS (PHAITARRRS Sfgrr Seot Mine c@ozat at c=imifgas
ST 378 IS ST B ST Sele] 3791 2 | GO AlRere 1911 siigpfes, 7fo spm o1
T, @I SN2 € AT G (@ HIGIER I |

R QCBPRANGT (Ectocarpales) A9 2GS (I - Ectocarpus, SCEPRAM; Giffordia,
ferrien (Fonm) @3z cobrieim ek awifers (@5 - cobm, Sphacelaria) GBI
(unilocular) @} F2ATHED! (multilocular plurilocular) C=iRTfgN C=NtawRbs Sfem ot
T | GTHAR SLATTIITE CHAITITIRE SIEW SRIFS O AR CHITifEER are Fofaamb
Aoy feaihe afemn Reifere 2 vel TieEe S 19 30, Srozsid NEEIHF o
Al o=z [eifers 2w 16,32,64 w12l 1287 Zizicae FefFmt soq wea | 2o Fefgant e
ABCHI2IE B ARG 20 ZIATIC G 919 FCF | ZIAEC G SIFRS 20 SIS
Tfign Testa 0 | SR 3 AT G A GFATID & ARG (19 Soel 51& AN T&
©i% «ft AF© ST (F9 = |

TR CHARNTGITR 2l AT SRiFs fGare e e b afem [eifere
T 1 | T TAT TR TS 2T agied, T SEie 20w Feis FIacd otz Sign
(2n) TeoAT I | (@2Y @b @ AMBHITIT @R C=IITAHEE Sfema [RSita 72w 303 W9,
G Al ({19 S 5ad A J& =17, O «ft 2w S @9 | Sdfie et cHRnfgReE
T 2 ST Siefel T06 | fERATHC GTonilR (TS A oo iITareiz b ©fen Seom 23 a0, 2w
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9 oG (A9 (neutral spore) 4R cARmfeTNeE W8GEE ciiifes e (9.4 =ies
GIFRAAA -G G 5 G3h)

GBI @ CHERERTRlem q9farore Grri SeomrA S AGIOTs $LEE «F ATHB!
g Seom 231 fEFHEnfen] (Dictyotales) Acaa ciitawize Sfewm Goici=nfgas
TN G AT ARG S 23 | 99 50 fo s Fefmam Mo afemm sei iztre
BRI A SO e FCH | %wm‘rﬁwf%m usfa gefers (@ - Tilopteris,
(oremsithfzeT) @3 atad! Cc=irmfgaeTs fTare Wi b e am= ol TieEe
fTSiEFam siom 502 | 51T e o fFm e (225 b Wig forss iig sioe 30 |
I g RS @il oIt ST (Monospore) T&7l 231 | (BRI € AT Torag
SE S TR WICIORFRTE Tien 7% 3 |

RG] 0N SfGTH (I ST Srelel (el A 7 |

T T - SZCAIN, SHFREN @ Tops - @2 foqadE (1 Stz A TR (7l
% | Bfew o723 A1 fomarsi Tew 2pfen 209 At | Aoz Sfen wysig 7eatm smeohigas
110 TR T (TS I22ATID ARG I G=R TGS (1T GrlTaa T1F | ST pasiifem
=R CEREIRRIER A0 aeifofer Sta S eFfon (G Tem @l TR | FBCefien]
(Cutleriales) @ fBtsI2[fawIfet (Tilopteridales) AC5fF 2AeHfoTe SHIAESTNIT 2Ffod G S
@ T | RESmifem, smifsafaRifem (Laminariales) @< GG ebnifem qcel Sapmsie (e aee 72l
7|

fCHoetnfem ?191/\2_{‘? 2SIeF CFa ?ii%ﬁ[ @ F (oogonium) CAIAIA (sorus) -4 W4T T
27 g RrSHIfem A0l eiwifore Tme smiafe] FIe17[l6ae (conceptacle) =S 2/fer STCay Tesiy
2|

w7jceel (Parthenogenesis) ¢ (e SR AMCCE s et 9 21 AT AR
SMITEHE TR SEfre 203 Sfien sjfea ToaItE SIsi<ee A0 | GTFTE STFSiE SIHaeiSt s
AT (Parthenospore) Al SHSIELANT™IE (Azygospore) ICHT |

T@s (Alternation of generation) ¢ U2 (XIF (AT ALTOs WAFE Se@s (W4l
qA ¢

(a) foraifTs - Rromifor quefa aforse (@w - FeFH) (=1 T |
(b) TEraIZafte - @b ek waeE (el A, [ -
EEANAES - ACBFRANGE q0o(7 Aefore (GTIIF[ART) @ T |

OIS - (@Wﬁmﬁﬂwﬁa@mmwﬁwﬁm(@m FOCR, Curleria)
g syiffziem qsfa (e (Tl ¢ R ) CHITARIZs 493 2 |
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SRt - 1
(1) FrewizAiz @ orRf a1 o1 Sa S S 1IN 26 |
(2) 4l RPeFiE @GS C*RICER /IS e |
(3) = (algin) @ RFGIAMG (fucoidin) (I w1 TR 2

(4) @G CoRIET G N el A SFefe OTo ST ZFeel S #ifFe e grii
8 ST ZFICSETl (el T |

(5) G b CHIIET SIS =A% Foseel A AICACE GG W FICS! (7l A |
(6) TCHIRCAZTA SHIATCAGI FICH A 2

(7) RrewiER S@ofe (<RI AW -G &) 2T (Fie & 7l 2

(8) TG Al FRrGrIey fe 2

(9) @A 2

(10) suifbet & 2 (I »feat a2

(11) WIS I AR [Fhce! oW 307 2

(12) AWM AT (Pl (I S #7721 TG 0 ST A0 919+ B0 ?
(13) G 2t [ ¢ et [ crmieas @i o=l ame

(14) CER 7 52

9.4 GTIIFRANA (Ectocarpus)-93 3= 2fegA

9.4.1 (¥Ae SFZH (Systematic position)
(@G G2} €2 (Bold & Wynne, 1985) SIFAICH ¢

e - fPewi35! (Phacophyta)

&/ - fPewi3A (Phacophyceae)
of - IR (Ectocarpales)
¢hg - GUEFF (Ectocarpaceae)
afe - Ectocarpus (ATSIBIR217)
geife - arabicus (STRAIREFH)
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OIOR &Gl - Ectocarpus arabicus (STSFRAM SHRRE), E. coniferous (TSR
FeCFAM), E. indicus (ATFRAM 3GF), E. filifer (AT o) |

9.4.2 TIfe

32! AT AW IR | G S (i SEd Toi 2T el izt woel 2w
1T ol STe (el T |

9.4.3 S[EE A9

W eRICER ay @fS AT e eFfen e | Sfew (2 @R @3 RIGCAIGI
(heterotrichous) Z@?W e @5 *Mfe wies @ Gl e (erect) SIH o Sfer vz 5o | Tew
S*{Z 25 IS | ST 4G ST S0 241 S (AF 25 ArfIIg 9 23 | qrwg otk
IS ST ARPICI FTHIHA (AT Teofy 27 | *lesfe] Gram) 3728 200 AT SRR 4iel ¥ | 37, ST 3
*[1l FF(ET2 €3 A (uniseriate) (FIF AR A5 |1 O3 KOS 4G SR (le) TG AL ST
TS AR FCH | 4G A 20! S ANCARP-FRCTRIN € Trefe] St I2iiai! =ie*l (5@ 9.7a) |

(TR 9199 3 (PR 9 TEFIrEe, @@= IR, $Ta S TE AIts SO (LT |

R b B9 [T - qizca s FHivzet (g smief e 2t siefae ¢ fFesmfea
e @R foetaa e Crpeas @ 7kl 9ifvs |

CACBIAET @& 127 AT | SRS (irregular) A SPJel (smooth) [ 2 froipfon
GHIfE (IR 9w (59 9.7, b) g @&t (E. siliculosus, GCEPE2 Hferieeretm)
(FITHICFIR A ToFfad TR & GF 2MBREEHT I8T+ | (FIEIEE @Faif-a,
picafee-F, B-micaila «ag RrSrpieyifga 72 S FIAHAEe 16 A0 |

9.4.4 GUFFAATA { 2P Tl (7l I, TA-SCT S (T Tl

A Tl - GEIF 0 T G22I Siefe] 7207 2 | O3 €3 GO GUBPRAA -G
HAIARRIRS Tt (2n) 78 CHRNTGRITTR St Sl 27 | Coiitareizts S aferfie vam
(SN CRIDECRIKI G

(a) 9F ATFD G (Unilocular sporangium) ¢ €2 I CHARTIfEN AFOATH
TG 5L&E A I& (@t @ft Wi 38 Mg s7aw st Sfer 3% 30|
FCEE AT AT (TIo Srelel HCGF ST 1 20 |

(b) T2LTHB =IFAf&T (Plurilocular sporangium) 3 (5@ 9.8) « 2/6i7 ii=mifganE
AFGATH S G AN IS | G0 @ A =4 w2t et 20w @R Rt
T *I% A FEHP JTTE TRATHD] ARG 9199 I | Afere et S T
@ e oifys | 2fsl @i @3 o Feiam a6 | wweer 2ol @i @S
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ol 20a AR ©ita K, spTie v [ i Fiteme e 3l gagion sl fbztre
UK 910w 0 | CARTITGRICT S At s ferwa W@y frca greeimafe izta Fofs 2a | Rigel
SRR 717 (Il T T 7 231 G2 ZFICee] 2Ifeyiol S0 | Srwe 77 &Il =il S 2 CANETFho
ot 49 FH | Gl CHIE FIACT (quiescent) FEAR A0 | @ft oiFfae 2w foare Sfen
Teo 303 | T2 Tfen (AF Tesin fTAET (@9 @2 2517 Sfen Tesiy 01 061 93 2 [@0F
fBGIS ™I (Neutral spore) A1 | @b @2 UBCHIT=I R g9 ST (@ Al e IEREITS
Tfga (2n) ARSI ARG A |

T T ¢ (FR1 ol &eilfS T2AT (monoecious) | SRR 23T 2tae 5% g cwia FRfe
TERAA (ool 4o a1 TR CICoR 6 et 906 | 76 20 fomi (Ectocarpus siliculosus,
GEFPRAPT PG |

g 2GIfSrs (T G SRENINP 2Ffeq OF (@R ©lsl 2eifers =NARger Syt
(Physiological anisogamy) (721 A (E. siliculosus, SRR PSRN | 037 0 CHa
A3 SPIRENSIE (Morphological anisogamy) (4l T (E. secundus, TR FRETGH) |
TG T2t SMONTERIER (plurilocular gamentagia) SC4) S | €3 SICIGHERITSS
e @ 51w TR /NS CHRITERITR T | S0 TGN @4E 22 (SNEEs) Siem
TR | SRR T3 eI -3 SR T (ITa Afsfa caiithiaies wmirefie 2w «ale
Ta-griterenl [RGBl SR | AT (TS G-It «IiR O6d SIAICH (=G | STToe ™ grsiitea
TR ACGONEGRICR Si2eits 78 ferad sk M a3 @R eiet | (6d 9.10)

e ¢ SimenS cwa gt 1 Sigfon [Reifroxd st fifere z0a o @izl 1o
A (¥Wl ¢ Ectocarpus globifer, STEIPAAM (2Iferi)

*FFer SIIRENSINE (Physiological anisogamy) (FFGE TG SI*2ZeII1 SIT0ER S
¢ SFoaTeeltd O [ (@19 S6AeE (sexual behaviour) CF(E foq | FIICNOAC! SIRH 21 =T |
TG SR HB6T FISENRHS 2290105, et S 2le | SGs fITd (RFest @R 2 Sl
TRl TS @I B A TG 203 G0 AT 9t 41990 0 | I SRZICS F24 919 (Clump
formation) (5@ 9.9, d-h) F&T 2T | SRTHTT G G2 F G A fifere 20 feame
GBI 510 I | TSP HAAFCCAAA -G (FF0a Gt (T Gelel (7l T |

GBI Frer (f5d 9.9, a-c) @3 CHF(T o4FS SHNREANN (rdl T | ATHCF FeTts
SRHSZORFI STILRCT N0 SO0 Ui Ficsa [FE 20e1e qund @i I8 S SIS0 (&
SICSI) e G ST (21T AT BTG (2J2-9CHG) ACH | 2P 9T GHRCER ISR
ST SoM 2T | SYICFIMICIO (T SICOHTGRIT (B SITHOIERT) (A0 Seviy 27 ©iF aramafe siefie
(PRI SICHIFS AT 27 | SR NIZCFMTIE SAMRIRN 2% ATHOIIGRI AR o1 SICoiFe
(20 2 G FUIFO T G4 FCH | NCEIICHG € NBCFIICIET et SiRealis Seofm 23 |

Tfign Teots B0 | 5192 Trad 1 FACR CHAFRE [ 2R ARG €9 0, I -GFATID!
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R FRATIIB! ARG | T2 TFB NI (T Soiel 51 (I SRl (73 | afb MR
AR T S Sl <O1T |

GFLATFD CHRTIGAINE TRATHD CHRTITGRITTT o 2o AR <1 Siereits sy 27|
«@ft AT fERIFR Al (AR | I 5199 I ATHIDT TV MBI ShfFS fGAre
e fgamf s fenfm afemm o=l © ot MEwitm afem 32-64 © Fizcre Fefm 9w
303 | Afes efgFam AEchizie il AR 20 fa-Fireen (2 Fizwe gRciT=E
(zoomeiospore) 919+ FCH | GRITATIT STFRS 20 2= ITCHIAZS Tfign Tty 3 |

9.4.5 Gej& (Alternation of Generation)

CBIRRIRAPT B 7712 gl (r il I | 2 TR ©few Il 910 S0 | AT0oa
TR0 SR Seoiy 23 | SiRals orgfe 203 fUats coitareizis Sien Seom 23 | Coitasizhe
T S @ ety S ceirpifemies Senfm et am =i (o =3 | e S
SFfS 20 2R MICOIFRHF Sfen B F0 | GUFE CHAIIFIEG @ ITAOIFEE e (e
OB AP | G2 AT G b (G227 25F SBEIRIEE aFFod | @ 2P0 STl (@ CoNtaeizs
T sfFs T=eATHRYE CHARTITGRITT MBI Sesia 27 A2l S@sd A I =17 | S
Gl R CHATCARRIRG Sfgtwa q<Hfasia <o 1@ |

9.5 frea-ua Giaw 2feg™

9.5.1 (¥9re SIAF (Systematic Political)
Lee, 2008 S(AICS ¢
@ — SRR (Phaeophyceae) Lee 2008
3ol — ﬁT@WW (Fucales)
(Mg — RSP (Fucaceae)
sl — TESIT (Fucus sp.)

9.5.2 ife

WIS qCefa e A soofba (@ N awifs Tl «ifde | wymia AT =7 A AuiTe Tew (alenEa
(GRAICAG (Temperate) S8 WWIWWW"HW [0S 20T AT |

9.5.3 sige9le ¢S

Tfgrrz a2 =11, 571951, RIS «1E @ aNp WIS 909/ 27 | 2 30 em +1% Afee 23 | Sfgrmz
@G TS (Hold fast) 361291 (Stipe) € F% (frond) @ Rreine 231 | T ©fegr @a “lgzreita WCo! W&y
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IR SICel SIFTe @2 CRIT-97 F© 9 (74l AR | G2 T @7 el [Fgrwca Fre, (i @
AR} AT (2 A ACF Air bladders I8 2T | 07 ARITE Sgmemzft S SRzE A |

e TEb Gre I2 S, FAIFE SFfo (el T ACF Conceptacles (FACH#(TIIFT) Al Crypto
Stomata (f&FC7BIEHNIG) T61 27 |

(T G- 777 G2 Conceptacles et #ifafE® 231 Fore 231 8 Taeite= i 1% 04 | 907
3 SIF KAPIC6F (Receptacle) I67 23 |

Cortex Apical cell
Median
segment

Medulla

55 e
o)

o . T .
T

S-orx 2o 7
e—f—

o it o

Lateral segn'éicnt Basal segment
e

5@ 9.1 : RECHH (Fucus)-a3 AfE5F 9107 (A), 24 SR (S (B) @ S0 20527 (D) |
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sErcElfeeeltd ke 3 S [Arefme T2 (@RGSR (Meristoderm) S0 (Cortex) '€
el (Medulla) 32 %4 Meristoderm (I4IC (FICAINF Arere SIefiel 965 Arifeler Tofge
T | I 21978 T Cortex € FACAE fowrzd ==t Medulla.

9.5.4 T
AT (I € OB Srele (Rl R | S Gl Fucus 9 (F(q o7 |

TG G 24T WIOTCOH (Fragmentation) @ SHRIFIF *1<] @{1<IF FRICT) SBFET Sl
AT 2 |

(T T ¢ TANIT (Oogamous) AN T G AfRAFS 27 | (R (Monoecious
TWl. Fucus spiralis) €@ ORI (Dioecious, e.g. Fucus serratus, F. vesiculosus) T©% Ziq?%
el R |

R G (T G, FH, I @ TMIFho 27 | FieiGFe (Conceptacle) €3 2 @
e Sfqfis =11 AiwiEReT (Paraphysis) (ACF 98 GewcRHafe 3% =3 |

SeRlfE AN (Antheridium) @3 f2Te (2n) S 2% Reifers 2o 64 Tz fNeiFam
Tofa I A 273! TN AR 2 RFNETHAITE SUCATAGTTG (Antherozoids) (S8 I |
FiCsE 4oa @S BT (Tinsel) @ 19 282707 (Whiplash) 23foq 23|

F Tee (Female Conceptacles) SToifel (Oogonia) @ 2 “iAIHIEHMT (Paraphysis) Fafere
=7 | eralifa fReifers zoa =5 S iFast i@ (8-nucleate) IS a1 0 | I =56 e iam
2ATIFL U0 I(F (675 (Egg) o FF T Exochite, Mesochite '8 Endochite <5< 3% %2 =il
o A | A7 &5 Exochite Al 0 @fSTa =TT @ Mesochite '@ Endochite %< {6
GECHIRe 0 oo 23 @R Al 736 f6FS W10 &l NG Conceptacle €3 9eg Ostiole (AT
fereeifre =31 |
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Phaeophyceae (Brown Algae)

Paraphyses -

Receptacle
Conceptacle Ostiole

wall /Antheridia

Qogonia B conce ptacle
wall

]

Y Y
% iy
7 0
Fe

a

o
A
Ul
l’

Tinsel
flagellum

Stigma

s 1//% ’ﬂﬁ?}\
1 2 Whiplash
n ; - \}\%(f;é* ﬁ\\\‘“ AR ﬂagt’ﬂlum
' VLA NS 5
SURES
S 7“"’*— =%

I

Plastomere

Whiplash
flagellum |

157

5@ 9.2 : TFSHIT (Fucus)-a3 9j2 FPTIAHIA-GT 2F00=A (A) B Siel5-9 AZHA (B) € (LIPS

aFiod (FCq ToT (512 @ FY) (T Sz (Bi-sexual conceptacle) [c]
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== ¢ (Fertilisation) : 92 %% TG & ANTIHHCS GMS (ATF ST FCL @ AR 93
#R-SIICHG @I 0T 906 @ f2Ee (2n) Sz’ (Zygote) IRl
gl RN @95 FiRTAIGT3 S 23 8 i ABGR Sfwe (Rhizoidal Initial)
A% 27 | Kreifers @izratiha wieg @ 7 @3 sTRela ¢ Ss=l el Relfes 271«
wed [eifere (b A= [Reifere 203 Igel (Medulla) € #=8] 7303 S69 (Cortex) (Ofd
T | ANEAE (I SRES M0 R AZSEC (Rhizoids) 72 w6 |
RFCF (Fucus) 93 (%09 fo2f5s (Diplontic) GR=be Afewe =7 |
SEpATETe-2
(1) GEEBPRAM-GF (WorS SRZI ST T+ |
(2) ACBRRAN-GF ¥ STOR aeifed FIN T |
(3) LB Fhe! BT SR 2
(4) UIFRA-GF FACICOR AF( Srard 20+ |
(5) ACEPRAN-GF (FIHITHIF AT (F3 2
(6) TIPRAN-@ GF AT [T CoiRTIfGaT (A feor @9 Sest 23
(7) AUBRPRA-GF (Pl A CARTIIGA (ATF NBCHITNE T2 27 2 GG (TOFE i1 T
o (F?
(8) ™ oo 52

9.6 A

o TROHIZHR SIS (R A T IeT 27 | 51T 5lol 2wl et 2eilfoR s | <3l
fTCARFIRD &FTT | GEFPIFAT TGS (IR T 76T 2 FTod | G, FCA! AFfod (*I-1eT
QLI SIS | T ST FFhoa TR @2 @ATes (il [T |

PaIZAR (FIT AP SRIFS NS HICeTE AMicda Seay Syl @ freaafln I sl A |
G FICCENRE IR @ T FICSE (rll AR | (FEICHIER 9F A GHifF A |
RESTRIGTICTR SR Gl 3 CRRICET 7 AW 27 | FeeenifseiiEe € Spifatet Aftes Aol
2 T | 2RRAECe SRR 433 (@R e | AR (@G At 3 Soigfad i
SR A |

S Sl fTSGTE ol1F Al BTG AR =2 27 | (T Gelel SRS,
SRR @ oI afed | S - feralfts, raeiafte agfeq |

GBI TGP € EHITAGF aFfod | 36T =12 @3 A @7 3 oifde | AT
SRR (SRR afon Se@s (el TR | JCFFIANF-GF CHAARRGF ©fem ety
8 ¢ 2 [ coirmfgam Seom 23| 92 aren e ceipfaa o Mebie-ik a
TTCGIET I AT (R TR ANRIC 7R CATARFIZ0F Sen Sl 27 | e IR Ciifes
ST Gele] WoI | GFCHIA CHARNIGRIN (@ Soiel 5Caa A I | @fb 2T RICITi S
(R | SRS T MICICEIFLE STEn S 23 | ANTACHIRFIRG G fign 201! ST GRS Seoie I,
T SCH I ST 27 | R FroaS aitssa St Seom izt ogfae 23 91w Coitaswiate

Tfgn 3% 0 |
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e Fucus vesiculosus

Ba = 9.3 : a — e, ST aFF AN AT | (o) SN SRS (Laminaria saccharim); (b)
SRR (Alaria); (c) WREMSH FORTRN (Nereocystis tuetkeana); (d) RFEI (ST
(Fucus vesiculosus); (e) ARSTAN PICIRAN (Sagassum cinereum) |
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foefbabr w3l (Macrocystis pyrifera)

(Dictyota dichotoma)

(Cutleria multifidia)

5@ w1 9.4 : f — h, ST 2@ I R | (f) TFOEH TZFN (Dictyota dichotoma); (g)
Fivcafan NSRS (Curleria multifidia); (h) ST 2ABRCF (Macrocystis pyrifera) |

5@ 9.5 : AMIM AT (FINCHICHIR S Seffrwais afoe |
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; arergref enfa
WW? P

5@ 29.7 : (a), (b) GIFTAM | (a) Sfew (rEa 519+ G715 (b) (2 (FICIF 5101 |
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T

