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[ﬁwéunfﬂﬂwﬁﬂmaqa ] [aﬁmﬁwiﬁ ) i “”1“9‘2“
mu Monosaccharide [CG—C?J e R P
carbohydrate H,0 b glucose
'®'[ I '_" 2 I g = Lﬁuuwsiqwﬁqmwiﬂvaam cell uniiu sperm
5ULElTE mineral L
MInLTEIaN fructose - blood sugar = 100 mg/100 ml.
cHO T H: O =2:1 - waududy 1 - wnannfigalussaagnd
NTNEIBY L wrilu sy, semen il |
L caiiaiias tisves starch/glycogen/cellulose
OV - WUAIHESIIUYEY sperm fnvraazaann profein el glucose
L #%937n glucose T glycolysis
simple lipid (ester bond) -
- ¥Iusuen 3
compound lipld - lawudas: of lugtl lactose Tusiun
miscellanecus lipid .
- evddseneuvesiu agar
] - &
@'EE | ribose/ L eedtlsznen mucopolysaccharide iy matrix vesidiaids
-@ monomer = amino acld ) deaxyribose ~ carbon 5 atam
_@ peptide bond (amide bond) - avAdTznauves RNA Wg’m:namm DNA

L ¢nfe O een 1 atom aclé deoxgr‘lbose glu+glu
-( :)-l nucleic acid I
s oligosaccharide (2-10 molecules)

monomer maltose fuuead/onuileing amylase
Iacfose glu+galac
_® phosphodiester bond disaccharide (C,H,0,) _E g

SUCF‘OSE

uwa/{iaam:wﬂdﬂﬁn‘
—@ water soluble (co-enzyme) sivmansy
—@ fat soluble negative Benedict's test

) trisaccharide positive Benedict's test dnslensatudannse/duuiu

b polysaccharide

polysaccharide msp
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polysaccharide
glucose monomer

starch (3)

cellulose (1)

non-glucose monomer

CH,0 Tou H:0=2: 1

asnedaa

-

T

glycogen [2]f

L avwsazasiluded woludn > muscle

sefon or(1,4) wazex (1,8) glycosidic bond

@ugvauanfefinnanian

1, 5ol test Tamindusho/sinduidu
smsdsdn usy

tisnaauléifn amylase w¥e acid

aadion ou1,4) wazot(L,6) glycosidic bend
FRanfefinaEnIY

1, 50" test ladua

[cH,0 Tow H: 0 = 2: 1] uslailé carbohydrate

‘ HCHO formaldehyde
CH, COOH acetic acid

CyHQ, lactic acid

— fructose

— glucosamine — chitin
Arthropod

Lesviagsunsd

cell wall vae fungi
exoskeleton ves

amylose (ﬁ'uh} > amylopectin (uae)

)]
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@éan B (1,4) glycosidic bond

anifluanmurliuanfefuavn
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Trweaireves cell wall vasiuas algae

tisuaanlédan cellulase wFe conc.acid

Inulin —— W veeNanNEIULaE T

Twsarany
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wsuwalil
WU
gai:ﬂvs‘f-u

[agalose gel — wuuae (Gracilaria)

— galactose

—complex monomer —— NePANN_ g&a4aq0 basophil

!—[ Hlaediu bload clotting

ﬂgEP—EIﬁ'ﬂn red algae
tissue culture, microorganism culture
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+— monosaccharide

— disaccharide unviu sucrose

|— sucrose + acid

|— sucrose fsunug

I— polysaccharide + hydrolytic enzyme

=1 Izsol—ntest—r \nde 12'114 KI (aq) w¥a ethanol
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simple lipid (ester bond)

glycerol glyceride

high molecular weight alcohol —— wax
14 double bond u molecule
solid lipid = fat

W ludad

Tainiin oxidation wawwiiudiu

alcohol (backbone)

fatty acid —[ saturated = non-essential

unsaturated = essential il double bond Tu molecule

|—w—3, w6
compound lipid liquid lipid = ol
diglyceride + Pi WA i
phosphalipid amphipathic lipid dazifie oxidation usliimdiuity
Talulaid

cell membrane compenent

glycolipid == lipid + carbohydrate

. . lipid + protein
lipoprotein —-[ HDL
dnavalvinduizes —[

LDL

miscellaneous lipid
cholesteraol

w1 steroid

sex hormone
steroid hormone —I
adrenal cortex hormone

steroid @ steroid nucleus

others terpenes vitamin D
prostaglandins aldosterone

tisol

pheromone cortisol
vitamin A, E, K sex hormone

S

monomer = amino acid

! Val, I Lys His

L]
£556N1{a] m—t TTYPhe thre Met
' Leuq Arg

- o P

non-essential

P

peptide bond (amide bond)

= polypeptide = structure

= 2°structure = OL-helix or B -pleted sheet
I—— H-bond

L 3°structure = 3D structure H-band
ionic bond

disulfide bridge

L 4°structure = one more peptide

mm clipeptide 2 amino acid
1 peptid band
e fripeptide 3 amino acid 1 byproduct H,0

2 peptide bond
2 byproduct H,0

positive Biuret's fest
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Van der Waals force

negative Biuref's test

nuclelc acid
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@ i RNA = [inear single chain
phosphodiester bond . Gnleman
DNA =====linear or circular double helix with complementary base
nucleotide nucleoside
. ibaae adenine adenosine
1A pentose —[ ; e
deoxyribose thymine thymidine
@ nifrogenous base v cgiains
guanine guanosine
water soluble (co-enzume @ uraal uridine
( yme) fat soluble
= Bi(fhiamine) e metabolism vy CBH = energy e A—E uaadiu (opsin, retinin) —— night blindness
I— frznuszuntszdn > beri ber| flsyfin. ————— antloxidant ( B-carotene)
a+ 3-
s ik
= B,( riboftavin) sedtlTEnatves FAD taunnrzasn o | auga Ca , PO, rlee
Achloresterol u§ainl# active ila
= B niacin) eeRtlssnanvee NAD
- —E reproductive |
= B.( pyridoxine) metabolism ves amino acid & lipid antioxidant |
I sl e ssen - | —E afraidlu prothrombin 4 liver i blood clotting
o , J Téann E.coli Tudlalng
= B,0(cobajamin
i b ietabolism ¥ae nucleic acid & methionine
b Follc aci L
utiv cell 1all§ = megaloblastic anemia
metabolism va¢ nucleic acid & methionine % .
Yesesimbonsad micreorganism only
LEOET
antioxidant
b= C (ascorbic acid) collagen synthesis
g6ty Fe™ arelundd g
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D - 2- + ; ;
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o r- light reaction §in CO, - Pixation
N e a
nerve impulse = action potential saufiu Na
- zhﬂmﬁgaisﬂugﬁ heme
—_— nnsiduvesiiala oL ; 2 .
¢ — aaweuﬁwﬂﬂugﬂ Fe 1ums§ﬁuu§nnﬂugd
wsung (187 3 Na"#) msFnunssinaudaduly guard cell At by Fea+(F‘errin} i e
nerve Impulse = action potential $3uds K — pedtlsznauvas heme lu hemoglobin wae myoglobin |
d5unasinlugrenwded muaﬂuﬁw‘la Tew sidosterone L viaishl anemia
2+ & & -
Mg wertlsznanves chlorophyll wHEn b e = co-factor vasasade chlorophyll
NTHEEIVES muscle any L vit € fanlunrswidny Fe®' sadndiu Fe”'
ang —— salluensa |
lawssuinGountlugfinds Mgso, o L shsorptiont
mt:muﬁﬂﬁgﬂawth asednudy A% ﬁﬁ'liﬁwgﬂ Mg +Al = wuedetnsrivz
.3
= Fe Fe
o | e gofzisznBUYRY thyrold hormone vaeludn cretinism Sunld o
o wwasy enamal
mﬂufmm simple goiter i
Wngads Fe
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(1) ATP
(a2) NAD”
(43) FAD
(A<) NaDP®

