
I. undi 

2. dx:Gniaftnwi~qrad 

3. ~ u i n u a r z d 5 ~ r a ~ ~ r a &  

4. nmdi  L i i u ~ r n s ~ i i ~ i B a ~ u ~ ~ a d  

5. n i s ~ ~ f i s ~ g a s j  
d'd % d  - c  

6. ~uo~uoia~~a:sua~uawma 

7. nmnnuwirf 
8. nisrd~~uuds~a~u"u~~'bmsb%~b~u 



2.2 flra%ini.rflnw aaad 

d W J n.a. 1665 5orO%1 qn r in inniaism%i?ojn~ ~RilszRwznao~ 
c  d a  ?anna~idqnmiwii uaz!6~o~~lrhasnnraou~)iil q uaz~6wuboilrsn q -iiiuau 

d 
uin $ilr?undo~sa'n q $41 igmf (cell) r~~a~i~nwuiurfi~rgaddmiurrga nisnnd 

w a  d  siludo~o~lmn~1o~sinnis~w~r.aa6~uro~ 

d e  0, J RR. 1831 sorOfR usiau u n w q l t ~ 1 ~ m i a i a n q  166mwrraa'uuuaz 

r.aa&duq u o ~ i a  wuiiiifiunauuuimra'noiasqnaid i ~ ~ d a ~ w n a n h i  

%I6 n G u ~  (nucleus) 

a a d  w r  IJ n . ~ .  1839 r n l o m o i  tb"ni?cla?nui.aiaruorCu la~n~swosuaama 
A' d e w &  

r i i d  q uai~sJiiruarua q k~7na~mJ~znouu"u6a umaa n ~ u u  ~u'Jrluani$ a iua 
ads E usza\arnu $d~si i?u~u~qnqw~rrad (call theory) $ddhnaiuhniyli ~ U V ~ W ~ J  

2 d d m  ~ ~ 7 u d ~ ~ n o u u ' u c i ? u i ~ a s ~ ' ~ i a t ~ ~ a s ~ " ~ ~ ~ 1 d a u w t 6 ~ 7 u ~ ~ , ~ ~ ~ o ~ ~ a ~ ~ n ~ ~ ~  
, 

nqw~r~aAlu5soGunsounaud~Ionaiu~~$1"q q q 3 Jsrnis Ba 



d d n.a. 1839 glwru Cnka inu~  aia~alnale71r6u ~mqnw~!.liuazsi?dou - 6- 
~ O J R R ~ ~ ~ J  7 ~ ~ ~ u ~ I ~ I ~ ~ w ~ ~ o J L H ~ ~ ~ ~  ~VifkJ? LIRP~DW$J ~J I~SU?~ZIDJLVR?IRUI~  

41 lw-rlnwai4u (protoplasm) 



,d d 
1. ~%a&s~l%acl (prokaryotic cell) Lflu~qladf!!uu~ua$J~a b + l % J ~  

Qa~n8u wdsznau6au InsIuIau~Gus Gu~Giua b$"nwmz~fluas~~~au ~GYLLA riaaduas 
w 

wanuunGi% ~~l~zwi'tS*uG~!ua~~nudi Geb 
<dd d w a 

2. L%R~EJAI~&IG (eukaryotic cell) L~u~aaan~LuoyuuaLh Ells?&; 

nssu't~iaIn~IuIauun?oeini PI UIUG~LRB~I IGYLLA ~aa kos&ii$?^?o$alfl L%W IWT 
Inca mn%u$uq 4% k i  

3 '  
~aaR'ln u$a~dn"s~~~azB~uin T ~ % J  PI ~~at~~i i l f l~~lndi lsn"u us/$nwwtwu~lu 

<a e niu1u~raA~nlriuolnii~n"u ui$-r~nei~~.a"nk~s~a~ss~1'tbaban^?oso'tb6nwi~aa d 
4 d uos~sB$^a^?owu-ii 1 u l d w w a i a u u I n s ~ a ~ i s u ~ a 7 n ~ ~ n n d f i ? ~ C i ~ ~ ~ w i z u n i  o o i  

a: ax un~uad (organelle) d~aiuuuin 5dhs PI fiiua1.4 ~ ~ a t ~ l ~ i i l d i i s n " u  nsu~uain"ua(in - 2 u~~~~~6~~a~d~zn0uGYau I~~sa%sw'u~ iudnk iun~sn"u  nsu 

I. iia>mSun (nucleus) riluInwctiisd~wua~nais~acld~iiofiau~ai~mG 
~u'uflu iilinuwttgun'ouflu ~~~i~~iu.a'noeiuS~amnais PI q taatilnunl? q Waz i i  1 

iia~nlaa ~aaiwiniiriiuu ij 2 fia~niua i i a ~ n l a a B n - r i u h & ~ ~ d o ~ a i n ~ ~ u d o i  
a d  w d  

uo;nns<u;nwu asu'tSuinnauqunis$i,riiuvo~ L ~ R B  Inuf i is iu~auni iaTn~~i  

Qu 

m%d%~notuf l7srn~"u~sf iarn~u~ dsznou6au 

1. Iaan%l~Tui3a~iI8n (deoxyribonucleic acid) M% DNA d u h u  

dsznou~osbnsIuTauGarn6 e ~ w  

2, KsTuii?~Ciln uagn (ribonucleic acid) win RNA do~iluriaudwuniu 

~uGa~n~ua~nu~Oudaudszna~uos~an~'Fa$a 

3. Td56i~ d h @ h W s f l u ~ a I ~ u  (histone) WsWuIwsnidu (protarnine) f i i  
w d d  

nuin~aaumizodn"u PI DNA dau~dsSiu~ou!r~iauIn~ az~flu~oulaulun.in~?unis 
%s~nmt$nsnGaniZin L L W ~ L U  ~~n~a3~uua,rinsnGanBEn 



d o, d 8 
1. ruoyuG?Lnlui (nuclear membrane) L~WU~IUI~ 7 2 Tu ~ua%nu& d 

d 2 
runuozijl thniifiarn'iui wo5  (nuclear pore) &a LLEIU;& (annulus) ulnuiu d l  

