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Light Microscopy

TECHNIQUE

(c)

(f)

(a) Brightfield (unstained

specimen). Passes light
directly through specimen.
Unless cell is naturally
pigmented or artificially
stained, image has little
contrast. [Parts (a)—(d)
show a human cheek
epithelial cell.]

(b) Brightfield (stained

specimen). Staining with
various dyes enhances
contrast, but most staining
procedures require that cells
be fixed (preserved).

Phase-contrast. Enhances
contrast in unstained cells by
amplifying variations in density
within specimen; especially
useful for examining living,
unpigmented cells.

(d) Differential-interference-

contrast (Nomarski). Like
phase-contrast microscopy, it
uses optical modifications to
exaggerate differences in
density, making the image
appear almost 3D.

(e) Fluorescence. Shows the

locations of specific molecules
in the cell by tagging the
molecules with fluorescent
dyes or antibodies. These
fluorescent substances absorb
ultraviolet radiation and emit
visible light, as shown here in
a cell from an artery.

Confocal. Uses lasers and special
optics for “optical sectioning” of
fluorescently-stained specimens.
Only a single plane of focus is
illuminated; out-of-focus
fluorescence above and below
the plane is subtracted by a
computer. A sharp image results,
as seen in stained nervous tissue
(top), where nerve cells are green,
support cells are red, and regions
of overlap are yellow. A standard
fluorescence micrograph (bottom)
of this relatively thick tissue is
blurry.

waa (Cell)

RESULTS
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Electron Microscopy

TECHNIQUE RESULTS

(a) Scanning electron micro- Cilia }ﬂ
scopy (SEM). Micrographs
taken with a scanning
electron microscope show
a 3D image of the surface
of a specimen. This SEM
shows the surface of a cell
from a rabbit trachea
(windpipe) covered with
motile organelles called
cilia. Beating of the cilia
helps move inhaled debris
upward toward the throat.

(b) Transmission electron Longitudinal Cross section
microscopy (TEM). A section of of cilium ¥ i
transmission electron cilium ,L|

microscope profiles a thin
section of a specimen. Here
we see a section through a
tracheal cell, revealing its
ultrastructure. In preparing
the TEM, some cilia were cut
along their lengths, creating
longitudinal sections, while
other cilia were cut straight
across, creating cross
sections.

“‘mw m

[
S

Surface area increases while
total volume remains constant

Total surface area

(height x width x

number of sides x 6 150 750
number of boxes)

Total volume
(height x width x length

x number of boxes) 1 125 125

Surface-to-volume
ratio
(surface area + volume) o - .
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Plant Cell

Nucleolus Nuclear envelope

Ribosome (free)
Smooth endoplasmic
reticulum

Rough endoplasmic

reticulum Ribosome (attached)

Cell wall

Cell membrane Golgi apparatus

Chloroplast

Mitochondrion

Vacuole

Animal Cell

Smooth endoplasmic
reticulum

Nucleolus 1
Nucleus -ﬁé—Ribosome (free)
N\ -
WA\ \ Cell membrane

A

Nuclear envelope

Rough endoplasmic
reticulum

Ribosome (attached)

Centrioles Golgi apparatus

Mitochondrion



_| Pili: attachment structures on
the surface of some prokaryotes

Nucleoid: region where the |

3 cell’s DNAis located (not |
/| enclosed by a membrane) ‘ R

| Ribosomes: organelles that |
/,// synthesize proteins r e

} e

{ Plasma membrane: membrane
~| enclosing the cytoplasm

| Cell wall: rigid structure outside | —

Bacterial | —"
| the plasma membrane

chromosome
T ———— | Capsule: jelly-like outer coating | —
‘~ of many prokaryotes
To5um
FI lla: | oti
(a) A typical ] fage ,a Sl (b) A thin section through the
. ~ organelles of ; | 9
bacterium Bacillus coagulans

rod-shaped bacterium " | some bacteria
(TEM)

>

100 nm

Bacterll .

cell
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Outside of cell

Inside of cell — 7

0.1 um

(a) TEM of a plasma
membrane. The
plasma membrane,
here in a red blood
cell, appears as a
pair of dark bands
separated by a
light band.

Hydrophilic
region

Hydrophobic
region

Hydrophilic
region

(b) Structure of the plasma membrane

(a) Movement of phospholipids. Lipids move laterally in a
membrane, but flip-flopping across the membrane is quite rare.

(b) Membrane fluidity. Unsaturated hydrocarbon tails of phospholipids
have kinks that keep the molecules from packing together,

enhancing membrane fluidity.

(c) Cholesterol within the animal cell membrane. Cholesterol
reduces membrane fluidity at moderate temperatures by reducing
phospholipid movement, but at low temperatures it hinders
solidification by disrupting the regular packing of phospholipids.
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JUALAZANWULYD organelle Wil
1. ribosome dAT19A protein
#319970 nucleolus 1.1 ribosome 7 RER (80s) (Wuianz eukaryote @374 protein
Usznaunay protein + rRNA Tefuan cell)
bLﬁﬁLé@ﬁ:ﬁJ 1.2 ribosome 8@5% — 70s (prokaryote)
1 2 subunit Tu cytoplasm — 80s (eukaryote)
30s + 50s = 70s 579 protein Tinelu cell
40s + 60s = 80s 1.3 ribosome ﬁLﬁaﬁuﬁaLﬂﬁﬂa (80s) (eukaryote)

a519 protein Tunglutiuades

1.4 ribosome Tu matrix (70s) (eukaryote)
@514 protein lu mitochondria

1.5 ribosome Tu stroma (70s) (eukaryote)

519 protein lu chloroplast

2. ﬁq\TLLWLa‘UIWWﬁ’]a%lJ
Endoplasmic Reticulum = ER
fiforu 1 $udl 2 wuu o
- RER (rough) # ribosome 1A% 1 2.1 RER @319 protein Tuan cell (nan)
wihfAeaiu protein AFI9ERU protein, ey protein (3u)
- SER (smooth) 14fl ribosome 1inig | 2.2 SER
Fmthideatulusiy - Tu gonad & adrenal cortex @514 steroid hormone
- 92uAU mitochondria LAn detoxification Tu cell fiu
- qedslufuiideyindlddn
- 92uAU mitochondria &uaszsilusiunin cholesterol
Tu cell ¥l
- midminde (Na") funniAululudnivsiauinamion
(gill)
- avay Ca- Wlunsindeulmves muscle B8n SER 9

Sarcoplasmic Reticulum (§UseaaneLduriiedu)
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Proteins (greer
? are assembled on
4.6 ribosomes attac
“\' to the ER or free in
the cytoplasm.

__—Colgi —
complex

Secretory

\iesides -\
\\»“ @ ;4..

osomes

\ @ ==
'\\

Endocytic 4
vesicle

Proteins made by ER
ribosomes enter ER membranes
or the space inside ER cisternae.
Chemical modification of some
proteins begins. Membrane lipids
are also made in the ER.

Vesicles bud from
the ER membrane and
then transport unfinished
proteins and lipids to the
Colgi complex.

Protein and lipid
modification is completed
in the Golgi complex, and
products are sorted into
vesicles that bud from

the complex.

Secretory vesicles budding
from the Golgi membranes
transport finished products to the
plasma membrane. The products
are released by exocytosis. Other
vesicles remain in storage in

the cytoplasm.

Lysosomes budding from the
Golgi membranes contain
hydrolytic enzymes that digest
damaged organelles or the
contents of endocytic vesicles that
fuse with them. Endocytic vesicles
form at the plasma membrane
and move into the cytoplasm.
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JUALAZANWULYDS Organelle
3. golgi body
golgi complex
golgi apparatus
- et 1ty
- uvadazay peptide hormone wag

enzyme nauganuan cell

4. vesicle

- e 1 AU

lysosome

5. vacuole
- ieviu 1 Y 1380 tonoplast
- Avansounlally protein

- 313 %ie A

5.1 sap vacuole wutawzluiulugjann

Wenthraeanansy cell IunkUsHY

A8y

5.2 contractile vacuole WULRNE

protozoa 113

5.3 food vacuole wulu protozoa

U359a137n protein dnduthgesiien

Wi

3.1 §u protein 970 RER indaliutududin Gadesn) @31
glycoprotein 33U protein)

3.2 1@ua1s polysaccharide % protein L‘ﬁuﬂ%u’a‘ﬁ 2 (RER >
golgibody)

33 ny9dey protein Wuatsaniie

3.4 aadeviu protein 3N vesicle iy

3.5 @379 enamel 910 CaF,, Cas(POy)

3.6 @319 root cap

3.7 a%wqa acrosome 71 Head vo4 sperm

38 @519 cell plate (Ca”" pectate) 1Hlunsuus cell fiw

39 asadlen (hane, fwgﬂ)

3.10 @579 nematocyst Tu Coelenterate

wthfives lysosome (Wulamwgluda)

4.1 gou91913 1 food vacuole wag lu digestive tract

42 findelse + Asulandas

a3 i cell viumanw fu/dhu (aane RBO), lunsean
(WBC>RBO), magnden, sisfinsesiiin/flevesisoudnd
(autolysis)

4.4 39 organelle 138N autophagy

- Lﬁumie‘%ﬁu%a malic & Talu photosynthesis 489 CAM
plant

- iuveadssiu CO,, H,0,

- flu pigment L anthocyanin ﬁﬂﬁﬂaﬂ‘dm, G’TE]EJ(?II&,

WIEW, BT, Wamw, unuvey, Mlade

- NS NANIRUNEIULNY

- 9A N-waste = NH; (Bi191La54)

= Lﬁ‘U@W‘Vi’]’ii@ﬂ’]’iﬂlaﬂ

10
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50 um

Filling vacuole

(a) A contractile vacuole fills with fluid that enters from a system of
canals radiating throughout the cytoplasm.