UfAsuniai ludeiiin

ﬁwﬁmw&wimungu (Ea) siewmane

@ kinetic energy

(82) potential eneray

gty
4
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—@ enzyme+substrate
1

enzyme-substrate complex

1

enzyme+product

_. mechanism
Haduiiiuagantsyineu

wirnuwazt§asantaied ludeddie "@
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m%‘lﬁwﬁ\?\mu%\? i

AdenosineTriPhosphate = 1 ribose + 1 base adenine + 3 Pj

phosphorylation
ADP + PI === ATP
hydrolysis

Kreb's cycle
substrate-level phosphorylation 4[ dhicoiiis

oxidative phosphorylation — ETS

phosphorylation

photophosphorylation

light reaction

Nicotinamide Adenine Dinucleotide = 1 nicotinic acid + 2 ribose + 2 Pi + 1 base adenine
Fwinfiiudavudiy electron was profon

i reduction - lycolysis
NAD' + 2H s NADH + H oy
oxidation acetyl CoA formation
Wialu aerobic respiration Kreb's cycle

@. : [ anaerobic respiration = glycolysis

Flavin Adenine Dinucleotide = 1 riboffavin + 2 ribose + 2 Pi + 1 base adenine i

siwdnffiudavudnn electron uss profon
reduction 1

FAD + 2H s==——=——=== FADH, i
oxidation

Wiinlu aerobic respiration iy

(A o

Kreb's cycle
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kinetic energy

2

potential energy

[

Nicotinamide Adenine Dinucleotide Phosphate
= 1 nicotinic acid + 2 ribose+3 Pi+l base adenine

wisuutlasinann NAD"
wwinfiiludavus iy electron was proton

iBududsuszaing light reaction fu €O, - fixation

otludagiiedoud
wasues = phofon

&~ fillmsananas

exfludagfiogi
sgﬂ.uﬁusﬁwﬁmzaw

azammn‘lum:‘lﬁwﬁwngr

exergonic Rx
E reactant » E product
At energy
catabolism

endergonic Rx E reactant < E product
g8 energy
anabolism

enzyme

(1)

OnDemand

en:gme«;‘fubs’rrafe

enzyme-substrate complex

enzyme+product

lock & key model

mechanism induced fit model

Hadenfinasensyineu

m temperature = optimum

= pH > optimum

b [substrate]

m cofactor —-—l fueral lon
co-enzyme

e Inhibitor

= MaEx

competitive & reversible
competitive & irreversible
nancempefitive & reversible
noncompetitive & irreversible




cell vaudeiitia
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ﬁeﬁﬁwﬁmwé’
profoplasm

-®—| asandueatssein cell |

#svunelugl (bulk transport)
AVTVUIELan [dnu;ﬁaﬁw cell)

o
—@-I uziFe (malignant tumor) I

o cell wall

L cell membrane

= fwuaandfnngiy cell

= membrane vaw cell aviimudiaufurus
nuclear membrane

cell membrane

organelle membrane

— dgnam[rz

= semipermeable membrane

e fluid mosaic model

cell structure

avhuottuiKas

ma capsule (bacteria) ==

[

P ﬂ"l{{?.l\hi LpagLdne

Hesfiunign phagocytosis

Taiwnluded

mﬂﬂ1&&ﬂ?ﬂ&lﬂﬂ

= - i
Snmale VRERIBLY TG cell
permeable membrane
el lu

— WE+AIRTY

| -

Cell vovavixle
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plasmodesmata — ¥aaidnl# cyloplasm szwing cell Ridadesu

pectin |
l:hemicellulose'

|: céllulose + awa:auﬁumﬁamqmn-ﬁu
73 du
— middle lamella

|— primary wall s cell
.
i funsnga
— davgu+une ‘
L4 Wi
stifiatdnan e

cellulose fiber+hemicellulose

'— secondary wall

Sio, (Sllica)

L diatom
|- bacteria (unidu mycoplasma & mycobacteria)
e murein/peptidoglycan

I blue green algae (cyancbacteria)

L mold, s, yeast,snflanzzuzaing spore

pectin (polysaccharide) wiasuann

I: lignin
suberlin

cell plate (calciumpectate)

cellulose+hemicellulose+lignin
(complex mono amino acid)

iiadin cell wumiaiauds

arﬂuaa
L ]

murein or cellulose

chitin

fluid mosaic mode! B |

9



I—Fluid masaic model

t polar head sanétuuan
nonpolar tall Wiy

— protein

L cholesterol : 1ag buadinindu

protoplasm

nucleus

— phospholipid bilayers ; 13teda 2 u

]: peripheral : outer surface
infegral : unsa lufu lipid bilayers

— glycolipid . @ carbohydrate fusanuanceliauns

liz L stability ws cell membrane

"

- AN
— fisufadiduniy
_ cell fialdlding 1 nucleus Sndapand |

(uavdu skeleton muscle, paramecium)
et 3141791

— sangunIsrineuvas cell

|_ transcription
fsaiv protein =
translation

L. msdﬂuﬂa&insw:mﬁnqnﬁw DNA replication

b iRty

cyfoplasm
= cytosol _
semi solid
L ansfioniefinma gel
|: ectoplasm sginnpusn rsemi liquid
endoplasm sol
) ; L ag’mtﬂu
— cytoplasmic streaming
|_ TwaRaILves microfilament
- ﬁ'n‘;j'vw
organelle el
mr.luslon oll drop
igment
= organelie Pig