w d a  
nu indun ia3 iuu~a~ is~ ia  q ~niia!rlnwai6uuazG2rn"R~ unns in t rdo~  

ic?rn'iuaujdKnumzrilurdar8onciiut~ur~~l~5ur~nfursaci 

2. T R I U I ~  (chromatin) rilukuunafi2rn8u~iu'oo6m~ r~uri%durA"n 7 

~un in i l u i i r r r~  d.rtnou6-w Wsftu~aiuafim ua: DNA ~nGi~n=.u~uiisnssu 

614 q "UOSLVR~' 
n ddn u ~ m ~ u ~ u n i s r i i u n o ~ ~ n u m z w i ~ w " u ~ n s s ~ ~ u a ~ ~ ~ u a ~ n M i ? W  

dd o. 
3. ii?~i%~iY~ (nucleolus) ~ i lu i~u~o~i i~~nZju~~u~~1um~r911un"oua~nin 

H M ~ J  drznnu6"a ldrftfa brat RNA Iflubd3ft~bquTGfldaRldId~i~ 
- 4  W A  

(phosphoprotein) ~ ~ a z ! d ~ u h h f t u & ~ I ~ u ~ ~ ~  ~ l t f i 2 ~ 8 I ~ ~ R ~ ~ ~ i n l ~ a n l f  bn'iilti 
- d l  4 

RNA aiifliia q ~idu"u~~n8~oa~oaun?luhniyionis6ia~dsftwriluoLi~~uin 

r d a r s i n ~ ~ l u l r u ~ i ~ G i d ~ % i a I d s ~ u  

2. b d n w a d u  (cytoplasm) r~uhund$ausauii~~nZjuno~niulurdnfu:raA' 

I n u ~ W o t r r i a a o n ~ h  2 $u Wo 

1. ronhwaqlu (ectoplasm) rilwi2uuoa!vInw ai~udo$siiuuan~~n"u dnfu 
0-4- 

Lraa uan umuiala ~ w n z i j  A2udsrnnudid q uoaraabdGau 

2. muTmwalau (endoplasm) ~il~$uuo~1dnwa1~~~ia~61u1u1n$Ga~n8 $u 
A' 4 -  d w 
uozuanummrvuvitniirdnaoinii soirmruari (organelle) rracn yniniia q uoa 

~isoriuin 91 dar~uu?r2md~iindjiifuirndiid uoarraKuin6au 

IrInwaiQu uonoinuisonnrilu 2 $u n~j iXpi2udstnoudi i<~ 2 &uAn 
ddde 

n. oofi~nruari  (organelle) c?lud~unua7a fiinriidnriiu 5uriluoQ~tuna 

e-dd A no56 itn wae ~1aI6f~o1fa.1 (membrane bounded organelle) 

1. lu~nnourm?u (mitochondria) i-aulndoriisd5ianau % ~nutfl.4 Yhuuil 

n~onauin$i usd! PI dr:nou6--aus~.isIds;u dszuim%o ua t 60-65 r~aziflmd~za~im 

fnuaz 35-40 n7uIuIubwnourm~uiiunarnaa 4 d d s z n a u 6 ~ ~ l ~ i s n a 1 u ~ ~ m ~ u n ~ i  



uin ina (matrix) iirourrd~dhniyluni~~ii~w~~~iuoinni~~iul~ usnoinw"~dwu 

rou~au%niskrnn:ji DNA krnnzvi  ~ ~ ~ ~ ~ a d d r ~ u & a v l ~ i ~ " u o ~ ~ u f i ~ n o u b @ ~ u  

;El b!h4bbH&9~?19~ ~ ~ ~ ~ ~ " u ~ ~ L ~ ~ ~ ~ u ~ I J H I ~ ~ ~ o  

2. I ~ I M ~ W ~ I R ~ ~ ~ I  rsagiiu (endoplasmic reticulum:ER) ~ d n w ~ l a ~ n i 5 G  

n~urilunnirmruaR'ndiiruur.usudn~u .I 

dsznou~u~ns~~~i~sz .u .u~v io~~nisr~nud~~aiun"un"draad r ~ i ~ n n n r h  2 aiin'go 

2.1 L O U T ~ Y V R ~ R Q R  6 3 ~ f i ? i / T ~ m 2 / ~ ~  (rough endoplasrnic reticu1um:RER) i?h 
riinddIsT.uIau i i ~ r i i d k < ~ i i o  niskrnnz~~dsGuuodsl.ulrudmi:~rilnusn.u 91 

rrezdi r8u~aisd~lirrildrRud~ii9l6 ~a:aisifu q 

2.2 6 O ~ r f l  ~ r ~ 7 ~ i h  6 d f $ u T i h 6 $ ~ ~  (smooth endoplasmic reticu1um:SER) rfh.4 

r i i a 6 l i i j M u k u  i i ~ r i i d h ~ y i i a  d~$u;laisdir 7 rdu RNA IFinWslwaaziinis 

E~rns i :~a iswanSv~~r~a:a~nnsnu6~o~uu 

3. naa5 u a l  (Golgi body) i i s d f i ~ ~ n w m r i l u ? ~  91 ~ ~ I J V  q H ~ D L ~ U Y I ~ ~ U J % ~ ~  

nirrUuGuq i i ~ r i i 6 & ~ y A o  r~unznuaisdrrai~i;lhrieudil:~~aunonunnr~dad 
A'o, d 

~ ~ r n s d q u l ~ d  r i l  uaisldsiu uon~l in W U J L ~  ~ ~ ~ C o ~ ~ . u n i s ~ ~ ~ ~ u i l w . i i a ' ~ \ ~ o ~ B u ~ w  

(nematocyst) ll09~96151?1n6q u 

4.1aTaTnru (lysosome) rdunniunruaidZruu~.u~u~in~u~~u~a"ur~ua ad 
o, d d  <i~nau+ wu~0~i:lu~aad~n5rIviiw"u d~uinnlfi<y~o 

4.1 ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 1 0 ~ ~ 1 ~ 0 1 H 1 3 n l ~ ~ ~ ~ ~ ~ d  

4.2 rieufinfiiaiur$ohnoaz&udandaauh;17 druiriiianiufinmad 0( 

4.3 ~ l a l u ~ ~ a d d n l U r r ~ ~  

4.4 ~ o u ~ a i u ~ n s ~ & i ~ d i ~ ~  u o ~ ~ a a I S [ u ~ : u d ~ ~ a d ~ n i s ~ d ~ u u ~ ~ d a ~  
6-dsr o, 

5. ua Waha (vacuole) ~r-a W~loa~Uuoai~m ~uaawu anwrnzrUuq9 InufAW 

ozwulurrai!arLa:k5Puii u l i~ r i lu  3 a%nW o 



naobsi%& n i u ~ u n a a ~ s w a i a 6 d s t n a 9 ~ ~ a u d a u d ~ 6 u ~ o ~ ~ ~ a  4 5  Gun41 alasui 
e-d d 