7 oTETs RAPR
ctrmigT

C

5@ 92 9.9 : (a — ¢) YEBFRAM FiTem geifere aFe epmRENas Kifeq mii; (d - h)
GUER PilerFSTarT eifors *NTRger SumReenSE [fer v |
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CTRTERS-a7 B
Q&1 (2n) i

B9 929.10 : ACFAT G 5 |
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9.7 JXCT 2

(1) RremiEa osfo R 1 € So7e o1ata Tfre g e |

(2) TrewiER @@ =11eT (@I A [Kage |
(3) IS CHIITET ST ool ST Al Gl AR o147 |
(4) AT AT (T Sreleerd A = e |

(5) AUBFRA-GF @A TR STad T30+ | 46 SRS 2feilfoq wis 13 | 92 (IiteTa wiorer
(VTR 910 [T Tl Sifell SR for3e |

(6) ACBIPRAN-GF CHNATRTF Bfeww T 2Fa C=imifegR ol 917 2 T e=iifeny afem
GRS e |

(7) GCHIPIFA-GF (T Golel THCH A2 Sl SCEAG e |
(8) TBIF-GT TGS TS SEAFANS ] |

9.8 Teq ATFO

SEpAE - 1

1-14

SR - 2

1-9

FLTAT 2Pl

(1) 9.32
(2) 932
(3) 9.32
(4) 9.3.2
(5) 94.1
(6) 9.4.4
(7) 9.4.4
(8) 94.5

9.3.2 S| (74 |

9.4 S1gx| (W |

3 TS @ TS S SIH (A |

G (PICIF B AR € AR dpfs oeal (71 |
G SN Ge] S (YT |

G (T Grele] SIg* (7 |

@R 9.4.3 SIH (T |

SRR ST Sl S| (WY |

G (T Gl ©Ig* (73 |

S8 (7Y |



@&%:10 O (Aterzs! (Rhodophyta)

Ao

10.1 STy

102 o

103 At W< offaon
10.3.1 (ATTIFETAR JA AR AT
10.3.2  ATOFRAS MYFe ez

SRR - 1

104 “Afemizsae G 2fee
104.1 CERore S
1042 (S
10.4.3 Tfew wraa oHrs: sion
1044 T
104.5 Tg@

10.5  FAMTAEEA € @TSHZAD A @ 2y
10.5.1 FAMTIFIZA € AT A
10.5.2 IATAFELA 8 RITTRFAR “A1Lw

SR - 2

10.6 s

10.7  FETAE epien

10.8 TeTRFS

109 o2&
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10.1 STy

3 @735 A1y B WA —

o IO AR CRBTVE TS LRl FACO AR |
o LS A AR GHe 2o ToIF ST Z3 |

o AITTIHEAR T ToaT aFfoq CRIER Gawb@ Fh9l 2@ #AICF ©I Polysiphonia-3
GG ST T SAZ2N FICS A |

10.2 @<=

RITCIFBAG S5 CHAET! I 93~ O12 ATvA (IR (1916 967 22 | (ATSIFBAG AACHCA
sl 7 20l - @R gFE TTHIRETF R AR SR/T6CE (I TITO2 FICSAR (e
WEg (72| (T Geel SoINPT 2o 2€TE AGE ARINGH FTe€R | oo @mkebe
AT TETS IS (AR AL G BRGNS ST (306 SZ | TS FIE CFRNENS QIR (el
THITO3 ZFICEET (7Rl TR 1 | Qe AP SACEB T2 203 | ©I2 30 T4 2 (@TOIFISI AT
T SNwLCTa 2eHIREHF CRIET (s Scay G (ol |

RITTIFIBAICE 96 7712 ToTiTre Ol 1 20T, T2 - WIFeFRHT 3k FRfewzhiie |
BRI (Fa (I G SICoRFIFS 776 2Pion @38 Gl SCowIFe ol agfen taie |

FafGewrRiila sr@fe =[@ie SrarwFe Txe | Afemmzwz aslfel @ffewizhie
T @St | @7 G 2fer SR N1 e Sl e ewiahien [fen afiEef
TS sAfafoe 2l | wAfemiizsfam 2 wfbe 2fon emm il 7, T GlRreies agfen |

10.3 (ATerTRAR 7w 2T

10.3.1 CAITSIHIZAE 2 (AR ATZ ¢ (CRITETR TR S 2.3.4 ST ST 71 2CACE |
10.3.2 ATeEAR AdEe f7md

RITTIHEIA @A T5IF SN wFTos 9 g6 AT S Trard 1 2itaien | Soirsat
‘{% o6 -(a) AiHrewRHE (Bangiophycidae) €3¢ (b) FRfGewEHT (Florideophycidae)
ifrewizife - Sfen (2 GFTHT 1 IR AR (EIIC; (FI A2 GF O [T,

@3 MG (FICGICPR [ ; 915 A1 FCo w15 MEa SBCHTT ARIASIR @19PE ATF 1 (@ el
(FCA2 (T Sl (rdl TR |
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FRROeHEHT - AN @RRE e @R (BT, WAF (FF 8 Tl (FIF Tore
T (TR 3= eiFam [fE; gFifis Feees afslt @ At (feas-fmfereifr 39f)
fo{5 A9 (7t AT | Seley o1t (IR 94ef |

ARG 3 AZTHAT TR (FIZS (AT T 2 | 21 98% 2iiifo (U | @l forrieizs st
CES AT ‘T‘fW TR | FEFO (TS <[ [oTee JCA, (T - Petrovenella
(CATGITSTA), Comsopogon (FICATCAAN), Batrachospermum (TGRS, Thorea (M),
Lemanea (G, 2957 |

Porphyridium (?RFZRGAN), TR GFCH @RS *READ Hie Fiice Mbres s |

g aGife Sia (AR *RICETE (02d B2 AR A0 03 | SRR g 2RGIQace I
A | Polysiphonia fastigiata (SifemIEml TAGARIG) eenfel SIRTHFREAN (@Iremss
(Ascophyllum nodosum) €3 o7 SRR ATGK! 02 A F0 | Ceratocolax (FRTICHAT) T2l
Phyllophora (FIRTACERN) AR SHF 2G|

TS Alge ¢ AUF (HRAICER N0 (@CCRPIRIAT S@of© (*Alet FHATH 7 € S |
Delesseria (CSEm™IERN) @R Procamium (CRRFIRN) W"Wﬁf’i W*’B/ a AR | g G
C*IQE AR08 (TS - Porphyridium, *3REAN) (@@t (1ifZe CHIQIeT @RI (Goniotrichum,
NfNSTIIN), PETeIIIENIFIZNO™ (Dumontia, SERIMPTY), ARG (Porphyra, ATF3)
agfon 20 A | [Fg CIRIET 2NCHC (Asterocystis, SHPBICAIRIG) ggfon (il A |

AFOITHF (T @l (@AIfEe R ¥ib 2« ©Itsl ©lsl 1 A ¢

(a) @FF-=rF-4 B (Uniaxial) - S22 N1 G 247 (SR STHIG T Tl (ACF
e AR =14l AP e 208 PeTelMETwiRIge o 597 I3 | Snizdd -
Batrachospermum (VBTN Ceramium (FRRTN), Delesseria ((Cmifa=n) Ten@ | @t
RS RAANCITFISATE (Pseudoparenchymatous) (72 57 L | ATFCG G5 S-S eSICal
CIGF (FIT A |

(b) 2 - =% - 774 [/ (Multiaxial) - 050G CfE-9r5-51 7141 (72 915 | 2R ome-s1tas
oISl ST (T AF IR 26T or-37g (AT A =M1 fFiofe 20a R Itawsizsige (72 19w
T | TWEAY - Nemalion (@IfeTaie) |

(IR Mo - g (AT ARTAFIZAR T Z0e1e 3 @A+ 2T b epfon |

FRAFT - 16 B9 I, fooraa %Al Cryene ad @3k 30 B1l (71503 sl 1 oifde |
ORT! (FEabica foiftzs QiWIQf(mucilaginous material) (721 T, Al TR TroR A | Sea
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- SI9MF (agar-agar) €38 FIAI (Carrageenan) TSR SRR = TS GrFca STty
(T*IICeTa weftafos warg ST @2 b SiTeld 92T T=ITF SN 1 TRCR) | (FRifEraifm
(Corallinales) cafa Sferng (@9 - Corallina, N, Lithothamnion fcisfaz=;
Lithophyllum, RIS (PRI AR FRCACOH SN (7] TR | G2 (A2 C*-Ie
G JOMZ (RIIeT &% (Coral reefs) SIITe L A |

S (RS e Ree 303 @ifafeewizAfe (Florideophycidae) Soit=ais Srasfs (*aitet
(@S - WHICIEARNT; Palmaria, *0eTsiifE=l; Gelidium, (SRIGIIN) (RIGT BBk Wm"’f{
“foietial (pit-plug)”” (7t TR, o1 STeey (wida Sfgrwa 215 A1 91 (2t srvjel stieami | (5 2o
S SR ARG ASTC AL Zlfore 27 |

FFICSH! - @2 AR CHRANCET ST (I8 231 FFicerena 7=l S (el | ARITaeizE
GIREECE (I FITO2 et (ol TR 1 |

(EFISICHITERIR € TG - UH(E PSR T (GICHICFR-«3 e e Af20a areigiehe
SIfeTIF (I SRR AF M (not stacked) | (THES (AITHF (FNCHICHIHD TSI NBAFIC e
TG BRGSO ACE 1 | (92 () @ ARNCAFIA] 6T Sy 7661 (A RN GHCAAPE Al
(@FIBICHITE 2 Al ST ABATCIC BT SRZF ACF) | ARFAFECL [ @FFeitd [ers A |

FAIF-9 ToAfFe € @ICAIET-[7 @3% - B S#ifFs | St Ste @i - & A |

FAATAFIZAR T (TS IS r-F P, r-piRreaf@ide g2z SRRt
TN PRI (@ANfoT S g (A1l TR | 90T GG r- iRt wifiee e a3
CHRICETR T2 &I (Al |

SRS o - I, B - I, oo ¢ femremfyn ol o | g arenfsre shicgarenife,
SIS, o - 938 B - fE=ithremizs shea ar |

wiRFRfala e fonaer 35 iamrres ARl ge sy FRRiErss
(Phycobilisome) TN WG N SR 0 | Syl qgafs wiefile @i ¢ FEifaese
Fgefe ABAFICTT SO SaB= F04 |

ifPrewzf® (Bangiophycidae) $o=@ (*RIER (Porphyridium, #FFREGIN; Rhodella,
QT (IS (FUECA GF0 MG OFFIFHS (stellate) (@GR (721 A AR (FFCA SAB G
St Bl AE (5@ 2 10.1a) | ARRECERCCS K07 (@ 516 0= SN (712 ©12 SAE GTF 2F©
ARG T I 1 | SR T ewERiiT Saedioe Sifami (*RIER (@I (SR
wcarel weffe ARG #Ifafd T 72 fer= (discoid) i Sgfeif® #zfams &3
(Tfeaw-famifEcafem, Nemaliales C5/@ T30T) (@FIICHICRIA R A |
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e A ¢ Al A FIRIBGS Kot A | 5w wamiE S 515 ARCEIRe
T A | GZIT] ST (FCCRFACS @FIFCORIET (floridoside) WG IF LCEIT G *I51
ARBCHIAGT (7l T | ©I2e! GRS (trehalose), SBAHIRTEMIZS (iso-floridoside) WECHE
G TGS (721 T (AT @ @3, 1985) |

efga - Wi FRHT Toreia i (@I e e Qs e @itfvesizRHe
TR IR (FIR-TLNG R RS (S (F1F 8 Tiel (1T Toro) |

ofet (vesicle) At &f% (3 (gland cells) - (FIFCeTRHTT St @1 &fg @@ (el "
i 0Ky 2eife Kooty [Kifen T (@ - (@I, SItifes) sAfes At |

T - FoaP Goes (] TR, AL - 7, ST 8 (e Giele] |

TG G 3 G AT (FIERSIETA M IHRBIF I | I Al AT
I S Srele] IOTT |

ST G ¢ RIS FITEERE Fse (et ¢l SR SgTs SICae Sme 37 27 |

(a) A1 (Monospore) - FTICHIFRG BfeW Tes NCc=iinifeas @b Iig =iz A
@Y Tt 27 | 32 OFe 2 Tod Bfgn ey I |

(b) fREIE C=*i7 (Neutral spores) - (F9 (F (2 CHRANTE (=T TP Foliefae 2
BB 7 9% 703 | @b TFRe 20 271w el Sfen 7R A |

SCAICIR @ BRI iIF ez H1E Soitedin (Rl Ree (A% Jo1s CiiF |

(c) FIFATATF (Carpospores) - G22I (F¢ T GHBCaNG (AT AP afgmg Seom
23 91 I TFRFTT Torei (a2 | 2TarFelta CollfTIFIG 34 (ACPS SRIF S (7 22T
(A9 Bl 20 2ACF, AR MBI (Alemiizsiam) a1 S (JEFr=is) o3 aeas
20 A | OIRie! e 2 RIiT>=iR @ - AR, GRITIR ¢ ATt i Tevg 23, Ut
o ciaifes a2 v, 5t 9 I2RUE o ia SR A |

FCATR, IRTIE, GHITE G2 AT - (T Gl blard A & ©f2 GURE 450
SN ([ 7T A Al |

T ST - (I Gl SalpisTT agfos | Tftgn 721131 <1 fomaisl T 2itad 2re Al | (wifRe
TRRITE <GTewIBiCs e @R e Sceftelfms 7o =1 | =ifonfeaee S b
G PSRRI fobet A (spermatium) S 23 | FToATaNfa=ics) GiRTlize T Soigfa
ATF AR ARINCE 228 S | PR o fiRrza- 3 foea i sifere 2
FrAtanfamis seize fT91q FeFem A GRe o1 3 szt e o 3|

GIRAGT P! sifaes widie fracsren siffastaa owia ewifs [ica [fewel orat amm
R @3 feferes fKfew e s orat 21w, Ty @efer Stetsa 51 26 ¢
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e RS TANTS Porphyra (?R%12A1) @ (Bangia) @1 sttt fEraiziaife i alzreies
(biphasic) SRb& (2l TIF |

Porphyra tenera (%1231 Gean) (6@ - 10.1B) Sfewi aTICHIFIRHS (FNAEC) oFfod |
ARG HZRIT | @2 Sfgrn ~irsiiorifgarT e Srsfivanfamms Sest 23 | =g Seom frve
=R St wwiFe THg Fefanem we FRe 2@ St 500 3 | @iz’
Mot afemm Reifere 2w 4, 8, 16 a1 32 6 fG2te STt oo T | FrATiIg wFke
T3 forrre *ﬁ?lﬁ%@w (Z 515+ A, AT S AL (Conchocelis phase) I | [€3
AT FACHETH @IS (Conchocelis rosea) TN (FIES AT TP (TS 0T G T
(el 20T |

FACHICHAA QIR (T2 TR RTER aIfe =31, T W FE AT TR (concospore)
T 27 | IR TF T 20 NG 0F Sfen e 303 | 75g 2hl 2o fOas Faieiia
(AT FOIT AT MITICHIRFZG T2 T3 | UHLG IACHCIT SIFCEMIT FIee @ faeze
TG Al T 71751 IS CAERPRIGE (72 910 22 | GB A0S Qo= CRICE AR (a2l
TR« (7@ - Algae - An Introduction to phycology - by Hoek, Mann & Jahns - Cambridge
University Press - 1998).

FRGeTRMT Sotedia (g fon 24 Gears (rell T ¢
(a) DIPTTC MITICHIFLH GF AT GILATTC FCATATAFRS -7 I G GIIbe 9l T 8

&S Batrachospermum (PGITIF=ASIN ) TRRICE (7= E | A0 SIRCANCE o feretaa
e I AEC FICATACAIFRE Ty 7 | R ItaIwizs Siceite=izmiea 3t i Fsfic=i
Tl I | TR Ffe 202 GBI (Chantransia) FIF SIS AR (72 519+ FC |
SO G 2Fosits AITCOIRFRs Sfer@a CAIBITTS Tl Sike JCa1 T 01 Fa1 2T,
(P! LT SIFS AT #NLB FICACOIFIR B (72 9199 I | FICST UG 2T SIGIBIFZS
S AR FICATHAICAFIZE (7l T |

(b) ILATITS AITIACHIFIZG-a7 AT fT2ATTC FroAAT=iTaTes -9 2T EF Gaed ¢

UH(E SN RICFPT ol 26 oo ftae STATitareizt Ses 23 | Frefir=irmigams
wRES fCART ST Terica FRihm 23 T iztae et Sesm 27 | FesiT=iF
SFRS T YIAET MICIOIFEE ST F0 | T2 ATHG AT ACACOIFIR0 @ fTars
FICATITAFIZE (7l A7 |

Liagora tetrasporifera (TN GRITIRTR1) @R L. papenfussii (FRICaRT #AToRE)
Tt G2aE Tj@e (vl T | FTCe -3 Sy awifere GiRw e Sener ol 1T |
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(c) FIRTHIEE TR@rs - ITFa IR SITACHIFIRD (AT S (s @ Frofranfamics
wRfFe TR Wefgam e 2w wiztae Wefaam soq a0 | @izeelt (Ats s
FCATNCAIFRE Teoim 27 | FIATITAFIRE f 2T ST Teom I3, T orgiEe 20 [Game
BRITITAITIEE ©fign Sesta 27 | BRITITAFIRE RIefm afEm eiee GRiTia Sesm 30, T
SRS TR SRR MCIACHIFLE Segw Teofm 27 | Fe2 GUFia LIFC SITICOIFEs, GRS
PCATACAFZT G FO2ATTC GHITHAIATZE @2 Fonl Ty ToifE o Tel Gt Gl e Sgars
0 | (AT T -T GIRT60E @IS KIS STeTsa T 2R 1)

STl - 1
(1) GICCRREA @ R e 6 T ©iel 2312
(2) @b GHCH (IS CHATER IS el |
(3) ol &a Av1 303 @i BIRfG (@ RS Coaitea T T |
(4) 9f5 =GR (TS IRACET TS e |
(5) (FIfeS (HRITET SICK) (TT SIRSYWR G0 AR 15 e |
(6) G G, TCTCIANTITRIRCAGI IR 2RI (FAIRS CHRANCE 1S 5 |
(7) 45 STHRHS @ q2-SFEFRME (FI2e Rt Svizad e |
(8) Sali-STlaE @32 A 6 2 o TeA i 2
(9) @I T (coral reef) ST AR T Ahol G (STNZS (ANTET I e |
(10) =G 2o (Pl ] AR 2
(11) ARTARPZN TS S (I T AT SIRbCara (e 002 FICee (7l [ 11 2
(12) ARNCAFEAR A @CCIFIPR (I (& 60 FleT (el T2
(13) (FNfES C*RICER e A2 99 G (I AGFT WKl 2
(14) wizrFRiwes 2 ot @i @ awe
(15) CEAIfEs C*RICE 2w T IS 2Fhs Trard T2 |
(16) SCAIC™iia f6 2

(17) CTIfZ® TARICHR CFTE R '8 FY Grelel ST <6 967 23 2
(18) Gtz 2 g Fie 52
(19) FFCICTE #27 fF 2
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(20) FACFICIRTITERIS 5 2 321 (A0 [ 2 {7 Tl 2302
21) FRMCeTFRHT Torudice FoaAFE Soas (71 TR 2
(22) AT FICATACIIFRT (I CRITET (7l A7 2

(23) GRE Glaaber I A0e1 2

10.4 sifemizsaa-a s 2foe™

10.4.1 (¥ STF (Systematic position)

@rT @3% @AM (Bold & Wynne, 1985) ST ¢
el — (@ICTIwIEs! (Rhodophyta)

4t — (ATOFZA (Rhodophyceae)
Tol-e — RifafOewE3A (Florideophyceae)

3of — P=ifSmife™ (Ceramiales)
cllg — @l (Rhodomelaceae)
el — oAfe™IZ (@l (Polysiphonia)

@wife  — P Platycarpa
ool AGIfS - sAfemrizwiom 2T ot (Polysiphonia platycarpa), “femizsfaa hifcsb

(P.variegata) |

10.4.2 sfe

AP FRIR A1 aGifog AU | GO S A REIACA AW CFRIER S A7
|

10.4.3 Tfgw orrza =mre 919w (5@ - 10.2)
o Tfen (w2 AT 2iFfea, TS Jrefd, AT =Ml el {3, 7 @ieR Sest |

o IZT 2FfeR (FIRwler awifas fre R 2 Efen o= 16w 303, ©iE @7 T sifepizrifml
(Polysiphonia)

o 7 THS| FCAF GIHHOE A 23 |
o 5% 2GS ZGTAITFM (heterotrichous) 2Ffex TLfie * It @ 45 W2l SIS A1 9IS |
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o Tfen (12 AT 2fod o5 Bl (e T AL TG AT | TS CAC-GF SSIa! GiFfod
TR SIH] QAT |

o AT Il 4TI AP (125 IS 24 OF B 95 Al (AT TR =@l Tesiw 23 |
o T CH (FUIT M €07 GFfET (4-20 ) (ARTTGIE 72w Afeers 20w @<=
sl sifde 27|
o e TG (2BA (I ARFCER 13T @3 fHHfbzet Sr=al e |
o (TUR G (ARTTGIET ABFCAR HFe] (I ABCHIATGTI IRl GT SR A IS AT |
o AT SIRTXT 2L ST (AT FHACTR *14 Toff 23 -
(F) @ 1 SEI (unlimited growth) Jfa =8 =1, A #IfRie0S T 2 STHD oL /4l
i< o (A |
(%) 415 a1 Ffire Ifasm =12 (branches of limited growth) | €2 &FF *12 ¢F Al

32 @I 91w | G GIRCFIFIT (trichoblast) 9Ce | 46 Sereitsl Byifiew ¢ G OBt 92+
A | GRISIES TYFTe GG, 92 |

o 2l (FIT G Sz A% | @I bifon TR (@ERIBITrR AR eeeR A Ta=E
R | (I (@™ G0 J2R 9157 SRFS | (F (@ 2ABRARC ACF 1 | (T A 7 |

10.4.4 T
SNG4 S (7] T, 2] ST 2Fhed | Sifpice efenlfs fomais |

AfTABHT (Polysiphonia)-3 G=btE foneii Sfgr (1 T ¢ (a) MMTIACEIFIZG (n), (b)
T2 FTATHITAFRG @R (c) FEATE BFIT=ITAFIZS |

(a) MBS ¢ 32 AT 2Foq, T G Gl o Iz 0 | (@2 fomari Sfgn
mwﬁm@m (7JGTeTe o) @ iesfcanfer (camogonia)ﬂ'@wm%m@ﬁﬂﬂﬂl