— nucleoplasm 1155&5?!?31
nucleolus —-E fidmauann by cell Adnamed protein sn

AsRugnITY

DNA
L_chromatin

71 DNA+protein vauiluwnden

%79 rRNA dwiu ribosome

Fruzuty cell azveusimdy chromosome
Tu prokaryotic DNA ﬂgqm cytoplasm
RNA—— snsmugnsruveslafannavin AIDS

L nuclear membrane Flu

2 fuves phosphalipid bilayers o

nuclear pore

iwlu eukaryote : protozos, &, 37, 89
Taiaglu prokaryote : bacteria, cyanobacteria
(awsuddenunmingu)

organelle s

10



L organelle

free prokaryotic ribosome =
mitochondrial ribosome in matrix &

i

no unit membrane 308 + 508 = 708

_ ribosome #9390 nucleolus 408 + 608 = 80S —[ free eukaryotic ribosome
protein + rRNA
— ER
2 subunit
single unit membrane
2 type
|— RER collagen
with ribosome enzyme albumin
a¥w extracellular protfein hermone globulin/antibody
mucus cosgulative protein

asvaden profein

protein duq thromboplasinogen

first glucosylation ya¢ protein

steroid synthesis
lipid absorption at vill |
fatty acid synthesls

i Na* ludadneiadt gill
[— sarcoplasmic reticulum

prothrombin

L sER fibrinogen
gonad
without ribosome
adrenal cortex
lipid metabolism

fon

detoxification

[

saufiy mitichrondria restore Ca®*for muscle contraction

L

chloroplastic ribosome in stroma

nuclear membrane bounded ribosome

— single unit membrane vesicle

| wif
dehydration profein

= second glycosylation

enamel

root cap-root tip

- acrosome-head of sperm
last protein checking -~

afeany
nematocyst vaw Coelenterata

— single unit membrane

| wsra+dudue protein

(= usspintien =lysosome

intracellular digestion i food vacuole — 6
frdmiislse + deutantasy d4a RBC >E dna
- 1vn€=§ﬂ

wrgnien

autophagy
autolysis =

e el mallic acid for CAM plant photosynthesis
|- golgi body «E inveady ECO:P
- vesicle —[ wfinl pigment anthocyanin —— 9uanuwen “H0,
L adiiaia wan luivg L o ,:
single unit membrane 1“"&’1“ g - HTE |
[_ \inasitlile protein sap vacuole VHIRLLTRIHENY l: Nﬂfmf‘w prt:lozaa e | Saitts
AR [ 3 xila I_ contractile vacuole i - St
L. U
L food vacuole Intracellular digestion finda N-weste = NH, - Waana
- hlashe
mitochondria g

OpDamand

Siafladpeiiafin/ i frsauded

|
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muguinsiin-een

= outer

L inner : knob & crista

|— mitochondria double unit membrane
—E mdy prokaryote
widi
\— plastid

— double unif membrane ﬂa)

— @ty prokaryote

findensdnasseuissley antibiotic
[ 708 ribosome
circular DNA

[—

oxidative phosphorylation

f-oxidation futiannsdrresauiselay antibiotic
70s ribosome

spiral mitochondria v sperm circular DNA

with SER —[ detoxification

fatty acid synthesis

replication aéiww binary fission

thulakoid
granum

BN - FLRUEITLIN-290

Ta - (thylakoid/grana) + lamella + stroma lamella Sirgmeiameln

single unit membrane
microtubule §+0 = 27
woann luded

vl basal body ey cilia, flagellum

4919 mitotic spindle fiber aau cell division

X 1 1ndwa= 13 dimer
spiral chloroplast v+ spirogyra )
phofosgnthesls 0= Flxation' = stroms fimann treadiike polypeptide

I|ghi reaction
Tassaine

microfubule Wiean sctin 2 auwunans
intermediate filament
microfilament

Tu muscle iun myofilament

— flagellum
iy Ry i 3 YU8 microtubule » intermediate filament > microfilament
wrIsaud Triconympha fdlddaan imicratubule
Tgansagrendu Trypanosoma Trensermdnlueu Infermedlafe filament
1-2/cell sperm rnlcrof‘llameni
wafl wrilu bacteria usldly 9+2 = 20 microtubule 9+2 =20 paramecium
[~ cytoshsieton Aundnurng trachea
s Tennssialun oviduct
dauzinee lcell vorticella
|— Wil stenfor

OnDemand

replication adu binary fission Fva LTI e lapxlla
- ' RIS i : outefdnembrane
— 3 il leucoplast WUNTIR, A, Fodueonldl uniiu nauld sap vacuole
|_ = z y Innerxfiembrane
chromoplast _I Winile 01l carotenoid carotene
\— cenfriole - .
chloroplast xanthophyl igan dimer tubulin dmiu hollow cylinder

keratin
—E desmin
lamin

Tu cell tszamisun neurofilament

microtubule s
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unuvas cllia, flagellum, centriole

microtubule

andue microtubule

I~ intermediate filament

—microfilament

awduy organelle gveq Taw kinesin

ununanves cell (luanwdn)

whuves mitotlic spindle fiber ﬂ'ﬂummﬁe cell)
unuvas astral fiber (fia centriole sin cell membrane)

wEouse cell 1Fun junctional complex

-

Ay cell wwrzlu cell dseam Sun neurofilament
virldt cell ﬁﬁaﬂu tissue wanafuiiwdnenisuiy

[ Aau cell mﬂﬁ cell membrane
il cell iiagelsng

1= wauvas microvillus

I amadeufiuby amoeboid movement + pseudopodium
- wildide phagocytesis, pinocytosis, exocytosis

- MTIENVERDAATEENLTY

L muscle contraction (n1swadavesndnuie)

— cyclosis

— cleavage furrow ntseesda cell Tuszususie cytoplasm

aneasuves Coelenterate

NTARANTTERING cell

cell #xiitia

— —E plasmodesmata

pit palr —-E cell fivauuda
eviwaiflu secondary cell wall

-

o B

L szuzlod
szuzloa
nervous system (g, Yssanuerudusinaidn)
CNS : brain & spinal cord
PNS : nerve & ganglion

endocrine system (gw, dyzaueu)

hormone la@udes

- ugau reception —[recepior Y cell membrane
receptor ﬂg1u cell

signal transduction

i: receptor ilfuuusiavgdsratieds signal
anvae signal snaluduiReauiawaudu

[

response

L local signaling

paracrine :

autocrine :

: 1% carrier protein
— gap junction E desiruans [ lunnsdeans
— junctional complex