) 50 um
Contracting vacuole

(b) When full, the vacuole and canals contract, expelling fluid from

the cell.
JUALAZANWUZYe Organelle Wil
6. centriole 6.1 l6usn chromosome aananAuluszey anaphase lagns
- ﬁLéaﬁu 1 @519 mitotic spindle fiber
- U 6.2 \{u basal body agillau cilia, flagellum Y18AIUANNS
- Usznausie microtubule TAs3a313 940 il
1571 54 uvis (27x2)
- wuanzludnd
7. mitochondria - L?Ja%"’uuaﬂﬂiaUﬂqmjﬁﬂLLazﬂ%mmmiﬁL%aaﬂ
- Lﬁdjaﬁu 2 ‘ijzu mitochondria

- flandfnd e prokaryote Hetuluashe ATP (ETS)

1%
LY o

- FUgIN5INae9nULealaY@Is antibiotic 3uAU SER detoxification

- WU ribosome U 70 s T4 matrix 991U SER davmsevitasiu

- wetulugudnlUiBen cristae wazdl aangludulaenisfin 3 -oxidation ¢ acetyl CoA

knob \lewfiuituiti (circulan)

- wumiﬁuqﬂiiuﬁy’q DNA wa RNA Tu
matrix

- il replication A&y binary fission

- gauuaingluken matrix

- WU spiral mitochondria Tu sperm

11
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YUALAZaNEULYDY organelle

8. plastid

- Bovu 2 Fu (la)

- 33 9%a fAw

8.1 leucoplast #&117 Wuiisn adu

8.2 chromoplast ina1ed sniuwniu

o7 (AU pigment)

8.3 chloroplast

o 2 u Talaifid

U1 thylakoid, interlamella
chlorophyll vilididLTen
suaﬂmmmaiulf%sm stroma da)
etulududlulugaen lamella
%39 thylakoid

thylakoid %auﬁutﬂué?«f%aﬂ granum
fautRndy prokaryote

wulugy spiral Mg T spirogyra
algae (W) = green algae

WU DNA, RNA, ribosome 70 s ﬁ
stroma

fudlag antibiotic

11 replication Ad"Y binary fission

o
NUIMN

8.1.1 whuuds
8.2.1 yhlvinduneniid snifunguild sap vacuole
8.2.2 fiuasenaziiu carotene @duuasanunsaUdswdu
vitamin A) U xanthophyll Bvesthmantulunaliign ugai
UL UOLNA)
8.3.1 photosynthesis

lisht reaction 1Aail thylakoid

CO,-fixation LAA? stroma

12
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ribosomes
in the

mitochondrial
matrix

DNA o 100 nm

Chloroplast .~
DNA -~

Inner and outer

S membranes

13
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microtubule

intermediate filament

microfilament

5um
—

Protein subunits (keratins)

Fibrous subunits

/ AR

Actin subunit

” i A5 I7nm

1. WnUN cilia, flagellum,
centriole

2. WNUVBY mitotic spindle fiber
Aglunisuus cell)

3. WNuYeY astral fiber (B
centriole Tun1suus cell)

4. a8v4 organelle 39 lay
kinesin

5. @1L8ue microtubule

6. WNUNENVe cell (Duanndn)

= | a . 9
. Laume cell L3yn gap junction

. Anqu cell lannzlu cell

Useam 138n neurofilament

. YA cell ﬁa&ﬂu tissue

WenuinTauilauniu

174

1. Aqu cell agﬂéf cell

membrane

2. A cell \fingusne
3. WAUYDY microvillus

4. MSPABUTNLUU amoeboid

movement + pseudopodium

5. yilillAn phagocytosis

pinocytosis exocytosis

6. N13IBNUVBNIA NGRS DBILIY

7. muscle contraction (N5%AA7L

Y99INAULLD)

8. cyclosis

9. cleavage furrow N13ABANT

cell Tuszuzuus cytoplasm

10. ANSPABUVBY coelenterate

14




- tryponosoma (Vi

Wnlsawaraulua)

- sperm

- wulu bacteria MW

Taily gms 9+2 Taiwy

microtubule

15

Biolog;?wu i
cilia flagellum basal body
. 9+2=20 » 1.9+0=27
microtubule microtubule
. N/ 1 cell 2. 1-2/ cell 2. Fuifusuu cilia,
flagellum
. fupdnewe 3. g1IAAUud 3. 1 Juguves dilia,
flagellum
. Tdnnsiimlun a. T¥nsasandu 4. gnasuaulaeduly
Uszauanu
. uvasiiny 5. WAaeAny
- paramecium - euglena
- oviduct (viethla) - volvox
- aamauAe (trachea) | - Triconympha
- vorticella (widlou (bacteria ta8
5%A9) cellulose Tuald
- stentor Jaan)

centriole

v

2. Hlsiwduau nuwnizlu

[ 3

cell @

3. @579 mitotic spindle

fiber ®au cell division

4. $raesioslaunly
dasy laannenoulus
cell (Faszianizmnou
wus cell) Tunmsen

polar cap
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Outer microtubule
doublet

Dynein arms

Central
microtubule

i Cross-linkin:
e — .

proteins inside
@? outer doublets

(b) A cross section through the cilium shows the "9 + 2"
arrangement of microtubules (TEM). The outer microtubule
doublets and the two central microtubules are held together
by cross-linking proteins (purple in art), including the radial
spokes. The doublets also have attached motor proteins,
the dynein arms (red in art).

(a) A longitudinal section of a cilium shows micro-

; 0.1 um
tubules running the length of the structure (TEM).

(c) Basal body: The nine outer doublets of a cilium or
flagellum extend into the basal body, where each
doublet joins another microtubule to form a ring of
nine triplets. Each triplet is connected to the next
by nontubulin proteins (blue). The two central
microtubules terminate above the basal ¥
body (TEM). Cross section of basal body

Flagellum

Filament

1))
Hook G

Basal apparatus

16
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A1519uERIN1SIUSBUIBUSEING prokaryote wag eukaryote

. eukaryotes
AN prokaryote - v
WY 5120¢]
1. | aum 2-5 pm (U19nalae100um) | 5-100 pm 10-60 um
2. | wilawad peptidoglycan cellulose Taif]
3. | Wevuiwad l il l
4. | fueded Taif] il il
5. | centriole Taid Samzlufiatush il
6. | vacuole Lidl yuavgjegnataag | i
7. | lysosome laidl il il
8. | ribosomes YuALan (70 S) YU lng (80 S) un gy (80 S)
9. | chloroplast laidi il 14l
10. | ER Taigl il i
11. | mitochondria 141l (@ mesosome) 3 i
12. | golgi apparatus laidi 3 X
13. | chromosome dnduaenau e e
14. | msuuasad binary fission mitosis & meiosis mitosis & meiosis
15. | nMsispsdvesaad ehu’[mgujﬁu unicellular multicellular multicellular

17
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o = o ¢
N1ILAKNDUNISAULY R A

NNTALaLNENTTEet cell

ansvunelug) (bulk transport)

= laisinscell membrane
= 4519 vesicle
= 1% ATP

= 1% microfilament

SR
endocytosis
phagocytosis
pinocytosis
receptor mediated endocytosis
exocytosis

m
i

ansvunasin (siudieucel) ,,
s |

'

L 1 ATP '

L passive tronsport (s concentration gradient)
s = facillitated diffusion
1afl4§awn — diffusion S/L/G

ﬂmnpﬁeuﬁ'a'mmquﬁuﬁug\ﬂﬂdﬁ
syariionansdaduiningy

Tsisinuganane

rate
temperature
surface area
concentration gradient
solubility nonpolar &n31 polar

-I: CO, @m0,
B dialgsis—u"m semipermeable membrane

- 0smosis ——iflunnsiedendives solvent liquid
L
solvent 5@59u’410a’:1a;~7u~7ua§')\1ﬂg\1
#1u semipermeable membrane

= % ATP solution

active transport (éinuconcentration gradient)

#1fe carrier protein = transportor
primary active transport

— Na'/K'pump : .
action potential = nerve impulse e ‘}}l}}}}»}
secondary active transport ;«!{@l{!«

symport/co-transport

L glucose or amino acid absorption at
villi / renal tubule

counter-transport

Na* / H* pump at proximal renal tubule
— calcium pump —-E into cell
— proton pump info SER

t stomach
distal renal tubule & collecting duct

18
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CYTOPLASM

____——Pseudopodium

: “Food” or
other particle
Food
vacuole

Plasma
membrane

Vesicle

1um
By

Pseudopodium
of amoeba

Bacterium

Food vacuole

Coat protein

Coated
vesicle

A coated pit
and a coated
vesicle formed
during
receptor-
mediated
endocytosis
(TEMs).