={Gnfe (Spermatangium) (59 - 10.3) 3 &7 ﬂamﬁw@mwﬁﬁ@m R}
T2 A | GF A BT & TIA GIRISHIEHT (NTE Tia g (I oTe 71 (aafe (A
“oSTGIfEIe et Sevim 27 | 2ifSf et (At 2-4 T G T =isGrigm Teow 23| afsl
“oSIHITERITR (2ATHIRPE e 203 G @ FITeiRiEs fmbe =R Sesm 7 | #ifFae
=R wisfErigaem At i 3 o T 23 @3 OPTs A |

Fresfieanfams (Carpogonium) (5 - 10.4) & FiesfTanfam Fi-wee o | $41 F GRS
AT Teotm 27 | AT HRIFIIET @1 ATw I& A0S | 507 221 T2 AT J& 27|
ST (I (AR (I 417 (1T (Supporting cell) FCol S I Al 5473 9§12 Feifers 2w
4-5 (T KRB I@R FACTRIE RFAETS 9190 701 | REAGIrse Sl @R Fe O
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FeAaNTRICT Fereiie 27 9 S Fe At | @3 e fome e g gm0 | wereia
TP GIRCRNEZ (Trichogyne) 13+ | GIRTRINZ PRI &NE SHAC DS I | 93
2 ifgers Fceftanfamis faacea e todt At |

it ¢ ~IRffPRIN e T (ST FiRIINEN-a7 FT ST @3k GRS At
g oIl TAg® I (13 S w0 acay {0 GiEianza-a 2tae 07 932 @7 Tgfcy
FTATNTACIT e ST TSRS ST {719 Tt 7Hws ST | sreze: i
fefgar ¢ fomy i e 2w fare szt e sow w |

Rrataten #fda$a (Post-fertilization changes) (5 - 10.5) ¢ @2 “fitx fCztEe wiEtaNs
TS (A0 AT AT AITARRE Sfer Seots 27 | FTTItaeizs oroseid fGame Frefe=ia
%R e fCART GRITICARFRS Sfen Seoiw w0 |

(b) JTAT=ITATFS Sfewa 7R

o 2T AT (FIFFT N =6 SFETHR (T T 2 9 WY G0 AT [Foima
S I | 9 AP ATAID (@ 2-3 @1F 7S @ @6aiEs Fers (Basal sterile
filament) @32 (FTGICAET (P61 [FAICTG (Lateral sterile filament) ST I |

o IR @IF ATAMR @I 03 Toita wr@fgs, a1 FCATalFRIT= Fre S 49
PRI ST I | TSI T4 GF0 et 71 A Bifore 23|

o AT SafFe foate wiRrat e ECeIm afei uit Fe i son s |
G5 ST FesATanfamies sge o503 g3k w6 e W1 e S @i
AT A |

o &3 Y Poroie fFfeie siffasaafsr ol o ¢ (fo@ =ik 10.5a-¢)

() SRR @I P2 NSEmt T8 200 I F0eT wysg SN 2w s
fCare el s S |

(ii) SCATanfTs ISt FroATalfme FAGrsa Sy @Ref 78 2@ aF |

(i) SRR @I eREe A Mg w2 Rerem 7 b fate Nefzm
5107 0 | i SRR (@ (A G Toigfa AR 2w @k @t Fofgam Tw
Toiare e o7 |

(iv) ToRfEM 2% 2R ar il SRR @ (e 92 20w A9 | fare NeiFarye 3
Togfacs (aNfCgPG BRI (Gonimoblast initial) qCe1 | GBS SICAF (e
CONTTIFRS 2R S 27 |

(V) ATTS (SNTIEPS SAPRIET Reretes T (oS Rt Sey w6 |

(vi) CONTIZRS RFAIGITSa Slar (@l “Fie 20w SesfiT=irmigan 50w 3 |
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(vii) ACAITR IF, @ @ (FOICae RFAese g @, Sifermd @@=, Feeftanfme
RFeTIGICDa fhg (PIT 972 316t (SRSl gota I& 20 SPT SPphed 2o il s
(Placentral element) a5 FCA |

(viii) @facE FICsTanfaiem At s sere cifRerge @Rl (s s @
T2 ZCH G0 BRI 778 I T2 SR ZNCTOIE A0S, CNFTIghG R s,
FTsAT=iRmiieRs 72 37 fEAES b S FCH (FEe | 42 SEA T (T4Te T
T (urn-shaped) G ARl A0 | (o923 SToTSCa SRFS 7w SO
SRR (Cystocarp) A0 |

(ix) (NPT FATTS @ FeAT=infED, e aF e (@F 4R mew 3|
HTBIwITAa fPare =5t FITHAT=ITAIFET (Carposporophyte) e |
FCATHATAFIZG F ICACHIAIZE - ol G A0l I A |

(x) e FTATHITAPERG S7fFe Al Frelirermigaes @GS @ a3
TR fEATT FICATTIT Teory 27|

(c) BFTATATRTS Sferra 3B

fTame FeiTwiim ogiie 2 fare Gor=itarzihs S 7 501 | «fb sntbeRbe
Tfgors I TR G (AT G358 A1 | 6 G2 Tfen Reeltarta oGt (i R reraa oS
I imifga o1dw <7 | Al GRITIRifEaITs ShfFe «aft GRITia Mgtz et Herew
Bl GHIT=IF Sy Fd (5@ - 10.6) | GHITHIR Tawe aFfen sidie «ft frar=ix afs
BRI IRITGRITS Sk 56 BRIt St ¥t 7 @3k 4fo J afen | eufe sgo zwm ok ¢ &
MICACHIRAR T Sfegn Sesim ¢a | (6@ - 10.5 £-i)
10.4.5 Te@w

AfTAIZ (-7 IR SCAFRFS Gibe] 2F07 | 97 GIRb T fomiD wil (7l A, I -2 ARG
SICICHIRAR S weil, foairae FrofiTimezhs wi 3k fGame GRT=iwEhs ™| Fizwe
STCSICOIEFIR5 foRart, FIRTEIRN | 2 SOOI S = siGrfganca =i (s sheas) Terg
=7 17} SHICICO IR Ficstalfaaies fom S e 2 | sfitres ez e e
e e 2w izt Wega sioe 03 | Sizrelt Fefam s [few giuem g fTate
ARG ST 7 A7 B SHCTCORAZCGS S ATEIACA SR 0 | FICATATAIRCE
FefiTirmifeRicm St fSamEe Fesie=ia Sevy 2 | FreliT=in wgikre 2w Faaaa fGare
CORIT™CARFIEE Tfen Beofm 0 | €2 Sem (BRIT>IRUITGRIGR 03y (GRITIK gt el &1
R FIATTG (BRI T2 0 | (BEITIE SFITS Z0 217 SITIICHIRR Sfen e 03 @1
GIRAbE T FCF | (ARG GIbLE [onib & (el T (PTLRY AT GIRF(Grd 6ol 5@ (Triphasic
life cycle) 957 | (fo@ =1z - 10.7)
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10.5 FTAFEA @ (@TTFTA 7 € 2ol

10.5.1 AMTAFZA @ (ATSIFZA TG

(a) ToF (MATS S TR FIRCHAT qeF Orll A, A FRIRIRIATSHTT S 3 |
(b) TS (G2 (FII K & LRICHG € STEARRCHIS (i T |

(c) AT AM-ARACARFRERIA 3515 € (@RI 7516 A s W 2 g8 257 |
(d) TS (FRARPIIT CTICAIS G AL TAMI 257 - SiZeT (xylans) |

(e) TS CF(A2 GIIIGCTH (I WHITOS FICSHN (vl A =1t |

() T Az FEhiteTe 7 24 T2l 281 - ARTEIS OIS, 2SI ST,

5CIC 8 SRS |

(g) AT ARAFRCTT [T G52 2 wiefie Tex (iR ATeFrEesf By
SERI Al (A 4T SN GIR 27 200 (| YR STZN A |

10.5.2 FAMTATIZA € @TTFTAR A
AT
(a) (RIRes gplon @ (2|
(b) GICAIRRsT & wrgeifre
(c) CRBICAIPRE (vl AR |
(d) T S (il R 1, OC § G
TRl 7l 31 |

SRR - 2
(1) sfemizsaE e sRgw Srard 5 |
(2) sifemizsfam aRFacd FiE 5 e

(3) CARTTRIA AT FICHE I 2

(4) AfTiiEEmT 7 e = ol 1w 2
(5) ARTIRERT @I @ AR A e

(a)
(b)
(©)
(d)

ATewEA
Teifelts agfen @R oz |
Icafeet T8 il A |
EBICHIPT (e |
I Siefel (7l T 3R @f 332

o oigen
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(6) sfepizwiEa Gke 5t ale foafb saa i f
(7) GIRCIGEE FIF A0 2
(8) 4RI (1T A ACAITL (FICTa ey 5 2

(9) GlRCHIE 52 @3 I f e

(10) ~femizsfimm sifriamiear @i s Teom 232
(11) sfemiizzimm FAT=in giawe 9 faime ? 3 e 2
(12) “Aferiizsfaae Giaapie @@ St 2 e

(13) ARCARFZIN @ @ICTRFAR Al Srard T |

(14) ARTAFRA @ @CTFRAT 2NefFaf Srad T |

10.6 <I=

o RITTIFIZI S[@fS (HRITWR (FNfZS CxIleT o1 2 | @2 2 (e 2ewifRebs egfon
(a8 (ARTIRSHF TR A (@ g e St | S 2wl arsts s eiwifes Afus |
UG JRIPOF (AN (TP GFCIIRN (RIS (72l T | (FNIfZ® *RIeT @< o (Uniaxial) € 72
P (Multiaxial) {42 203 ACF | (FRAFICT S0 Sl @3 Ffilam T omief shem a3 |
e 4 EFIRICA 3516, GRRTTRIRS s orl TR |

@ifEe tRIE ABreTRMT 3k FRGeTRRMT 92 ¥t Soitedice ow | @3 1o Sa=@m
0 (PICIF SIS 8 Trele] 5T© 2N o7 <1l A |

iBrewRHIE SA@TS [T Caf sl SRBITR-TCAIC ¢ fNSHE iF (7l T |

G Grelel G 2 FToF | (IR CHIRINTE CARIBo1el 7j3emele S5t AT ONER @ Fl Srefel SBiC
ScefTatfamis aeeT | isonfgam et et iR Seom 23| Srefitanifamic safzs fEmle)
Efgamt ~fiFrIcR NeFaem At Fe 2 SRt «IF[es sl e aow

IEA|

GizranTe Wo TR e Reie awife Rt Nz wigat fetm are #/itg uac "
T fq wa [fen oo Gieave ol T17 |
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5@ =2 10.1 a ; RGN geifen @i 5o |
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PG =R 10.1 b : SFHBA (GL1-F G 5 |
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e R U 3 Z.
YTty ¢ VAt7
: \l J i/,

SN URN /%

£ .

P : 7
: - R ""{_ «tl 3 ] ?

B AN RN W AN
!Ii RN /t.‘fd -,

AN
¥ -;:-.‘ A y \ Z .b.“} /

5@« 10.2 : a — e, ST | (a) F& @ITHT TIW Sew; (b) S RIGCAGI =I41; (c)
FATEIT € ABECACTA SiFfog T wiwH 72 Bferra e, (d) WIFAITR Seretal; (e) L=
AR S () AR AZ=A |
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5@ 10.3 : a — ¢, AlTIRCRI | (a) =IfGrfER1 712 $F9 GIRIFEPG; (b) ~IsGrifeRe Trerea
Z (R ST (FTICHRN); (c) “ISHGoIfer *1i sTa0ven, “iioniga 72 =irfionigme e |

5@ 10.4 : a — e, sifemizcriamt | SefiTanfmcTg »fgbem aaxis [fer #x,
(e) ™IfBiRTeH |
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5@ 10.5 : a — d, sifemizrmifm, Fracsres «ifsada | (a) fozTae wiziats e w2 Fire
Frfvalfa ak 47 @9 (A0 SRR @I @, (b) TRt FeFuer e g
Fcefiafaac sAce SRemS @i < (o) FeAraifeg [eafe g st @
e FCACANTIN 2re @ e MeiFiee g, Baeis Mo Fem @ e aar
@ NEFaE™ SRR @IF (A Teom (N TIEeG &Ica ZEs; (d) Ssifhers Hesrmsf |
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(otfEmsf

e SR (ST IIT20);

5@« 10.5 : e — i, »femiiRrwifam, fcaceres “ifiasq | (e)
(F)-(i) FITATITER SFCEAN @R #AfFere GRIT=ItAwEs Sfema (2n) 3R |
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5@ = 10.6 : a — b, sAfePZCHI~-NETRE “7<E | (a) GRITIRTITGTN 77 (GRITITAFZe
AR @RIl (b) BRITHIF 72 ANACHR @I |
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(2n)

59 10.7 sferrizsiam-a Gave
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10.7 AT ep=at

(1) GTTIFBAR (SICIF 515+ S AE SB7Et S13Ga ALHw e w3 e |
(2) @TCFEAR (e AP TITEee TATEF ATHFCHA ST e |

(3) @CTEEE [fen o Sa= ST T |
(4) AARTAIZIT-2 SB7ET 91Fe FHATE ST e |
(5) oiferrizsiaa-a Fras sr@fd @ s sEeT g1

(6) “AfemiizrlaaE FatHed (9 Swe 79It T Sl =g fo1g |

10.8 Teq ATFe

SepE - 1

1-23

STl - 2
1-12
13
14 :

T e
1) 10.3.2
(2) 10.3.2
(3 10.3.2
(4) 10.3.2
(5) 10.3.2
(6) 10.4.3

10.3.2 518 (73 |

10.4 <14 (74 |
10.5.1 =4 (74 |
10.5.2 =4 (74 |

TR ST 519+ € (PICAL 915 S (74T |
G (T Grele] SIg* (73 |

G (T Gl SIg* (73 |

SIEe] (79 |

wice (73 | (FI0as =it i®)

wI% (74 | (FRCaea 718! sicH (A0 |
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(g2 SR
gt

ARrFRraEE FeAbe ofFom 2@ sediafed | TRrEREEE (Microbiology) FUT &1 |
WELFM (Mikros) A (26, A (bios) I G, TN @AM (Logos) I F&M | 4F FAR
FY HE GIAOFE TAE [GEEE @ MR STEG 9 TAE, S E NnekiEEe a
wEafea | @2 e 22w At [Fwl 53 29 (Louis Pasteur) /92F F72+ | SI9GHE faeete
aafor oo Tafe sam wam fofi—1857 (= 1895 AF W2 FTNTHETR W04 | 47 (40T (AR
A 7 Al 4a “ared 799 | @91 G149 WEGEFCEA A S TF Trel (L A A, S TS
E I GG [Reag Swsfe | @3 SAeiPie 37 99 2 ICFE (microbe) T ST |
3 (AT IT WG | W @7 10 srem e M &R arm 1w ara TR s a3 o =@l
Q GA7RS, SISl SEIT FETE | FACACE Nl FA WYArF g FEH wordia a2 wirE g
=7 T AErEREERG w41 92T g sreE sreeime | snfefre (@) 1609-1610
T ML SNETET T2 | #73 fF (C. Drebbel) NEGFITRTSE A% Al =2 07 Sl
| e T 2uw weEEE TiErEe e im0 e @it o aeades (A
Leeuwenhoek: WIS 1632 (27 1723 ) | [l fre @ wiznersist todt o« @ @b
fEEPTE 160 (7 300 @4 IT FE @I TF 229 (1674 7F) @@ @ T, 7 AW
ST RIS S Tl <[4, 7Kg T 780 'fo 2lb &9 S qiem TEEcEel 91 seEws
qZ BT W A I | GTSIE o oy a6 Gaesre ifFEs FEa Ehis Sdl 6 A GReE
9le (microbial world) | #jf2dre Gz wife@ 2@ 350 @ a27 <me 9= wifw tafgate
ST Sy @dwe kg GIohh ored | Sl SEEIE 19 AT oG (A7 V3 *1eF 47d So7e]
F@ida dmsE Mia e IEE GE TEE SN aFE A 93 LI FEE
WA RTARTG A NG ARGH | SEerAre® (D. [vanovsky) 7R O3 @R 1892 7T, 271 T
(P. Frosch, 1897)8 f& @@l (F. D' Herelle, 1898) Sf<eia Iz« (1 Fi4Es Warwrmms @ 549
Y (7l AT SR (ArFe (@lh A omief ojfudine wnm | ane wiewy fewfifE g i
GITSITA (BT (18T A (@ AR ST (20T T +J2FiFe A T | O G 7 T G
A T @l | Q G SN S S 94 | A AR Feh] ZAEe $iEam (Virus) | 9ma
4TS 205 STETRGH WL (electron microscope) SRS 24 | 42 ACY (W T@T 10 =
T 10 7% & I8 (7l AT | TN A RS TIEme T© @ @ @RI TR I FEANE
(@RS | afre adw wiwE @i 2@, $few awals apieGiam W sedar wmeel s s 9%
e (Ara AT 9N BB FE A AAES GAT TS 74 | GAEH Toiea [Ty Ae—(1)
TR (algae), (2) THAM (protozoa), (3) &R (fungi) (4) TFHRAT (bacteria), (5) =NF!
(archaea), (6) SIZFH (virus)!




192 NSOU o CC-BT-02

ARSI ARDEAR (FE 7ProAFe FEEM (nucleus) AMF | B T awa @
frefFarge wda (amfashe (procaryote) FET | SAGATF (7 9 GIET (@A BTS 4A7E
Prsifee WElFam e ome 19l WEparge Twal T3wfes (encaryote) A
(ARG ARSI GFFR G| ST *@AA, T, AW T = seamRe’a
BUIEEY | SIRAITE (W (FAE AT A, @ A 9 A-CREE (non-cellular) §F A |

<% {fleSre (EifEet SRmE TGR A9 9@ @ 93 TeEme e @Rt aE—mE
W GRE T 4FE T T OEE (@ STH A ©F 90 ol (2stame, afE 10 o
FIfaeT Fama | A | gm. $da Wibes 2ra 109 camifaet i | @Rmiet © 2emiiaes
GIAE TS 10,000 ¢ 9, 7 (7S QA0S S @3 (7 WELERIEEE e 9 e Gi9
Tl THTE g Tre Al Ara | g TR 9 T @¥e A% 15000 armifaetre W @t
ofers a1 (oirm W@ | afb “fowal ZoTra TRel@ @eeEa A8Tes | SeEs 39 | G4 IF 9Fh
T WA A v, TReee @ @ ARGy a o are o e wifvee fem
FOTER (FmIfAet | Ata «Al Frarsifamet 52 @ el @rm | e @ o @rE
THITE (organelle) #IfEee AT | Joar (Titaehme Gma@l Te3 f&fva

AT SAWE WK T S WSS SIMa TATE AN SR S S
A | B AR e (Rl Savm agfe, wigts, Famaal gz a7 o &
G a1 e @, G TS RlfEs el 399 a0 | @d (A5 SIEe g9l 91d eE 2T
GTE (e A T B AN | S SEet @ W2 S (@ PN G g 9
Foud (I, TR AR THE (T Y TE AR GFE ATIGH |
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@< 11 0 ©i2q™ - 1 (Virus-I)

grD|
1.1 Smes
112 opE
11.3 sizam
11.3.1 SiZama @
1132 SiEAmAT o5
11.3.2.1 Fnsifre
11.3.2.2 fzazady
11.32.3 &N
11.3.3 ofemst o
114 =i
11.5 FEe4 efiaat
11.6 SaF=iEn

1.1 ey

OB 936 Ay g Wil FfERe e e e gers hara—
o ©izad fr
O oioe (afbay (e 2
G Iigiag «aa & gy
FREGRA RO TIEAM T ARGRGTITA 57 ¢ TRAIET AFre
Tfen SIEamETa e ¢ TR
AR SEAE stoq 8 N[

11.2 @FE«1

3 QW WAL T TATR SR 7 | SiEAM (AT (FR AL G5 Te +mrda T
b WA | amd e (it wak e snfre W s | €2 ool wiviteera Aae
WA AS 97 slot Gk A afan w@m @ &g et siem I © SeE Rk
TIHrF 4FE MY PR G AACR FTA TIAATZ |
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11.3 SZa=

izam =S b9z @ fare oo | @ s S SifesE 2eam 9= s (2F IS
T @ (@ @9 R B D) a9n [FE 97 I]ge T @ (@R Sk
AR |

TS (D. Ivanovsky) 1892 SE (AR (7 (IGEE (A5 491 THIG 2D e
fergifEe @91 o @5 gl " (bacterial filter) (20 (eq 1A a7 Wy Wrg Aulwe Sl oiteT
@0 I7E N 4R W R Afdge I T Y7 TN S Ao AfSE e 919 oiEE @ 77
NEE (RANNEFTE T 20T | G2 @I T GRS (N2 SiZa” (F5 | 97 (A (@R T
B SRTFIIT ARG TG SeETAA TSI WS (7T | AErE A AR Emaian $oe (filterable
particles) a SiZal | Ar4ige ARGFCH W ap@ (=1 TR A, TERE AREERT AW
(FET T WL G |

TiEAM [ © oEerd i aT iR g et Sawree ]evm B (vaccine) [Latin
vacea = cow] SIE®T Zatm W3R & BT TEERe TarE | ISR ATSITG TFAIF T 7
GG @518 (@ (Edward Jenner 1749-1823) Preranss feeea B wnfasm soames (1798) 1
L0 R A B I e b ) 1T M o B P R < B ol e M e B
e i T e FaS A1

Tes) worig 29ufis Gl A SIEAEE O 49ETE NEGER 9 GIIE AFE A Ee IS
S| @S, (@2rEE= (Martinus Beijerinck, 1850-1931) (7w ‘GIAVE Glieizs @lel 4=l
sifeE #fl5ge a1 T &= (ethyl alcohol) BT 27 G & W0 1 TR (@ 1884 A 51
B A5 W@W‘l@ﬁﬁf‘ﬁi@ 77 92 & THLTF! FEAATANSFS APGATT FFEGIE (AW
el ST AT wdlled q@l A | SIg, W it | I SR A0 ) SR o (e
(W. M. Stanley) 1925 o1 (e & ey | T8 TP TR e e (o it

_ _ | 3 faem T srerm w3 shrge

@B (Crystalline) 91 TR | 42 (FPH AR (autaclave) TEb6 SR AR | SHHTEFS
(Ao, i3 @37NE W 4! AT 9@ ay @ifoa Mg | aswmn e gom ) o e s om
793 | AR5 RS TTEIT A ] (Al v e | SR APAR DIt (A ST G I@
SR T A | T AN @ ST 53
«ara Walgs e 2rE—(1) DNA (Deoxyribo Nucleic Acid) €38 (2) RNA (Ribo Nucleic
Acid) | SiFaM (2 wqIm RNA 9194 DNA @7, €3 13 43799 Wefge Shife Sy aamne
YT =1 |

SIEA IR 9T G A MRS FA AN, GE AFHRANES | 9F. T, 51Eeh @
& aat 1915 Are $ma IEvl SV ST GRETREE (1 9F 1Q[Ed SiRan 9w 9l
AHITANE FALGINE 7 | 477 51 T Bacteriophage (AAFBRAGHFR) | ARGAECTFINGT WA
ferrre aG oo @ TaGRemma® Escherichia coli (GTBEDA (@HEZ) AN
ARGRANE FFe T OWa 9F U (Fifereier =7 = |