[ Lifidasineszwing cell
fight junction fHoeiuanglaaniou

adherens junction

desmosome

 microfilament
L sirlsicell raifunwdoudu

- intermediate Filament

L sinlsicelinafusdndu

cell wisansnu cell Froidue
cell wivanzay cell duae

target cell active @a signal

fiaadnmsudn i T e
cell avfiull receptor @19y
Klaannd 1 cell & receptor wanuyds
r - V
recepto ﬁwﬁumi&wsmﬁmmnﬂw gdndusansTsin cell I
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NNFALALNANSTTLe cell

(81)

asvurelnal (bulk transport)

Teitiucell membrane
4519 vesicle phagocytosis
1% aTP

1% microfilament

il _—[

asviesan (savdiesta cell)

pinocytosis

endocytosis

exocytosis

= 1aflg TP
L. passive transport (ans concentration gradient)

18839~ = facillitated diffusion

Taflggamn
diffusion S/L/G, . -
ﬁﬁqsmﬁ@uﬂ?qﬂm'}ﬂﬂ'ﬂ'ﬂ'“ﬁ
laisinudanans

rate—Fick's law
dialysis—t1u semipermeable membrane

uz459 malignant tumor

receptor mediated endocytosis

slalédn wqasﬁamwﬁwﬁmﬁwﬁu

g

0smosis

; - 1% ATP

active fransport (#u concentration gradient)

@ carrier protein = transportor— N& /K" pump
primary active transport

L
L

into cell
into SER
stomach

action potential = nerve impulse
secondary active transport

calcium pump._l:
profon pump—[
distal renal tubule & collecting duct

o

Ondemand

anmniz - cell winauaann adiudeunasd invasion

cause oncogene theory

oncogene
anTileeiu protooncogene
1" prevention : wAnanvans tumor suppressor gene
fensife , Haduidue carcinogen
2° prevention : #vnaausyidse

3" prevention : Snwniilnuzide

antfioxidant — B—Cgroiene
— glutathione
— indole °

— lycopene

— gerefin

— Coenz Q10
— vit C

— vit E

solution

w1y semipermeable membrane
\dunnsedeunivey solvent
solvent Lnﬁauﬁﬁﬂmwﬁuiuéﬂﬂgc

symport/co-transport
= glucose or amino acid absorption at villi / renal tubule
counter-transport

N&*/ H' pump at proximal renal tubule
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chromosome
2 OnDemand |
cell division B | chromosome § 1-2 sister chromatid §usfuaia:
= [chromatid={chromatin=protein + (DNA = gene + non_gene)} vedausiu ] |
(A) = 10ztind = chromatin network |
! —n = haploid gamete !
m fiaurie cell asvuwndradu chromosome spore |
= l237uan chromosome i centomere (kinetocore)
. ) 1 gametophyte |
prokaryote = 5 chromosome &enawuves chromosome ilaif ) : £ = l
X : . . = 2n = diploid somatic cell v&¢ fiv 88 uay 38 ﬁ?g |
eukaryofe chromasome wiivle #dnsuzdiiuay (iwfiouduasd |
. somatic cell yaedad
(B1)amitosis L adev = 1n) t o
@ . el = homologous chromosome = chromosome 2%amiiugdiu Sparopiue
g 5 - 3n = friploid = endosperm
@ elbsis e |: sljmnqmﬁnum _Lﬁmn-u .
I danudavaaniie 1 ¥a laifiuseutaiau
\ @ j nucleus peanateutie 2 dau
wrisléetinesaaia
e walu macronucleus yeewnsaiguu |
" cell division eukaryote cell ueife
adipocyte
pr‘O kar‘go‘t’e [bacfeﬂa & blue green a]gae) @ amitosis R ad1y gamete vay iy do uay uadig

af1aiadAuiugann spore vaeRy

Yinidens ruicisis @ mitosis hdmau cell vae gametophyte
DNA saufiy genophore protein = chromosome u eukaryote 1 : 2n — 2n — isduan somatic cell vesdad
binary fission 1 genophore wasuda cell membrane cell Twsiundiou cell éu uas sporophyte
2 DNA replication 1é 2 29 cell cycle 3n - 8n — i endosperm !
P Y p
3 cell peanane |
& |
4 1§ 2 daughter cell (1 cell § 2 24) !
cell cycle mmp |
.......... - Y PENTE TP OTEY FE T —— i I
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m cell cycle

T aTP
Rrww']m“i'qa

= inferphase

= M-phase — karyokinesis
tsznandiy
[— prophase

l_ chromatid pack wiu

nucleoli dau

nuclear envelope \Fuaan

mitotic spindle fiber fiafl kinetocore

astral fiber @a7 cell membrane

metabolic phase

uugaved cell cycle
= cytoplasm = cell yumvua
wFuudIaes DNA
#5149 enzyme for DNA replication
DNA = x
2n = 46
1 chromosome = 1 chromatid '11:3:} chromatin

— § DNA replication—DNA = x —> 2x

chromosome duplication — 2n = 46

wise karyokinesis & cytokinesis
': 4naed centrosome = centriole/polar cap
OnDemand
+ astral fiber
— DNA = 2x
= 2n = 48

— 1 chromosome = 2 chromatid 1113:1 chromatin

— nuclear envelope aaunys
— centrosome #ayRTITINTY
chromosome 1uaflussunmdoadu

metaphase plate

metaphase plate fivwuavunaves dauther cel

DNA = 2x

= cyfokinesis_ &
Pt #x = a¥e cell plate Auannasenane

|~ DNA = 2x 1 chromosome=1 —» 2 chromatid 1113'& chromatin

— 2n = 46 = G2

_ chromosome = 2 sister chromatid T

‘ TEHZIAAUGR
[— metaphase enzyme fauun®i centromere
\— anaphase #anu microtubule = & chromosome uufeen
— telophase e
4n =92

1 chromosome = 1 sister chromatid

— gan3n cell cycle(GO) = differentiation

@3¢ nuclear envelope = nucleus forming
chromosome sanesilu chromatin

faudaz nucleus

2n = 46

chromosome = 2 sister chromatid

¢ ' e = 2n = 46
a3 = (Hesucell pesinundiu = cleavage furrow DNA = x
= gquaEnEe lunnsute cell
‘ P S bone marrow 1 chromosome = 1 chromatid 'lugﬂ chromatin
= une cell aanaiian
epldermis g :
. i apical meristem
=~ gnvinauudaude cell naunuls $i P tanuog
mor |
tasin
': hepatfocyte spermatogonium &
skelefon muscle stem cell i R
1 WRC Intercalary meristem = agiwils node vasEilErcainkiy
= Goaladn mitogen i ¥ = meristem
og amniotic cell ¥ = meriste lateral meristem cork camblum

sanann cell cycle(GO) = differentiation mep
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Lssnann cell cycle(GO) = differentiation = fiv = visilenss (permanent tissues) cpicamig