19
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NN3FedNTTLHINY cell

_— YUHAY —

e d07 —— 322 b0d

— 9ap

—

plasmodesmata — cell #x@id3a

— pit pair —E cell figanuuds

'iwa")wg‘lu secondary cell wall

unction

% carrier protein

— junctional complex

L local

desmosome
t intermediate

L derinuans 1 lunnsdeans

Taigigoeineszwing cell

— tight junction _I: Hoefuansluatin

— adheren junction —[ microfilament

sinldicell iraduaudiondu

filament

yinkit cell §raifuedadu

signaling

— paracrine : cell #ivasqu cell Fr9ife
— aufocrine : cell wivasqu cell aioe
— szuzina

nervous system (au, dszdrueusuesuiin)

— CNS : brain & spinal cord
— PNS : nerve & ganglion

endocrine system (g, dsednuenu)

ignal t

;

hormone lalanwidon

— reception
— recepfor uu cell membrane

- receptor aﬁ.‘u cell

ransduction

esponse

— target cell active @@ signal
L fenadnwnsusdy

¥iieansied
receptor

— receptor wianuutavgsvifieds signal
L nsay signal enafludwbeuienanavy

Cell walls

Interior
of cell

Interior
of cell

0.5 um Plasmodesmata  Plasma membranes

Tight junctions prevent
fluid from moving
across a layer of cells

Y =

Extracellular
matrix

Plasma membranes
of adjacent cells

——
0.1 um

cell aesiudl receptor anefiu

1 cell § receptor wanusiia
sndzsnliiefodoanalvs

20
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AMUNAINKANYNNTININ (Taxonomy)

m— Q Kingdom

taxonomy = classification

Taxonomy = Classification

+ identification

+ nomenclature Monera
o | — + Nomenclature
— Bacteri -
[ Az:zh:: — prokaryote 14id nuclear membrane
— Eukarya L emdinnnndn 1 cell ualsivimsindisaandu - & nucleoid
® Kingdom — Luidi tissue Liidi organelle fudiotiy

@ Monera —Lsifi embryo binary fission Hieloosome 08
. i — Suviug ‘E conjugation cell wall iu peptidoglycan
. ATEE — il capsule deuseu cell wall = = ’
Fungi coccus lipopolysaccharide —— @od safranin O
@ Animalia — g2lsne 4[ spirochete [-outer membrane
bacillus peptidoglycan (u1v) —— @ad crystal violet usgny¥zon
Phylum/Division e <

L anstiend cell wall

@

cell membrane

@ gram +ve—[ peptidoglycan (wu1) —— @ed crystal violergnx:a@n
@ cell membrane

daesnzsfuas = purple sulfer bacteria

- — Profobacteria w5vlulasiau = Rhizobium sp. lustlusnda

@ — Chlamydia gram -ve
@ _E intracellular parasite Sraniais

Ts# gonoria (suoely) l: spiralishape |—s.iphillis
0 — Spirochetes parasite Any

Particle Living

wi endospore nunu : Bacillus sp. (Tsa Bacillus anthacis)

— gram-positive bacteria i cell wall waanse lactic : Lactobacillus sp.
-E wanenf§Raus : Sireplomyces sp.
L oot

- mycoplasma=cellfisnfige
Laid cell wall

I~ Domain Bacteria Mycoplasma pneumonia
L : : 2
Subkingdom Eubacteria (w1 Te) ) Faeszwidnnuaeld (bacteriochlorophll, phycobilin, carotenoid)
& Cyanobacteria _
U a3slulasiauls : Anabaena, Nostoc ‘].uumuum, Oscillatoria sp.
(blue-green algae) g o A
Tﬂs’&mg\’ : Spirulina (@ wsendeanes)
bacteria Tuafwiwﬁ' yellow stone
Korarchaeota —[ ’ ) )
oldest lineage in domain
Nanoarchaeota —— i genome fisinfiae
L bl Archasa a5y —— wde gas Taamléfinszisngds
l_ Euryarchaeota —[ s e
Subkingdom Archaebacteria ¥OULAUAR photosynthetic bacteria i dead sea

) o gorgaugiige
(wrludowaadond lsimsnzas) Crenarchaeota —[
thermobacteria

Protista .
fufietty nucleus
e8I § organellediifiotu 1 flagella
_ eukaryote ribosome 70s & 80s euglena (ficarotenoid, chlorophyll #eesnzsfuas, & eye spot)
L omafisnnnd 1 celluslsiviwiinfisandu Trypanosoma (Tsimerwin)
L {sidi tissue . . 1sidi organelle ixiimfa
14§ embryo Laifl organelle fufiotty Flagella 1 ] _ Dinoflagellate —~ Wwd (chlorophyli+carotene)
v many Flagflla Aoy cell Wusonwdn = L 2 flagella )
nucleus 29y undulating membrane - dsangnsaliaan (red tide)
— Diplomonadida Glardia lambia Trichonympha ludnlatiasn L mutualism futlzande
— Parabasala Trichomonas vaginalis — 53
I— Euglenozoa — Apicomplexa - fiTasea¥nounssinu cell host
— Alveolata weivily — Plasmodium (Tsesnanss, fyedurldondiunins)
'— Stramenopila L 2933836 Plasmodium

|~ ﬁiﬂe’hvtﬁﬂﬂﬁu‘bﬁacell (alveoli) = Ciliates —E‘li cilia

structure
paramecium —[ X
reproduction

vorticella

21
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ywan angifa lawtuiiu

L - ™
- Stramenopila iadduviugf flagella fifivuuazlad yuna lurgj Taseatne complex i

waieiu brown algae (u:nma) neka
ansith louufiu
cell wall vflu silica

diatom (Frenaunmndes) $ie, 1iu

an7é chlorophyll A, B, carotenoid

d1ie/ 1

Chlorophyta (i) Chlorella (vinewnsiaaldsiu), Spirogyra ¥3awman (spiral chloroplast), anwsaals

OnDemand

Kelp, Sargassum flaTaug\vJ, Laminaria, Padina, Fucus (i K)

R Y . o S
«1n diatom finusuléuanin (diatomaceous earth) dhldnses, anva, indu

@158 phycoerythrin > phycocyanin
aifiszue flagella Grvannanwanuans

:

Rhodophyta (wen)

plasmodium slime mold : wanw nucleus - lﬂﬂﬂ’h@ghﬂaﬂﬁ

tile —[

Stemonitis sp., Physarum sp.

cellular slime mold : 1 nucleus, sydasz 419 pseudopod Fosems

Mycetozoa (sflan) — amoeba

wastia
L. Rhizopoda Entamoeba gingivalis
L Entamoeba coli
. - ﬁlﬁmfu nucleus
Klngdom eukaryote & organellefifiadiu

o (chlorophyll A, B, carotenoid)

ribosome 70s & 80s
multicellular $aufurinwsinidia tissue

fiszar embryo & chloroplast

dné lateFoufingindond l§uneseys = waddnrugvesaea, sy, liverwort

athwuse Porphyra (271%13)
auswnsuuse Gracilaria (wdodu)
zialveiou, Un3e

Entamoeba histolytica (Tsafialuan)

# cell wall i cellulose waz pectin

Snnalz alternation of generafion —— embryo
; worAuevdaRvElEtn
udoidhy zygote sporophyte
— flsifiviodnudue
gametophyte  spore
- #9d, 9 aeny#, sphagnum
Teftznn/dndnNufiudiage 1= $ENNNANN SPOrE LBNUYUIAANFINTIE
- . -l
~Bryophyta =+ G wansewdn thallus 0 e ludeaslawanad
P o 1 L)
Tazizolv, een, wa, e '
1 "
= NKUBYEY profonem — rhizoi
§i D5epr profonema. - . WANRUEVEY profonema rhizoid adas1n
| aduugduany dawueduwssd@iyn |- caulidium efwdndu
leafy gametophyte 3 du phyllidium adnela
aim:ﬁzlials_’ #=antheridium #51¢ sperm
single fertilization L wendis = archegonium #§aly
| g _ _ r - edwasadasatied © Suarled = sporangium ----- homospore L avaesuuduibuadu (monoecious)
1 Ll
' -8 ety G sasatie wFauundu (dioecious)
' o hornwort
~liverwort 1= G 18un31 S L S w8unin G
! s = _ = G eundn 8 Ll
LG -==--a=G nscgaasﬂusswmm G--, L ~ e - tophut
o = 1~ G wafqudas: lugssaed SEHELENATQUN gametophyie
) '- wnuzediien Vo s5n 26w lufudiag
- Hepaticophyta— v ) « = lgifisnn/d@ rhizoid disn ddiu lofiudiage
| = dichotomous branching . TauFiduusinien 2 2 Sl
! o . _ e -tmedmnded T ussLIA HTuuduIsendndiu
| - antheridium usnfu S== Yuitusaifudinng ilus 140
\ . + -#%19 homospore ufineaiFiNidungy strobilus das spore
1+ euaréudy archegonium - id 1
\ 1 il tracheid lu xylem
v - Laidisna/# rhizoid . 4 g - S wuns
B i ,- deuunnsed, Yevued, afeugnsy, . § wunn G
- yuaLanannuedauaanlaiiy - FeEvednEuen i
Ls--7 v vlan, wvBed, wenszren, H Fogiriodudueiilusedige
+ - 4519 homospore ' T o ey H i
L Anthocerophyta P v auk , a¥onfan, wdnidls |- srrzusalaiguu gametophyte aein
) 1 - o
e I e e e o _ gametophyte #ane sporophyte Aveudass
L fixiiviedndng Lycophyta Lycopodium * - homospore L R s (vhi N
1 s r- Fudnun, \FoSedld, worun, wedndiiiy - rhizoid, dduldau (rhizome) dduwwile
— siglaidiad — wehaidlu Selaginella - - ! s lsislusiusias 3 S auatdng
HELHLHAD - 9 ' - heterospore b, L ludusiase Wiuindeq anwfsuazdndu
L Fdivie -G —I:V"“’Jﬁmﬂ 1= 14 strobillus
. P a e
osunsfurudiwatiuaziduoyuudududy ! &éusdn, dichotomous branching
L- S Voa =
R ——— 1= & rhizoid, Tande
Pterophyta G- = ' . Tordbund i
Psilot B . _l: '~ eduazAnsiug = antheridium & archegonium |7 AT EBRA RN
[— Fsilotum sp. = #INENTuL U i_ § tracheid Tu xylem
. |+ hafQUdaTs UGy — S eunI1 G
— Equisetum sp.= [ i . 9
. . - WWUZNEUNAN - §i570,8 #ias
weeeatliey, aundn, wanden : e : Fn,dnd, luudiade
Gemmmmmmaman - i - ddudmdiudoreald - lande
2 ion [ ! . -
fern — = & rhizoid - admduddeenase - strobillus a¥19dzes ¥ie homospore
o o ! L P A Ty -
l - o¥uasiuviug = - wilvdndiudl silica dzas - § fracheid T xylem
wihaald antheridium & archegonium 1 !
§eccccccccccacccccccaccacacsananas e ee e
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= : o z — S 16U G
L fern — W, madeudeany, $wdada0, 50, wuiey, aenyuy, HawdY, ez )
i L s1n/dndu/lufusiage
alsidting usiuzdiuuan = prothallus
Hldiinan L i rhizome wiudndulédu
- G fi@n
§ rhizoid I~ circinate vernation
7 P
o - sorus = 0
odwazdunug = antheridium & archegonium sorus quvwﬁuaﬂws-
i) homospore uni¥u iRFusin