(stroma) ! raw!~un~nuau'od~9~nis~9bn~tfs'6aurrad 5 DNA, RNA ua:!sl~lqu 

~~at~ow'b~6~nfsaiu.nfimdcdw5uafi PI 

Id d 
E I E I & ~ L u ~ & ~ U U ~  uofh (nonmembrane bounded organelle) 

1. l%hlhu (ribosome) L t l ~ o O ~ l m L ~ ~ L j l l ~ i ~ L ~ n  B ~ . ~ ~ I . R r ~ & i i i i i a k U  

dstnnuRiumsmi 2 $a nsm!sb~ii7ni:n (ribonucleic acid:RNA) {uldsffu 
c l C d  
undnnd~i luB~s:~qlnwai& PI ~ s ~ ~ n i t a L i ~ u ~ ~ u ~ m w a i a B n ~ s S ~ a " u  PI PI wand~n i rn~  

droulmwa~a~nn~na"u~twuuin1ui~aieioudaii~rnu~~uii~~ PI 7 ruaiaui~.as&vldi 

~ ~ t r r i i ~ ~ ~ f f w d ~ i ! n J a . a " w o n ~ ~ a 6 ; ~ ~ ~ 6 % i ~ ~  
t 

2. r%un?bs (centriole) !A"nwa:nkuvion~~nst~ on 2 h n d a i n h  wu 
u d d  bawit%uGn%~arbws3a6ui~.nGa i ~ u i n  ~nuaKunis~~eis~qai ~~u~?lna~~ejarii 'u+at 

~lstnauciluqnun~Iubnsnua PI PI (microtubule) 4~~0ufsaoa L R ~  u ~ f s r i i f i  ri/fn+n'or~~ 

nisi1 rBu~aidunsa' ~ v i n a i u u ~ d u s d ~ ~ r i ~ r a ~ b b a ~ ~ ~ s d ~ ~ i i d i u  "1 L~U?BOJ<U~I~LLL~J 

~ q a i  n~srn8nuClun~~qai 
d 

3. ~ % ~ ~ w R I R ~ ~ I  n̂ un$u ((cytoplasmic inclusion) nuiu i?~ mshuuaaan 

n iIuIqInwmaiin rliu ~ i i n ~ r i l ~  (starch grain) niv~In~.rtw viravr~nun~ I"R~C( ~fiwain 

I. $o@~nrad (cell membrane) ~dor?jlrqaaij<o~on!6~aiu 0did L%U w RI~UI 
d 

LUUrUm (plasma membrane) !&w aiau'n ruuLusu (cytoplasmic membrane) LU o 

~u r~aR ' i i n~ iunu ids~u im 75 ojansou d l tnoU67UW~f lud~tu i~ i0~f l t  60 B 
flmdscu7aiou a t  40 n i r ~ u s ~ ~ " ~ o s b d s ~ u ~ ~ a ~ G ~ m ~ m ~ u s ~ a ~ 0 u a i ~ d s t n o ~  

d ~ & u  nisfia~nilu~war~budfiunii  ;3a ~ u u ~ u s u  (unit membrane) 



2. ~ ~ u ~ a u q ~ m s ~ $ i a ~ n v ~ ~ a i s d i ~  q ~ ~ i i ~ n i L i l W ~ r ~ l j l l a t i d ~ ~ a a $ a u  Gqm 
A i 

w d ~aJ¶J~bd~Lr8bwa$!b~b~fl wuLusu (semipermeable membrane) .aooz8uuaulCms 
C d w d  ui~aiim~diuunwiur$iaan'b6 ~ ~ n i s ~ i u r ~ i a a n o t i ~ ~ m ~ s a ~ ~ ~ m n d i ~ n ' u  

3. R ? I u ~ I J ~ ~ ~ ~ ~ I ~ ! ~ ~ I  (electrical potential) vadnlulu uamluUanbacli 
d 4 ~~o~uio~nmsnszoiuva~'baaau~~azbd~~u'bd~din'u r ~ u m i u  h<t$unladi ms 

wGd~gsi6~ d ' l t n a u ~ 3 u h d l ~  3 Zu da 
Z d  a d  

1. I G ~ ~ , N ; , x M ; , ~ L % ~  (middle lamella) b i l u ~ ~ ~ b i i a ~ u b u a ~ s 6 ~ W b b ~ d  
8: d d  hvaz~IluaunraausznilJ r.as~Cai8nnic 

8 : d  a d  
2. ~iihbaadd~u~ii (primary wall) ~ i l u a u n ~ E m a u ~ u a ~ r ~ i  IP;uro%y8 J a  

dsznauhum.iw7n iraslaa PI r0wi~ul~d 
d n 8 : d - a d  

3. ~&t%aaqmufi"jsecondary wall) r~uWunbnmvubuobrain~ni~lu~uia 

~ ~ c i ?  lauijmswan ~ r a i l a a  W-~fiu TLUO~U tniru aszrwnfiuuimi:: 



~ n ~ a t u a n ~ u n ~ u ~ u ~ ~ a d ~ n ~ a ^ a w o ~ ' b n ~ n w i n ~ ~ ~ d a r ~ ~ s ~ f i ~ ~ ~ a R '  wuil i i  2 211 
iieru&2u?Yu ;a 

d r, 
2~.4 nisii18u~ni5diu~uoyutnraA 

n7~d7ra"el~rrupl!d!.a"wfi~7~ 

ni3kkwj (diffusion) 

7. n73iiwiuua~mm ~gun1s~niau+.yorIu~n~ao7n~m diinalu~$uuic;r 
n i l  W&~nn'iin21ui%uGuilni1 tns~nioudC~ilu~~lu~nvmt~nfiw~nw~r l n u  
~li i in'ww~rn"u~uou si?oriirmsuwidw11'b6i1~~a~a nisuwiuor m ~ o l u i ~  nlsuwi 
u a r h r m u l u o ~ n ~ ~  

nlsawiifinolnw 6rlu'aa fd" (kinetic energy) uorluia?af io~ooouuorms 
u~~anr6iina1u~3u~uu1nla1~a~a~5a~0aaun"~b~n1~"11fan"tbuinw"il~"bu i a p u o r m 3  

d d nsto1a'b~&u~nm~u~6d~a1u~~uu'uunrbu~a~a~~o'baaa~a~~1n"~a - a ~ ~ s ~ l n i ~  n l a t  
~u?auarnls i iwi  (diffusion equilibrium) 

