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5.2 NSAUWUSIUUDAYIWF (sexual reproduction)

MsfUNUSLULBABINA (sexual reproduction)

nsUfjauinneuan (external fertilization) msufausnnelu (internal fertilization)
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iala (neuan) viala (nelu)

superior vena cava
aorta pulmonary

("P left pulmonary arteries artery
|
®

% left pulmonary veins

o—— left atrium

right pulmonary

arteries
pulmonary

veins
right pulmonary
veins
v o
right atrium —— chuspld valve
#1399 mitral valve
right coronary

artery left ventricle

aortic
semilunar valve

pulmonary

semilunar valve
right ventricle

tricuspid
valve

inferior vena cava ventricle

inferior vena cava
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aa v Ao ' = a ¢ 5 . v '
o fiounisendn wWeiwesAsifew (pericardium) et
o vilauywdl 4 viea Ao Wilavieauu 2 ves laud Weswiuu (right atrium) waziesdeuu (left

atrium) wayalaiesans 2 es lawn #o9921879 (right ventricle) wagosduans (left ventricle)

posterior

g bicuspid

tricuspi

P (mitral) valve
valve

right side of heart W 0 v left side of heart

msrivuzavauro

A (Cr. HCL Learning)

anterior

auwsidladulasaadraidestuidenldliluadoundu 9 4 duwmis fe
L o W o ) o A ] . . o %
@ dwnlasguinunlaewwnuuiayinlaviesrnalnieni tricuspid valve ddnwaraoanuly
3 wan (tri=3)
dumnlavinailaiesrnaniunasaiden pulmonary artery 138031 pulmonary semilunar
% = = ) ¢ & o K = o ¢ &4 & o )
valve (semi- A3IMLY, lunar- WSEIUNS AU LINTWVLBUNTLIUNIATIEYD 3 BUNIUTIIUNU)

2 uan (bi=2)
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5 vy v
6 CO, + 12 H,0 — CH,0, + 6 H,0 + 60,
: A

12.2 NS:UDOUNISALIASI:KADEINIED

12.2.1 lasvasivvovaaoliswanad

outer

granum
membrane

@
==
s

inner  stroma
membrane

thylakoids
granum

thylakoid

thylakoid Iumen@

i8o1iu 2 9u (double unit membrane Usgnausme inner membrane wag outer membrane) WuLALINU

=
lulnaownsy
> Inanaews (thylakoid) Luudwdounsy Adeuriuiuduguden nsyu (granum) Tneu3nandoruves
e 1 =~ a ¢ N o Y Ad o4 v s & =~ = o 1%
Inanasedingueansd raelsiad lUshuwazludusingg nedindeviulnarreadiluuiunnaadundanu
wauAnUAASEMad (light reaction) uwartesinniglulvainesaiiandi guu (lumen) wie thylakoid
space Usznaumeieuleyinngg figuuazinufisennisuandivesin (photolysis)
% ¢ = ¢ N N La aaa

> dlnsun (stroma) Wuveananlaniglupaslswatad melufieulwdvatsviia UsnauliRaujise

nsm3sasusulaeenlen (Calvin cycle)

12.2.2 asaludnisenaw
> sansiavesasannuluddiaviame

° v =~ = 1y
ﬂqﬂuﬂl‘m LAIBNNUNY \/ BNUNITULALLATDINUNY X LLVIumﬂllll

USTNNUAZ BTNV aaalsias L wuAnasionaalsias
S T < ualsiiueed | Wladau . . :
A¥3n w | ol o | al s p

gAn3lon

Jod v | v | X X v X X X X X

Wy v | v | X X v X X X X X

Wymen v | v | X X v X X | X X X

UNA 12 N15d01AS1:KA281IaY (Photosynthesis)
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> asuininsvesiivnanagedny

dulsny avopusyiinasen unillvlwdwe) (n)
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16.2 NNSAUWUAISWUSNSSU

A.A. 1869

W5a3A Twwas (Friedrich Miesher) Aununsafinaddnludindeaveawaddindenyny

A.A. 1914

1510%n Werdinu (Robert Feulgen) WinnnddourlpdunazAnduisnisdounsaiinaddnneluwad

wuhddenfnnduedvauanszanuuiuiuilaslulen Jsasuifduesgiilasluleutinignis

a 3

nnapsiofigauiuiasudiansiugnssy Ae TUshu videRdueiuu

U

A.A. 1928

Wstaa3n nswiin  vhnisveaedlasdaluaiiisalsalonuin Streptococcus pneumonia BTl
2 aneriudidluluny Ae aneviug R (rough) livilvilAnlsadenuin uazanesiug S (smooth)
ilAslsavenuIn nsvnasauUsoanidused
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1. @nenediug R 1 2. faanewug S dhmy 3. Beaneriug S 4. Anenwiiug S fivilviane

¢

ilianedenufou  dwarusou + meiug R
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e _ 1 :

Aaia Aca
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agulad fansusegannuuafieaneniug S Mildaedemiufoundidadnluluamenug

R wiuldeuliuuaiiSeaneiug R Duaneiug S ninimSenusingmsalildn noudwesiudu

(transformation)