1 parenchyma

L i — simple permanent tissue s
neuron complex permanent fissue endodermis
lens t xylem periderm
heart phloem sclerenchyma
inner ear
lung
kidney

sclereids #%s stone cell

——— fiber

o

OnDemand

meiosis mmp |
i
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melosis

a@A%9 chromosome

t aie cell Fuviugyeodad DNA = x
574 spore veany 2n = 48

Hyznanaan
= interphase 1

metabolic phase

UUFaVaS .i.l-w.fer-phase I _

@iudnage DNA
a¥1¢ enzyme for DNA replication

1 chromosome = 1 chromatid 'hzzj chromatin
win karyokinesis & cyfokinesis
4naee centrosome = centriole/polar cap+ astral fiber

iy cyfoplasm = cell vanwvine

o

DNA replication
OnCemand
chromosome duplication — 2n = 46

1 chromoseme = 1 — 2 chromatid hgrj chromatin

— & homologous chromosome Smaifuszutunans
cell—metaphase plate

—synapsis = nsdgiuvas
homologous chromoscme
_1%tﬁaﬂu1u|’iqa1,u melosis

- crassing over # chiasma — genetic
variation )

- afim prophase lu mitosis

—DNA = 2x

—2n = 46

— chromosome = 2 sister chromatid

1% ATP 3m DNA = 2x
I:iﬂwfiqmﬂ': 2n =48
- 1 chromosome = 2 chromatid 111311 chromatin
= melosis 1 . .
s — chromatid pack wiu
— prophase

L nucleoll @any

- nuclear envelope ﬁ'aamu

| mitotic spindle fiber fiafi kinetocare
__astral fiber fis cell membrane

enzyme §auun? chiasma

#a7y microtubule = & chromosome
WHNEEARINTH

DNA = 2x

2n = 46

1 chromosome = 2 sister chromatid

——metaphase [

——anaphase [

——telophase I wa: cytokinesis

= inferphase II
— meijosis II

— udias chromatid dsufian microtubule

— metaphase plate Awuavuteves dauther cell
— DNA = 2x

— 2n = 48

L— chromosome = 2 sister chromatid

d979 nuclear envelope = nucleus farming
— chromosome eanllu chromatin
ufaz nucleus —— pDNA = x
—]: n=23
1 chromosome = 2 chromatid 'L'uzzl chromatin
wiien mitosis 1§ 2 daughter cell

=52
‘: iy karyokinesis & cytokinesis

I: no DNA replication = laifisens S uas G1

47489 cenfrosome =
centriole/polar cap + astral fiber
— DNA = x

—n=23

— 1 chromosome = 2 chromatid 1.'uizi chromatin

melosis 1T mp

|
!
18



! L meiosis 11
| +~ prophase II

adny prophase Tu mitosis

DNA = x

n=23

chromosome = 2 sister chromatid

I~ mefaphase 11

nuclear envelope aanuwus

[ centrosome mnsgassinudu

chromosome Fundlussunmbuanu
Lmetaphase plate

metaphase plate fsandu

metaphase [
metaphase plate dwusvuiavee

dauther cell

DNA = x

n=23

chromosome = 2 sister chromatid

chromatid pack wiu

nucleoli #ay

nuclear envelope Guaany

mitotic spindle fiber fiaf kinetocore
astral fiber fiaft cell membrane

enzyme #ouun? cenfromere
anaphase II #a1y microfubule
’— = # chromosome wunEenaail
DNA = x
2n =48
1 chromesome = 1 sister chromatid

—telophase 11 uax cytokinesis

I— a¥1¢ nuclesr ervelope = nucleus forming
I chromosome eaienfly chromatin

I usaz nuc[eus—[ n=23

DNA —?x

1 mother cell & & daughter cell

@-5x-

MEIOSIS |

Interphase | Prophase |

| ({?}4}

p\

T

»

Telophase |
and Cytokinesls

-

Metaphase | Anaphase |

A
MIETINWYeY cell
OnDemand
- ) L“!
= Hadunwuen cosmic
free radicle grammn
51 X-ray
ca Ly
disease inflammation
L Haduanelu hypoxia

x =
telomere = dany chromosome duasnnaTeafiuty cell
gene ; Werner Syndrome = cell szun#aifanintng

apoptosis

- WG = AIEuves cell —[

necrosis

1 chromosome = 1 chromatid 'lu;ﬂ chromatin

MEIDSE
Prophass it

Tulophasn
and Cytoxinssis
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Kin g d om 16§ nuclear membrane

#i nucleoid gnbemend |

taxonomy = classification
+ |dentification + nomenclature

& organelle ﬁtﬁas!a
Ged safranin O

# ribosome 70s lipopolysaccharide

SR cell wall flu peptidoglycan oufer membrane
%g l' prokaryote binary fission pepflfuglgcan L
b Archaea L. 97aiiinnndn 1 cell ualsiviwmdnfisausdy [~ conjugation fad crystal violet udgnyzean
e EUkarya L 1i# tissue - endespore cell membrane

! - Laidi embruo
‘ Monera o ﬁﬂﬁuf

-@ Protista = §i capsule dauvan cell wall

gram -ve

—. Plantae - zﬂhe

Fungi gram +ve
e p3iiRad cell wall

coccus pepfidoglycan (wun) — s crystal violet isigm’:aan

bacillus " 5
cell membrane 3
spirochete ol

profobacteria #neszvuae = purple
sulfer bacteria
sislulasiau =Rhizobium sp.

gram -ve

Tutlusnada
(85) Animalia
—. ; intracellular parasife
| - “ﬂ"l"ﬁ" - chlamydia
i (CH Phylum/Division Tsomuaslusdien gram -ve
| = Domain Bacteria I spirochetes p
@ I: spiral shape
| 3 i
Subkingdom Eubacteria (v ) — |- gram-positive bacteria parasite syphifis
® L : 2 i gy
cyanobacteria (blue-green algae) il cell wall winnsa lactic : Lactobacillus sp.
(P Tﬂfﬁuge : Spiruling (@ wsunduanes) wamendlfifaus © Sfrepfomyces sp.
@ - Foessiinuuald (bacteriochlorophyll, wia endospore v : Bacillus sp.
il phycabilin, carotenoid) sidi cell wall (T bacillus anthracis)
! widlulasiauld - Anabaens, ‘i mycoplasma = cell ﬁ'll,ﬁm’;ga
. J Nostoc Tuwsuues, Oscillatoria sp. Mycoplasma pneumoniae Tsntloaran