2. oonlu6?~ ((osmosis) i ~ u n ~ ~ k w i u ~ J ~ ~ ~ L H ~ a d l ~ b d ~ ~ l ~  7 d ~ m l u f l n ~ a t  
6- vluiu8rn1n~w+.yarZ~ei~uiiaquL~nn ~unr-a1ni~o~irn~5~a~uu~lun~ruaulos" 



w 

msui~aiim~ri~$u:itdiurd ms~~w.juo~~iozuw~inu~i9ramd~8ooi~ni i  (i i i iuin) 
'2 

diu~Bnfu~rsrirui$u3bamd!naiu~$~~$unii ( i i i i r inn) niudn5nis~~wiuoddiu 
8: ozti inn~ro~E~nid~nn"du5~amb8ooi~ uatu5~~m~$u$u 8d~nndianic~u~ ii naa 

w dd dd K luQa~ilunis~~wiuo~3ioinu5bam~uJi~~in b$i~d$uiba~nuui~oundibmu~iu \ 

blor?'ub.aai 
w dd ' 

ustnitooalu8n ~iinoinnisuwiuo~Gioinu5~a~n~diuin ( rGoo i~ )  L$I$ 
dd u5~amnu31 Go u (~$u$u) 

m~azaiu~iinaiu~~u$ueii~n"tb ozu'wapioaariunnsiidn"u6au OJ~I~IYLLILI 
aisszaiudoduonrraa"oon'b6~~u PI 3 aiin (niwC( 2.4) miunisbd~uuuuinuodbga6 
d ~uoo$niulum.razaiuu Wo 

I )  IaTwnoiin T%sl%~ 91 (hypotonic solution) nuiuffd R I ~ ~ ~ I U U Q ~ L % R R C C ( !  
8: d naiu ~,y'u$urio unii  ~rRd ~Y~UULU oldt.qra8ai1lumsazai uv~nu" oriilC~ga8uui u 

w 

uuin~WduiYu ~ i f o ~ o i n ~ i n i ~ 1 l u m ~ a ~ ~ 1 u ~ ~ w ~ ~ ~ i ~ ~ . 1 1 a 1 ~ ~ i n n i i ~ i n i u 1 u ~ ~ a ~ ~ 1 ~ w ~  

oonuanmaa" 

2) IoTanoiin Taiair (isotonic solution) RUIU~~J m~azaiuuon~~a8i~naiu 
- 8 :  d b$uhrrii~uraa8 nduubua~drr~~aduai~ataiuaiin~uuinuodb.na&drid$uu 

3) ~a~wo<noiin T%$M (hypertonic solution) MUIU~~J msaeaiuuon~~ai$ 
W E  d ~naiur$uu'uuinndid ~ d ~ ~ ~ u o ~ d b ~ a 8 a ~ m ~ ~ ~ a i u ' 1 1 ~ m u ' o z d i ' b ~ i b ~ a ~ b d u a  

6J@l"UPalGlfid 

oo~luQad~iiaoinaisazaiulalw~oiinuon~.aai  i~ lCi i i iu~$i ld luLgad 

~azbaarj,idiYun?obgaibbmn 6un11 L D U ~ R R ~ U ~ R  (endosmosis) M%IW RIRUOW~~.%R 

(plasmoptysis) k ~ ? u o o ~ ~ u ~ a ~ ~ ( ~ i i n o i n m ~ ~ f ~ 1  u'ba~w o~no~nuonraaa'u~i i iM  
w , 
riidiunnn uon~g~~i1l fs '~g~8bd~a W unii ~anl.aaluQa (exosmosis) %+ow aialu 

!aQa , 

n7766 ~~66Illud7!8869761 (facilitated diffusion) 

~i lunismi 'Rouduo~ai~wiu~Bo~u~~ad l ~ ~ ~ ~ ~ < ~ ~ n ~ t l l r n ; l d ~ e u n ' ~ n u  
l ~ ~ s l u d ~ i l u ~ a w i  (carrier) d o  ii~Joqu~ur(lra8 lnulridnisl$w&~iuainlaad 

36 BO 453 



n 7 3 d 7 6 ~ f l ~ s a u u ~ . a " w 6 3 u ~ ~ 7 ~  ( a c t i v e  t r a n s p o r t )  
<A w dPrn 

~ ~ u n i r ~ n i o u d u a ~ m s I n u I ~ w ~ ~ ~ i u ~ . ~ " i i a u  ~iintu~awi:~u~a~anuduqaa 

a @.vii$u irTIwnir81 ~ " ~ ~ ~ i s i n n u ~ ( ~ r u $ ~ n a i u ~ ~ u $ u f a " a u ~ d ~ n a i u ~ $ ~ $ ~ u i n  PI nir  

uui~Kninrm&reA6adfii w ~ d d i u $ ~ 6 ~ i n n i r ~ a i u m r 0 i ~ i r u i ~ %  
WdC nis81 ~buduuul%wkm o i ~ u ~ d r ~ u $ a n s n o d ' l u ~ ~ o ~ i r a ~ ~ i ~ u i n i d w  PI 

h d i  t B o ~  l n u r a ~ i 6 ~ ~ l ~ w K ~ ~ i d l n j i n n i r a ~ i u w i t s z . o o ~ ~ 1 r ~ ~ ~ & ~ i ~ ~ ~ u i ~  
4 A n  . a h  ~ d u  ATP ~~a~flu~~rderKn6ulun1rdq1"aus bnsunernqdnrsfiun'unir~~wf GYq 

sm 

ndi~nirbn~ou~uodrnr~nu~.a"wa"dd~~~~bbd krQuu ~ w u n ~ d u u  i lu (sodium 
d 

potassium pump) n i s p n ~ u o i ~ i s  nisgnn%uad~isnncl& 

d r 
2. n~sri~~iiu~n~sbulrici~u~uoy~~p~ad 

.=id4 6 A ~ u n s n r n u n i r d i d u d m r ~ u k a q a ~ ~ ~ ~ $ i ~ ~ ~ o a n n i n i ~ ~ a  rtmslubsqabqj 

~n h ~ r i m u i r n d i u ~ ~ a ~ u ~ r a ~ i i s o ~ d s 6 u ~ u i a ~ ~ r e ~ ~ a u s l r ~  ~ r a i ~ i u q r n  

d l  ~ ~ u ~ ~ i ~ b n c i i ~ ~ a u n a ' b n n i a 4 1  biu9 h unisaii~1~8tbaain b~a(?'ubraa'n~ooos' 