*

3
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11.3.1 SIZATAT @M% ¢ oizam @miREM A T 7 7 a8 mwe (s (e
TG TS AT | AT (I FIBIT AT T FErs (T (e 379 (e i e
BA | [ (T (F TREAGE WOFE TS 94, W DNA 924@ RNA ; 93 SSiE 9fe 57
T AT TERETFICA T 7| G772 (FAIPTS 91 AT LI (THAINS FelH F T o]
IE A |

SRAE G 5o 4o I A, 996 20 G4 (T (eed IEaa T e It &9
(AT AT | G2 Trsia Tz <3 e I97 ol Sivae T0a | G SR e (aE a9giE
97 © AR (S G (g W 7 4 | o2ifoa 9 weite ¢ Wige anfre a sifds
G I SFAME [T (virion) I T | (T ORI DNA 973 OF DNA Siza¥ I 9K
AR RNA 4T T/ RNA B3 | DNA Si3ar7a DNA «FF (single stranded) 31 Ged
(double stranded) =S #IITA | DNA SI9E (AT (circular) a F8g SIS (linear) WFFod
7S A | RNA SiEa77@ ovtae RNA gl a1 fGed e sl 7eg wipied 20| @3 e
=T e A (2fbma s | i @ TIPS (capsid) =17 Fefgs snitie ¢ s-iters
& = = efpemmieite (nucleocapsid) | €3 freiFewviPrea o [fen eZam o
WWE Tk ags |

W S - 1

1. Wi Seaiore (V) o fam ¢
(a) ©iZAP e (AT = sifde shiw— /A
(b) ST (MZ 4T 2HF FEFE MPT AF— 1/ =
(¢) ©izAT 9 @M AfomEa— /A
(d) ©iEIM SqEE CINE (@E (Tord I Fa0e AE— 1/ =
(e) SIS e GItd oral =g 1 g Ma=e AELwrEel o game— g0/ @

2. %FEA AR T 3

(a) WIRGEHAE RENFIE SEAPTE A0

(b) SRIAME GE-BFN m &F @en T, TR 9 A TG |

(¢) wizATE W3fge Wit ¢ meiber gam@ T )

(d) 9T SRIAT BEE T T

(e) @ TiEaM™ AN AEHERANE RN FF GNE AE (ST |

11.3.2 SEAAT 515

11.3.2.1 FiGT® & Fefrewishren @HER eiaor wighe oW @) wiibe @iy
a3 3 IFIfET e ¢ agfon e «ia | ofelt fefama wiefre wam s ki @it faw
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=T | TITWE WHaFF (sub unit) (AR A FertER T FefFewiete Giteera fen
q@TAF 1 ARy (symmetry) 35 =01 (5@ 72 1.1 @ 11.2)

(i) APEIFE (helical) 2 Sie FF e (A6 T TP ofF AW 77, @ Grrs
WW(TMV)MWM%%WWT&WWWW@,a‘r@mhehmar
«ftde qFfh s e ﬁ?amvrn‘lﬁ?rmﬂ\ﬂﬂﬁﬁ—lé ﬁlﬁmﬁs‘m DNA T S[3(-19 >
O T (AT ST | DNA S s loﬁﬁ%@‘eﬁﬁ@m AT 164’% (2, DNA (S
ﬁ%@Wﬂtﬁi@‘aAAWﬂWﬁﬁW@ﬂmﬁmﬁ_1.4A|Lﬂ?a"ﬁTEV.=‘"|‘I
Fpiebres W Are Wl e | TMV 7 @Fg @1 RNA|

(ii) TCFRIFEA (isometric) 3 YA FTAREEA om0 ©7F e qme Ty
F7Prels Izen [% (Polyhedral) SIS 7 @77 | Twizgarahsl I AW THFaed SIRamE
@foaefs @ gofes Tm 200 ooge e o8 TE vdd OrE T SREHIEg e
(Icosahedraly 2feary | @=f5 =l Sz fSime oes 9@ a@ 200 94 (face), 30/
oGl (edge) 9K 127 Flo 7 (vertex) A | <o @6 ofage storaa & Jwew 60f6
FsEIEE v | foe aFfere iR fofams 3 viire @ @R iy ssmhmE
o4 | oo wE-2fTs Al quasi-symmetrical al skew class-93 FiePrE @@ z3|

(i) == afSsay (Complex Symmetry) 3 @ SEA0E oo AT helical
icosahedral (FIWbE & T 71 E FF @A (complex) SRAR | (@XW, pox virus TF GF0H
Giba @A |

11.3.2.2 3fZARFS (Envelope) & 7 fofeara afezime® o7 a1 a2z (envelope)
FNETS: ANF AN SIEAT (F 1 2N @ (PRt [EN awR 2@ @FE SEaet w1 e
RGN A P | 2 SRR FEeREEl SIRA acia e a9 MR R (2 el
W T A T A SE SiifRres Fsite @it SEadn SiwE W et | aeE 9
Feifree 2T A envelope; THmd AB@ @D aFm GTelE AaEEeEE!
SiEam Aggers: wkaar 92w 1 saeEEe (non-envelope) 4l SRR (enveloped) ©iEam
AR, ABFATEGE @R Gioa-agaw of ey (g zre Jra | e afre @
(T Al g SiRAmTE ot B wAreEs e sivs g Affada o | sizaem e @it
TS ATE T | ™HEF 28 A2 (@A ATICH | efSH (symmetry) € FIFAD Sofpen Som
fofe w0
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TR 11.1 3 STy @ s SeifFfen fefere sizaem @dfst
ol

ﬂf‘\’{%ﬂﬂﬁ (Helical) @R (Isometric) Gioe (Complex)

| |

(non-enveloped) (enveloped) (non-enveloped) (enveloped) (non-enveloped) (enveloped)

o

/
—n

N han
Tl.: TMV Influenza Virus  Reovirus Togavirus Bacteriophage  Vaccinia Virus
[c = capsomere; e = envelope; s = spike, i nc = icosahedral nucleocapsid, h = head; t = tail;
mp = matrix protein. h nc = helical nucleocapsid]

foq == 11.1 3 ©iEAEE 5o &val

(1) FENPIF 3 RIS EEES ©R—RNA e fe meieiime At Atae s (2) wive
(Complex) ¢ T-3(ed WG FIEa GaAfemm o19w, I@F SREG W@ DNA | (3) NEEHIRGE 3
SRS, 519 TCFadE efSART | (4) SNEATE ¢ @SR, Il sad fiw o, Fiefiea
& RNA & |
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Penton

foq T 11.2 3 SiZAGE o= @Ha@|

SRENEGE oy (A) S SIREPIEgE S @ @@emia Jxeasts @i Penton =&l 5f5e
(B) Skew a1 =7 &3y Al Penton € IGCEIFRS (26 hexon @l of oS |

11.3.2.3 f&S (Genome) 8 DNA %121 RNA T8 @< 71l (&1, ©RAGHE G 432 @5,
g Ate Fefres (own Peeia St AR A | 92 7Y famieE e siEe Giv 38
GIE PG WAFS (regulation) T I TMEFS TSN | I Giveliz @ @i (o sare
AR I (T4 JFGRSTG S (74) S TGN 2@ R Gop g w77 =G F

e BIfS ARG DNA’ 3 (BIe 11T | FLReTeI
W :ﬁ;{\(ﬁi@,\ 3 © e 7”:;\‘9 el ¢ G (Gene) TEICO IS {ﬁl
oA @3 FEfrs e w9 o P qeupolfion e 120 | AVTSIE A0S (91051 Gy
e g oiRaer em 13 seelfss o9 @ | wiw w@ @ifa wew s@) @n @il sfe

sf5e | @ fAesiEan (Reovirus) | OE Toaics | T ©IF TS 4 4 GIe 9T 4F T | 9%
(PG DNA (A RGBS M9 BT ST mRNA

10f5 =) sTeT] fao@ RNA Ft 0ol | 2 S99 | | iy stmfore < Gifemstsim a1 et
e dfes (segmented) e A | S99 | MRNA (20 8 e Safne ga (b |
SRAIGIE W e @ @b ol Ay o) | @R TR 0 TP Al e |
(I (PITR QIR (R0 (] AR A1 | TS SRS (ST SIPTG e A8 efers, Wi A0
SIRACTE (w6 (] IR | T Seiw fofe S eizapt yeres 12 s9—DNA ©iZa51 ¢ RNA
©iZaPT | DNA Sizapafe s siae fas@l DNA € @3e@ DNA #ihedl a1 | RNA Sizapiefa
Te «Feg RNA @R Ffowil fasg RNA o4l ¥ | 9Feg RNA SIKE 73355—@ RNA
SItere mRNA 313 S F409 217 OIS A0+ Positive (+) Al sense RNA @3 43 9@9535 RNA
(& Negative (—) I anti sense RNA (1 | 9=/G! g ©BA7K 47 Reverse Transcriptase (RT)
T TGS SN A A AR RNA (2F DNA-9F affedmist oife 231 | 9 0 Retrovirus,
& 71 TS eSS SIPieed MR S (efew AeGea (David Baltimore, 1971) @<}
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S TN SEPAE SR AN (21 ara A cadieist (Baltimore Classification).
Baltimore Classification : [F8{5< wnifites a9 vaz GwleEsrma taforae Soa fofe v
Baltimore ©2am Sfge wnifres srel fon fon yawm o o | swiaE, sizamE et
& A Class ofee =z
a2 Arefo @ za 3

1.

2
3
4

=~ o h

Class | : o3 (ds) DNA ==za™

. Class Il ; 959F (ss) DNA Sz

Class Il : <3 (ds) RNA SEam

. Class IV : 4@ (+) 91 sense RNA
. Class V : @F€8l () a1 antisense RNA
. Class VI : a&=& + RNA ©i2ar RT s 712

. Class VII : %92l DNA @iZzam RT SifsiEs 7%

Aa Adice @3 AREDTE 9F6 Trmad AT T @eT = ¢

AR 11.2 : sizam Fefge anbres awfiemm 3o @@fum

Class fefes wpfo Twrzad
I ds DNA TRAA ©igA (Herpes simplex)
3 oiZam (Pox virus)
1l ss DNA S-SRI Sl3a™
(Adeno associated virus)
I ds RNA faesi3am (Reovirus)
v + ss RNA (Al S2aM (Poliovirus)
(ZoGEG A A (Hepatitis A virus)
Y —ss RNA LA ©i%a (Influenza virus)
VI RT RNA ©Za HIV
VII RT DNA ®iZam™ (ZoGEG9 B @M (Hepatitis B virus)
ds = B3% A double stranded; ss = 49F<F A single stranded; RT = FTor GHiEGS

(Reverse transcriptase)

W AT - 2

a9F - 42 FYT Toq = 2
(a) TIEIMAT A FT IWAT ATAG A AT @ B[ Fe
(b) WETESGE SEATPE OFEF R € AT Wyl € FE Gg A F e
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2.
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(c) <= woe afewy iR sikarm am T
(d) «= =T RNA SEAmR Twzgd @)
(e) «= ARTITAN & SiEATHI TwzAd = |

Ao Teafoa wew wist i

(a) OIZATHAT TR TWHAZAFIT 4T (AT AN (W4T /WS /IR |
(b)y TMV T80 &F (TEREE/ T rraRea/ARe) SiEam |

(c}) ©ZATT DNA (Bedl/uTsdl/uT ¢ FoF Toa 299) T “nd|

(d) IMTRATE SEAF @A N TR (TS T ST/ 20 SiEAM) 93 T |

11.3.3 afewmat sto= (Replication)
aAfsznol 7 WA SIEAP AN AT | A o oG, $iE @ Afemel Fdw oA

e MR e 21 | e WS iR oy ol i [ES | o (e e w1
(A oF I Afol QY sifE et Aol i se T4 am)

(i) #[¥=9 TETT Wl (adsorption) ¢ «ff 2w «7 | =AM ©@ oIFF @I WS
GRS ACAES (attachment) TM| (TS (FHT (R 20 A (@ AT [Ee A
(receptor) ZIA &2 ATAGH T7 |

(i) ST (penetration) 8 ITAAT A GIRAH (SN (FICAT K A% 0 |
FECEAL S (9 DNATD 20a 03 | (@5 1% 9 ¢ | 2] SizaI STarReres s
ST T A |

(iii) S+TF9Y (uncoating) 8 ANMESRATT g o Febres g9 (o QR =i
(AT (PR ARG | (@ SIRAE (Fa SRAE ferawihe ol e @ie e
1| AEARREE SEa O3 AR @ 9

(iv) Sizamm celfew e (Synthesis of viral protein) 2 SRR [N ol (et
AT FAZ IRE (@ [P e aseerd AR T @ o efarE
femaicra Tt bes A aR SRACE aegaa o @ @ @Aibwe arEee ©fF tea
20T UITF |

(v) SigaiE efFs S ™ (Synthesis of viral neuclic acid) ¢ SRIATA
AR (2 TR 28T AN AN SRAE BrArwa AfsmH 0F e -0
(AT ST |
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(vi) TRIE @ 2feforelf® (Assembly and maturation) 3 €3 7@ (T AT &7
G 2 (FPEINF) € & (RNA B2 DNA) (o3 26317 #7971 «35fae 2@
e seaiaie e 7w Feipemsbe tod aw@ | wdie oizam sfel afe s
P T | ([ AMRIARFNTE ©RACTE (0@ sjfolalfe 2 @xiem (e IfRa=d wkag
T 9| @3 R (e IRARATE AP (A AT | (A @ @A (AT
e Mar 9 el a0 2feiaif® a1 maturation |

(vii) e =t A& (Release of virion) 3 <% AR (AT (@I (A TS iy
oizar sleel @RE IIeT @R SRR I @ GRS @I Aot o7 o 26w
GFBCIF K ©F |

ST JROEM DNA

=0,

R
wqﬁsmﬂm‘ «f&% (T DNA

9%
AR
@) 2o

--

%
v,

N
1

]

- %_-g» s
iie g

(i) (iii) (iv) )

&=
C_;,,’:.:’:.&"’-‘NW,

3

5@ T 11.3 ¢ Sizam e [feT &)
(i) SRAGTE @S @io S sl SRt FReres; (i) SR G Tt (@ @ ARG e s,
(iii) (2 e feram o, (iv) SRAEE et afeq #ww;
(v) Fofse @ =S sie «fiw|

<

2T -1

HPeTrea (adsorption) 3 S IR OIF (AR M FAFH ARTE | (AT (@Ievg @6
A gFIfEF (9l SRR FAPIT BeIrs #1107 | 4TSI ©izam Feide & @arafers e @@ 19
otef] ST AIF T A receptor €@ I I | (2IFF @ [few (@o1 [fon sizaem
IR IS I (@ RGN SRS (SRFPE eizae= (HIV) 3 AIDS @105 Sy wisi
ST AR 59 25 CD4 2ieiena @ (@6l weeaa T-er=rp1iab (T-Lymphocytes) (T¢I |
TFREG SRR AR 59 27 TEARNETF (neuraminic) SHIFG | SRAER ML (7T @0
G G, GFAT FRES 2 97 FreieiE o [iven 2@ @ A 71
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7 -2

T (Penetration) $ YREGET 217 SIA (AT (HICIR WM& A= 77 | fom fon
SRACGE @ @3 oM for fon| (a) M@ oo oizaml e @ aremsiRGIRe
(endocytosis) 2fEFT | (b) SR TG SRACE (G (TG TGAND (AR (IO & AT
A GIR FIHARTC I 20T AF; () SRACI IR (AT (IR @izwia e e 7
R (@R Sge 2@ T FE RN e A Fiohe ¢ & oiws @i
v oot (o 11.4)

TG U 26 SIS AT 2ENS g e Z0O AN | RGN AfSEiE (o
@ S92 2eTF 27 NoFEe INF (iTT @FE @F [ SRS SiRAGR s
4fee B T8 I M 2| FE TG T GeoN® 2N 1 | GCF I AP (abortive
infection) J(F ST B AT (AITSF (FHT SHREAN (ANFF Al (non permissive host) I |
FLNE I (AT (@ SLRF AZEIN (transiently permissive) STefie S5 FANED Tl iz
I IJfard IS HIEAIS 20H T 1950 [SfRew (el 2re AR w23 ©izamiit oy FEE ey
& A0S AT | GF AT AN (restrictive infection) 05 | Fe12R AW (productive
infection) Z&1 (3 G @A SIZAPT ©IF AW BRATS (@I At AR T | ATHEG (T
@ TN (2ATSF (permissive host) I (g 11.5)

e

2 -3

T3¢ (Uncoating) 8 I#PTT wlewl (A feE Jfes 261 Saewiie | 929 Fieihe
S SIRAPM (AIRE (@PIet A I o2 FPPeE AR menw IR | R oo
AT ARG (T (I ARG @RE e | St afem g
(AT (I TLEF (enzyme) TNZH T AT | O @ ORAGIK AR (s @I A2
2NCF O (FCG G 2MwlS TFPIFE & N @, WG REF |

(&) é%*)

C

@ = 11.4 2 Sizam woeEeR [fer e
(a) QTCCRIRGIRA afeFar a@eiR o= e @ =ie)
(b) ARG @ e 2 | SRATE AT (iins @I 2@ w6 =
(¢) STRAATE SIZAPT (AR (FITIF (@A AT SRE40 e SR A7 (o (@I Sl A |
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CCQ@CG%J

s

TR ememmm " " "a
ey @ o (. & &

gaw ST R

e 7 R e ®

foa M 11.5 ¢ ©ERAF TFeTeI@ 2RE TR A7 (oRF @ A W AE SIRE A 2|
eIy foe o=@l (i 2a

e

2/ -4

eizaeR fomier wfeate (Expression) @ 25 7eT (Protein synthesis) 3 SRAGE
AN (AR (@I AR IR, (RS ARSI I el avereid e @ @ o
g oS T SRR s Moiet 5610 AE T SiRAe IeR{ad o @ @ @it
ARG S (9 2o AF (@, PR (2iftn, afne ot F1fe @Hba s sz 2w |
Sz e 2ol aFIEl TLRT @ (AR (PR (o o A | g oo 7@
i o forq SRR @@ | 2hielel ©3a™ (Papova virus)4dk “MFHENT SEAGR (Papil-
loma virus) &G ofomel (0% FE@ (IRNET TGHF WRE QAP SIRAGIR (herpes
viruses) TR efszmol (917 & TerHe ©iza formieR Foied toF =1 (oliEs @@
AN B RFTE 287K 217 (oITF @09 RNA #Afemslicgs-11 8<ebF (RNA polymerase
enzyme, T39I RNA 91 27) (92! 2€q! (transcription) I @ ¥ | NS G0 SR (ATF
(FIT*T 0o mRNA (2F (2o (s (translation) 3% T T | FINS A SRAP ==
SN (?IRFT mRNA ®GT 2@ AW NS (AR JREANEN @G Virus €9 mRNA &
oee 2l R SRATH e (@i tod Fare AT |
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<

A -5

sieaeR Wefges wnifnes sesw it @@= (Synthesis of viral neuclic acid or
replication) 3 @2 “I@ ©ZAM e @iz it efsff+ (o 27 | oMt SR eizam
ST &FR0ew T (SR | (@5 DNA 1 RNAf@ (os! foiw s @3 1t fawd) (+)
A (-) oo oI | T eFlRTen oo TR Afsfefeead (o SimE ol 5y 5y v wiwse
GibeTel (T4l AR | QLI (@FIeTE DNA famicR efofismmd Siwibe 2

(i) O (Theta) 2@?[% 3 fee@ 5@IFIT DNA (circular double stranded DNA) @3 C%Gq 13
@R efeferaiaae 2@ At | 75y SiRAGR (%@ DNA-GF dfeff+macd o 27 @3 2% (A
1T 2T ST | S I (A 7o 26T | (@ SRH (A efsfefHmad ww 23 o e
(origin) A | efeff+ (O 2w wfeyd Tew @ <Riftm M (wF T o o
efeizmamE at aawdr afsffsiFae (unidirectional replication) @ | @ @9 ¥
e @ wfafem (A afeffs ol zre A | i FRTiREEE 1 Gydr afefHmad
(bidirectional replication) 3t | 2Kce (o@ 11.6) afsferiot OPICE| Sifeyafe e 2R |

SFYA
ufefaforsas
wfafen <
+ N

A&
\ J sfsfioread

foa = 11.6 ¢ wffem % (A DNA @7 dfsffmas @@ a1 By 2 =i |
— fofee w@ufs Taeifoe DNA |
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daoly
@Il co v wanfes o)

f‘\\ k
— 3OH \/;—_4 m
qc{wq:ﬁ} et w3 e
. iy 57
syl

f5@ == 11.7 2 DNA efsfibimaes @ifre b wees

Yt iere IR0 S8 (2 906 | 98 OB 5'P A€ DNA @9 go(ea Te1 SoPifas 2o A0F | 97 Oy A
@ 3'OH 293 vl @fbd RRd @ spifal 270 =), w0, TReifde o F)eifre 271 5@ 7o)l 2 @35 Fojef
fedl ¢ oig a3l spr)ef (ki faed et a= | 46 Tvhey DNA @ #Itd JeiFid e |

fao@l Feg T DNA 93 (g APmE g3 afeferf=mae v g 43 oot a=gia
FAR T @ @ G DNA-9F affsfaifs oy afde zre o1 2098 s To7 (oF1 wF
R A

(i) Rolling Circle 23fs ¢ (39 (F S DNA @ifer 7iFet At ga€ @ (rolling
circle model) #&fers 2fSffs todt =z (foa 11.7) 1 ¢ DNA fes@x 33w sa@ite a3 ffis
e BT 4 @R (78 O (AT G elfsziet 1o o 27 |1 5 11.7 @ =S il siwfors
A O T Tog WD G T 0L Ol [0S Tge @ ©F 1S 2w w1 @f6R =
afsziel | foeraa wifafizst DNA 21 afsfaif?! (template) Fest Fier 03 | 5EFIE Tl &F 0 |
gefa @3 b Topel 2t 93 T efomet sifde 23| 9o Feg it efemell «afo oo
TLETHCHE MR FoT & 7o (el (+10ol 2= JeIFE 4= 0 |

@ @I DNA S0 efsziol 919 &) S SRACE AW @717 | ShifeE-snontace
AT DNA &f$ieol sta o Sifet SRR SI2-l Qs Poees SiRaee M= @1
T SHEEI-SIEIREGET ©RAEE DNA dFeg! | a3Feld € 7ie DNA a3 afeswis o5
FACO AT I

e

2¥-6
TRIfE ¢ Aol (Assembly and maturation) ¢ T (AT e afFwR Maw
SRAGT Q@G 7 & (Ao ¢ efomet oot e fEman e 2R ol 27 v
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WCHE T oF W G2 AR SRAEE G Febined W ok 21 | iR SiRdieE
g SIel IAPTET g st (ot 27 27 S TFs wnife siw St e w4 It A
< Todtl 7@ 7ot S imesisifTe «ifve & | SreTl 2ew7 siesy ol IR for for wizamm
0 | SIS SRAGR SIENE (GRS @ NefFaes S 23 e witsisd o ol
SRCHIRNGT 2 | % ARG RETIE SHEE ARG (ba 11.8) 27 Fi7e IR @
fTSfFam AF 71| ARETFATE (enveloped) SRATE ¢Feg Wefpe F=ibres sremly z@e
g sl 2l 27 1 | e sjfel ST wuwg T MeABIEd ARE WA 7% 21 | @B AwherE
Wifvewmw at sjefer 2f 30w | SFAT @1 g SIRH ST (oI (IR (@M (A0 ©1F @
AfE @M FRFIR TG A | SRATE (@T ¢ (oIF @R @EerE ke
(phospolipid) fr< SIFET At (es (odt 2| aRere: sfotafe ¢ fgwe 33 e zre
2T |