A.A. 1944

11383, wuAABYA UaskuAas naaedlagainansenuuafiieaneiug S vilvianedeay
Fouoanun ldvasavnasiia 4 Nsliszeznilauazihluideduems Usingin

viaaai a3 wuaiiise oulwd NaN1SNAADY

1 | evsafipanuuaiiSeaneniug | anewug R | RNase WURUATISUaENUS S
S NvlvinnereAuseu (oulesltos RNA)

2 | ssathnnuuafiieanesiug | aeiug R | DNase * * ldwuwuafiGyaneiug S
S Mvlvinnereauseu (oulesigos DNA)

3 | ssathnnuueiiieaneiug | a1eiiug R | Protease wuwuATiSsaneiug S
S Mvlvinnereausou (ouleldoglusin)

4 | msatpnnuuafiieaneug | aneiug R - WuwuATISYaeNug S
S Nvnlvinnereauseu

asulidn Aldueduansiugnssy inszidield DNase Tunasannaesil 2 wielugesanedidue
=y oA N = A o = = o 3 o v o g v v =]
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2 Tpsandin 1 1 lasundin
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1aslulay (chromosome) Ao AduLNRUAUAUIUSAUBAlAY URdULaTUNT UL UL laT

1Asu#in (chromatid) Ao Mdueusazyniinann1sdaesddue lussniniiianisuiagadzusing

< Ao o < Yy 1o ' a & a o A a a
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U

unalart (sate lite) wYudY (p)
wulnsidles /
fi wulnsidles
wilawuwsn Lue (

(telocentric)
orlAswunin

(acrocentric) TR

(submetacentric) WNYUNIN
(metacentric)

a ¢ = a = a ' a o o« = s
wulnsilles (centromere) Aa USnansronvadlasulaunlasinfndsswviaaniniy JlUsaulaiulnass
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N v Yy 1 a P s . a ax aa . a o
ddoulaslulan laun duedinarsiiu (acetocarmine) Anduns wazddumendau (hematoxylin) Andaiag

IuIuyavadlasiuley

/U

(Cr. wikipedia.org)
wanwaaea (haploid) n Anaoen (diploid) 2n 73Wanea (triploid) 3n  WINsWaBYA (tetraploid) 4n
flaslulaw 1 yo wuluwad dlaslulow 2 o wulu  dlaslulew 3 90 flaslulyy 4 9
duiug wadvasils un o wads1ane (somatic cell)
wsuwer duledins avsie Asdiedialu de ua sl
Fush uniflnlsfuea WALy

wadwaaed (polyploid) dlasluleuunnnidi 2 yn 1w Minaseduazvvswases wuluiwaneyile wu
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Homo Watuusvanal 2 muﬂmawﬂumﬂuaﬂam
swatlefiu Australopithecus

Australopithecus

fudauseanu 4.3 arudnanuu

| astelwaaladu (Pleistocene)

gayiiugiile 2 dulunud

s Homo habilis
=57 Australopithecus

- \Audesinse Tidewdudvdsweslan
= a < v A4 A a

- fimsusziviuasliinosdiodiu

- @N8IUUIA 600-750 cm’

@ robustus
O
L

Australopithecus africanus

P
- @ednluussnysvaensivedlsly
- @NB3YUIN 400-500 cm’

astelwaladu (Pliocene)

Australopithecus afarensis

o i : Y
AWl wysnveadaiiauysaliineumiovenesleds - Wunededidot ¥

- wnaeanldudimdeuiivudulsidundn - auesvuin 400-500 cm®

(Lucy)

A (linkedin.com)

A (linkedin.com)

A (linkedin.com)

Homo erectus Homo neanderthalensis

Homo sapiens

> ewewoonINUensn nuiime | > visiislifidusualdvesuywd
¥ Bon uywdya uaznuiidu | 9990 (Homo sapiens neander-

o uywdinia thalensis)
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fiagiBuntu Ao uﬂswmﬂmauaaﬂm '«amfﬁfw
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wansn Ju

Wy uywdlasuauds (Cro-magnon)
WufielS e

auasuun 1,400-1,600 cm’
UszRwsgiadesilofuiidudounaz
wingauiunisldam
finnsandndidusgndasunaun
Tnajauisugayiug
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wuunanaluiey (maneiiedes) uag
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Physarum \Aslsagusiuniglune
Stemonitis gavaaevauliinazlulyl

15l9lnwen (Rhizopoda)

T4

Entamoeba histolytica nalsatiniifa
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(septate) | rangiospore) WisoaUas | uoadd (ascus) TR
INNSLANIN (conidia)
wanlelulam alo391nNISUAnIin \wWAnleauss (basidiospore) | 5188 516N LARlAY
(conidia) vuudieulsvsafsuef Wianne wazluaeslse
U19vdn 19U ITnnaun3e
WinLE
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(P.Platyhelminthes)

walunisy

A (Cr. Behzad Ghorbani)

A (Cr. Caters Clips)

Qlouuun
(P.Echinodermata)

A (Cr. River Monsters)

wenslaidau
(P.Nematoda)

A (Cr. TheSunriseer)

=

[=

llauiusg (P.Chordata)

P.Mollusca

A (Cr. Nick Gurdon)

duurnida
(Class Mammalia)
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