Fiivuio —— fxlaiann/solv/ua

Kingdom

weiodiu

~ au 2 10, 3 o, audes, auwreded, audue

— Coniferophyta —- G heterospore
E we=pollen grain
wendiy= embryo sac

)

L §i tracheid Tu xylem

— fileuwde strobillus
L Laisinon = laifigely

- Cycadophyta —— tl3¢
[ ‘lml-::nsuni&ua"mﬂuqavwﬁwﬁu

aduiisy = Tudsyoouunvuun, ddudnlsiuanas

finsduareonsgy — au
- single fertilization
- polar nuclei => endosperm (2n)

G \Wudatuan L 4 tracheid Tu xylem
s wudrfuay
~ Ginkophyta wlzfay (Ginkgo biloba ) Tandraunumng -
{4 I ” & ~ Taudoe 2 1o
G —— iudafiuan fTamnnstionsnn y
e L ludiusnoun
S —— iudadindy Yo 2
BT WUUUINEN L srnudn
 Gnetophyta uzidioy (Gnetum) sée (Ephedra) —[ aduuanfedm L Saviedniuadivaeseoudy
—EG wudinduau ~ Dicotyledonae & cambium afqanudng
S WWudafuau - doutlsznonveseeniidman 4-5 ufonigu
L #ixfiann/Felv/ua = Anthophyta L vieanduelusindu 4 uan(tetrarch)
L sixeon,aonuwy, i, aunzia/autlwns, - heterospore e ‘hiiuﬁmjuuaa@'w 309U
AmIWNNTEFN auswdramiyg l: wgi=pollen grain L azauonsfl ludine
-G = embryo sac — MFvenuny epigeal
fioon i) — Fimuneen
wiafwileselvunanuidiusa au :
) $ ~ Tade 190
- S §inN50ATORNT wuay 7
% st - duladueviududusansly
i
double-tertillzation & — Monocotyledonae ———- sztizsInen
sperm + egg => embryo (2n) ) ) .
- viodndsenszamlsidiuseidiny
sperm + polar nuclei => endosperm(3n) i .
% : L 1sist cambium Tshagauénudng
xylem # vessel > tracheid fidlotty nucleus % =
L 2 class 9 L dutlsenenvevenniiduiu 3 vmﬂ%gm

il orgenelleiu‘im}u
ribosome 70s & 80s
cell wall dluchitin

L viedndee lusnndiniuedisnnnin 4 uan (polyarch)
— iu‘ioﬁwoat‘}w (coleoptile) s1nseu (coleorhiza)

— eukaryote
- nsfdleves fungi :'mﬁ'uﬁa'lﬁﬁtﬁmﬁm’«qnigﬁuu
- sitistaary decomposer/dsda (heterothroph)

- unicellular/multicellular

- Tsiiiu tissue

L Laifi embryo [
- mycelium

-~ haustoria = hypha # l#ianzcell host

- reproduction

- § hypha Wuinly enadiwstonsolad (septate or non-septate)

; ¥
L qranewnsit endosperm waxluidne

L1aiﬁ chloroplast
— nsvenuuy hypogeal

L amnnage

a3y hypha fiwdinfifiannz/uie enzyme AauaTueNIKad/gatuany
onavmudiu fruiting bodgﬁwﬁ'ﬁ{ahvaz}o:’mnmsinﬁuq’unumﬂumﬁ

sexual (conjugation) = sauvev cytoplasm sieu (plasmogamy)
wieensan nucleus (karyogamy) => mitosis => spore

i

Chytridiomycota (non-septate)

|- chytrid na:uMnif’ﬁmmmtm’a'm’[mﬁm'fiﬂ flagella

L dsdalulwsniad, #x, 407 woluuwanin

- reproduction asexual
_[ sexual

Zygomycota (non-septate)

spore

- 5961 (Rhizopus) suvusile
- Rhizopus nigrican waa fumalic acid

I~ reproduction —I: sexual

L woludu asexual

spore

Ascomycota(septate)

spore i flagella 1 vdu = zoospore

zygospore In zygosporagium

asexual fiasiiodewaedoulsimanzan = fnnsutie
nucleus => mitosis => spore

— yeast, $uev hqummnnmm:
— suunaey Aspergillus flavusTuda a¥re Wrlatoxin danzidednls
- Aspergillus niger waa citric acid
— cup fungi morel, truffle fusfutlszniy, Uaﬁmsmm:ﬁusﬂﬁ

— waianzia/sinae/mudu I: Spore.
— uni or multicellular [asexual
L reproduction: sexual

— Watiasne = club fungi

yeast => budding

ascospore 1\1 ascus

- 5adiy, 3vsnen t5daveeny

mjuﬂu%mﬁuau @TINDANG

i~ mycorrhiza

Basidiomycota(septate)

Fungi imperfecti(septate) T

asexual reproduction only

Penicillium notatum

23
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Porifera .( )

T J .
 Anmoiziidefie —[ laifidoitiousiage
§

Klng dom inifioutiaa Coelenterata yull b=
I AuxN@sIIeNIL asymmetry Tsiassnay Porifera Porifera
ffiattal nucleus radial symmetry #uveeseny —E Coelenterata
Animalia % organelle fufiotiu ufloufuganin 4 uau Echinodermata (adult)
ribosome 70s & 80s biradial symmetry dauvevarenmwiioudu 4 wou #iju Platyhelminthes
[ anmal 16 cell wall bilateral symmetry fmL¥i1van Platyhelminthes duls E Mollusca
L eukaryote 14 chloroplast L onsulinuuslasves profostomia gesznsfieneu —|: Trochophore Annelida
- duilon = Yoefia . Nematoda
N ‘ blastopore = ¥esfiia Ecdysozoa finsasnasn —|:
= mU!fWC§||U13F Faufiuiwinfidy tissue nnsdauves endoderm — deuterostomia nanswiinifaneu Echinodermata Arthropoda
- maaun'l@mlwwwmamiw L diplenrula larva Chordata
- sensusseduiilig L germ layer of embryo —I: 2 §u = ectoderm + endoderm — Coelenterata
|- & embryo 3 fu = ectoderm + mesoderm + endoderm — Platyhelminthes Fully
[~ weiRienmsInnamniiuNaa - aiafasdivendae acoelom = 3 fugadedu Platyhelminthes
L wamimsduundsd  ——————— 5§y (coelom) 4E pseudocoelom = mesederm wunann ectoderm/endoderm —— Nematoda
- Porifera eucoelom = Ya3n9sEwing mesoderm —— Annelida Fulal
— lsi —1 Coelenterata !
L metameric segmentation Annelida , - Porifera
[~ Platyhelminthes | Coelenterata
(asmeaves mesoderm) Arthropoda Nematod
Chordata — Nemaroda - Platyhelminthes
- respirafion P - Arthropoda askeleton — Nematoda
HHASEIG- — open —— Echinodermata I
L szumidien ol (wonliont) — Annelida
— Mollusca {ystiisnny L Mollusca (woul¥nna)
— Annelida (o)
B i - endoskeleton—— Mollusca (udln
RN L closed- Mollusca (#iin)
- Echinodermata
L Chordata
- skeleton ~ Chordata
L exoskeleton _[ Arthropoda
- digestive fract Laidt Porifera I: Coelenterata Mollusca(weadinu)
incomplefe Plarghelminfhes g _ ¢ - nermaphrodite = 16l testis & ovary---- monoecious
3 - WA - - o
complete Nematoda Fultl ! ' - waniwe = 1698 testis 5o ovary----- dioecious
1 1
- reproduction i " — self fertilization wasludaves vaeby hermaphrodite
- stluny - - -
| nervous system - - ~"Ve net : Coelenterata ! 1= cross fertilization wauinuds vaeluusniwewis hermaphrodite
1 T . & &
: _ ventral solid nerve cord : X o external fertilization = egg + sperm amuuan@Lily
1 -
1= CNS- -] Platyhelminthes > Echinodermata « - internal fertilization = egg + sperm aneludaudis
1 1
+ - dorsal hollow nerve cord : Chordata ! o X e m - - sonanidluly ; dutnidle, Frdusaednisiy
. v - dediaavgndonuadl 3 «ile - -1 s . T uil
i [ = a2 a Ty s '
L Tos9ad o ang - - - — - - JI— collar cell Turesin . sangﬂu‘.’[uq . : — snwafqllaid : Ael4, uilleendn,
1 = nematocyst Tuluanizy 1 givinundsndiy
Ho | ' 1 -
— ity + - notochord lu Chordata ftuglu CaCO, V- gaaied e, dannw,
- Porifera—— wewin uéa Si0, #eem, Tasn, WHY
— habitatsindusinie Suiasudaunsiad [?,5’3 spongin hermaphrodite
— germ layer : 2%¥u + mesoglea sexual+internal+cross fertilization
— l4idl coelom+non-metameric segmentation internal budding(gemmule)
L digestive tract : incomplete+intracellular Tey collar cell 2 amobocyte cell external budding
— RS : diffusewu cell membrane regeneration
L lsifl blood circulatory system i amoebocyte wnu spongocoel Twsedndn
— ldfissuutssann ostia toamrasingn
I— excretion : diffuse #u cell membrane+amoebocyte $azdndes (NHg) osculum teemviitean
— reproduction spicule TassuFenwlulgduunyianesd
L dnuednod TsisFun gastrovascular cavity
. . . winzlsifionstennnuuen cell
- Coelenterate —— gapeing sea anemony, tznds, Hathun, Wansia, miu