’s;g‘ T

TR

J
JEERRARLL

e

sS— LR 2
foed)
oA M 11.8 ¢ FFGRTFTEA WY& |

T-30ed JIFGReFE WIfe 2 Sl I q@eTa Tt @i e e Siked fETs e 93k op
] FERARE (AR (T 2k 200 AR A |
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A

=" -7

frgma 9t fafe® (Release) ¢ AfSf (sims @ swreaf® == itam w7 27|
wizamyiem al AErE @ ST wEE T IR @IeR T 9t et FaE o |
G2 @y s e 9t Frewd 90 | Tamerera SRATE g Ang A (ol (FE
T A5 | SEAM WEwe 72 T ©a e A |

(a) FTROGE(Lysis) ¢ Tt greGRess AEip safors AReGRaER @ S0
(e B | % ABHP WIAE G 73l FAEPIGEA (Lysozyme) T TEHE | 97 IS
JWIEHRAR (I ABTAT 4T WGz ToAmA (ADRTCIARTAE (T @
FEGRETEE Igm o i @B ARGIEE SEhE (od 28 % @ Wy 7w
AMS PRI 1 ST WNsE WEGEAE @ 2B (erE T | aRenEiey
CAATGTOIATEPIATS ©IRIT AN AL AGDIAGTT BIT7 A (5 IR | T8 TR
AqEF | AT AR SEATE Fae B Wfbw wew fefimm @ e

(b) @FFERN-(Budding) ¢ RIS SIZITPIE FAPTT (FATEMS ARG (AT (ot
(ATF TE T | SN FETFCIFPTT (T 26TF 14 (AT (BT (FRHE (FIATE
FAEEaS WA QAT W | €% RS AT TE SIRAN FF (1 (AN | @
(S T (@A P QPRI e | @i o omie @ g 9w
TRl Aaefde Ffw amna T, T« oS wE siRam T B Eers AT
(AR =it | 9B siEfels M ST Afifoe afwe Mymedena 3] @R @EmEmee
TS AT T I @S T T g, (G ©EIH O @EF (FAT (AT A1 WA (@
THA IR (AT (T | (AN (@GSN (TS (P 6] S50 (AT WO ALEE
(A | TR AW ©izanT WEFR oMl (U7 wREdl A (e s WRAZ I T | AT
(TR Y FH H T A WIAANe wikam e @iba Age wm Affeea 95|
TEFIE FYF spike To 47 TAI |

FGIE (sendai virus) SIEATE GIGS A S=E @ c2nfba e o =0 @1 @fba 349
(B (AT (FOAD (FHPUT AME T4 AT (DI A [ (fused) €F T (AT
AT | GFera sreefa Arienf i @ 9T g 9o e FEkmee civE g
A | ATSNA B (T S (FRIE TP FACS A3 |

B SR - 3

1. amfvees fmmafim wne seives ofs Afisem aem ¢
(i) — o (a) (O (PITA SIRART S[PeTy 26 TN |
(i) 9% (b) (i fwmceE T sl siEam

@R S |
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(iiiy  =EPm {c) IZAT DNA <3 (19T (el 203 |
(iv) o (d) ImE v
(v)y e (e) T Sfgansifre qa fasfie

2. “iroa oifer (4t 6w Tem e ¢
(a) SAZASN FFA FAE I 2
(b) ©ZAM DNA @ ~mfers efsfi+ o o wF am fe
(c) SEam dfemmi®l @rea @ TFnE SRS SFEGA B o 2
(d)y =EA Tedl 52 Totwmiwlh (Rl (AT B 2

(@i s, FrefEs, (A @ T, SRAR aRfEns G99, ARy,
eI, STAIEE)

11.4 A

Ao SEATME 945 € RAGE o1& Tt Fven 2 sl T e o @ionbelE
G EaH

TN (FHEW, ARTIA 2, A #7869 Fiiwl | o s awTen e s A
2 DNA 94 RNA | (%155 (ieaa Ai3ra sizan W&ie 9gq 79 siivae 7, Gikorg a4 21
(AT (AT A FIF< AT P T (7 T BAMITAA STACH ST 792 A (AT (AR
(A Al ST B 1A | SEFI (F@ SIRa (AR (P G RIS WG9l M
T = Tt Ton Fm @7 9 Sizam tod Fars W fag s @ (IReE S 04
T |

SIEAD (PR S% G (72 ST SeETAd g ’ﬁi}mm@%luﬂwmﬂﬁ ceibram
wags o viee 9t <% wEadt Eefre S Hfabe | el Aderaa Glans Eie Fare
2T | ARRGIRGTIC T HANE, MRS ST, WWWW
Wﬂfq‘mﬁwm@fﬁ— 73 | BT s Tfew oizar ¢ AfirenE 29 oikas el
T | oA e @ 9T e w96 geE DNA @ieE) RNAWWWW
CFAIG SEATFE | T G0 SIRAN 2Tl 79 G4 9g OHS s fTo@l DNA | @3 S
23 lRAETE Besile 2z wE (e (R (U0 |

] BEAP 9% @lo e R 57e | anre wig Wi Csttaerarad o SREifene 23 |
BOIT® (BITAT ML AT B T Tieag e G ¢ oomS (@« R Srda AL
Tod TR (oA FA AR (AFTE (¥ (ATF @R T Ao (S (I (S |

2 i saael TesieiTe @ @ gesaere, B eitam ¢ A sitaeE R
izl T4 % |
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11.5 FE<T oAt

(1) SFam IF w7 A9 ¢ afemwa fefers SRansa s 7afe] S S |
(2) SEAA AAFFET *wTeT WG Barm Afre fFaad anm w2

(3) SRATAA FRFNY NWIR AT TF FI 2 AGAA FE (AT (FE TOrEd GOl
sAfaadn 95 2 sjsfel NG SRATE AfE W It

(4) sizarE FefEw emfitea Baltimore @MfEwHG By |
(5) b=t forgw ¢

(a) SRAGEA Gt

(b) FFAPTE ¢ FpeEIRER

(c) SR

(d) =EFm

11.6 SEa=eT
A -1

. (a) 7; (b) T; (c) ;5 (d) 5 (e) A
2. (a) WEHRETE (b) AfmReraies (o) Fefpemizbe (d) R (e) Escherichia coli

TP -2

. (a) Tod gF—of@eE, TrFaFd @ Give

(b) T 20, 30 @ 12
(¢) FIBRCTS
(d) FRe=TZam () Tuprg oRam

2. (a) SeimiEE (b) AT (o) TeraE (d) 2 Sizam
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ST -3

l.

(1) (¢) (it) (b} (ii1) (d) (v} (@) (v) e}

2. (a) SiEITAT W2pFFaTe @Al (b) @R AEA (o) FeEET (d) @

T oRIEET 8

. OREmR 7aNE g 79 TEd e @1 A SIRAE SIS A | JETes A,
TICHARIE € wioe SR U IS A1 A4 AEREE (TMV) 8 43
IR CRAIE bR Twzdd s =4 |

2. 11.3.3 SiEs Semae bag @ samhed JiFEeg faege =g |

3. ffcazor SHeras oFae W SEnal Fare oA | hawg @mare Ta T ¢
TN AN FF AE AL (A Sl )
FREFAET T IS e DNA fee o 9w, 38 DNA (40 Somie MRag
SRATE SIS % 27 4T SR (FO TP 20 | 92 AEnaifl qL[e g 75
S9! v | Sfoiaie SERATEE e AME ARPP ¢ (FEEms sale WiEbal e
2|

4. ToIgw Buiel E AT AR $69 e |

5. (a) SRAGA GEN—11.3.2.3 R ITEAHS

(b) TFT-IFE @ FeERmE—11.3.2.1. S s | Tema Wy A 9 b |
(c) SR ¢ AfomaA o A NAwa Afnalem T 923 )| SqaEeE aeEevin
A e |

(d) &M ¢ Ae=nfaa SRRl e oy, era 2P @ e 97 7 90 o
w3 |
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9FF 12 0 =iz - I (Virus-1I)

St

12.1 Troedy

122 &%=

12.3 FJBResm
12.3.1 #(Ef5F Fired Jad @va
12.3.2 =1Efos wirea o
12.3.3 3% GuF oAl
12.3.4 wizmATE e v

12.4 Sfgw sizam
12.4.1 @5 sw Bfen eigama 4o ¢ ER
12.4.2 SITAES ¢ SIEHFNIC

12.5 fore

12,6 ™

12,7 0T 2piEa

12.8 T

12.1 ooy

G% AT o1 wa i e MEnafimm i e qee Fars T gEe 3
® ORI TG s ¢ AFETET

o IXDE & v

® TTEAIEHE G b

o Tfgr oizamig siov ¢ SFHren

o GRETH @EZT BEAI (TMV) <157 ¢ =

® SEAE Wo3 g SNersela T SjUs TR SOl SR ¢ fBEe Wl

A

12.1 &<

Al DA SFFH0S SIBAFT TYRe TR 438 FLaa Fweira<l 7S HAfdive 2@
T 6 (SR (A SRAPTE ©F (o Sd fofere afifiew s A @ e wwal

b iaal ScaEeal eizan adie gReEHewE, AN wRam 9t Sign SiEarTg 159, Siaiee
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A gak R TE SRArE IegET @FEE TE SaRe 39| GenReTEd AN
(s (@E TE Feiike eiag [Rard o faama) @ e eiRarE sRkRreiE
AAGI A STABOA (ATTF (T FREAEE T [0S T2 | O T CF6a QAT GIabee
TR @ (FE SEAMIR GRAND (ES G kG TA AR €3¢ (TONIE A2 AT A3
TG @ Feew SifFE @S «ivg, 92 13 a9 e Siaase (SR ¢ Trreee
5FF) W2 S 99 Refieend oimEhe zame | St om wieie @3 S ane Aafiafe
s Rifen «rma siEarma Sefesiaf wod smre s |

12.3 WFHESTFE

AT FT AFHE 9T A JFfEE T sizAm Wy e @) R am aenRers
(Bacteriophage) | =g, HEFT SHifme @3 o6 IR (AR FAGRAR HER AFASWE
Toig o3 T3 qRGIeTe S a5 | Wpa sTldre oy mebresiies [@He real 2o |

AR 12,1 : HEHRETED @A

GEHECTE [cITEs]

() 7% T JHRETT a7 feram Ted DNA = fira o3, <on RBafem
(Tailed bacteriophage) nzefRRfe ~fraee TRGRewmE 4o 79 R
FTFHANA (contractile) | WA *PETS ARED QAGFE
dow ©lof Al oFA A (e e oW | HiErenfelate A frel
P ARAIATE TN o 77 7 SORCEGTAE (non
contractile) |

TeIfeTafe a1 55 C ~FRTe wrea «vz 432 (26 |

TErod Fe 92 e |

{Cubic bacteriophage) 201 @1 43 W engfon g grbiese g

1216 FomsE W Tod | @ o x 174
Ribrfefate ar st 2, fGrew fas@ DNA, 597 20
o5 fAfR% TEE 97 ARFIEE | (@5 PM-2
relefafe 1 59 3. fEris wao gl RNA, 519w 20 ©e
A%, seE 320 S AE @ £
frRfefafe ar 59t 4. fomww @@l RNA, 516w 20 oo
4%, TR S SRS, (T 6 |

TEEfEfe offamee eizarm o @9z DNA,

wEIPhe | (T M-13 |

(iii) TR FEGReTE

{Filamentous bacteriophage)
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FFGRETIG (TS AWHE | (2T (@FIE T [ARPES T ©izam wiefie Fie St
TR Fe WEifere Fa0e 7% | GR/TRER &) Jaes @ [AFR IO erre ©f
A FACS (T SIZIAPR AR I, AFGRETES 7 |

SRR SR (SR SiRART AT 77 (oIS @ (A @RE SET IR @7 FE (A
(IR T 9 | (@ SR (oA1T (@I 7l 03 &R0 e oIS #1i2f6s w6 (Lytic phage)
IE | AFGRETEE BEFG S g 7ol ordl 9 =1 | g qo@ e szre @
IfeBIcdd. @l S W G FA A (@FN IE2 O A SAE (Agar) M@ WG 4
AR MO (nutreient agar media) THF TRFGRAE ©F 7AW wrefta st i e
@A TE 3R TS ST (25T IR SieN@y A1l @ ol @ @ ARGRAR
SR @ (&I ST Tal Afexcs! AE7, G TFGR Sres. 2@ e S
2 ST TG &SI @ SReT AIFEGRAR T G006 G5! AR | Wl AGFFeI 1 28
ARITF Ol SoifEfo (57 #7512 26 FReres 9L AN IoeId 2y st | (boa 12.1)

G2 JEFT SHF AT (plaque) @ | 2ol #iF O G SiEAER THARf® JRE ¢’ ©ig
AT MR (AF TG W [ T A1 AT (A0S ARSI 18 7961 - Al |

g IFERETFIE S A GRAbE @RI | @B GFE@ P G iR @R
IR AN RIS 2 AT | FIFERAG @ Rerema A A wies s [eifers 2@
ey AIFERE @I (2 | @3 A G 5@ e (lysogeny) 0 | NF €3
AR FFEREFEE (GAATES AFCBEAETHG (temperate bacteriophage) Il FZEANTHWE
(lysogenic bacteriophage) I | AT SRZR SETWl ©ITF SRR F#PTC (@i i (r2lb tof
2 T O (ART @R TP WO Al | TG ANl 79 FRGRAR GEie SIS wg A
T OIF (AP (prophage) STE (A | BT (AT AIFORANE FRENEH (lysogen) I |

foa = 12.1 s TFGRSTE 97 TARfSH @mid | AFERAR 7 47 T JeF SRl AFEReTE Gy (o
TR | GO A A
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] §
] )
' 3 '
-+ : *ifm .
! ! T o ¢ SR o
: : (Eclipse period)
+4 ' A A orfin s AR 1w
1 : (Latent period)
1
- '
! '
—t 1] t
1
. ' B
- x ! >
wfm ! E
-4 . !
' 1
| \
1 1
- v .
) 10 20 30
g (f4f55)

g W 12.2 3 FFGReTET T @TLbal

TG G2 (IS FFGEAT G (AF [ 2@ T G3R 3HF Gba @F I(F, 0
IR @I T 23|

12.3.1 #ZHF e Jfad 745 (Growth curve of lytic phage)

I T JFHRETE OF (ARF (@R N [ 20d I Fce 759 0 @1efbrag
AR O el s 7 (g 12.2) | 734 @

R e O [ (AR RsEEE e | e s el e «biene 3218 o
3G THBHETE o1F (@R ARG (Seet

e et <ff S I S SN W, O | oy 2fem ZHOS W ARG
TIte IS T MR A AT TG IO | () Fofewrivem Soa a2 315 @ a1 fw
W|aﬁkﬂmmww${g g%lWWWﬁWﬂEcoh

qF AFE RIS A @, (O @ T

Ao 2 W @foal @} Efba gﬁ%ﬁ 3% JIEAR RN Vibrio cholerae (F FRFINS IR
2 FFEFAR | Al A ol T @ R | wice fefae e e

SRACHE (P AR ATCR | G T HF
2T (eclipse period) It TP T A | SRACTE G JIFGRACS [ 91 22w
S Sjefle Si2AR % T o 26+ TTRE G2 AW el 5Ge | G2 T SRACH (e
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RAfE qE Tl | GFN TG (AR @ (oed sfefolaiie) wF Faceis 7kl Ifa Afdefvs =7,
S @ AR Ifare 27 ToERel A TGN ANF O FANAE A0+ IG5 (ANST (latent period)
AW AL E. coli NS FIFGEAT T T-2, T4 A T-6 wdfe T30ed Fired @@ 777
@oRoe 15 s 28| 2eep] Piftew e s Piftetes oim o~ 7w (oiiTs @iees
M TGS Tl AT Towd 91 @ @G W@ @RE S

O AT T (TS @ [ I wg e Yfed AW | @ kefire i
@ e aig T efde eizam Jfier T WAl =@ ¢’ wiwty ARiefEe ek
“fawias 91" 3l Burst size | T TS CH(G RPN SF (A RAFORPIE 210 7507 Al 22-
25 G | i oS sfereie fefamm siar A burst size 261 200-300 virion/cell |

12.3.2 #Ef6% FEa dom

AR FEN T A R 7R ANES T T T2 A0 5i@d NG GReve wfeafze
IE| T4 TG 261 GFiol G0 AFGRETS | T4 G RETE 97 15w Gaferm | @b e
TEF GR GO FRCFIGTAE bz S¥ BRI @7 (72 P | EF Sred Afzgraew (@il wE @3)
g Tl @3 ST 2@ @@ DNA 7171 o0 | 9or Skeed S s @3 f#1%e o7t
Tifere! AT @3 2T (FHE AZET ML & AR 97 A€ T& | 2 Fifermg Tz siagd feik-
a7 T RIS 2 PRER Agest A& (IS @ @b o @ Sl (@ifs
o I | (ba 11.8 73)) +[(2d TS(8T T AR @0 i 7T A @ (26 (Base plate)
[ JFERER @HEbEE S e ZE Be 20 Hiiw | @@ T 2@ e AR FE
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g R 12.4 8 DNA w197 %@ 154 | A = SR (adenine), G-I, T = AZHER (Thymine) @ C = AREGHR
(Cytosine) | €I SIS 19 T DNA 9If5® 221 | T4 DNA-GS ARG AR JPiReEde 5 gy Rieizs
ARG (glucosylated 5-hydroxymethyl cytosine) G |

AMNS TIE WH PeeE | T TEF ST T Af oot @R s{zd AT 10w
€ O AMAAT @ pree—al Bl T4 wieers 15 (1 &fbeT Z0e G #A0 orore
IR |

12.3.3 =353 b0a IO ¢ wEfiT Feehis Sei e it [T (Virulent)
TGS (A | THiRFe : T4 T |

(i) #o=Iea (Adsorption) ¢ E. coli FFEHRAR @MIEa, e, Fivernt Tenifra s
TN NITS TNE IS FA AT | €3 9K SR TG FO G T QARG Al
FEFGEPOITT IR T | TG RoE G2 e AT |

(i) S I (2fGHT (Penetration) 3 =[5z WIFFF G A M (Sheath)SRe<=
SRS e TES 959 (AF DNA TR G0 [119 (@eiba (en w6 o coffaaie
TR (I DI @ (TP STg<e] ZlW) A 50t @k DNA & aiffifze 2w o
(T8 SRTH [ T | SO 3 (X RGN Sy S 2! AfEe 27 (@@ DNA-F, c2ifoe
B oifde IR T | AT TIFGEAT (@ GFLEE GRS (91 Tl




N5OU o CC-BT-02 217

715 FeFE DNA & (@5 78 FF 07 | 42 Toha o0 o afsawe gfead @
areifveiFms aim swids #fabe, g ofg DNA s greifes ARG (cytosine) @a
ARS AnF 4T WA 1 T ARGHR A1 o aitts Freifaw @ 7w a0 o
5% & ooz AEniaE @ At IEass am Bare s @1 e DNA & que
AT G2 TSl TG FAeE 9T R w1 e |

(iii) AT 2AlAfiE A" (Early Events) 3 T4 33779 DNA TEGREITE aras
T4 29 mRNA ?ﬁ TGl P Frd WH | G g @Q.(?ibqi G S S ) AT | B s R | ﬁﬁs’
TEE (7E | (AR TABE RNA ARHIESS Fiew aifona o7 48 Feis @ | mRNA
scEweE Ay e 20

oy (Ao todl @) A ¢ siRamafem s sapE & e el @ oo
oS evan Tl 9 FATES | e, A0 W] AT 15, T, A7 T, FE T |
i &{Hﬁiﬁi ¢ i{ a2 7R F% siEam = Gea ona RS arm SiegerE A
(early protein) 90571 G2 | gux SRS W0a SETE @5 fee G- SR FTe
e @it sy g | AEa s, ceerre Q72 e | G e i A @ e
TR ©BIA (FE) ©F @ifed FFT 9% (A (@ (TG DNA
(e e %@ (ARE o7 (oIl (72 2T T | AR GIE DNA (AR (e TR
(I RNA ARTATEes | fios = 2 SRapt SRs DNA @ SRk g S5 gt (e
GINSE AEatEs T | TG SATDTE SR A | 8 TG Golf ST (A 2T
’ ' AT o |
WS (AR (@M @G L
TIEIN T waFIa
(2 TowoTsIE AR FACS ST | e AR (FHeq ©IZaP Al TS T 2 7l
Felefes T SiEanT 1 wrew BB ags ¢GRS @RS alg @ FeEEs ane o
TeTbs NS FATS T LA (oIFT (I DNA T4 (275 I | S 57 IF
EiFeriEy Tz Faftre @ w1w DNA 999 TReN@Es 0% | ©F Ok 6 2EE
Frelfe DNA (T (@ AZHIPE ATE 91 SRAMAI IS #7971, TIF AAGH FZs 5@
TEDIH | Toar aEies @bagln Wy aslb Waftre 2 Freifes MRGERFW A
fewfsmiEmm sAftedra wre | 7 offae @ ARGEEW (C) T DNA 93 1 =

ol ©i% [=Ee (CH;) T @ ZeGAnAigs Aeias a9 HMC |
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b oWt

. \‘\\ 11,
‘/\“‘\‘ ¥ ’:/’1
®
\

AL

’uhlnn\““

§

’
’
‘y
/""la

’, \
47 e KL

P b
ruf“”h“lh““\.\\\

o
-*
w
s ;
L4
o
TEE, 7z ¢ 7R oE

foa R 125 ¢ T 3o TGRS FEa G | s @ s 5w, vz A Jpaed (od 909 #lel ©f
(e B |

(iv) e Refde o/ (Late Events) 3 &i9fi #i@a Soaiem wiwa (el
canfbeprre Frifere 2wz wie DNA 15s F10s | [Refae o/ i@ early 2o i aizfes
(2o Tl I% 2@ W R T WK GF G (AT (031 27 T e S et
IR Gl AT | G A e A @5 late (A T4 Fitew @bag sl Tere
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BBSICa 150 feraa v | sy wwe wi siere 551 Gag ope S sfene 326 feras
AferfEe Fe 72FF 1 DNA (2% (2if6a 753 28 mRNA ea Mas | TRF DNA (73
mRNA 515072 & wasid RNA #femiicae e 3emem<E | Early € late $=1 oia caifbw
A T2 T4 DNA (oil7® (@9F RNA Afemiaens e ¢ w@ e @791