= Domain Archaea [




-
I— Domain Archaea o

Subkingdom Archaebacteria

4 . OnDemand
(wﬂhicmaﬁeuﬁ‘dmm:au}

l: bacteria 11;&1».1%‘@111?‘ yellow stone
Korarchaeota oldest linesge in domain
B L wauRuds photosynthetic bacteria 7 dead sea
Nanoarchaeota il genome fitantigs

afrefionu

taugunniigs
E Cha

win gas Fanmldfinszinneda

Euryacchaeota

Protista

4@l organelle ﬁui'mfu

Crenarchaeota Thermobacteria .
flagella 1 g

eukaryote Ay ”“Cleue‘l faudindiy cell diusausiin undulating
; gnafiinandn 1 cell walsinimedndisandu k i organelle filiody 14 organelle in‘flmim membrane
. » 4idi tissue ribosome 70s & 808 - many flagella Triconympha Tudaldtiass
= Diplomonadida Vo i
¢ I it embryo nucleus 2 &y Trichomonas vaginalis

Gfardia lambia

= Parabasala

= Euglenozoa 14 rlagella
[ euglena (#i carotenold, chlorophyl T¥dnasnzsiuae, i eye spot) — #waa (chlorophyll + carofenold)

— 2 flagella
= Alveclata Trypanosoma (lsmuremdn) 5

—Dinoflagellate —————————— dsngmsalidanm (red tide)
fHeairanant ilﬁtﬁli}"b'f‘ll cell (alveoli) L mutualism fuzlzande
! — tsda
— Apicomplexs ———— . [
= Stramenopila | — @ [nveafreunsriu cell host |
el |

- Plasmodium (lsamandy, fiyefiutldeniiunin:)

L 2995338 Plasmodium

1% cilia
paramecium _[ structure
Vorticella reproduction
Stentor

L Ciliate

Stramenopila ﬁ‘
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= Stramenopila

fuie
W

i

= Chiorophyta (1¥e3)

wadduiugd flagella fiivuuacldiiv

asia lawufiu

nEid
brown algae(iinana)

v b Tasvadng complex a0

Kelp, Sargassum ﬂsTaﬁugv). Laminaria, Padina, Fucus (fu K*)

o

OnDemand

T asaf lauudiy

diatom (ﬁ"mauﬂﬂmim]

@138 chlorophyll A, B, carotenoid
sindn/iia

Chlorella (Yinansesiadalasiu), Spirogyra wiaumi (spiral chloroplast), ausalu

cell wall il silica
dnde, 1o
«n diatom Ausyldunaain (diatomaceous earth) vialdnses, wds, sl

#7178 phucoerythrin > phycocyanin

~ Rhodophyta (wa+)

= Mycetozoa (sufisn)

i plasmodium slime mold : wau nucleus
[ -
cellular slime mold : 1 nucleus, syéas:

Stemonitis sp., Physarum sp.

35838

lugisens Plagella éwnﬁwﬁmﬁm

Tisrikemundada Adwwda Porphyra (8997%)
CHBLE Bl

51 pseudopod Seuaing awinewaunude Gracllaria (wasdu)

amoeba nrawesa, dvis

Entamoeba histolytica (lxefialuau)

 Rhizopods

Plantae

— eukaryofe

-Entamoeba gingivalis

ntamoeba coli r i;g‘jmga nucleus I

- rgﬂﬁw (chlorophyll a, b, carotenoid)
- multicellular aasuvinwinfdi tissue

b= fizzpz embryo

I~ Alternation of generation

. sousuassedadliin zygote

gametophyte

- tndliwdeufiusndoud liutessas = waddudufvessed, iy, llverwort

/‘. embryo \,

& organelle fifiotx

ribosome 70s & BOs

i cell wall Wlu cellulose was pectin
§i chloroplast

sporophyte

spore

weigefly m—p
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— Bryophyta

— Hepaticophyta

'— Anthocerophyta

e

I— 84, 93a04E, sphagnum

-G

s

Taigisnn/dndinlufusiasa
Funsaunan thallus
Tagizaly, sen, wa, wéa

§ Zeruz [

adwzaireadss : Suatled = sporangium

protanema

leafy gametophyte

S stjnu G areetia
~ liverwort ™ G @ S
G ;ﬂ?mﬁasﬂuﬁwaﬂi

¢ — wHun AT

— dichotomous branching
— antheridium wuadu
puarduin archegonium

_ iz /# rhizold

vunadnsnnuosiaalan e

~8
4[ a¥ homospore

JENUIANN SDOPE UANKYUIAEIHEINTIY
e ludings lawanad

rhizoid admsn
caulidium afnuddu

OnDemand
phyllidium adneily

yaIwiaves profonema
AdurdNduan Fauiuadiounsudiin

313 dou x )
r swedi=antheridium ai1¢ sperm
Cellet i wendiy = archegonium a§nsly

L

single fertilization snastuudnuduadu (monoecious)

homospore wiausndu (dioecious) |

r hornwart
G waunen S
G G afasass lussraend

laigiznn /4 rhizoid

vREedad

—s—[

FEBUUINTEY, TeTueRd, z%quw.

%19 homospore

walay, w19Bed, wnsesen,
gufornune, sfendan, mjﬂﬂiri

E slifida
Rediage

i— homospore
Lycophyta Lycopodium
. i fuginun, ol (Rewun, Weddudy
wehaedlal Selaginella *E hatesospion
G wigdag:
sivrduiuginatuazifueynluduadu
S

S wunin G

TrHzuTNRTY UL gametophyte

fisn dodu lufudiage

Tuusifunduiing Fdvnuinavasenddiu
Tuﬁum&mtﬂuﬂa:s strobilus 1a81s spore
7 tracheid Tu xylem