~ m ~ u e i  bu~~n@~raR'ii~u9~3rnuibnaa~~~an'u~~o(uoofiin~uwd w?auun&oon 

L$! Q&JL'IPRII~ a u l k n d i a i f i n ~  ~i i I~~.aaRiiuisnI%id o$.uqrai$ourou~ir 

lu~aqaljlrrt1jl6 nirdi ii%JIbliJl6hu 2 TQSI A O  

oonninmm I 

2. r o u h ~ % r ' ~ ~ ~ n  (endocytosis) ~dunisdi i~udmrnbdkfiun'u~on'bg~g 



r ~ u n ~ n n i i ; l 9 1  n i 7 f i u v a ; l ~ r a $  ( c e l l  e a t i n g )  

2.2 dTuIdnB~ (pincocytosis) r i l  unisdi o n i  fly OJRIS~  B d l u . 7 ~  PI PI 

v a ~ ~ i s ~ t ~ i u ~ f i d r r a  PI 6 ~ R U ~ I S ~ I ~ ~ ~ ~ B ~ ~ ~ I @ $ L ? I ~ $ I ~ ~ ~ U ~ ~ ~ ~ W R I ~ U ~ R ~ ~  
d d 

-JunaiurCIuq;lriin7 r u a r u o ~ u r r e ~ ~ m a i c n n ~ ~ - J r ~ ~ m r $ i ~ d n m r i l u ~ a ~ ~ ~ a o ~ ~ u  

I r l n w a i Q u  r i u n 5 n n d i ~ ~ d ; l i i  nis$uuo;lma$ (cel l  dr inking) 
u u 

2 .3  n 7 s t i l a 7 s ~ f i f ~ . ~ . ~ & r r o 7 q u m a s u  (receptor-mediated 
I 

endocytosis) rDunisii iRu;lais~$iima$ PI ddr~mu"ulmuiildslu<qiu.uurifo~ ira$ 
< a 4  c . G i . 3  msdp  h~~u;lr$id~aaanauanuoz6o~!naiu~i PI rwi:lunisiiu~uldsi'~bKa~f~ dog  

u u r ~ o ~ r r a ~ ~ ~ o r m u i ~ n ~ i ~ f i ~ ~ r a ~ ~  1~ig;loin;u r ~ o f u r r a $ ~ ; l ~ i i r i l u n ' ~ r ~ a  

n~mr$iini~lurreR* PI 

2.5 n7~ulidbsaad (Cell Division) 

nisd;l~ra&ilunisr~u4iuaur.aad wauo~nisui~rraifiil~rradiiiiisuin 

rBna;l fii~~%;liiGTna~mU"uro?qriu~n rraiTwsni'Ion rau raaRiruniEuijnis 

& r d d ~ ~ & ~ ~ u l ~ % i i % ~ %  (binary fission) ~otilunlsrrdduun~amn 1 rilu 2 maR' 
8: 

~?n~ni? lam PI dsznaugau 2 vwau Go n73uddiiabnsun (karyokinesis) rra:: 

n i s r r e i ~ ~ a ~ n ~ u ~ ~ i u ~ s n ~ r e j ~ o a n l G ~ ~ u  2 rr.uu+?a 

I. nqsud~iiabaiuaruuu!afw3a (mitosis) riluni~rrd;lraa&w'nnis'iu 

wi$pa~cii#Tnas&flua uat~~i iG3n~aiu rrahiraQn lub;lii%?n$a?d n~sruir 
d ' d  

, ~rad~ruulu~n%mz~Rm"uun~rai"~~o~~~niu  (somatic cell) r l i l i '4iuawrre&o;l$i; l  
k acre 8: niuu'~1u3uuinuu &uaanuu7 ~;lro~qdula~wnisui~~ra~r~unszuaunisC( 

d' rfiniidnrdo~nir riaudoziinisu~drmd L . I I A & L $ ~ I s L ~ u u $ ~ ! $ w ~ ~ ~ ~ ~ o o ~  szuz 

raaidr.aa&m%unaiuw~ouri~uni~brd~ oun'~n~sud~Qauiiuaoazlalnwa~Quou 
* 2 w w 

rasom Gun41 qonsvn~raai (cell cycle) $ ~ w u ~ i r w i e n i ~ r ~ l i ~ r ~ a $ ~ ~ u u I u l ~ % a  

(niwd 2.6) 

38 60 453 



7) TLI:%~IC)D~~R (interphase) r~uszued n a ~ r m ~ u u ~ a l v i w s 6 u n u i p r  ~ d d  
A' 4- ii?m8uauszlalnwaiQu rreR"~uszuru uu~~rn8umu7mln$ ua:~GuGam8loK~%m 

raur6otYaul uli4~0uszuzrioul63 szuz Wn 

- szu;rinuaii~ DNA ~?ostuz 81 

- szuzaiis DNA ~Soszuaaa 

- szuz~a"4dis DNA ~?orzu: ?i2 

2) r~1zM"inln6i~l%a&6f~1~!8~Fn~8 (mitotic phase Mphase) L ~ U T ~ U Z ~ !  

nisui~i i?m8ua ~fimaud?d$u~ uhn7u&uni~urirvsdlalnwa7$u ni.sads 

9a~n8ur~ tuu lu ln%r  ~I~IL~/s!~L~u 4 szuzib 
W d d  - T L U ~ ~ W S L ~ H  (prophase) ~ i l u s z u z d 9 a ~ ~ ~ u a u ~ u ~ u o ~ u a d  9 

91 

d d - 3 t~~r l ln lLd~ (metaphase) l g ~ ~ t l l t n ~ u n f u ~ 3 b n 8 ~ ~ ~ ~ 1 ~ $ 9  
d - 3 t ~ ~ u s ~ ~ l L d a  (anaphase) biluszuznlns~ulruuuitubgu 2 n4a.J 

4 A' - szuz~nle rda (telophase) r i i ~ l n i s ~ d ~ v a ~ l a l ~ w a i ~ u v u  

2. ni+~b&i3? BRUUII~J~I~B (meiosis) n7sudars &uuu"fia bn& a!nx 

~d~uutda~lmuaniiu?ulnslulrua~n4dnd~ r ~ u n i ~ r d d r ~ ~ ~ i i ~ r m ~ ~ u w ' u f  