(v) FIRS1ow T SR (Assembly) ¢ T € +j7vza [fw et AfafEeera owet aena
RfETE q7F ST | fAfen s e (wrel Aemee R Tepnred aEEe =
% ThE oA 2 ©iea fewArma M | vve ©% 9 ana o4¥ S I oad AN
T& o7 |

(vi) W @t |EER (Lysis) ¢ T4 T5 97 m2e0am =944 2317 #17 31 s slsism
e | 97 T wEFIE IS0 GUPBE T GGG FRBRE (S0 (7 | GIGIaard e
ABITA CoAATTEIAETE S0 (e SIS ALEISIEN A TePhE A @3 Hm T4
1% DNA €7 T Besliins 23 | (A»BiEreiaiEm (= (ofF @M (5 I €32 offisr
e (@0 O3 | A 4E S A A FRPISEN (941 T TS FIEd FRU] T & |
TS (RS ARCIE (9l 20 TO% FCed AR47 AT | T4 Fed a1z 5 (Iytic cycle)
(R 20w AR 25 TG #Mmet |

12.3.4 AXENGS Gaabe (Lysogenic Cycle) 3 ARG Grawbar oo
FACS AN Al Sy e (BNAREL (Temperate) F/er| (@ ), /e |

FGRHeTT Fe (bacteriophage lambda) 2 A ®/& aBp @ [ | B T B B R
wrEis fareers wEa Reednm i st s7am | A wieE R Tz DNA 932 DNA 93
TRreHEd ¢ MG uft @R NeEEnER Te )| 9B S o @i Weikwe e
AfcammiaEal BRBE A TI@E DNA (F 48 IS AT o | FRPANE S FITd Sl 13
YIS G541 (72 W | @6 ZH ARGE o1 (e T4 TS CR 2 SR s o |
(AT (FRTT e A BE 43 @ L TG DNA (oIFF (@IE DNA @9 3re feena
TEANETS IR (TS AN | 2SN ATATT IR & DNA T1F FOT ANTFSNI 7 (@7
oEs @A DNA @7 Reema e Ay Refes @ oiRe @M (O 8 seiey
@HeRTee G Awiiae z| o1 grmremws Gt ez FwEm DNA o [afes
7T AT |




220 NSOU e CC-BT-02

TRAM SR il

Ufee rRbian T
‘aﬁw (216 A

s (anfom
/ fesfs (afda A

5@ M 12.6 a. 3 TS @ b. ARFNEHE VFERSFNGT G |
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Arifers e DNA 49 9F T3 A0S b | APBRAT (@Hegd Wred WRARare e
w1 aa SfEw s ARETEEN S TR @B W 3 [E 27 w6l A Tiw
FIE | T (@ (AT (TR P G (TN ALANE S G0 ST (TSI (AT
(EHTF @ TE PG TP TAET T LB bFbe A@e | G G 5 qoATen
IEEEik

ARG S SrEa I

(i) JFFirean (Adsorption) § SARSTAR £ . coli (@@ ARAFIA A 4 WG AT
STig= 23 SIS 8Zrel A receptor YT MG | OMP @ Outer membrame protein mE,
T9ife1, FFrreml Tesiir @2 receptor A F1% A |

(if) SL@ (Penetration) 3} TG SHTFGTIA ©I2 DNA A3 203 5 (Pl
@ (SMABE 7S SImaele U | 4 TE DNA fTedl 432 sgem g (o @
At BA (A6 JEFhe QA T | [Ferg ©f FA? 99 FIF9 % TGP 9 7a9¥E DNA
97 TOIANE 9Foq TAYG BE AT Frma TR | (fFF (FI0T TR0 TPRE
T WA SiREEW 9% (o ZF DNA T ges et Afaere 23

(iii) FEATES AW (Lysogenic stage) 5 TEHT TITEa 79 4 DNA (4% DNA &
(T8 (FHE Al OF SAFAWE 4 DNA E. coli DNA @3 T4 “RY& =8 [ (afsram
wlT) | G2 IR el eEEIcE S wel | AIsBE Wb Ted DNA @a gofb Siigkiweita
Afs@® = | E. coli DNA (9 92 wIg#ibre a0 att B (att = attachment; B = bacteria)
=1 A DNA @ ¥3 SI*7F A0 att p (p = phage) 76T @ *&S0s 905 9F I non-
homologous recombination 3 SsMCE AFHEMR | 2 Fe@omifes 2 int §W (T
e I early (2T integrase (ZH7a®) @3 e | AfFmi o | ws «3h
T, xei G (ATF e afFIfEEe (Excisionase) TA6F AR TS A DNA
e A ATS JAd | T Tl 9 30 SO ARGILEES Wl R0 UTE | ARpIE e
Bl AwE e A DNA =@ ol (Afiewa Flaige SeoAwe 4 DNA 99 gfsiers v
T G | G T weT G (b Q aF erAE 9% Ul v | Q =@ o (Aifbw
R 2T 3, FFA TFF @ o5z T (2mef oF =) e o oo mg 27 @2
@ TEF @ 75z (2Afon (oA A 1 g efeiate ¢ i T @ Rwge s e
2. CERITAITEICTA (Ao St el caioa @sqera Age g0 @ & DNA @ Q (@ilves
FRAY HEG 7Y Al
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PR blocked
AP ® iy
cro //Q | 1= s s @
7/

$414
FAETANATGE oIl | 43 71T FEFEET eraliGra (PRY AEed 5 | TF cro BeHve, Q IFHFA L2
TEE 6 fvE T G |

cl] >PR —>
<l
~ /1|

blocked +|Pz @ S
&N
ARHE T qF ol TAMA, cro TR BF, Q FREA A ¢ ATF cAfia Sesmw-TREm
g 12.7 : A TIEA ARG 6 ARG Wil |

(iv) A F@E= (L Induction) 3 F. coli DNA (9@ 1 DNA 93 3f@ a1 [RrasaE A
induction I FE TSFH I | FRAGICS aiFrE™ Wi (SIdie IS A € E. coli
DNA) DNA & UV IMER 3@l

fifefe @@ @u A (AR B 3 FARATERE TG DNA T (AFF DNA 4T
@I RecA IS 405 iy | e e oz 2 o i M (AR (Prophage) <2
T AT AM G ST TF THD (RIFFTET T (A DNA (20T e 22 o4 (718 e a9
=% DNA R 2@ 7| . ﬁ%ﬂm__fﬁm|ﬁ@mmﬁaﬂm¢0@cwﬁ

1 ifes S fira T wte #a | 42 e DN SifbeeE =re
RecA (2ba UV SITATRT 2@ <1 iz T T A, GE T R 4 I A T
cl (AT ) (ATROTAT (T | oot roedblaranss iewd 7= 1 43 99 G g Figd DNA
geiEe WA (¥ % ¢l 97 | DEe T WA A A T oA ol apifa Sia
el el < B cro (F % GRafE gEme O w5 SREEER @R (T
Tet Siea Al aielfE Solmims i wmie-anme g O g
T | ATF A W@W { Transduction) |

AEFT FE (SFA | ¢l €T TS cro
Ge A DNA 99 o€ 975 g
47 F% ¢l 9T A ol @I Q (AT TeoArw T AT cro G Q SGEE
TRITS! FA| Q 49 ABNA xci GH FEA T €7 8 A DNA FTE WAl (M qE AT |
RecA Al ¢l SoPIEIE (AIAS (o SOS meaiyar i <=1l 23|

(v) =M%= offtm (Lytic stage) 3 Q Saa TSRS A DNA Sez9a W&F (head) €
Sz (tail) (&fom Seoamm Face a4 | 2 afbask ) simm sormte o wi) o
=75 A DNA @3 effefefsieas vam@ | A DNA @3 afsffsae 23 Rolling circle #i&fers |
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WA 4T THA A T A DNA 47 2-4% =fim ©F “/raz care R[iem 1 =3
FFIGIF (Concatamer) “[ge A | AFEE AT HTF DNA =il %173% @& Concatamer
(2 3, Wicerd Al 41° head filling AafoTs STRTRE A48 27| Wil TwE SRAEE
DNA @E o Falm »&feree T head filling g AEGwERe T <z =
FABPIEE ZAS S DNA 6 (i DNA (@ S7aifers =1 | Swizgel s asTs
P1; & Pl GRASEC FEHIEETE | SEONEEE boer T Pl 93 DNA (#lFS @0
TTHIAGTS FOTSA AFRIET e AT | (ARE (@R Remtmg A Arg 2fsh w-me
@7 GFH W Pl T AfFe T TS (@7 DNA 49 afefsimars Ay et
T (@A 5A0E AT Pl TS T6 ARGIGHS G boad U6 Ao Suide

W S - 1
1. Troa o0 FelH aEmrAetE menl wg| {5l e At W o
(a) wWeEE o famma o Tose - ey zem > W @ifta i - DNA
ALTHR
(by = 2 - PRI *RF — E TIg
(¢) T — AT — (AFE — FARPT — ATTTH — DNA FET - (Ao
AT — (@ TreTE |
2. wg PR forgw ¢
(a) @F6 TiZAH FH STTTS T4 THEA AW 2000 T w7 )
(b) AT wieaa wog Lo @ foa Tedl T o = e (2
(c) =M= wwa wzad = A FF)
(d) OFT WIFE FFHACFET Trrzgd z T2 |
(¢) TFHTATET FH Reremm F@ @ SIHEs % 27 o @ A |

12.4 Sfgw-SiZa™ (Plant Virus)

7% Sfew oiam a@l s =@ (Tf-12.2) 1 92 SiRaeE w17l 3 aRbiaeweE I
AEF oF T AME G 93 2RI 408 5 | (1) T ¢ S SiRaiee S =
FOFIE ey Ted | qRIel Frels REenR @3 FOEE, @I TejivE W 2 ¢l | (2)
REE (uncoating) STEWIInTa W3 CAIETEE SEEA] (ACF ©i2aTd DNA T =01 (3)
IS (@I [T SR ST 9 (4) SR e 9hl eitgimg ameH @it
ST | (5) ©ia fErarsa SfEfe 7S F91 1 (6) 515 (Assembly) @ (7) IFE (Release) Al
e | Sfew SfEansTa ameae TYikes W e 9R @6E T 97 $oa ofe
|
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At -12.2 - Sfegw Féa fog Sitaem @Es

Tfew g wizaivm &=

SRk

. @I ©IEAM (brome mosaic virus)

RNA fmam, spa wizrapiegE, &
TEIET | (AT i - SIeTE |

. TETFIeTE (NS BRI

(Cauliflower Mosaic Virus)

@ DNA Rram, siabidems =in I
FA| (AT BfEw - oo |

3. T SiEAm RNA T, sioa Sig@mngg e, (o
{(Cucumber Mosaic Virus) T - *=1t |
4. wfe ez RNA T, ofon SEramiege, (AR

(Luteo Virus)
(Barely yvellow dwarf Virus)

gy - aifef |

5. (AN oA RNA e, qegw wighe, qiea, Fmbe
(Tobacco ringspot Virus) 7t Afee = AT Sfgw - S iz |

6. CATGIA BizAM RNA f&7Am, a0 450-580mm ) &3«
(Potato virus X) TS | (AT Sfgw - Wi |

7. =6 SiZzam OFeE RNA feram, AeEmm afesme

(Potato virus Y)

a1 marE | oot Bfgm - @

. (DI TR ©iga
(Tobacco necrosis virus)

RNA foram, B - afeomsl @ o
Tfgs - =i |

9. GraTw =AM 4FeE RNA foram, Fbmmim afemmel
(Tobaccomosaic Virus) TR 57 | (AT - TEE SHE |

10. & sZam farams @@ RNA, (2 dfes| waremE
(Tobaco rattle virus) WWTBIG FiAl AR T | (AAET YW - S |

1. G siEam RNA &1, IR (oA Sigr- (rmrs! |
(Tomato bush virus)

12. Bizm eizam Taras RNA, SIREHIEghs, oo g 47%s |

(Turnip yellow mosaic virus)

(AT Tfgw - *Meem |

13, <TBR (T GieEs sieam RNA Téae, were 700-950mm 775 (o1
(Watermelon mosaic virus) Tigh - o9 |
12.4.1 9= <iiwd Sfew sizaieE 9o ¢ e ¢

(G (NSRS oA 9 TMV Z9 46 Sl Tiew Sizae | Gl MwEs eisamg
G T (single standred); (sense A +) RNA | €3 RrARrE 213010 e gl sifoe
FHE (AT ASEEE M o) (b7 12.8, 12.9) TMV 93 7 30004 @32 T 180A |



NSOU e CC-BT-02 225

e iefies afs feafs < wsenfimm s 49 widie @fsfs = shiw 16.3% w0
TN ATE | SeZ (@FIF (Core) TH 40A @«IE Fief BT =1 w02y 6.8-7.3 kb MRS

aFeg + @Ffed RNA w95 it | TMV 2Rl Sl 2@ QA F0od S0 |

WIS ST MR #{TS1
foq T 12.8 ¢ G (&3S SRAEE 2 SFE sAoR 6@ @i s
R SRR AR 2wy |

180 A°

- T o SN

-

00
JOBL

foq T 12.9 3 (A) 975 o Tfgw ©IZATR 971 3 TMV (B) <6 TMV sl Al afesisy ¢
FIAGINIE 7l 5iffe Fefe ¢ (@Ig S THERT (C) @ SR 24E0E |
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fR®™ (Multiplication) ¢ TMV (&I (4 I AR FAE3. OIF TG (ol (@FI<
ARG @R SET | RNA N T 26307 Al MR 930 SPHF (9919 &) mRNA
oS T wF T | G THEHHOT I RNA 763 RNA @f2@s (RNA dependent RNA
replicase) | 92 TLREHEFT F& RNA e 9@9535 (complementary) 1915 €& RNA oSt
T | TMV @31 1B7e =ial oiige ifr RNA i @1 23 (+) RNA @3k #9555 RNA T ()
RNA < #if3f5 | @ (-) RNA (F 25! I929 @ A (941 28 i #7975 RNA wigffe
(+) RNA, €3 (+) RNA 93 51 755 TMV @3 fEsis=ice! et 308 @R @ A6 ferifsid RNA
(g RNA) | 912[7 72 mRNA 507 9% 3 | @ mRNA (AT (S RS AR S<<q
c@ifoq At FAGIT (O I 92 mRNARRT sy I qrE I AR i RNA
(sgRNA) | sgRNA1, €38 sgRNA2 3 M2 H#PTe (&b € ToErs (@ifva tof =7 | @i
g AT #AfEd TMV s ¢ oo el 2k fWefpe wivifies siiom SToryseia
(o AF GR @G 209 AT G0 G @ TMV I | e (@i sxTem TMV
G APTEICESIoE W M (A @eE T (g 7k 12.10) |

TN

2R
pres l S

O(X)Qbo

ERRIES
T™MV

T

sgRNA,
sgRNA,

gRNA

000
00°

WP 82

BE R 12.10 : TMV @7 RFW @ RE | 4F (@1 (A0 ) (et [REIF 22 2APTEICSTIGIE 7RI | 717 fEcnfie
(sg) RNA (A& (o TOGIG (&b (MP) @ e 7213 | Tailfsis RNA (g RNA) € 19118 (@ifbeTa skgfets
TS TMV 7o 711 0 | ST APTRICTHGIF T 91 (%1 gRNA B2 MP 321 0 (18 e 3|
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Transmission 3 AT 2 TMV SFFM (0 SFY (FI04 ASATEANGE (Plasmodesmata)
e sifgaies 2 s Sifbraz sl oz cFilre 22 Sl TMV 93idas 2@ (@i Wy
@ (Crystal) (S8 @ OF | TMV TFS @Eeed Aiaiaers: 5371 90 1 58 aF RFhs
@ 2F TMV BIfEfrE &S «0% | TMV [ RERS sited “rem «+" e 257 9% 775
T IR @ YT @R FrAEREe 2en@ A 1l 7@ w93 B o o R
Tew m e side e (Fehe 9@ Wge mRNA) 7@ 2@ 40 | g @Hirea
T3 (intercellular transmission) (FITE RNA BIAZ T/ TS *ITF | FPTAGANG] @8 I
TEEE | 96 (AT Biew (2 o ol Bfem TMV S vfes-aizraa AR gagiae s
A7 | Aphid TSI #e% 43 UG TIAE | GECl T G AITe Soeaels (@ a5, gfd,
16 Zenfra MErare TRiEEs w0 A |

12.4.2 SITAC (Viroids) S SITFEAES (Virusoids)

TIRIEAC AR TREFATA AT T (T G € barieia RNA A g @i
Feifere carfa A =11 awa G sig 240-375 1 wrel Wofsdbizs ars | afrs wma RNA
ufRTe vEEE g «v v AtE @ negfe giEa wE | SiEEEred Mg oW 1 g
TTHF MARE © (IS (X (2FE 20 |

a3 T B wiEmd A Q3R TFEE 20 AT (F9l (3T 7 | W Pemfem Bam
(Potato spindle tuber), 3E5™ EWWW%H (Citrus exocortis), & =i&mi™ %516 (Crysanthemum
stunt), 22 (PG S FIGIR (coconut cadang-cadang) @J\;Rﬂ (@5 CIZAHE T A A |
TEAAT @ IF GFG M (A7 O AN RFINC (AR (@ A & wag@ A
wig 0% @ am 7

SIEETAE (Virusoid) & <318 FAFERE RNA SN 11 220 2 3887 efFetzs am
sifFs | SiRRITATEE ATH @A THIe T 93 AN @ @ifta A Beene ted S A J 1WA
@aeTiia 2aE (helper) SRAGE $HARSTS (Adlwa (FItt Ferelid afeEismras Tig Fars
SAI7E | SRAENTT Te GMI (WS (I (FI01 Tfgw =7 | Tfgw, 29, [eiaal sags (@HE
T TE ST | GWT RNA (& B2 RNA FF 249 399 (16 helper @@ BofEfE 2o
Afefafer todt FArS #Iig =1t | TuiEAel 3 @oNGIEEHA (THE! SRS (hepatitis delta virusoid) | 4%
EAGETA SiEam-ua @I T FIT FE (T SIIAMA (delta virus}|
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B AT - 2
1. *FFEE 7@ TFF 3
(a) AT AT TYw SRAR =W |
& wpeienfimree AvEE «fve |
O MG 472 @ff @ (2T (FREE SR o

(by TMV 43 F#Prel am

(¢} TMV 47 A< 21

Al |

(d) SEAET T GBI FRGHAF FAF ARG A g AT |

(e) 45 SizarEe 9te TwarsAa I & |

2. Bt forg g

(a) TMV Foi1E (b) TMV @3 319 (c) ©Fame (d) Sizaas
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dsDNA (R

ssDNA
Caulimoviridae
Caulimovirus Geminiviridae
Petuvirus p
Soymaviue O e BB Chowie
Cavemovirus Mastrevirus
m gvﬁowruis Begomovirus
Badnaviris opocuvIiiusS
i Tungrovirus
| dsRNA sSRNA (+)
-] Bromoviridae
Luteoviridae @ § @
- Sobenovirus Cucumovirus
Bunyaviridse Sgu.ivinfdae Bromovirus
Tospovirus virus
Reoviridae e Cheravirus (- -]
Fijivirus gﬂ’buf}/éﬁd% Narvirus
Phytoreovi = moviridae
°’§3"m’s"’ | Rhabdoviridae o ‘eag
| Cytorhabdovirus ~ Tenuivirus
| Nucieorhabdovirus Ophiovirus & ‘ Alfamovirus
Comoviridae
Partitiviridae Varicosavi Ourmiavirus
Alphacryptovirus aricosavirus
Belacryptovirus
ssRNA (RT)
®
Pseudovi;idae Metaviridae
Virus
Sirevirus Metavinus

Polyviridae
SR R er';%’}&

Closteroviridae

229

foa T 12.11 ¢ Tfen SRAeE @R TN @ @ @it Sek snften agfer B4 fréade |
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12.5 foa= (Prions)

SIEAM FTT SEABIIE STl (e (3 eiRar AAfsramcaey Taw s e e o
(TEd QA ©IF wpad wrea e | WEEe e (@ DNA gdl RNA) $+if3fe ag woy
G GFAG WL [ARES 2N | AATSFIE Sl AT (I (T AFIE FlAPE Tl A1
(5T, A W4y o smbrea Tofzfs 7w a3 1 9o s Cfae | st s @
fFg e w8 e, (weE T (scrapie), W IF (kury) 8 FEEFS-SHIEE &9l
(Creutzfeldt-Jakob-Disease) Teriug e {2 WG wiws |

(TTH T @SR IR Jere Jere K e (Prusiner) (aferem «afS #(fam@eraisy
Gz, el Siwidl 4% @ Siee | o Nend 9 9o 9qE @ifte W o9, M DNA T
RNA 27s 71| «77q 9% %5 1299 (Prions) |

TGS (ST AGE (A AT A A B (T AN [ (AT Wiz (o I
oF I TF R (ST T @9l 7w | Jfm TR @3 aE g DNA 8 RNA =@ &9
G & 0@ qere YEr RedRE 3 7 F0EE oW S SIS S (iRt e
(otaTes (A fors 7 A e | 7 ez oI 4@ 2l arm «fde wiw a2 @fts s
(T (LTS @7@ Sl 9y SIS (Conformational) | Fifst s{R=ral o (efo == @
2% Pr Psc) @ @ il =pifsre fora tedl o o2 ol smfe fam i c@fta o2 coea
TRerEe wivg | @B (@fbArE @4 T Pr Pe (f2es 7% (2ifow 91 S059) | Pr Pe € Pr Psc 99
Sle, TH—Pr Psc (2t foghl Freg waz Aeiaei@ oiw (fold) = o7 | €% FEw @ifbes
(Protease) T Pr Psc (F 7% &7 eI %77 71| Pr Psc (Aifbraa @& oy (3 =31 @3
(@ Pr Pc (4 28T 59 T% Pr Pse (27 715 Sr71 © 261 T (odl 267 Pr Pe #fdafés
20@ A Pr Psc (AMDE | @@ €2 Pr Psc (al e SIt@ WG A0 T a1, w727 @5 o o
e AME GAR T e BoTsa g S| Pr Pe (Aif6med Pr Pse (Ao Afdada a6z
HF7a<e (Neurological disorder) (4l (78 4% #(F A&F Jgre 95 | o= gm@n siaifirs
At farde g oy oot < 297 e 2o TREwe TRS #I7E | SREET A A7 8 (U
10 q23 et 9| Bomsl ordl oo | foe 9fbe @iesfme awem 399 Zm Spongiferous
encephalopathy (o2& G mie) | 7 dora IfFEa 5 ~iga wrel oy 5% 22|
HlrRTes THATTS @3 @9 @A T |