' H
. - - suflo-aeuaanssuddn
— habitat * 11’15531,’«)9 BUIDENH = = == == = = s e e e e eeem-—-—-oao N ¢

!
L germ layer : 2§u  Lloss(&dann green algae #ifu mesoglea atiwnn mutualism) - suiis-1§ velun
— symmetry : radial (planula \flu bilateral)
— 5§l coelom+non-metameric segmentation
— digestive tract : incomplete+intra/extracellular digestion A gastrovascular cavity
RS gastrovascular cavity ¥

[ diffuse #1u cell membrane
L "laift blood circulatory system 1% gastrovascular cavity wnu [\l"'ﬁ nerve ganglion az brain

nerve net

— FrnUTTEM

L— excretion
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excretion : diffuse tinucell membrane + hermaphrodite

& sexual+internal+cross
% gastrovascular cavity fis NH,

fertilization

reproduction
L budding

Aoz $rennudala
& gastrovascular cavity = Tnsenatedndn

i tentacle (susesenrhn) / nematocyst (Wakis)
alternation of generation (metagenesis)
— Platyhelminthes

- &ade, wonsloly, planaria, sueu®ava, wuaudui, vhela
habitat

germ layer : afu l:

symmetry : bilateral

parasite

free living

coelom : acoelom + non-metameric segmentation

|- digestive tract : incomplete + intra/extracellular
digestion @ gastrovascular cavity

RS |_

Tsidi blood circulatory system 1 gastrovascular cavity

parasite = anaerobic respiration

free living = diffuse nefianily

nerve system : nerve ganglion 2 1 = brain + lateral nerve cord +

ladder type (surlzzann 2 1du drvdndruunduiinla)

.

ddanmauny, liutvddos I— regeneration

excretion ——flame cell hermaphrodite

reproduction

sexual + internal + cross fertilization

medusa (u.wn:ugu $1IUN) afmEaain,
tnagiine, wioudil4, sexual 1§ planula (nBemand
planula w3 sy polyp

polyp (hydra, sea anemony, tzn&s uaunn) afnuduld, ephyra dia

tnetjuu sessile, asexual = budding
polyp #udae

& ephyra el medusa

— werilaie, Tadsuseon, wuonluirduaney,
srueuned i, §ae, wiin, e
I habitat

- germ layer : 3 fu [

~ symmetry : bilateral

parasite
free living

- coelom : psusocoelom + non-metameric segmentation
I digestive tract : complete sisuaruendt digestive fract

—esﬁ:

14 blood circulatory system it pseudocoelomic fluid

parasite = anaerobic respiration

free living = diffusion O, nwéiawile

nerve system = nerve ring (seueewen) + ventral nerve cord

excretion = lateral excretory canal

—[ wanneLdy > §

daemunandine lafiddos fifion

reproduction

Annalz sexual + internal + cross fertilization

askeleton

wneufi ler longitudinal muscle etinauden

il circular muscle

L Anueus
# antagonism ves muscle aeuazenueT
free living # cilia #lgreslunsinmsi
fihnlsifimanswin
— Nemotoda
— Annelida

L 1asoudn, nngerden, daeinis (mnm), uliwis (Neris)
|- habital : dutumas, 13a, dé

hermaphrodite

sexual + internal+cross fertfilization.

T

Neris + #uounzia LRINLWE

regeneration sexual cross external fertillzation
— germ lager : 3 $u — cutin wfenfiis
— symmetry : bilateral | w&eedl septum
[— coelom : eucoelom + metameric segmenfation ladouduilirdanantu—— maduormrsgwsrSundanifen "fyphosole”
[— digestive fraci: complete sauanuuanti digestive tract | askeleton antagonisim ¥e¢ longitudinal
[~ RS : fawidodun¥u / gill (parapodia) L movement muscle fin circular muscle
L blood circulatory system : Lidousuidiu closed circulatory system, setae
§i pseudoheart, Hb azansluingon Neris isu19§ — parapodia $as3nesin wela .
|— nerve system : nerve ring sezmduen + ventral nerve cord . . .
) B . — loi, wSuedin, fv, B, wFuveesy, o, dansdl
|- excretion : nephridium fgdevaz 1 ] N v
- . — w@ 28158
599 urea > NH, / nephridium Qwaﬂuuﬂéﬁzﬂu " N
) — laifidn
I— reproduction
x — Crustacea —— RS : gill
- dnmouz ;
— excretion : green gland i lounuan
— Arthopod — dnmauz - cephalothorax + abdomen
- 6 class L Fend#H1a1n hemocyanin (Cu) Tusingen
— habitat : u 3 91 wodialsuasdi Hb axaneluides
— germ lager : 3 §u — wavenan (1dne) / useandoy (nax)
— symmetry : bilateral | sisiwnae §90 5 @
«
— coelom : euccelom & metameric segmentation | sisisin
— digestive tract : complete fdonasreneien "hepatic caecum” (diuds) | Merostomata —— RS : book gl
— RS : gill, trachea, book lung, book gill ¥ufy class L excretion : anus
— blood circulatory system : open (& pseudoheart) L nmaur : cephalothorax + abdomen
— nerve system : brain, nerve ganglion, ventral nerve cord L sreaavinudiuusiutanyedy Gnseeasiie
wa L)
— excretion : malpighian fubule i7da uric acid w§euninersns / green gland ‘luﬁw _ daufinudiue
— reproducﬂon—[ sexual + cross fertilization wenuwe —[ zunn infernal — waoy, wavdled, vy, s
— exoskeleton = chitin L parthenogenesis (194 lalléwas (n) Yaush external L Tafivwan v 4 g
wFquiiudag) Tudts, g0, uay, ua L Siwdnlu
— & metamorphosis + molting I~ Arachnida——— RS : book lung + trachea
— suvdiflutlfes (jointed appendage) - excretion : mulpighian tubule
L Mollusca - dnmaiz cephalothorax + abdomen
|- Insecta (wn max ~ 73% )
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symmetry : bilateral By : maulden, 1, danwdn, wereaeire
germ layer : adu

habitat : dufa > 38 aniiumn weumneguuan

coelom : eucoelom + non-metameric segmentation

digestive fract : complete tiotnuuenti digestive tract

RS : Tushlg gill unal® lung (lusteumaliuteaifiun (vascular lung)
wann mantle Aif capillary u'ugm)

blood circulatory system : wew open, #din closed

reproduction : sexual + external + cross fertilization

excretion : la Howfudunsy

nerve sys

— Echinodermata

— Chordata

symmetry

coelom : e

i?ﬂmu:T

tem : ventral nerve cord

dndn dula

mantle

a§14nnn (CaCoO, Jnonnnkde
a¥riyn —— worgn

daplumsmla —— wonlds

habitat : auzn, Tusdin

germ layer : 3 $u

: bilateral

ucoelom + metameric segmentation

waigifiy

excretion

RS : gill, tes, Hude

nerve system : brain + spinal cord riyan
dorsal nerve cord wile notochord

la

SNz —[ § notochord \luwnunaswds

& gill slit szuz embryo

digestive fract : complete tiouneiuen #i digestive fract
subphylum Urochordata

blood circulatory system : closed uniiu Protochordate

subphylum Cephalochordata

Vertebrate(finszgniuuds)
reproduction : sexual external / internal cross fertilization