~ a a l i f i ~ n ? u v a ~ n u  ! lnshhusd 91 46 hsb.~lau f i n  23 a ud~:ri!.sdii~a"ninumz 91 91 

I M ~  o u t u  fiunIn.sIa~Iaa~d r0udn"uii 91 aauolan"~Insla~bau (homologous 

chromosome) uaz~aai~3mslulaur~iein"ul6fiunii 91 L~R~%~WUEI u 6  (diploid cell) 

nisnlj~raa&ruu!ubo%~U" i i a ~ n 8 u a i j n i s ~ d  u u u d a ~  2 s o u n  uar~3umv o4n75rrd4 
d W . 3  

raa&ru~~bla ;dr  (mrrf! 2.8 8 2.9 2.10) undu 

nnu  JJ 1.aaiSb~ud~~Ta31 (meiosis) 
' --=-r- - - - 



szii&ummz~d%~ uuio di imj~ua~raulnsri iui  r razqnr~uu~~unis6m~ou~ n u  
a: 
n ~ l n s ~ a i i d u n ~ i i u h !  oun"uPnds:nis & n i l  Homologous Chromosome 

n i ~ u l i ~ r ~ a ~ ~ r u u ~ u ~ o 3 ~ s z ~ n i s r ~ f i ~ Q a r n i u a r r ~ z 1 a b ~ w a i ~ ~ ~ r f i o u " u  2 sou 
g -  2 t o  I u l o % a l  rrazIulo%a I I  I o u i s i u a z r G u m l u n i s r r f i d r a a a m d ~  

5:u:~urmoirdt?4 l (interphase I) d o u d r ~ a ~ s z u ~ ~ ~ u ~ u ~ u b a ~ ~  raa6;~z; 

n i ~ r o 3 u u ~ a l G ~ ~ ~ a u r ~ u r G u a ~ u n i s r ~ f i ~ r ~ u u I u b ~ % r  

5zuzluro8t?4 I (meiosis I) r0unind~uuuda;luadiiarnluruo~iiam8unuaz 

!dnwaiqu h t u z  1 dmauZi?uszudid 7 6iud 
- a :  

1.stuzlwsrdr I (prophase I) ~nsuifius:~amarrua~rraziiuuio~'~\~Y"u rau 

l n s l ~ u r n ~ n u ~ i ~ o s n s i n n " u o i u n a i u u ~ a ~ a ~ i i a r n l u ~  ~~o~uri iamluruatlnsd 

r i i i i ~ i i an i i In~kdura iu~  oisr f imni~Iuin iua~~n~ui f im liun-ii crossing over 

diu~rl;ld'lu%u fiun-ii chiasmata iiWiinni~rrand~uu~uiaudoei~mn'u PI r i s  

$u~nssuS~rdduumiuld&au 

2 . 3 : ~ t l u n i ~ d ~  I (metaphase I) r idur~~rr~adinn"u8auofian"r~ns~u~au 

sr~nlnslulaul~uiorim3dnaidvodrra&gud a PI 7 imuiirrulns~auadnuart~ua? PI 

raaR'ri)oudenir6aubdu'bur~ub~a d ~ i u ~ i f d u ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ n i z i h ~ l ~ n n f  

u5raaraulnsrii ufu ad ~rdazln3lulau 

3.3rezuouirrdr I (anaphase I) dnisuunln.irulauonnsinn"u lmuuun 

ln~lulaudruidniroonoin~~IdnuarU"auo~ PI ran6 lmur~dazl~3lulrud 2 lnsuifim 



Iusnud 2 ua~nisuri~~aaa"~ruuIuIo~~ (meiosis 11) xer~umo+wIa II 

(interphase 11) b!nis~iao~si?rn~.aoalnrlul.auriim& ~ifo~oinIunisr~ri~soud 1 

rsa&dnrriddi?udin"otrd~e~u161iw'bd r~odiss~i~rawirari id nisrridrraR' 

~~uu~uln~~w"ik~~~ 'd iuaursa&iuuin& uaz~~uwal~i i imnisra~~r Gulaua~id! 
b: 

Q̂am.aQmuu riimn~=uaunisdi~ q 4 nszuaunis?ia 

1. nisriu4iuaur.aa~' (cell multiplication) n l ~ d ~ ~ i l ~ a u ~ ' ~ ~ ~ & ~ l ~ M ~ ~ r ~ ~ f l M i  
I ddn b: 

uinuwuatijuuim~du ni~ot!r~a&inriourrdl~un"rr~arrd"11~mua~~~~u.aamuu-61 

Zuuim rln~"suuiml~drviilm 
ddn 

2. nisrGuIn (growth) Iu~~!ii?nd~3~r~aQrieJa ~~a~~a&a~dR~u.aamrrid 

rr~aflumouusnraaR"~id~iot!"uu~mr(inniirre&ri~a ~u~aaidoui rmR"ssidI& 
a 4 da 

~ l z ~ F i ~ m s d i ~  q ~ ~ u u i n u u  d ~ ~ $ u u i m u o ~ ~ ~ a f l ~ i u " u u u i u u ~ i ~ ~ u  ~uituaaa 

w a n d r ~ ~ n a i u r s a ~ i r a o i n n i s r ~ u ~ i u a u r ~ a 6 n " ~ a n i s u e ~ i u u u i ~ l ~ 7 ~ ~ l m ~  
A a4 d 0 

3. n is~di~u~d~duad~%aa" LWO~~YIIRWI~~IJ .] (cell differentiation) rllath:: 

r ~ d u u r ~ ~ a ~ ~ ~ r i n I ~ v i i ~ c i i d r i i ~  q fi rdu r r a h  h u r ~ a d i s s ~ i d ~ u n i ~ ~ m ~ a w " ~  
d a I$ri inn~.rrnboun~~arniouI~a ~~acills~mnri~nciidlunis~i nsr~~dszmnrndua 

~unaiu~nuaz6ikddid q ~ s a 6 n i ~ 1 ~ u j l ~ n i u u a ~ ~ ~ i o z ~ u ~ i ( ~ i o i n ~ a ~ ~ ~ a  & h a  

5% ud!nisrd~uurrd wdr&o~dw"i~~iddid q fk!drdn~~%d!%m.a~au"u q ~ i u i m  

(i i .~%mailu~aiw rran~udid q fuI6' 
4. msriim~~ii~dnciuou (morphogenesis) ~ITLLIB uu~da~1101 ~sa6rda!ddi 