12.6 ARAIA

SIEANIE AFEN $9 T ©F (AFI 2o THAF T (3 | TS A TGl Sizas
oH FRFGEeTE, dql Tord Gikeba F=o wa | FE0T b A 3 wafEE ez
G JIFGETRA GIAEG @1 F0a WF GR ARG @ e b Fem dares
WofgE sibe ¢ b (Al soa a1 SRR FAREIEET IR SO TR
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JRIGEAF @A TN Tl e W JF W ARGNEEE HE T EGAND
AEGRAT Glma T IS T A RGBSR, (W (A AN 92 &er 40d | Sl
drrETS @I o S (A Rafee oo «iim 93 Siaem aARbe s J7aeie 1w
e FATT AR TET I MRS RNA T8 201 TMV 5 SEE A0 Il @i
Ffeidt ez RNA RiR Grrs oiaizs oRam | aeis! SiZaEs 75 O o Sas 1 @ awa
el wnifre i o4, @ia sn-fre ars @2 | aate =y Sfgwaie i} Face i@ | fere
=7 oTre snifte T3 e @ifta wa ofde «3f s ammfe w3 e e @i
i i foora Fe)

12.7 FE0T e
. Tz sieiHere @ikt vrra 9o e |

2. FAEPNES IS A ¢ LN bird baoE Faa4 fad |

3. TMV 43 SI57amE SIEma o 43 afbs femsire smfs s a1 o fogd |

4. B ferye ¢

() TMV 43 <3 3% (i) A

(iiiy 7™ (iv) wiEaE G
(v) fomm (vi)y wizIEe

(vii) rsHsTrED Tufgfe Mefre oams |

12.8 Tl
SRTEr -1

. pd 967 FuslH arEiereTera el SivE | el FwepEmra Afem e g

(a) Y 26T - A — DNA ST — FABE — Msioa — fmma - cafea
— o
(b) TA o7 — T 2w - wEe qog

(c) TRFN — FTATH — (AT — & [Fored — [aEd — DNA TR - @it
FRTET —> TP
2. (a) 150% &M (b) DNA =@ (2 (¢) T2 T1% (d) PM, (¢) TS WeA&T
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SR -2

1. (a) RNA (b) 2130 (c) STeraa wogi=; aRiresis! (d) Nelg=e smibe; i ek
(&) (FIHFT FITIE FTIE

2. 124 =g (AT TEF A |

2AfEF e ¢

1. 12.3.1 ST o 39 | s 73R8 e SEsl A A d f{fen o
WEA Fa0s T | B 12.6 7547 |

2. G SIRAM GIANE WG TS 0 TR | 12.3.4 SiiEs wet e | foa
[2.6 9% |
3.0 12.4 =9 (S oo Ted e

4. PR 17 @y Swe wa a2 aEes oe ba @R FrE
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@FF 13 0 WFEERTT @M W2A99 -1 (Cellular
Organization of Bacteria-I)

13.1 Sy
132 o=
13.3 SR04 S A6
13.3.1 caitaes o Teanfaelis @ odide
13.4 TWIOGETA @A 99
134.1 WFfS ¢ wwm
13.5 o
13.5.1 st oAffazs agl
13.5.2 @MoT oG
13.6 @™abE
13.6.1 9% ebs @ &9 «AfEbe FFHa
13.6.2 @ifFTE @maba
13,7 Spreere
138 &
13.9  FoF#/HIETN/ ST
13.10 At
13.11 ST osiiget
13.12 Tawen

13.1 T

a2 4TS 1Y TR Wil Tl famef aeerd ame oo saaa—
115 3 | 2o B N P B i Y R e e o1 M | e et s o s IR D e W B
ARG SRS S SFHS |

(@ilena TafE ¢ T

(@B 515 € T |

SN +ve @ AN —ve THFHRAE (SHABIAT 37 @ aren|
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e FEEl ¢ (¥ A IEEaAA oo |
® YT I FEW WEA o0 |

13.2 SF=_=

% GTTHTT 93 GF AT LFF ARFHIEA (R 6 7507 (@ T=F G- T2l
A | (AT ST G [ SIXE FREE 929] Q9 G5 e 9370 | A0 4l 2@ 2 1
Tfigr (I 4= 1 97 7 3 e a1 vad NeiFmmfte e | sem g aReniEE e
= (ARt @ wde @i FeFTEREE @ G g @ @R @R ke e
IE AN TR | FEGEA T S 4R 43 AW e wawidl | g aniessiaE
(P S50 (I BibTa (Bo, (Greiod ol Tepfne Fog SNEmE vk qrd |

13.3 S e A2soA {Basic Organization of Living Unit)

@ G G | GE GHF FOTAARCGNA (I TSNS | (FHZ Toa T
Grama Y i “Afaaee; Fafzs @ aiRm e 1 Same @ are w9 e [ wae
a1 €3 FmeeE preie vifswls | ARGt e T e ARG At 9
AR FIEA (" g ATP (MG GRTFs) 97 Teoive “82 TR (S0 AREIT
«iferq 7cgF | O ATP (& a0 Gian! =ifera seve | a5 iaems [ty il sifasd sieags
(work place) ¥R @3 T drareE fog Gfere 1o | Reow sAfEpiEaE & wite DNA (%
wREEratTeEe wbre) 7w Fotd weEE 7aE 5 o (200 T A9 ARG | DNA &
FRTEA & S7E RNA (AEraweis o) | DNA-a9 %92 (double helix) S9F 04 FES
2T (P (QAE ¢ PR | DNA SoF [eies 201 ofF (J1fe7e Sove @ T<rhid M)
ool (9T FAS AN T @A ) efeFieTad AN #f75w | 9% Tt DNA a3 =3
50 (heritable) | DNA (27 A& SIa oy M@ a5 3 I onaegre g s
RNA | RNA 784 =0 DNA-93 af$atel DNA (F 215 338 97929 &d | DNA 27& RNA sifée
2GATF A 2AfSHFA (transcription) | DNA-4T ATFS A5E RNA-9F Maw A@aifie =
@Afw Tosm oRfig | (2fon Todm smferE arE WH@mE dl translation | SfERE] (2ibwg
TR TG FA | OF W @ Tz Terond ATP 7941 TA09 € RS % AT | ATP-97
T (UG (W NS (@R O T [Fg Tl 2T T (EONR AT AR (AT AW S,
7 fitw Todl 2 (e T fig S wdal efwres Awy B was ATPI

13.3.1 @Fifaefts ¢ TTwmiaehs @™ (Prokaryotic and Eukaryotic Cells)

2 AR IR A FiFe @t TR o @S g (evolutionary tree) AT JTHA
T A G GO S ST A3 (T W] (DR | SIS W5 8 Bt e AW G (i
WK 13 4ATa wifesre (afkm foena #faersen | Sitva S weEa e onf |
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(a) ctrTRea M ¢ Framim

(b) TRIReBE = : T
fo@ T 13.1 ¢ cAfReTs ¢ TTHfRets @M



236 NSOU o CC-BT-02

G (P cAfiRele @ (prokaryotic cell) I | 93 (ARFIRElE @ AT FGEA
O ST (archaea) AT GRMT W | TIFGEH € SN 2T TEPR GR-@HIF et
&P (eukaryotic cell) T (BF 13.1), (@ AT, =iihaa), 3fer @2 Afime @M Zemifaehe
T A TS (203 (T

(eRERetE @ aFF o T Tge (membrane bound) (FIT 3HY (organelle) AITF o1,
e dfeft 28arfaelis @iet e smiq o, oie W [edTeE Sl Fekras )
TEHifAehs @ Fekmam 2 FEFw o firm == o9, 3@ WK DNA JafFs Qrs | S
SRR T NEHEAGA, 2T arefe Srm=raien | 471 Ao 93 o0 W cam | e mifaee
@A 430 SEF W A [BE s wikEE Fogers AifdT i @ U™ 9 qm
Wwifaels @ sy w3 ARy e o Aftme T sume e zemr o e
Sl (@ 99 a4 Gl cm—eafemmet atow, (e /e @ gin o 9@ wmg ) axwiE
ATP WITwe *fed TeolWa ¢ ATHFET (7 (IS 2iafe O I@F g dfel @ aeniaaE
e W @M (UF OF W Taoew N YT ANE T | Arpa Al ermfRele ¢
Wwifaels @ sidm @i = ¢

wEfd - 13.1 2 cAiFfaefe ¢ THiels @wm oids

g cFnfasfbe con TTHifaets @m

e g »m g wige a4 el ol wE =g
FrefTm = T A Tl Frefgam Sfze |

RIS TRATA (TG AT | G TH |

DNA FEFE | At |

e caifoe Z | Wz |
TSI (71 |

et ol A Y TG T AT 3Wg

el 27|

ates! Al IR | = A z7|

(A T T (T T T A F2ef (T G, @A
spTeefeE SRS Tgfe Gaste FIfE T ol =
To0E A |

D (] oA (T N DR (21 | DI |




N5OU o CC-BT-02

237

[CITL! cdfRetbT Teaaehs @
SEFATER (e (BT 2, (T (FIARE |
AT 72
AR 708 25fed | 80S 2pfea |
ABcareTEg wgg 9w | 508 + 308 60S + 40S
I (ALREGES | (R TE |
IS Z | ITE |
(P Al YUrs: (AAGRTTIRES CRIAS 7= sifee,
71l “fde | GRTEE E | | oehRreaEa oF |
T s el T cafba | 9 + 2 wiErehERTs
atal fafife smarra @i | A@l A FareE w=e )
5ol ¢ WG 5 Il 2% rS | FFIEes o AR (A ofaiens
TS Gew o7l A A | A TR
TR Afegerel o] S G| TR 5o |
(e 515 |

13.4 [IEETE @R 5199 (Organization of Bacterial Cell)

[REGEHT RS TFAS G T T Gd oW 7T S (s MARe GA%
BERGE AELFTAENAT AR QWA SfAet 2 |

13.4.1 W=7 ¢ WFS (Size and Shape)

T am i Gi9, @ qp g aidme Siad T (flexible) | wifFmimg wighe

G o8 | Ko I Mycoplasma laidlawii (AT EIETEAD) G STE
0. 1pum g B3 AFISTT APGERAR SRe 0.2um (&TF 20um &7 W2 AT | [y Jromw
TR @NN Epulopiscium fishelsoni (=GO @it @3 b HK@e HEoERE
GER W ST @9 6 | O3 BOETT AR 0.5 mm (AT e o i@ 0.5 3 1.50m 2|
Q4 e Slfage FEgee [IFEIEAE T 2 Thiomargarita namibiensis.
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e @D == G T AT Epulopiscium fishelsoni | ©F o et PGS
@G 21 Taowd FTHIRESHTH @ A9 T Paramecium aurelia, 17 AR
fereiia @I 251 Mycoplasma T SIS Fros G

FRGRR SFhe T T OF &os for 759 SAFRo @ A5 (1) (NP (spherical)
ReaI=a SRIT & (coccus) 0, I FFI2 (cocei) | AARIS: @1 0.2um (ATF 4um 27
T [/Z 200 #I1tF; (2) neiFRs A 7© (Bacilli) T SRR S2RRFE I8 &7 @R (3) =i
(Spirilla) =1 sipice SNFhes 2@ A | (bg 13.4) 1

I WRE iEE A @ﬂqm@m (elipsoidal), =19 (kidny shaped) (<€l wHIFK
(lanceolate) 23 | €31 GHLF AL HAD IS 2R we7 2@ ARFCS AN | FHA PRI A&
VT 2O e (@R (el T @3 o1 R [ | FreiE werg A O @RITS Sem!
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St A wew gz | (Bd 13.4 (74)

A. (a) TZLFTET (Micrococcus FZa5(7 Micrococei) | T49 (S voam 2@
(AT TV AT AT T (RIS NLGERD <G (IR FA | 4% 4TI
FIFHEAE SRS T Micrococeus agilis (Mterea™ wmfEE™), Micrococcus
Tutius (NECPEED LAY dgfe |

(b) FeoETFER (Diplococei) | <R (@ aFerA et = g 7ome @er
(SIS @Al AT, @ Diplococeus preuntoniae (TSRS TR, Neisseria
gonorrhoeae (IRl swaf) |

(¢) BABITHR (Streptococci) | (e 9o (=T0o G5B 77 5o 47 WO TA
A7 | A (B7wE s fafen e o) Steprococcus preuntoniae (CEoTHRE )
, Steptococens pyogenes (OGS “AETAE ) AFHR (BTN SFIF Wolda 273
AT |

(d) BETEZ (Tetracocei)| wva &M gt o Helfee = =it wekl 2
ST 9 BIAD (M QAR TS AN o)l T |

(e) AADPFI (Sarcinae) | 4V (F Temlt oA fqorem & 74, 2fel T 97 Sorag
AT A TG FE BE 4 Q2] 16 DT T @ i A0 SeE wwm
ATF, (AT Sarcinag sp.

(f) S wiREEHi2 (Staphylococci) | GFF (@ T wr# Feifere 27 971 weiibe
(TR (I HWHS S AT 1 R GRS WS (FATS =, (] Staphylococeus
aureus. s SFET FHM B 13.4(A) 5 W#o Z= |

B. % (rods) 9% FHF (bacilli, 9596507 bacillus) 3 4371 e WSFhe (straight rods),
GFFETE ARS AN T 7% [ ARTS A | (@ & (70 T G956 T @
TFZ T MY TS PACS PR T | 3 T WA FERFIPHA (coccobacilliy I |
@H— Moraxella ((ATH), Acinetobacter (SHPTFHIAIFOIE) @32 Paracoccus
(7)) aal Aldigeres (e (Srefd A |
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®
o g
(2) MLTFERZ
ey
%$

(b) ferars

N

(©) CoEerd

® 9
&

(d) B2

(N BregE=e
(A)

NSOU e CC-BT-02

fefae aw

>
(B)

foq T 134 3 (A) G2 AAfdre emffe f[fen awig T=iz |
(B) @2 #Alfsce anfAfe 21 [feq owia o |
(C) ™iizfzers ¢ uft Tfowt =Ffs |
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TS WFe FRIDEA T4 (SO (SIS ATTE A OF fSoena (diplobacilli)
A WF TG ST 2 @A G Wl T ANE OUN Ol FADRnE (strepto-
bacilli) I | T© SPFS FREGRAR wEIas] SR FIFGEA SHEE ol ™ ©iZ @3 0l
g @M @3 er e T3 T A | GWE FAHE TSIRE TR T\ Bacillus sp.
(TP | (@ @ T8 FEET QA I (Comma) TGRS T (T Al GiAe
Vibrio cholerae (F6fde =) 0@ 13.4 (B) (¢ ffen oo= gu awife o |

C. g AmlEmE & e ST SIgfed = arrEE ifEfE (spirillum) 30E)
@ —Spirillum bengal (~EfEAN @w@) (ba 13.4 (C)) 1 vergfe FRemaa adw &a
T (AABIH 27 SUA OIS =LA (spirochete) T | 9T Td TrSt @6 79H @UE
W T TAET A 57 | Swimgel Fa9 Treponema pallidum (Brom==1 *mEwN) 93
% B w4 4w ) @ft weprEa BT (syphilis) @9l 3% <@ (oa 13.4 (B)) 1 awrel
7l o Tl e e vimiFs 21, @m— (i) R i
AT FAIFTE T (stock) (721 TR CHZAY Rhadomicrobium sp. (RATSNELFRAN sp.)
frsigte (filamentous) ebiaat Swizasl Chiloroflexus (AR |

W ST - 1
1. e Ted o 2
(iy I=mEE 3 e wgfe & e
(il) IEgEL @ AW Ty FREGEAR T ¢
(i) ™iErafs ¢ ~izfzems «a g g e
(iv) 9T TFM 43 433 AR BT IoR0F IFF 47 TARd F Fiy
(v) T, WFET ARG AW Fte

2. Tietem orr fforer fofae Faite @ = <ist ot #41 I owe 79 o @
Twigad

BT TwiEad
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13.5 c@Moml

AIfRele @ o WD @ oot F2e O el (@Res @ @
S A | G (IO SIS AL AWM 2T ARG 27 | G Al
FHoTTE TGF 2 (AT AN AT @I A= F T[CT A AR M el I (@R
W | O (@ SRS SEtew # (differentially permeable barrier) 6 | (IR SIS
@2 o [ ol 71l e TR 93 3K 99 SRS (FTR) | 9 6@ @R sifawed
s Al Transport system |

RGN 7 Seres Soimis 2&1 TP (Phospholipid) | Ffoiea w19 #i7 o1 @@
SR ReFite (as! SRR Sieere 2@ 4o SwRel (odl I IR A Wl wgfe @@ | 9o
SR AF AR AT 7w A AR (bilayer) 2 A | effels e Wz ufo wwke |
@ TN (hydrophilic) ¥ (head) @3k S1#14f6 S&™IG@A! (hydrophobic) 5z (tail) SI%# |
ST @B e SfFEsinfess (amphipathic) 99 A | 26l @R S9g Some 2
a3 f2rreefte wwtge SeERs Ok R e 3@ 1t @Y mit smbte W)
IfeTE TS FHEoEGE (Phosphatidyl) fasiiset Ie1 2@ A= |

ABTHIE Tafosts cofba

5@ W 13.5 ¢ ARGIATES AW Fo=

@t MR FIT (ISies e | fapTae wiefs Jers 3 i Sife wee FE Jawe I o 2@ |
@A eFaTev TN | @ul @b e Skfe Sim e 2fafE@a (Peripheral) (@ifod @3k @efe
ARAGER E (AT @ abiEs 7 o~fe fge oi@ A 3F5ae (integral) (2w |
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g T 13.6 3 @MW GG ¢ @IEIGITER|

13.5.1 @97 2§92 993 (Transport through cell membrane)

A2 I TR (A S G (TG AR FA AL 5 @I o T
ORISR AR 217 | OF »fF7es J7EhHT aFRren Sz | FFORIR @ e WHes
A&Ore #{fFaRe ™A 27 |

(a) TP (Diffusion) ¢ «f5 27 sMILTZ ST Ty (AT I 0 T @A =i
T I R AOS #17f | SoPHIFS F¥ SPIZ I T TR SH;ZG (CO,), SHe
(0,) 92 Al FHICEE 2 I Il S7PiifHe 27|

(b) 7RIfF® A9 (Facilitated Diffusion) 3 QTF(a8 ML Sfe Ty (A0 T G909
e Treme I Rl «few@ | O, “wfel @ S#fFe @i AL (carrier) T
SRRy N T 2 | (@ ARGREE @I TS ST A 96 4RI GISNGIF AN
AR T |

(¢) Fferm #iffa= (Active Transport) 3 A Teafe] 73w weres [9ikice wiefie T
g (ATF (@R 9099 e @1 *ife 53 03 IO FF O ©OFF 0+ Aferd A<z |
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GG (FHPMED ARWS ARAES, SIAE (2 D@ Y= TR | (@R 2HE 9 TS
sifeaizrala aues fow aoa—

(i) Uniport (TTFweNB) 3 @@ Wi ez e aay@ sifa=est %<1 @@= HT uniport
@ HT S (e feeg carss Ii50@ A |

(i) Symport (Frueilt) 2 o9 w1 faw w6 =1y 992 s sifdafze =1 @wm—
H™Nat Symport €3 34 773 (2ABW ¢ Ffeaw W97 9w »f7az 23|

(iii} Antiport (SUIFGTeNS) ¢ @ “Afaarers w94 Wy wfo foa o9 wft fer fon wfea
PSS Fa | @9, Na™ — K+ =it o we e enfeas @rm foer e 3
43 YBIvEm IFF (WF TS G

(d) 521 RIFCEATEE (Group Translocation) 8 <2 ¥AT +IF9%w (97 IRDAATER
orell A | ATETE GIfET BETHEE TNAA (TR AR0E (A foerm faraTe: «farg oy,
(A (W) T FCA| THRIEFA ¢ £ coli DFBEAIE FGETREe ofiaey ©F
(Phosphotransferase transport system)-43 21 F&T T, @A T=1GE 20/ TGS 7131
A T TAES WA [ (@ e 2 0 |

13.5.2 (@R @G

AT AWRBEAR  TAC AT WEBRATT 9F A SFEF A7 TLIT (e AT AT |
wEqfaefr awe: ATE @MEE AT ST T 5E TE TR ZE0E | 97 WE oME
Tfra ez oA AT (@ A | TR O%gmd F Rraen S ¢ @ e
AiEGEE (nitrifying) T ol wiEditew 9fte «fie s@are @ifes (oxidation) <7 ATP
agsymd ST AT 9@ OIS (EWIGIEd (Chromatophore) <= (@ 13.6) | FTI-cagsa!
(A=) AAFR-FHERAN ¢ @l [ Fenimce 2 @@ oM A9 | aRTaetes
(@ IE AA-FIE #ATA 3 5l T2 T [EIR TS I | (B #MTF T AZAFES (thylakoid)
A | AT AZeIE Rasreg W Tiema ariored sio 2EE | G2e! (FiW (T -5 [T
(e SEqfars [MeEmTe DNA @3 % §@ A90e ordl T | @B SEgfa (s
{Mesosome) #Ital #IfEfow |

13.6 FMABEA (Cell wall)

@ 2B @RS TR Tlele SRR (Osmotic shock) (A0 T 02 | TG ETT FNLETS
A AT (TeT) 9 A ©i3 @ (G 6T T4 | [Tg AT o 7@ 9 F9e (S 2l
a5 (Osmotic pressure) A2 FAR Hael A | AW (TSI B S 9% =W T
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O (@ FTPATE ARET IANER e 2@ @0 | (b e S
FRFERAR @ &b (odite A M@ EIbE SRIE /T FE () | @ 2l 5 2es
T € " (porous) | U2 FCE (@I AR (AF ARG #iel (FHTSTSE AR (@I
eIl 2T 1 | FG 47 IT 9B A A 21 | GROT (i 2B GRSl v 0 |
sl @ibiEs wiFfe SpIE @R wIFts 23 3 FFiE, TU aefo

a7 efeft TFGRER @ d4bF ceeforetaEa= (peptidoglycan) FI5< (19! ea Tos! | @
@ A= (murein) w12 WRTEFTALGIZE (mucopeptide) € &1 23| (H=broiaR@E 1o
SRH 2T, @F cot#biET Tt 5 g 4% ST S (amino acid) i@ (ot Fw (@ifbe w19

— N

acetylglucosamine  — % N-acetylmuramic acid ~ *—
G (M) j
CH,OH CH,0H ]
H & A
\ O
H

0, 0 AR
\ OH H \ s

H NH

f : L- Alanine | —
CH; o CHjy
. D-glutamic acid
[
:; D;aminopimelic acid (APIRT T
1
t D- Alanine

fom M 13.7 ¢ AoBiETEiARI A =19

SR N-acetyl glucosamine (G) ¢ N-acetyl muramic acid (M) 721 B 1.4 I% & T& A | M-a AN
& Bl SR ST ql offe (AwbiRe wkefl srma |
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8-1.4 glycosidic

[
(.- Ala II- Ala
D-glu (I}glu
DAP DAP
' /()/ﬁm/|
D-Ala o (&7 DAl
(H9{012T IHN

@ T 13.8 2 (A) @EHABE oAHIZCIRAEER o (B) (A=BIZT I

(A) R 42 «FTE @1 AT | o wel (—) M@ G 8 M @3 g B 1.4 ARG @ @3k 6ip
(= ot fca it Amfast e snifes s 15 Cross link @W*© 2@ | Cross link ACFCE (2155113 Il
7l oifFe | (B) 46 ARS fSwifas wpife (A fsfe Gha=BRe wem 3 Weal Sug offe (osbiRe
IH emi*fe ZEE |