Protochordate ﬂdﬁns:gnﬁwﬁv}

26

Onbomand
uuavﬁuﬁa, 5\1, wila, asn, FIAUN, UGN, inﬁwfq, gnunu
— Insecta (wu max ~ 73% ) #3616 VU 3 §
v v OnDemand
. y Taifivm
ffie, nTrguwszdund RS - traches
e 1§ ¥ 2 g/dhes \Bealsifid vinwdnidiaeenny + voudn
— Diplopods wan HCN excretion : malpighian tubule
fiuan Aoz : head + thorax+ abdomen (3dau) onfl 3 diey v1entfevaze 2 ddaeiiudinl-2 ¢
RS : trachea
excretion : malpighian tubule #2971, azidy
Aomaiz %3 + adanazens I 15-20 ddes Wy 1 Ei ¥ 1 s_i/uﬁm
L Chilopoda andm
—Mollusca i : mn, s, dunsia (vouBinda) fnderd
I g : Wil uds RS : frachea

excretion : malpighian tubule

aanaz © W+ wouwn § 15-20 Yhes

ANINTHA, LUUNTLA, WALWAINTLA, ButlEnzia, UAenzia
habitat : agﬂw:mﬁwm

germ layer : 3fu

symmetry : bilateral

coelom : eucoelom + non-metameric segmentation
digestive tract : complete (uniiuwdnwameialsill anus),
souunent digestive tract

RS : gill or cloacal respirafory free vostamzia

blood circulatory system : open = water circular system
nerve system : nerve ring szmtin, nerve fiber iealuadiusnedisianils
excretion : amoebocyte s NH,

water circular system intaudnvendy

reproduction —l: sexual
regeneration wadasdiornu central disc

AnNnaL —[ movement Te tube feet + ampulla

Wi eRanes, iSevany, tWsueany

endoskeleton unviugdameiaidiu askeleton

habitat : nzia

notochord é’a@'@u@!ii'ﬁm@ adult que‘lﬂﬁ'ﬂﬁiﬁﬁ notochord
laidi vertebrate a§19 tunic (ansUsensnves cellulose)

we s & Todadnemnld _ Amohioxus
habitat : #¢lunsy

notochord #anaseds faasein

— notochord aaee¥3e |- laifl vertebrate

— gill slit 7 ¢ fiwng

L Cyclostomata —— jaw : lai

- n3zgn © dou
- nerve 10 1dy

L Rs : gl — notochord fimeudluénssu
— notochord eeusiugesu . e em . 1l it 1
G s s L iala: 2dieg fudifoadn [~ 9l slit wiuie
= gill slit fiudia & operculum L sk - lsisinde L jawifitagnuing
— jaw fitnntlanudnéa . ¢ e om | nszen - ooy
Osteicthyes ande Go notochord eeutfludaesu [~ FEA L ATLRED u
- —1- NITONTOU + UV . a . L "
N gill slit fise embryo - dfauf - anlussngnifiuds wutlrzann 10 iy
~ nerve 10 vy - RS : gill
s - il jaw 1§ L s airsac :
RS : gill unviuzlantlen e = o os 2
iy g g aszan | Seutui EEW TN L sala 2 HesiiudiGendn
- % la ;2 deviueidend) v in - fosadouded
o g . nerve 10 i L slanthnnas I skin : mnami’a:mm
[ HONLY  ALnaaliuuHUNAIMTeuIU ofwszala: il 2o Skm—chondricfhges placoid scale fiuanednaanu
- 58196 © afTLAa+e N - 9t Tieh, ¢ a A
) #1a 3 sy = 5u9d : eF i+
— d§aud : onuuen @@ngmﬁuh I L dfaus : mﬂuaﬂna“miluﬁ'a
— unLdulanvy, @en, S5eH, RNUNYY sl - 41 2 ¢ | lsi# airsac
— @ swim bladder tatasuds o o . B
P fjaus : muuanssngmﬂﬂwiugu
BILaRaLEY 14 sirsac L 9214, aunn, NIz, AsTeny
- tlanfiu, ﬂa'ﬂwa, §inidn, dandln, Hadnh .
— Amphibia dodideadu
- Reptilia ng, oMen, gau, NEvin, 241p3v, the, iiue, salamander (F4aniin)
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— notochord meuiiudaseu
— gill slit @au embryo
I Repfilia - jaw.d
- n7zgn : sou+udy
— nerve 12 4y L
— notochord #seuLiludesu
— RS : tlea
. o ¥ - gill slit dimeu embryo
- ala 4 mluaagsaf sniuaTE g Y
L om A o w — jaw . #aven
— skinnaem HWakhs ) .
p . - n3rgn : Sau+tuiN
= T8N0 V1 2 9 Ll
N - nerve 12 1y
- wifaud : aaily aimgmﬂulv 4l amnion uunn
aist Al — RS : tea
— bad Air sac .
P L s 4 wovnunsal
- dodideadiu *
, R I skin : feather
— 18, g, AT, Wi . , .
- Aves suea v lg @nlg
. L . - - dfjaus el mngmﬂuH & amnion Mezuza
~ amnansandadidouealuned Txladn o 4 o .
. ' [ & airsac unsnfitesuasnTEgn HANITINHNDINTG
— notochord aeuiduéivean ga
_ . - dadideedy
— Mammalia —— gill slit aeuslu embryo
) L un, o, 19, siw, wed
— jaw : atuiisluvansslos
- nazgn @ gau + Uiy
— nerve 12 ¢
- RS : tlag
L #la b doeauyel
- skin : hair+fur
— 5t 2 §
— nnTdfaus iy
P
— dadiioagu — Insectivore
L 151§ air sac | Sirenian
L fansanannniseangnidiu 3 ngu | Cetacean dinendunuduld
songniduly - Primate — Anmoizvialy fiflorsindminfiainne
— Monotremes —[ Y .
#fune,guzhnidie — Chiropteran vnsslng
sangniiudn — Rodent aE9VING Lot
— Marsupial suuzdesiosdu - lsiflen |- Perissodactyls msaslinein
5914, Teonan, Teweadta |- Carnivore HoBoTIIALIgNTeY
sangnifiudn ———— Artiodactyle orosimian {prfmafe TEUEWTD
' Eutherians seuzedievend fsn |- Proboscidean 15un lemurs,lorises,pottos
placental mammal — Lagomorph ) (vaunfeunveny) tarsiers
uriniflu Order L Yenarthroms — Wil —— Anthropoid
Tous
gibbon
— Avaldiasd — Hominoid orangutan
new world monkey —— ondunuduld gorilla
- uvuvnem stenTuy, wiewna chimpanzee
Setiyne - welusiwdannans, 14  siemnannde old world monkey
L fuduusiunidomninio — aslsidivna(ape) L Snwaizwvuens vidu laifiwne
- avudd, Uy L human L dnotinudu uniduysd afegds
old world monkey —— oéziubin - NeuInTNedsedd
- Tsigwnse Wanadiefiasnnz - fonsdeans, ansmannguiiiuge
L walluusson, woide L Tadidussnuianadiae
4 9
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Particle Living

Ta cell

msﬁua‘nﬁw DNA i@ RNA, auidsauieansg

Amundly —— virus protein coat = capsid gsznewéay capsomere + gene virion (complete virus)
obligated infra cellular parasite
Teiananserinaruey antibiotic %ﬁﬂﬁwnﬁuaiwqqs‘aéﬂu"mmEN (interferon)
avastiavesloda bacteriophage : virus vev bac.
utivtlszionems host fionde plant virus - Tsnlundn, Tiﬂ‘lﬂé’wﬂ’)gﬂ (Tmv)
o anstusassudiy RNA animal virus : Trasta, Twielual, fugivin, dusniay, Tuals,

— Viroid _[ saned 5, AIDS, HTLV, Ebola, Winges, Winsiis, medumtlaguusedimmdu
polypeptide

L prion wuawnedard
Tserdadn

— Liioy 14 Phylum 1

lichens —— dsznauésn 31 + awsw (Wen/duanamindu) érsswoy mutualism (wd)

— duunidly crustose waus1n Euiﬂqaiufiui\?uﬁa
foliose gﬂs‘wnﬁﬁﬂu‘ls’: ﬁ&’iﬁatm:ﬁﬁwq
AHEE LAY LFunan Hein"

fruticose dnsausifhduwyuniuni, "deway"

— reproduction w#uexiesuazdawsy

L anadndsy © eudunanananad HS g¢ fazany
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FeUUA (Ecosystem)
@ Fataansalulay (biome)

N a ~ = ~ N s P PV v ) | a
°U'JUL'J?1‘VI5@VL‘UI@3J PUNEAY D1NUSINNeRUTENDU  ARY AR W TadeenignIn (lwu Qquu

USnauey Aty anady) waslademedann (wu fivuazdnd) Snsyansegluunlicnansaiegduvedlan

30°N/—

o° |Equator -

30°S e

1500 3000 Miles

e
0 1500 3000 Kilometers
60°S

- Tropical rain forest D Temperate grassland | | Temperate forest - Tundra
| Tropical dry forest - Desert Northwestern Mountains and

coniferous forest ice caps
Tropical Temperate woodland Boreal forest
Bl Tropical savanna [l Temperate we (Taiga)

1.1 lulauuuun (terrestrial biome)
35
30
25
20
15
10

Mean annual temperature (°C)

1 1 1 1
0 50 100 150 200 250 300

Mean annual precipitation (cm)
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szuvtivaaUald
Ulsiwanly
1. UnAvdu (tropical rain
forest %39 tropical

evergreen forest)

2. UNAULAY
(dry evergreen forest)

3. U1auwn (hill
evergreen forest 39
mountain forest)

4. Unekau (mangrove

forest)

5. U3 (peat swamp
forest)

Ywanly
1. Uvugyanssed (mixed

deciduous forest)