A' a 
MGI~~IJ ~ I U ~ W ~ I T L M ~ I U O ~ L ~ ~ ~ " ~ ~ ~ I ~ J ~ ~ ~ ~ ~ ~ ~ Z ~ ~ ~ ~ ~ ~ ~ ~ I L ~ R I  PI ~~~ISR~IJQTLI~:: 
h d  q f u  kslriauadniTRiid~ubb~ a t  bbddu~jldniuoz~ibviin'u i j i lK~ i im~d~~r lum 



nlsinn7nfidsl (mesurement of growth) 
d ' A '  

I .  n ~ s ~ i ~ ~ C n n r r i u u u  rflilwrnrw.Jiihniy6lfiun1sTnnisr6~lbn r w n r n ~ s d  
I ~1nCnrAuiu!6 cirditndu~s~nrgariuoili~dn~urduu~nuu v ~ " s o n l s ~ 5 1 ~ n a r ~ r 1 u  

2 uadrnsdld q n ~ u l u r g s & a r i ~ d n ~ u u ~ n v u  
d ' a  

2. n ~ s i n n a ~ u p n r f i u u u  

3. n l s i m f i u l n s i  t A u 6  
cd d A' w u  d ddn dd 

4. n l sGuFi~uaur raanrauuu  n~sCuFi~uaurraaCor'banu~~uaam~uuu~nr~n q 

16 r$u n1srffuFi1uaurga6uad~1vi1u 
dd ddc. rn!'nnuu~uhi~kiiir?mSo~q.u"u~~n"n n ~ s n ~ ~ u s a m i i o ~  . u " u ~ n " n r d n r u ~ s ~ n  

n i s i r n u n ~ r a a 6  $ ~ l $ i ~ ~ n ~ u r d R n u ~ n ~ w l u n ~ s w " ~ ~ ~ u r ~ ~ t n ~  ulud9m Cn in  ~ l ~ ~ l n a i  

1nivui1 lurracianSu~ramdauda~uu~~FnsbubruR"ua~~nfis"~ 6 t r a a ' i i n l s u i ~  

baa6 o1srflu!d!6i1riauu"nau~un1sd4u~n1~"uo~ baa6 n a & n ~ ~ n l s $ l v l  J I ~ I J I ~  

a r i ~ ~ e a r i o u a ~  rdu nlsRd ~ n s ~ t v ~ d s ~ u a n a ~  na1uiad!alun1~~11~1u8dd1 ad 
d dcr a1  y~uuod&umna~sriin.ulnilo<un~uuon du.  nygaircsr (free radical) 

r n m d $ ~ k ~ ~ n a ~ g a ~ r c s t  dll$ DNA r i in ih rn ih  (mutation) n ~ s ~ d i ' R u u r n l a ~ u o ~  
hJsffuu1~~iinri1~$rcuu3m tra&dduu!d ~1u!Jm~1snd4uKaafs'a$san'buidrran 

5 a u l 6  
a. 6 a ' d  n n a ~ a r b j a d a u i ~  rradrriia taa(if!~~il~1~0:Snissaun6jun"ur~u~uarua q 

a d  
(tissue) aQwd~d q nbsruaafind~d q sesaun"ur~uaa'uar (organ) rrarsTuazfisaun'M 

rilu3ruu (system) sruurdazsruuff~11vJ16raw1ta~!d rdu s :uur iouol~ls  
I 

A' A' 
(digestive system) sruurvldi~a~saun"urratdstnauuurflu~di~d ~ ? d ~ d n ~ u u o d ' R J  
ddn uaa  n rriarailn (body) 

Y d 
2.6 kwaruoaadiimi (animal tissue) r i ~ u u n a o n ~ g u  

I d k d d  
1.1 6uoruo~ih (epithelial tissue) rButua r u s ~ ~ i j a u o n f i d n i u  ~ a r f l u i j a u  ad 



a d d 
aiuaz ~5nydo t i i~n iu lu i i~n iu  inu~uninny i ias : l iua<an~uuiun~o~~u~~u 

a d d  
(basement membrane) uazw~d6iuuu'uodiio~fia !d&Ida{¶JiuoifJo~~q bf.Jit?u 

~ROIUIL~~J ~ ~ ? U ~ ~ ~ O I R I S  ~ f l a d i ~  q s i n m ~ ~ w ~ 8 o ~ i i a ~ d o ~ i  iiunniu;dhdiiat 
v -  A' ~lGn3:b!~flVadb%ad lnnsu 

\ , 
d v  

1) Luoy%l$udsi?a'ur~u? (simple epithelium) d3~I70~6ai?~~a~6;d*d 3 
d  

uuu ;a aa6;dlii~uuuui~ (simple spuamous epithelium) idu ranyuidun'u M% 
w 

i a a i 3 d r ~ ~ u u g n u i  (dimplr vunbifsl rpiyhrlium) idw wudvioaadvlaoa!~ fi141n" 

u a z i a ~ h 3 ~ p  (simple columnar epithelium)  id^ WU~WUJPI~~?LS~ Yiidi!d 
a d d 

2) r i a ! @ a b u d a a  (stratified epithelium) ifluiuoiua~~Randstno~,znou 

~ i u i r a u 6 a a i u u  liiuri 
I d  

1. Stratified squamous epithelium L ~ I U I U D L L ~ O ~ ~ ~ ~ ~ ~ ~ : ~ O U R Y ~ U L ~ Q ~  ;d$ld 
a: 

~aiuinduu UUWUIJ Liu~{u~aiuau idu wudFia~G 
d  d 

2. Stratified cuboidal epithelium d3znau2i7u i.lra6;d~~~a uuphulflfi 6ud 
a: d  

&maluau idu wuddou~vl~n 
a: 

3. Stratified columnar epithelium dsznounju ~acl$;dn3dnszund ado! 

u u i d o u ~ d u ~  q idu wudui~u~isnm~a~iioyno~ou 
k: Y d  

3) $ayiiariud&vIa~u%%~fiu~ (pseudostratifled epithelium) L~ULUEI i u o ~  
d  d 

i ia n dcnou2i?ai~aa'isetsi?ifl~~~ui1uauw~uo~1u~adit ~dsz~una l~ad~od 91 

a: 
i . lra8sii~ q ldiviinic Yiil%~iiuivldouiYuii iaa6Gaun"w~airrau wudwri~~aonau 