Pterophyta

Wi, Pterophyta mep
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i i P -
L Pterophyta G _[ wigdarsuudu -5 wuna G . . a
eirasfinsiug = antheridium & archegonium - Fediviod i lusaiign
— Psilotum sp. = mmn:uau«‘ g - alafynu gametophyte sean Gnbamand |
| Equisetum sp. = mmaa:{uuau 8 A gametophyte aq'm sporophyfe feagidas:
i = wauyadunan - N @ rhizoid, d+iulétu (rhizome) drdiuiwis
wejroonzdes, auwtedia, wguden e = fisam, o, luudiage e ( 5 ) ;
iidinn N N i, Taalafiuviags Whiinde enafisuarandu
¢ " - dnfuidefiudeaeald :
# rhizoid - 1aif strobillus
2 e L Sdududionane T
wiurinnug = P - @duLan, dichotomous branching
N - wilvddudl silica azau =
antheridium & archegonium Tyod L & rhizoid, Tuinda
— luinde
l 8 < - Taveasronwluddupdusndic
L fern y ~ sfrobillus a¥vades ¥ile .
W, IIRATIREIANY, muminj, i, homaspore — § 18unin G
UMULRY, FENYRY, FOUIN, DaLfiu: L & tracherd T sylefn L sqn/datiu/ludiudiade
& — utumnfiuuan = prothallus i rhizome \iudndulasu
fidvun filaunfa strobillus \— circinate vernation
S §i rhizoid Laigionn = Tadifaly | sorus = pauvesduated
| adusdnfiug = antheridium & archegonium finnsouasasnsa ay | homospore sinudu L
| L— fixdlda single Fertilization L i tracheid Tu xylem
— inlaidiann /5l ua au 2 1o, 3 o, sudas, suwneded, auifiue polar nuclei — endosperm{2n)
. heterospore il
| coniferophyta g terosp il tracheid Tu xylem
e = pollen grain . ]
- T = lusrnenuynvuun, H
SR i R ~la wntvn Tudsaunung
— Cucadophyta . Andudnliunnia fiTamnansfianynn
qmﬂ‘r:nam‘aimdwuquwéﬁiu
s 5 .
| Girksishta oy r wiltfion (Ginkgo biloba)
G —— WuLdufuan i e G AL
| 3 BT urifioy (Gnetum), #:89 (Ephedra) HlmtInnaY
L Grefophyta e § ——— ifRAuafuan
| G — wwimanuau .
Lg RO Teidvs wrumradn
anfuuandainu

— fiinen/Fald/ua = Anthophyta

Siinan/Feli/va = Anthophyta B
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b

. ¥ Ll anfuseun OnDamand
s NnTzTen, ausudrawiun ALy = embryo sac —

— G — davadduediudesandiu

— figan — & cambium LaFadude

L wiaiuﬂofﬂ’&i&naqmﬂwa I dautlsznanvavanniidmuay 4-5 wfanigal

| viedwdnslusanidiu 4 wan(tetrarch)

Lﬁﬁiaan/i?‘l‘\i/wa = Anthophyta h 3
119 s — Tudwe 2 n
— ixaen, von, um, Wi, sunzia/auddimg, Al = pollen grain
E

4T "Q'} Sat

- double fertilization —huwmﬁamaaan nEaY

- Azaue T Lo
L[ sperm+egg - embryo(2n)

I— nnTsanunY epigeal
sperm+polar nuclei - endosperm(3n) . : p‘g
L 3dmmannsdinin

—xylem # vessel > fracheid

I— Dicotyledonae

Twdne 1 Tn dulufuevunududunansla
— 2 class [

EE e

L Monocotyledonae . y ”
Y L viednduenssanuldiusfin

L Lsidt cambium lsiasaydudne
L dautlszaeuvevaaniidiuon 3 wFanipau
| viedufuelusndnifusdamnnd 4 uan (polyarch)

AeNUNAINTHEUFINDY..
wstmthwisllbniie shganmenpliudeu

= iu’jﬁ‘i’fuuaaéau (coleoptile) sananu (coleorhiza)
L azauewnsi endosperm wax o

— nsdenuny hypogeal

L Aaminnsgendn

Aoy (Kingdom Pientee) [
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OnDemand
e RYfneduang
#3tu
wilaifineduaus s i Arflade
filaifinda
Ao Flaifonn lafisely laidiua igfiaan S99 wa
wlfuniiny \ | Hepaticophyta | Anthocerophyta | Bryephyta | Lucophuta Pterophyta | Coniferophyta | Cycadophyta Ginkophyta | Gretophyta Anthophyta
1. faineig Aefide paiuide - U@ - lalalsidus |- wwmeusn |- w20 ~ 5 ~utsfan |- wsdlen FEEEn LU 589, Wi,
- dmen |- Fwandwaan| - wdnedn |- aud o - uvdinEn - s, aumsia, aungims,
For - - audsy MR InTETEN,
- sphagnum - Fwaronioany iz
- aenyy

2. viedudwe | ldf i
39nddy | g #i (wnsulumnumeusy)
& taeTintien | undTalud atlalalwg
5. sduaraig ) - BUALBNT

- sporangium stobilus uneiu sorus [nigww sporangium) Tuifisu war sporangium Juwrumsuay b

atled - Toga
6, wida it il
7. §alv, aun, Tui I
wa

e tfjauidau

8 mwfaus | dfaubifun (single fertilization)

(double fertilization)




Anuaz

Kingdom

ﬂaﬁs'u:m nucleus

b

#l organelle fiifiody

= eukaryote

= Unicellular/multicellular

= laiifiu fissue

= Laig embryo

= & hypha duduly enadinsiouselad
(septate or non-septate)

= haustoria = hypha A%z cell host

= mycelium

= nnFfidiaves fungl Eaﬁmﬁiﬂ.nﬁnﬁmﬁﬂﬁrqa‘?gss’uu
= dusuaany (decomposer) /us@a (heterothroph)

OnDemand
cell wall sfiu chitin

Erlbosome 70s & B0s
14ifi chloroplast

n4u hypha Awinfiflasnz/ude enzyme aanumsuninad/gafuany
Al fruiting body ﬁfmﬁﬂﬁﬁwauaiﬂﬂﬂmséuﬁmfu.nﬂ
VLS

sexual (conjugation) = s3uve9 cytoplasm fieu (plasmogamy)
wiakensas nucleus (karyogamy) — mitosis — spore
asexual ifiaiofouandonlaisncay = fnnsure

e reproduction

nucleus - mitosis -~ spore

= Chytridiomycota (non-septate)
chytrid
tlsda lulwsTiad, fx, 487 woluundedn

reproduction _l:asexual spore
sexual

nauusnfiidamnnisunanlnsfiadid flagella

spore i flagella 1 idu = zoospore

— yeast, TIuen 1uqmawunﬁaaww
— swies Aspergillus flavus Tuda a5 aflatoxin iiessiiednlé
— Aspergiilus niger waa citric acid
— cup fungi

morel, truffle duusndseniu, 1sia'm'wmm:ﬁw§lﬁ
L Wuvnzia/dnae/ uudu

= Zygomycota(non-septate)

5187 (Rhizopus) puyuuble
Rhizopus nigrican wam fumalic acid

Wl B asexual
reproduction —-l:sexuai

- Ascomycota (septate)

spore

zygospore in zygosporangium

= Basidiomycota (septate)

. Fungi imperfecti [sepfsfe)—[ asexual reproduction only
Penicillium notatum

|_ ﬁtlﬂ'l:m{ﬁiummfuﬂgﬁu (\Reaay, wWaiunz)