2. Uufess v3evung
Uwe (dry dipterocarp
forest)

Anwazialy

= a

1.1 Taamnlasliasuslasunnin

9 VAR
£

1.2 dAnuuge

1.3 fusuilunisunagurnuiudessu
naonl

2.1 TYeuvsuasegeion 3-4 lnouRnsaiu

2.2 Hulluss

3.1 danduduiirdisns

1.1 ﬂﬂsznaLau%w‘%aghuméﬁﬂﬂiaa Huth
J08ADITIINIZVULNAVUUNLAZSTUUTLLA
Lméﬂﬁwﬁﬂﬁﬁmmmmﬂﬁmamq%aquq

1.2 wysauldiinu 1o Tnans A0 ATUL WA
Dudu

1.3 Urneauinnuddglunduwasems
uviasayUIaFseuda mgians A3 Y Uan
wayvies Wuurasauiouazunaanaldves
Fnrsih

5.1 aniAudufungSoRudunidiiinan
NSYRYdaAuETOUN3Y

5.2 ihiimnudunsngs

o

1.1 dnwaziBudnlussUsenoumenssaldudn
NédAry 5 vlin mdernuganssal) laun
dn ugA une Usee Fedu

2.1 Wullusediduliivunnlwg)

30

USLIUANU

- wuluinuiniisumnyn W aale

- wuusHansulunawtonay
AANY TUBDNRYLNLE
- wuluiunganileseauimea

1,000 Lns gl

- WUALTIERIZIaLAE

Unkuin

v £
a 1A A v

- NuANTguiinIndinaenl

q
v

LATUNTITNAAU IR 1ALAS

(o Umgldzuns 9913n
a & A

UTI5 I TUVINGNNATIN

auysalniian)

- wuynaatulssmalneentiu

Tunald

- wulwwpiuuiudsveannaia
lnglanizaiangiuean

\Reanile
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1.2 lulauluuw3edqtindluun (aquatic biomes)

1) lulouunainda wuadu 3 we fe wathausulanseusuneils (ittoral zone) WARANYMI9AN

Hn3auiaiiaun (limnetic zone) waglununanlsandutuRniIouTIUUITUE1N (profundal zone)

Littoral ) )
zone Limnetic

zone

2) Tulenunasinau laun nzia wasumayns Govaz 71 vesiiufialan) wenaniddivissesnosyning
wrastnwazirasiauussauuilrusnatuduiingessen wiawuinges (estuaries) FNWUAINUSLIN
Yrnkiin

= = 14 ! [ ] ! v O ' y = v ! d' e{'
‘V]SLa‘l’ﬁﬂu‘l’nﬂﬁgﬂiu@ﬂmﬂL"UG]ﬂ"J’NI%iylLLagLLUQL‘LJ‘L!‘U‘INI'N‘] Ausauageiellauianungia FIUNANNER

Uszanad 6,000 wns ¥lriaadiddsnardaninasuwananaiuld

200 m — Photic zone

— 1,000 m

Aphotic zone

— 6,000 m

10,000 m —

Continental _ ' Continental slope and
< heif —> :"— continental rise — P! piain —
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szuufinaunadaindy o1utseanmudnuaeiuiameneninld fil

®  WANY Lﬂu33U1ﬁhaﬂU%tuu%ﬁsﬁﬂ§§uﬁszﬁuﬁﬁaqﬁwq paufssvauihiuitsaaedaluie
Usenaudevmeuame fu Adiiaiinumuuinamanne Wi Sniunsia Yau wdsgmsa
VieeldgU vieuviaen

o iy Hurinaiivszneuseluafiulisuidou dwon ussth fnaudsuulaswesuiinaniinu
%ﬁﬁ%aﬂéhﬁﬁéaﬁ%%mﬁagu%vxumwmﬁuazﬁﬂawmﬂqmuﬁaﬂwﬁtdﬁauuﬂaam@aqaxmgﬁuazﬂawm%uLﬁu
Y Uameia oy vesunasy dunzia

* LuEN5e (coral reefs) Wusruuiindldihiifinnunanuaismsdanimnnilgauaeiisnnis
wAmNEAgean uonntuuausn¥essliidudsivavendsanmundeumeilmaaunaniuld
dosnusn¥neiinegldlutinadiiasen § 0, oo fuasdesiuuargungiiliae

e szuuilnAtinies (estuarial ecosystem) Huvsnadituihdud W lunells Wy 819 Ui wes
wssiheneilsdnsofunsald vinuilariionnigauauysalhlidadddinnanseindunedoey

UINUIYAAYVUR
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2 community+habitat
— biological structure
autofroph
- phofosynthesis plant
[ algae
L chemosynthesis —— purple/green sulfer bacteria
heterotroph
L consumer dnameawdeeulosnnsdudufiuness herbivore — Qﬂﬂn@éﬁéﬂﬁ 1
L decomposer HFuwaveudgaring carnivore — Quﬂmﬁﬁéﬂﬁ 2 gl
E wauy organic 4 inorganic |- omnivore  — ﬁﬂﬂﬂﬂﬁ’!éﬁlﬁ 1 w59 2 Sulel
L relationship extracellular digestion detritivore -|: srniy — fins lapdndud 1
i:infraspecies competitive K1ndas — éﬂﬂméﬁﬁuﬁ 2 Fuld

interspecies
- +/- —|: parasitism
predation

— +/0 —— commensalism epiphyte

host > parasite

predator > prey

— +/+—1— protocooperation Hnaand
bacteria on skin
lichens zud@entd

Freoudadiinluesin

HEDN & wuAd
um‘gﬂ\? & a3y
%06 & iwae
sea anemone & yaadu
ﬂmm%’@u & sea anemone

— mutualism —— Trichonympha & tla3n
— microorganism in dedtagaLEes
— lichens

wruLey & Anabeana/Nosfoc sp.

rhizobium & &3
mycorrhiza & #u

— 0/- — E.coli/ Entamoeba coli in human gut
antfibiosis — hydra & green algae
|: penicilium L= yjz91%¢ & dinoflagellate
microcystis
amensalism —6u‘lﬂmﬁﬂ¢éﬂi;§ﬂ
— 0/0—— neutralism
- saprophytism
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@ ANTDNUNDAONWAIIY

- food chain (lsimsifiu 4 chain )

- predator / grazing chain
— parasitic chain

— detritus chain

— mixed chain

- food web = complex food chain
L pyramid of numbers
— pyramid of biomass
— pyramid of energy
L 10% law = 10% biomass + 90% activity
— biomagnification of toxin

= a

v o ¢ s aaa
NIZUALFAIAMUTUNUS VD IFINTIN

1. N523ia91u9u (pyramid of numbers)

®  LAMIIIWIBIDIANNTIA Tauansiu
wsnazNIIWIRAINAINAGUNNE

v e g 0 &
® fndulatwnsdiaalui

O ansBeendy = Gwliiing
O 12158
O saprophytism

2. Wszdiauaadann (pyramid of biomass) ® uanIIATINIBIENRTIN Tauandiu
usnazlNfaNINNINARLNNE.

aninlunela plankton atlu2aka

Trophic level Dry wezight ;
(g/m?) AdUaNIw

Tertiary consumers 15
Secondary consumers 45

Primary consumers y 37

Primary producers 809

® HszlaMosaananinng
3. WszliAWaeaU (pyramid of energy) 10~ law 90~ WallAunng

ratauazAanssuin

"S1.0.1% Third-level consumers
<
w % Second-level consumers
\

Light or L
chemical & N 10% First-level consumers Plant material
energy eaten by caterpillar

100% Producers

671 Cellular
100J respiration

33)
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asfiuildgndesaaty wu lavieniin loun Usen axm wanley viseseuuiasusviiniiaaieiienn
Wi DDT LﬁaLﬁmUuLﬁauTuﬁﬂmé’angﬂdwmamLLazazagﬂumﬂe&mmsvﬂuwum'ﬂﬁmawmﬂ%qm‘w

(biomagnification %38 biological magnification) InedsiTinlusduinegaziinnisavanfivmaibluninu

Fish-Eating Birds Magnification of
DDT Concentration
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@ mwsgm’iﬂwa\?ms

- gaseous cycle MEUTHUNINLTIHINNA/ YIOUARULND

Spdnsvenin

Fgdnsvatensuen

Fginsvaslulasiau

—N, - Fixation

L N,— NO, Azotomonas/ Azotobacter
Clostridium/ Calothrix/ Oscillatoria

Rhizobium
Anabaena/Nostoc & wirumen

L ammonification

- organic compound = NH,
2

— Actinomycetes, decomposer

- nitrificaion

— NH,— NO, Nitrosomonas
E Nitrococcus
Nitrocystis

— NO,— NO, —— Nitrobacter

~ denitrification Nitrogen-fixing
: bacteria in root
|: NO, =N, nodes of legumes
Micrococcus/ Pseudomonas/ Chromobacteriam ;

— sediment cycle wyuiiuuiuiuazdu/vauaauity

|: phosphorous cycle
sulfer cycle
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ﬁuqﬂ’laﬁl% (Genetic)

mendelian genetic

L 1. uwnslyzianland — monohybrid cross
L o uindetiasdnuas - 1. complete dominance (AA = Aa) Srdwen
= 3. n3n phenotype Funausi - 2. incomplete dominance (Aa = dwas) thalassemia
) Aeonten/Fudlens albino = fraifien
= & w1 genotype quweu |: _ refinoblastoma (szi5efisiun)
PEREIN o
= 5. Wnensae 2x2 #gitdna Rh
= 6. N3t genotype §uan 3. co-dominance (Aa = 2 & ludaidnsu) %3 101 aasaier
. e vuda
= 7. %1 phenotype uan - multiple alleles (monohybrid fifivanudaien)