3 (GRITA=BIZT (Tetrapeptide) D7 ST AT *F1 | 2TF SR*Z @ ABIER ST
FIAE (back bone) | @ T =7 w3 TN ST 95117 (amino sugar) W, 93! 251 N-SifH5iEe
geFeigs (N-acetyl glucosamine) €% N-=1f5izs e wniffe (N-acetyl muramic
acid) | o “i=ia o2 ez ¢ fewfss b w9 pl-4 aREries I (B-1-4
glycosidic bonds) @ (@el AiF (od 13.7)

Il Sy e wRl Affe (o15RT wi<xl E. coli T TRGRAT (FE IAEH L-
e, D-25iIRE snife, Tizenfe Fiefke snke (DAP) @k D-sufe ael e | B2
it s Smfe (diaminopimelic acid) 281 @36 R Sy SMfe i SR o=
SaRICNCEY

it St el wnife @@ 78 ifbiRe Jemel = cFE ARrEEe e oebize
Tl 7 7% (5g 13.8) 1 €3 (o1#5izw amall forg amffe (CO = HN) 351 o “AF oA
I SR Srhie 7@ o SR IFAe 2 oNE | AR @ 9 @, @ @ @
A OTG Foo! (7 OIS (@I FWE (713 | A7 0 Cross link JAR (7= A5z @3 il
IFA B TS (ATIRTIAEFT (M ABIET G5! TGS FIINE 5107 I | (T AT SLEHF
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A TAME B.1-4 THANE TIGTO 2T, (I BT Rewrm o i Rt | sigmes =
aWHE AT BLOHE A GIAT T AT | TE GIAT G GF0 FEGEIART gl Sz |
sETEiEy N-sniftEa fewfae snfe (M) ¢ N-epifiEa sremmizd (G) @ B-1-4 79 T
TG I (S0 (I, TE FFHET R 2| T2 A FTRPAGIES (oa F6a " Fa @ a4
GRS W BT [T FF O | @ FREBHANE T TS G @7 FBAZ I
e o S T s A R A FE (@ AnE 9% me @ AW S8 T o
A5Ta ARPAITEN g9 T(era 78 271 93 S979 ABRER @FPIE (2HIERG (protoplast) T
7| fog am @eifoe grebiaar @r able siHeera 78 271 @2 J9gr ablEae @mE
CTRIARG (spheroplast) TE | (AMBIATE A CHTAALS A} 26T »17 IW FZrrees AR
ST A SIA GG AEE @ bt i I @@ (fa 13.9) |

[mﬁfé{ 2 s ~fEoe ¢ s et aEmRa—z= o3 9™ (lans Chiristian Gram) 5B EER
CAfEeT® wdtardd Boi fefe T a6 FaA 9F oGS (staining) SEE 1 O smfcB I 9ga *@fe (Gram
stain) A AETHE SifEEsE A@ EeAITA | W SIAED (Crystal violet) TGF Awirefa wae fuca Tiemiars 93
T AR TSR @af as @@ | AEEEE € 92 A o FEe SafeEE jodine) F9 (Fedl Za
(T A& A mordant (TTGIIG) | A2 AW ETFEA A WHELGFE TEF A T[99 F@ A STWAR G
T4 7, TEA @ AT AL A (AE FOF SAEDE T FEE q P @l I8 T 4w ersle
ARG A, TIF AWHE A STACGS I A Fe A4S S d4m AfEe wm | @eie at enifsE
(AT o SR (safranin) IG7FT T3 [I2A F9 T HFEHTE R/ @71 9@ @@wsfbe FRsfars @z
TIBIE SICANEDA A2 (TR 404 ([0 AW ©fE FAFRE e T #lie ig = o offeioe b FomE
SIANFGE 7% (FF o4 9 1 ©f2 (@ef e @7 (e o) fns @l z7 @i @af purpl) | SgEaiEdEe
{bacicriology) 4T AL 9F gl i ||

13.6.1 oW ~if&foe @ o Frifte FwFERTT @ b

i Afee TniaE e abE @ Gifb! A 40 nm 93z 97 90 B9 srelaEE afe
10 *rerey <6 e @St BEfEE (teichoic) 3 Hr@m@™F (teichuronic) =iFE < |
formfe =it z7 fiemas ow@ & 45e (ribitol) «3 a9 «iffmiz (polymers) a1 JZw
(5T 13.10A) | T4a »AEaed TCEs o9 A4 4N + sy TrefEe sibew At o
Az At st e w3 | Terafte it b 320 1 =mew iee TRafe
e ¢ N-wmifibizm grames a9 swam ade | @my 4w +ve (@ Al YA
(fbRITIEw T Wi erag e Gt (weie fiefm) o<l awers A @ o |
2| e A s e e e ) o B = Il sy S s v R o = e s
(AT 9 WFFS FF (2nm) G3R EM ABIET 10 *Sie WE; qfE 90w
=i (9l | efem Al (AebiRTTaiEem arEa wHiie a3 Al 7t v e | a3 2t
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Bt onbres sffad fewsmal®a (lipoprotein = ffsitez e cafos g& )
FAHATCIAREET MY T& AT @M ABIET 96 IRemm oke AR @ e
(A2 BIRCTIARFIT TETS! SR A (ARANE (Periplasm) |

3f2g% WREA (Outer membrane) : AN @Tofbe JFGERTF o7 @3 [eorg == A2z
7S (Outer membrane) | @fbe wIfe qzEmE M o, ate fowsia®s, @iy,
FAEIfPE € Lipopolysaccharide (fFeai#ifemimize) at LPS 2 | aft (shomia gem
com | @2 ey SIEAR (oot Skl Bresiiaiia A 93k @2 feaielbn corebiRrelasieTa
MY g@ AF (B 13.10B) | IRz W7EAF AfET o1 A1 ¥9 &1 LPS | @fbe o6 s
wiEAT | €3 LPS Raast @ereiBati (endotoxin) WG #AfRif5® | €2 LPS @l == »Friereia
BERE FE (741 (oI AT (It e @i gy 21 1 LPS @3 wfbe (e, WoTe 02 e
“mief wia oifde | denes e @3 ffere s i, @b ffee A (Lipid A) wiet #ifafoe | ffere
A T TEAR SR TE A | LPS @9 oy st ze qesikal A1 AHrieake |
I ST 1ZOe! ©lol T 7 | GO W’{W (core polysaccharide) '@ S=jiG(E
O-Ii=BTE= (O-antigen) I | AR 7Fel ol (eoifoe MFGEREAT @@y Il AW | @ft
e, oETIeUTer, N-SiFibiEe Jespigs, Bepfn =<1 frca #ifde =7 | O-wnifGrem 1 Ol
e foq (2 SAET aFe A O i TR =@, @afe = A, RSO, WIS
(thamnose), PG (mannose) €3} € TRFGSIR (dideoxy = Ul SHCEw T CH) =%
@—SIfRES (abequose), @GS (colitose), ?HIANGIST (paratose), S12Rl HiEferse
(tyvelose) | @ =21 w7 feyp ffen aeGianm [fen oo i) @3 [feTors wniam
feq EAGIRS (serotype) Io1 2| @, V. cholerae @3 *lied GIAGIRS Iz |

R gram + ve JRECORE Tt
& Yo
Q&O’;’ e A
0 4 e
@ 2 gram — ve AR _— (P

S= = b
CHTIARD

5@ T 13.9 2 SN +ve SN - ve WFEEAR Told aARENEEN G (FA1 | 21N + ve FIFGEEA @ @bl
AReIeEs 7 far sl e &1 @ abafEm @ b arel qm 0.5M (@R “F@s wae |
AM-ve 99 CFGE LB TSI 78 =71
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P

2wl
CHBIRTSIHIRE

AW + ve @ bR

249

5@ 72 13.9a ¢ AW +ve, SN —ve WIGEHIA @ @b (@A) |

FAM-13.2 ¢ 9% +ve, SN —ve JIPGERAR T AL

AW 2f&ET® (Gram +ve)

AW @ifoe (Gram —ve)

. (ABiErTiiEFT-9T GRItA=GRT L-a1ighe s
Spifsc smifte Qi |

. (AR Ghit=bRee B spifimiHmEe

T (DAP) N SHINEET SUifFe Al |

. 96 (oA-biEreiaiEia S9ga TEFE Cross link
il =nifre @@t o aFaw AR IS |
@, S. aureus 9 (GG 3 51 5T aRFE @@t
ffife |

. ATRCE G (AAGRICIARSTIT DAP  SARf<s!

(A2BIRTBIARFIER D-Ala AT FANCEE! % (co-
valent) & TF TR Cross link 54 A |

. @ b TR ¢ T s A

. Toraiferes ¢ oricaifae sifie < =1

. @ bl Beenaite e Fetrlensaze
(LPS) @fbe afzaa=d e =1

. @M abica el ¢ Fensfrrisze ate

fEAREE A |

B A ) XA P o o 5 B B O SRR e o i <
g SHET 70% WU wreifyFs (FIEAE
(A-GiRrTIaRn Bl Aife |

. (ooRmERS 9 A fawE [aw g @

ABNET 9 S& W 7 - 13% ool SHF F6
QI |

. (AoGiRrTIARS ¢ @ SETe St GG
colfdgie™ v et |

. 136 (olfaaiiecra SofRfon srma | T Erie

€ (ALGIBTTINEFIAT W R |
AT ¢ Jf2ez wEaa qeE |

. o Fg 7l e T @at 39 e |

. o 7% B Afere TR aiel 9 Qe 0 |

. (R SRAEEN ¢ (ARG T e 27w
(A2BIRTeIaE 2o 4 S |

. e (ARRIEE B q@ SRRy e e =@

T IR @ A @mEA (AIEEAESEE S
«fb afzgz SIRE SIitg Tl @2 71 AT sl
afS = AW (insensitive) |
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fifsre
RS s
Ao
AR w7
GEcWaRIESR]

® : 3 {
G ofi C 6 & U S
No'aso ) o v0csewass

B)
5@ T 13.10 ¢ (A) awffe ol + @ @bicas Hawmet | sfoga civbRreERsH wa g3 aFeada sa#iffe
ST |
(B) emf*fS ol —ve (1 @B foawmst | IS Ay (A=BRreiaRm wa @3k ©iF golied 16 ®rze ifazies
ST | AR 2o7 1 e 915 | afbd otd [T @ AfF-sTeiaiRe cof St ©f =wele Wi (@it | Afm
2 @3 e (2w agsiest a2 Al Oy oo pee o |
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13.6.2 SFTR @0 &b ¢ @i cermifiels SR wae v @ abiE elrfbeiaem
e = | fog fog wffsaice wa-oosifbreiaizam (pseudopeptidoglycan) i | @2 wa-(sivibrsiziza
FreoREAE o @am fealt feds 7ot @ (1) N-SnbinEs fiEnfEe wnbnes 4ffa N-
TGRS SIAm WWEra=E (N-acetyl talosaminuronic) STIPTE AT (2) D-SHiG Snibrea
Afz=rs L-snifaen smfre A (3) B 1-4 AT IF9[ SR Bo1-3 ame A ) 4%
YA EMEDE (7 T SRS (extermely halophilic) wnféama swar | =i csidia
R oW, T8 ama @ 2A5raR [Afbare AR «ff cAfa s SRR W@ W
oz rae 7oa s g aswis (@ 2BER TS AN | e, Thermoplasma (AT )

W AT - 2

1. wife Mg Toa fm ¢
() TpEEE @ abtEe Form ef @ F Wae
e 3
(i) b AFEERER W 9 (U AEF

Teq g

(iiiy LPS @3 o721 216 $1¢

Teq g

(iv) oBIETIARITET S TN (T8 A *FAMEES A 2

Ted ¢

(v) RIS vaEa aEma o W oTefE B Fe

Ted ¢

2. wFiveEa (AR Y TiweEa ARl qUReeE GETE 8

(a) THARTE (a) B 1-4 Erhiiee w9 ers

(b)y colfgares (b) S 5% M 97 a7 51T e (oefbiRT
T

(c) wRPIEIH (c)y o + reCBTaaE (ol bl T

() e onte (d) SN -ve [IFHEAR (AGIEITIATTFTTT
g >zl

(e) O wIfGrEm (€) S -ve AFGETIT LPS @7

I GENGIEIERRCR
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13.7 F7T&E (Flagella)

AFHRAE SR T TG | ANG DRRH A G S 77 | WAl A S A WA
(@ T A Ohe W | o e apeiEaE oide 2w aff SEeiE SEne S 64T |
ARG (@ (AT TF B A0e] IR ARG T WLl | WHERAR 9F q JF (G
TG A0S AT | TG PP @ SN SRR ARSI FIF D TS Sisl 91 T |
FITEE AE W (AW A 13,12 w99 ora | Fite=i sl srst (rdree wers aft
T 7 |

51O $ FINTEN T A RreE FTSRW (flagellin) c2if fra = | aftn feafs e 4
ST SH B et (filament) 905 | €% 5T I@ S <%0 2% (hook) @3 AT | %
G AT TS ATE (@A qEq (basal body) 3 | (TAR ATT (<TS14! AZDIATRR W7 AT
Te 4 (foa 13.11) oW e anwdbiae @ma s 16 siefs drs ) am @alte
FREHHIR (T A(CTS 3 (TG BiFfed To 550 A7 (od 13.11) 1 o @siibe R me
W3 (@Yl DIeled W Iyl aRssiaaane oy wd (L € P bishe wirw sifaoe) we g
(EIG] ARGIEHT *MRE S[ES (S € M bisfe 9 s[b®) L-ring LPS 97 A% 938 P-ring
(AP BRTTIAEFN 47 AT AL T R | WE:Z Ring 967 W S-ring (ARSI BW A space
GF A G M-ring (FMoM a Membrane €3 303 AN FCA |

AFF FINGEE 10um A€ 74 e Al (A A [EHEANS TSN AF = O
SHGE 7F | FEPT WFre 2™ FFe A SHRE (atrichous) | 49 @@f6 @mr @5 b
WhE FICEEN ANE 9 EIE csrrmﬁiafm (monotrichous) == TA| GNH, Xanthomonas
(SHTEMRAP]) 4T (@21 TR | FEE FIEE| G0 (N (AT Fofs = @A @R IRpEAs,
& T S S o G m (lophotrichous) I | Psedomonas (PTETSIGINN)
<% T I R @ TR SR @A Afem TRsl (2rF 399 FITEl 8 T T
sitw coifafGa= (peritrichous) FTEe [FeUPT A= Erwinia (SIG03R1) it €% a9 f&ep
vl AR (To@ 13,12 w225) |

13.8 foife1 (Pili) A TFEE (Fimbriae)

Tife1 21 ReoiEE 29 =T @F 43 ARG A g A0 AT (7= AW | AR I (F YD
A FREGENE wIe T HE =l gEmE w9 @ e oI geGEeE e See
FHEEW e T AP S AYfed @@ e i game F9 231 B ([,
T (pilus) FAED- = (2foa a7 Toa @9 W toal | @3 e sr«foa aw foifem
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(Pilin) | F ff&1 (fertility pilus) IR Feeamia-42 Sz A9 6] 510w SO SIS
R (R | 3 IR AR G TR (I S ARRERACE DNA Zaiefze 237 | f#1f
AT T CIBAPR AN (AR FIFGRAN AR Bloite 2Ry w6 | e siceial gew
IR | @S Neisseria gonorrhoeae eEEIRERERIQIEED) f’il\gl(@ TSGR TGO T FE
iR e preIm @R St ge =3[ #7| P21 @ ez @3 st 32 sl o1 @3 @,
@iet PoAfer At Ffsre (10 2 o7 F) @R @SR Ao | TFfEg ddige gar IS (1000
8 o i) | e iw ufb TG @i T A M @R TR a7 e @
IYITIT (substratum) ACK RIS F4[ | (f?ru‘] 13.13)

ARCGIAE R 2

foa = 13.11 8 4 @ATT TFERACE PSR sloa-aFe @A 2@ | @@ e @ ik fGR A Sim=
S SRS A L, P, S 8 M At Tz | fesieferisiaiEieg @3 e sge #0a A6 L, coeibreiae
G AL QAN 0T P | GZOE M ARGIAERT (0= 8 S (AfAsiis o oid <8 2@zl 3 (<o afeg
e gefaeifs o
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g w 13.12 ¢ FICEER )Y € [T TR TFFGHRAE @@ |

Sk »".k.{fé;_;/
: .. "\.‘-".. . &.':'\ @ﬂ"fﬁ@?
b, o -‘ \‘:\:T DNA
. - — ,\‘\;);}. S| EECR G
7225 (N VAR ARCatE

MR O
)

o == 13.13 3 Fife7| g Roomae @ ewffe |
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13.9 SFIE it F2FA (Capsules)/ FET (Slime) /S TR (S layers) :

WG BN ADE 97 WD ANEFFH S (structure) (A1 AW, GHA SR
AiEgrEifern ot | @2 ARcEEiler 93 wrg s, FiEN ¢ S-wd afens ek w9l 7@ | agfe
feferen aediam sre @l S (Fa IR = g Ted 2w oRaiE
FEERA[ (FG FP[ S @ FeTs aferaid «mnda o5 (0F FRnEAE T
A | (@ Streptococcus preumonice ((GHBRPRP W), Haemophilus influenzae (s
BPTAG) 9 Klebsiella preumonice (@FaMam Tf) oefoa @wa Awwe F9@ T
AR TS @I ArAre | U (TE (T 43 A R SAIE IR angeiaE Aawe
T TS 77| TS IO G2 TOR GANT FPFTREN (FRIGRTE FRAZGI0m sEers
R®A JE T Bacillus (AR S0 Seie 5w (Ailoa Fie@m todr S| @& W, B,
anthrasis TR WA 5 wibe fr T bR TR (AR ARITEAAR A G
AT TS AT | (o7 AT @I (A [Bivey w91 789 791 (v 7% 13.14 1)

FiEw Il Tz (971 95 @7 Tom OR @ A T ARGRAR BEAT grerd @l
o Y | 4T TE55 A AT Tl AT | & B FHEGHL FIENT (@ (A [ 721 7187 |
TR TG FIFL NS SEPTNATOR TS (A7F T T4 € 4 4F Al | FAI8 FUTE SE
FIZA T ST WO FG T | AT (T ¢ WS THI ARG AT TN 4 MU @GS AT |
(TG (Dextran), (&7 (Gellan), @iZeTH (Xylan), 25 251 [leq an<sim *F21 96T FEw
Tq IR ATRARTIFIRAET (Exopolysaccharide) Arae wifefze Ta =) wafim @i =,
BF/EIG (OIS S BHA WA (F PP F(E TS F<F] g 9i7g «<R Aififens a9z =iE |
THIRA

Leuconostoc, Streptococct | (foa =2 13.14 i)

fog Giwdia @ wiFra i sme FURe (@S @i W9 AT oiT S-FR
w8 % g R @ w1 9l widigRed W ted s 9 9sih @ifte w1 s
TS (Paracrystalline) (b= w9 fwra te41 43 T @M 2ibias R T S92 S|
TWRE ¢ Thermoplasma.
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fo@ R 13.14 8 (i) TP, (ii) FIEH | F2A FPER werwR Az [fvey w1 AR |
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W S - 3

1. *FTEW a9 T 3
(a) TR SN =T AR (2 |
(by Tifera TomE == F (A |
{c) TN == g7 «ifie =B ==
(d) =1 afE == q GG oI |

(e) IFHERAF SKFweieTel aRHhe T ewgsd «F b Tiow = |
2. [FHREATR PIEEIE G ¢ TIEM A GF 6 ATt FE a3 Trrgad o g
TEm

13.10 HAIHA

Giraa e Egafm e st getiaces fumm | afve o aifr Sefarre e
el &7 Gran FRREma afeamere @TRmm FE @A A @ T Sraag
A W wfEe 16StRNA sl sles tafdy @an =@ | 3 iEalm fefers
GREsIrE foa TofFens A domain @ 15 T T, (T ; I[EHET, ST @ TR,
TRl @ 128 are e w3 efeersm e @R OrE, @ Al
TABHIAGHE oM 2B GFAG AT AW q AR @ AT AT pEs Al @ A
A @ATS (7 | (T e W farg ofsees Wi (e, eie A wmEe) 9 e smfers
(T, w3~ 4l caifw aifEs «faaga Toniv) oa 4 | (R (@F TGRS @ 54
TEqia (T, (FIGIRR) (TS ANl a7 | (R 215t 25 e iaae «is e 7afigy afba
FIHTA JeTes (oiibiRreiaEe ar fAite | «ft asft g2ue A1 oo STt N-acetylglucosamine
(G) € N-acetyl Muramic acid (M) 131 Fff® 1 G ¢ M +@>aa s B -1,4 SEriies aga
7 T | 4%l 1t orfa@t @@ W AsGiET 9wt gl eifde o FE @eee dred @) e
(S ABTET Yol S (T4 | 51 +ve (FHABIA (oBRITIAZRN 70-90 =i, 47 2I(F 51
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-ve (BEADTT 13 =ORHTS TN | &IF -ve (F* AHTIA AL WE 4 Fsiielrmwze
(LPS)=fow afzaaadi orat i | (@ieea so1iw 281 iereT); @f wmnerfem anre ceiffon fae 7odt |
Toifet =o1 =g maera aRqia A1 BEEE Y (FWerEE gF a1 W32 ffem Jive aifo frra reet
@R (@R (@R A e e [T menm 3 §iEm w1 @ otem 3wy

13.11 ST 2P

(1) J=mREaE @ aAbiEs suacii Basg 2600 59 | AN +ve 8 9N -ve TG TR
W wielw el S|

(2) O =Y s
(2) TFFGEEAGE @A o7
(b) i siibe FReBmE fEEmed
(¢) FWETEIRT FrrE=
(d) colsibRrolaRam
(e) PRI A FiEW
(fy fotfe
(3) TREHRA ¢ wfEaE T AL T

13.12 Segwie

W ST - 1
1. () <=9, 75 ¢ ~ifEfew
(i) Thiomargarita namibiensis €A% Mycoplasma
(iii) ~IEARET = w7 e A qo g =i = o 7or wte

(iv) Micrococcus € Streptococcus

(v} Vibrio cholerac

2. ferm TrrEad
AT Micrococcus, Diplococcus, Streptococcus
w3 Tetracoccus
fee Sarcina
9%

Staphylococcus
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W S - 2

1.

(i) CoIDiETEIaRm, (i) o (wafbe ARWERER (ebRreaREmg IFens 4, (iii)

Lipopolysaccharide; (iv) N-smif5iZa graeifam aaz N-=niiGiEs fgafs s, (v) p-1-4
AMHFTT T @R (AABIZT TE |

2.

(1) (b)
(i) (d)
(iii) (a)
(iv) (c)
v) (e}

W S - 3

1.

2.

(a) FTERE

(b)y fifem

(c) oFPTeRize

(d) FCE

{e) TP
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