~ spore
asexual —L yeast — budding

L reproduction———L sexual —— ascospore u ascus

= uni or multicellular

waylien1e = cub fung

— 513y, $7vAEN HsBavedny

mycorrhiza aﬁuﬂuﬁqmﬁﬂﬁu ORI

TGN TUVIEY WunFLanisIn ;ﬁwmwmmm‘luﬂwgﬁu.

sexual reproduction only basidiospare 14 fruiting bedy
Animalia Bsp
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Kingdom

Chordata

[P ) . - 1
————n _1: ‘1u:-41u?maumw Porifera . |
. fidinifiaudiage Coelenterata yuly Enemand |
ffinsu nucleus Porifera l
Animalia il organelle fidata — aunesIeny asymmetry liauas A Coelenterata
radial symmetry Fauvedinniy
ribosome 70s & 80s Echinodermata(adult
o Ginavoir i wdaufuinnngn & wau ( )
3 cell wall
=~ eukaryote o biradial summetry dauvesirsnuuiinudu & unu Wi
e 223100 la@ chloroplast ; = |
4 bilateral symmetry fwirivvan — Platyhelminthes Ful Platyhelminthe
b - a mir 5
= multicellular saufusinwdnfidly tissue
, ) 4 frechophore Maollusca
e A EUT YIRS ERATE N = nnulauuutaeves profostomia I
iy § ki y i |
L setauseasisiialeisa blastepore = deefidia tedtnfianay ecdysozoa Annelida
L. & embryo Amnsdiuvey endoderm deuterostomia narsudnifadeu Nemafoca
N - Arthropoda
= UIREHTIRUINFHIRIININAUNAAGAT — germ layer of embryo |_. dipleurula larva —[ Echinodermata ¥
By . Chordata
e LnEsiTEIMUAdAed
= aedmduedovendada 2 fu = ectoderm + endoderm Coelenterata
3 fu (coelom) 3 fu = ectoderm + mesoderm + endoderm ——Platyhelminthes yuly
Annelida Porifera acoelom = 3 fuladedu Platyhelminthes
[~ metameric segmentation Arthropoda Coelenterata pseudocoelom = mesoderm wunsan ectoderm/endoderm —— Nematoda
(nsmeavay mesoderm) : .. . .
Chordata Platyhelminthes eucoelom = F99379ERINY mesoderm ——— Annelida Juld
w5 G Nematoda
— skeleton Arneiica
askeleton .
|'_ Mollusca (wanlfann) Molhisca Giie)
| i endoskeletor Echinodermata
|
|

exoskeleton ——[

Arthropoda
Mallusca (wauiinnn)

Trumden Eep |
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— srunifeas Berifera

-

> hermaphrodite = 1 #ii festis & ovary —— monoecious %
— 1 —‘

wain = 1 @adl testis wie ovary dioecious

self fertilization wasiludnies 1aalu hermaphrodite Bremand

- grlua - 3 ;
] cross fertilization wasiinuds 1o luuaninawde hermaphrodite
external fertilization = egg + sperm auusndauin

internal fertilization = egg + sperm snwludaudin

laid Coelenterata
Platyhelminthes
Nematoda Arthropoda
E Echinodermata
oper Mollusca (wen)
lsssd Annelida

— digestive tract «E Mollusca (wdin)
Chordata

— excretion
"lsifl —— Porifera

— respiration Coelenterata
incompiete ———|_ Platyhelminthes
complete Nematoda Jull

— reproduction

nervous system

I Coelenterate

mngmﬁiﬂi - quthoidie, Sfuseedtueiy

. Soilad : 494, wileends, |
sangaidiuin soafauled © d9ls, wiTeandn, |
gilvihunasnde

saafaud | suwd, danaw,

L 5&':';?;&#59&1!11:"5 3 vile

nerve net : Coelenterata

ventral solid nerve cord :

CNS fnaara, Tasn, wegu

Platyhelminthes > Echinodermata

dersal hollow nerve cord : Chordata

I— collar cell Tuiasin hermaphrodite

— Toseairsfiemans I_ nematocyst lulusnidu sexual + internal + cross fertilization |
1
b it rotochord lu Chordata internal budding (gemmule)
— Wedin i external budding
= Porifera : - T = u TRNCath, .
— habitat : swhs > 9138 Gufududianeiod wa SI0 regeneration
2

— germ layer : 2 fa + mesoglea
L 14§l coelom + non-metameric segmentation

— RS : diffuse sy cell membrane

L lsigirsnvlszam

I— digestive tract : incomplete + infraceliular Teu collar cell iz amoebocyte cell
L sifl blood circulatory system 14 amoebocyte wnu

L excretion : diffuse Wiy cell membrane + amoebocyte faudndue (NH.JJ

i1 spongin spongocoel Twgednin

ostia faenotingn

osculum favnningan

splcule Tossudonwluliuuntiiavania
laiFun gastrovascular cavity

wisns lifinnsdananuuen cell

— reproduction

L anmouz : dndadl

Coelenterate mmp
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= Coelenterate

— fEtY

L lsidi coel

& gastr

| dnmals

b= Platyhelminthes —

p Nematoda

. habitat - dwdy, 38
— germ layer : 2 fu
— symmetry : radial (planula u bilateral)

l— excretion : diffuse W cell membrane +

= reproduction

— sufle-asp@runszualn
sea anemony, dxands, dallew, Fansia, ﬂ’i@u FE

H!«l\lﬂ‘:'ﬁ‘!}l = — -

loasn (@duann green algae #ifu mesoglea affunin mutualism)

om + non-metameric segmentation

— digestive fract : iIncomplete + intra/extracellular digestion #i gastrovascular cavity
= RS gastrovascuiar cavity ¥ diffuse Hu cell membrane
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— germ layer : 3%u [ free living

= symmetry : bilateral

planuls el polyp
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L excretfion = lateral excretory canal

I— reproduction wenHAEy >
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== Echinodermata £4, Laun , Budlsmeia, dien

L habitat : ey lunziasionsa
— germ layer : 3 fu

— Chordata
— symmetry : bilateral

|— coelom : eucoelom + non-metameric segmentation
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Genetic

molecular genetic

:W = nucleic acid — nucleoside
; monomer t 1nena pentose ribose
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. genetic L nucleotide nitrogenous base [ deoxyribose

adenine adenosine
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phosphodiester bond gymin ymidin

cytosine cytidine
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guanine guanosine

- = = @ uracil ————urlidine

RNA — linear single chain
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rRMNA=» ribosome
DNA replication (DNA => DNA)
mRNA =+ codon

protein synthesis ..
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Mendelian genetic

b uainzlszianlang

= monohybrid cross

- 1 complete dominance (AA = Aa)
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wenulisng WD
H
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1571 phenotype fukausl

b 11 genotype funauwa

n§1H genotype fugn
#1 phenotype fugn
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