#giLden MN
I: 4. VUNURAIYY NoD

5. givaen ABO
L 6. sex influence = sWatUUAOINALAUVEITIL
| s B

FIANU = E2LEY / RYVGRY

- 7. sex limited = waaeanudine

WHIAD
Lie CEHPRiTEY watande
# RIFUNEN
¢ U

L 8. sex limited Tugesfln (WWxne / ZWadis)

|- W@ﬁlﬁﬁ’)ﬂ:
- linked gene = 2 dnuaizdaflu 1 Sanaznasiulilias
— 9. autosomal linked

- 10. sex-linked (X-linked)

red-green color blindness

hemophilia
Sonvevuuadns G-6-PD deficiency
recessive Juvenile muscular dystrophy

- 11. Y-linked —[ wm’ﬁi"lng
- 12. polyhybrid cross NUFIVRIENY

- wendetiaz 1 Anmaz waddnANTINaY

L m@msnﬂﬂuéa‘::d@ﬁu = 290159

— 13. multiple gene = polygene (1 dnuaiziinaruiiuaney)

L usndefiazfultian witsensnseufuesuutiana
phenotype T@ugﬁadwﬁmdué@iuﬁau

- 14 gawauey —— Fengneufidiulse = nCr

wuNdaniaz AL
wensalifiudaszdeiu - agansge

L 15. 3wes7zH pedigree —— vertical transmission = WA generation
— ¥1e ~ wg)s —— aufosomal dominance
L %8 <<< %@y — sex-linked dominance

— horizontal fransmission = @mﬂu/ﬂ@uﬂmﬂu

- €08~ el aufosomal recessive

L ¥18 >>> %99 — sex-linked recessive

L mitochodrial disease = anenead NIeae/ sl

— Y-linked=waanzfxan
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molecular genetic
= nucleic acid
. monomer
L nucleotide
- nucleoside
dena pentose —[ ribose
t nitrogenous base — deoxyribose )
adenine adenosine
thymine = thymidine
cytosine cytidine
guanine guanosine
uraclil uridine
= Pi
L. phosphodiester bond
RNA
linear single chain
rRNA =¥ ribosome
mRNA - codon
tRNA = anticodon +dnfin amino acid
DNA
L linear or circular double helix with AT CharGaff'
Wild type
wowen [MeU H s H_Phe H Gy h_swp
Amino end Carboxyl end
b mutat point deletion/insertion
- base-pair substitution Lﬁameshlp mutation=4a codon Twsitan
- sense mutation=silence
No effect on amino aod sequence Frameshift causing immediate nonsense
U instead of C
Extra U
AR iy TTTERTTTTT
[t ] 550
- nonsense mutation=ifia stop codon Frameshitt casing
extensive missense Missing
U instead of A s
]
|
Rl fuyulfuuil S -
=
B Insertion or deletion of 3 nucleotides
no frameshift but extra or missing amino acid
L missense mutation=amino acid #e# m
Missing
Missense el
A instead of G
RufffunAfxudf e
[vet H us H Phe HEEZE <o
- tautomeric shift="3udufieq

m=central dogma
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| A
Replication  DNA ————
central dogma

on Translation

» RNA —————» Protein
ibosomes

L o B

ONA polymerase

ST

ONA

mANA
'
l Ribosome ( NSNS - transcription (DNA=>mRNA)
[osamon] i~ |
~Polypeptide b NN
TRA

Elongation Non-template
strand of DNA

RNA nucleotides

tell thesis =
DNA replication (DNA=>DNA) protein synthesis
5 Direction of transcription
("downstream”) Template
e Overall G0N OF (EPICATON meemeeeen ‘ strand of DNA
strand Onigin of replication strand

Newly made
RANA

DNA pol 11
Leading

strand

Replication fork DNA ligase

¥

| DNA pol |
Pacental DNA ;

Primase

DNA pol 111 Lagging
Vs strand

Primer

L translation (mRNA=>protein)

Amino end
of polypeptide

Initiator tRNA

Ribosome ready for
next amincacyl tRNA
MANA

/

Translation initiation complex

subunit

Free
polypeptide

|
Stop codon
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genetic engineering

gene cloning / DNA cloning

ineflianugisnssuieuFanaiunas DNA

DNA éagiofn

Genetic technology

plasmid ve¢ bacteria
Tefiugrunuent§Rausiiin marker
% plasmid «u DNA vector

DNA Ai§eennsifossassiy DNA vey plasmid tfia

genome vavlasa

% virus i DNA vector

recombinant DNA

DNA recombination

leukemia
- gene therapy —[
thalassemia

- GMOs

DNA figesnsaziBossasidiu DNA ves bacteriophage iia

11 bacteriophage ¥n bacteria \e replicate DNA

Fudau DNA Aigadon restriction enzyme siaiguaduionsonuls

nszaaunsdaseiiuwds ladnldly host iewda protein

insulin

- macromolecule synthesis
Botox
antibody

recombinant DNA

11 bacteria lefisdwaundradafiufigosns

Rcoognvhqn sequences

DNA sequence + t

EcoR I cuts the

Restriction enzyme
DNA into fragments l

, Sticky end

T - ‘
T ﬂm
UL
77

PCR (Polymerase Chain Reaction Technique)

wiarlSanas DNA Tusasaneseslonls enzyme a1n

thermophilic bacteria

Invitro enzymatic gene amplification

Ansdaasest DNA

. 90 -95°C
denafurahon—[ ) , . .
ugnaugvey DNA wsinn lkduanengen

50 -55°C
annealing of primer —[

primer sz DNA aneiées

70 -75°C
#¥19 DNA @nelusigeann primer
ﬁ"n?’ﬂ 20-30 591

DNA analysis

primer extension

DNA iflutlszq - Fosfuieann - 1 +

N

Genomic DNA

© Denaturation: 5 ¥
Feat briefly
10 separate DNA
I
|
¥ 5’
P4 | Power ‘
Primes
" source

Anode

Cathode '

-

I
- IO
0o < @
e e

fli

Mixture

g of DNA
' molecules
of differ-
i l ent sizes
Ty

Gel

Glass
plates

Longer
molecules

I R

-
P e

Shorter
molecules

gel electrophoresis
usin DNA fifivanesnedulusunalwsinduganans

mmsoim‘:']:u'a’)wa”umzqﬂﬂaiau‘lk restriction enzyme
Tunnséa DNA newdiesnzs

Power
source

-4
\ \ u - Longer
\ fragments

el N\ i Shorter
) Vo Bt fragments
o— i =

——— Gel

DNA plus
restriction enzyme

*r /
AN

w®

Mixture of
DNA fragments
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Cell containing gene

Bacterium fi
of interest _——_

@ Gene inserted into P .
plasmid e A\

/ /

\ s \

Bacterial Plasmid ? 'é )

chromosome Gene of e

Recombinant it DNA of
DNA (plasmid) chromosome
@ Plasmid put into

bacterial cell

Recombinant
bacterium

€© Host cell grown in culture
to form a clone of cells
containing the “cloned”
gene of interest

Protein expressed

interest by gene of interest

°e o Protein harvested

Copies of gene ¢
Vo

o

@ Basic research and
various applications

Basic

Basic
research research
on gene on protein

Gene for pest Gene used to alter Protein dissolves Human growth hor-
resistance inserted bacteria for cleaning blood clots in heart mone treats stunted
into plants up toxic waste attack therapy growth
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Agrobacterium tumefaciens

&0

plasmid
Site where
restriction
enzyme cuts

T DNA
DNA W|th \‘
the gene

of interest

Recombinant
Ti plasmid

Plant with
new trait

Cloned gene

S —
allele,

?r%s;nt \\ ,/ @ Insert RNA version of normal allele
patient’s \ / into retrovirus.
cells)
Viral RNA
@ Let retrovirus infect bone marrow cells
Retiovirus ) / that have been removed from the
capsid / patient and cultured.
\ /
\ /
\ /
\ /
\
|y
© Viral DNA carrying the normal
allele inserts into chromosome.
Bona / R 3 i
marrow
cell from
patient

© Inject engineered
cells into patient.
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Restriction enzyme

12 repeats 4 repeats
——— =
Gene Gene Gene - H 1 i
VoA MM B m c Gene.“““““’.Gene. i Gene
VoA L ¥Bsy U
9 repeats 6 repeats
Gene Gene Gene H |
| m m Gene ““““-Gene- i Gene
V.C
Y chromosomes contain large .
amounts of DNA called repeats that B Restriction enzymes are used to cut the
do not code for proteins. This DNA DNA into fragments containing genes
varies from person to person. Here, and repeats. Note that the repeat
one sample has 12 repeats between fragments from these two samples are
genes A and B, while the second of different lengths.

sample has 9 repeats.

Gel /

J
o—

The DNA fragments are separated ac-
cording to size using gel electrophoresis.
The fragments containing repeats are then
labeled using radioactive probes. This
produces a series of bands—the DNA
fingerprint.

11 BB s

DNA fingerprint Gel electrophoresis

Blood from
Defendant’s defendant’s Victim's

blood (D) clothes blood (V)
e \—
/ N
4u9 8»9
D jeans _shirt _ Vv
- - -
- A -
- - - -
o e e
- -
- -
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A donor cell is
taken from a Donor
sheep’s udder. 0/ Nucleus
. The two cells are
fused using an
C electric shock.
o N Fused Cell

Egg Cell

The nucleus of

An egg cell is s’ the egg cell is

removed.
taken from an Tb'he.fus;d'ggll
adult female eglnsI , ividing
sheep. normally.
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