Y d 
4) LUO LU J q ~ ? ~ U d s r ? & U n " U ~ ~ 7 ~ ~ U L L U P J d ~ H ~ U  (transitional 

a d a: 
epithelium) L ? ~ L U O L L I D Y ~ ~ ~  ddrrnouel?ui.lraifiu~6a"~~~i.lra6'~1aiuau hrrdira6 
~ i u i s n i d ~ u u u d a ~ d l i i ~ ~ s i s r ~ d i ~ i ~ u u u u  squamous {U cuboidal cell &oi{u 

d - a :  
an~wvosaTua: idu wunw~b9au~0b"~~~n~tiwizij~~az 

X d  d I d d  
7.2 LUOILIOI~U?W% (connective tissue) ifluiua~unndtznaw2i?ur.lra6~ai~ 

aQn udaraQ~fi ia~idriandi~n'u~d i.lraia$hadio~aau q usiiiiiu~auidstmu 
'A" niYi11riliinnaiuddbbrsfid"Uu idu ifoif!ol 'uak 

X d 2 v d d  
7.3 L u o r u o n R j ~ 6 U o  (muscular tissue) ~il~umbnu~~unl3bn"Rau~Ma"U09~7d ' 



I 
Y s 

1) n~iNb6oa7u wioniilubuounnsr~n (striated muscle win skeletal 

striated muscle) 
Y 

2) nhubuoiiuu (smooth muscle) 
Y - 

3) nhub~ocla'l9 (cardiac muscle) 
f d  I d d  w d d  

1.4 6 w o 6 a o d 7 z m n  ( n e w s  tissue) ~ ~ ~ ~ ~ n ~ ~ n n f l l ~ ~ l ~  ~ n ~ a n " ~ l  ~ I T T U ~ ~  
I d  

r i i  ms~ouruo~sio'R~rii aa::na.u~unisfli~iuun~na"ua:: ruoreads::mnds::no.u 

huniuaai i2  dsrrnn Rn ~ '~~~Ri l s tn in  (neuron M ~ D  nerve cell) LLA::L~P~$I~U 
w d ,  

(glial cell ~ $ 8  supporting cell) 4 4  r i l u ~ ~ a i i ~ l n u ~ n ~ a u  r ~ g n  n l 3 f l l J l ~ ~ ~ J L ~ P i i  

d5::nln rdu ~.dP6~7ia?luw' (schwann cell) 

d 
2.7 rxorueuo~bia (plant tissue) Qirrundu 2 dsr~nn 6 8  

d d  d  d d  
2.1 r u o r u o ~ o ? y  (meristem) rl]wruor~onrrri~&\~mclamn~i Qiuunmiu 

d l  bbM%h\6 3 ~ c m  6 o f 

I d  
1) Apical meristem t~uruorao~oiryti?udww rdu daiuean daiusin $ 7 ~  

A - 8: r ~ u n a i u s ~ u o ~ ~ a  91 . ~ r ~ ~ ~ ~ i l u n ~ s r o ~ r y ~ u ~ r s n ~ n ~ ~ ~  (primary growth) 
Y d  

2) Lateral meristem LO WLUO LU l ~ ~ l y  61u$iJ \&fi cork cambium 1$fi1 rQm 
8: d t d  nofn (cork) UP:: vascular cambium l$fi-I ~ i h l d P r o u ~ u ~ ~ a (  aa::\qrauuwnnoJ 

(secondary phloem and secondaryxylem) d ~ u ~ ~ ~ ~ ~ ~ u n ~ ~ ~ ( l ~ ~ o " ~ u i m b k ~ w ~ u ~ ~ e J "  

n~i~un~sinrsa::~iGu 
I d  

3) Intercalary meristem rilurunruara3ryr~~n$ndae~'b~d~n~fimn1aann wu 

IUAI ni%a~urie~~~dII? 
f d  I d d  

2.2 I U O I ~ O ~ ~ ~  (permanent tissue) r f l ~ r u n r ~ n r o i r d u u r d s ~ u ~ f l ~ ~ h  

C(rawir~waodr)d~~atn 41uunrilu 2 dstrnn6o 
a d  d I d d  

1) buoruon~asb~~r~ua (simple permanent tissue) r~wrunr~andf:: n QU 

F i ? a a ~ h i i n r ~  naaiu q \&rfi rnfiua3fin (epidermis) wlrnilnui (parenchyma) 

r3~6u 
w d  I d 

2) ritaruonlas$~&u (complex permanent tissue) ~duruoruonias~ 



w d l  A ' d  d.icnou6aumaa' u i n n i i  I .aCn liiiwwwsau5u 16~~r-i ~ u ~ ~ u o ~ i ~ ~ u ~ o i w i ~ w 5 o  

l d a ~ n u  (phloem) d~dcnal6au~1jaci  4 a h  ;a !i!dfiad u u u ~ u o f  (sieve tube 
C a d 4  member) L ~ R € ~ O U W - I  l$uu (companion cell) W I L ~ ~ U I ~ R ~ ~ ~ I U ~ Z  L W D L U D ~  l k J d  

V 

(11 uar~nZoui~$n!.n~su (xylem) Q~r~.irnounio~aati  4 qfin W o iaama iuu iuo i  

(vessel member) l ~ 5 f i f l  (tracheid) ~ l ~ ~ u ! ~ u l ~ l a r ! d i u o ~  
9 

d 
I~~(~HIAG~ (genetics - i i n n R i v $ i ~ i n n i w n i n A l l i  genno m u d a i l  " 

ni.ib%i lCnv) 6o~iani~ruu~wif~uo~^awoi~iumi~i6aun1.i~n~1scia~lri1uvjuf 
d da 

(iiu.Bu~~ene), nimssu$u$ (hgredity). ~ac??auinis~u~duaamdid "] h U 6 i i i  
#d'd wic~~i~~sunuusn~u~ndfz~wfu'uui~dn~iuidfc~nR'l.a"n'u~~snilw d i i i s i ?  u 

A -  6' ddn d d' n i l n w a ~ n w q a ~ ~ ? w u i n i m o ~ ~ ~ u a a m  a d d ~ i l  genetics ugndsr~wiu"ulnu 

C n 5 n m ~ i ~ n i m a k n q w 3 a ~ 8 e ~ u  ~lmi?u 4r4~mn~a~Iunciuuo~nidcid~I~a~u 

l s ~ h  d 4 O l % \ ~ p b a ' ~ d  I 8  LuW'lUu V4.R. 2448 (n.R. I Q O ~ ) L ~ I % ~ ~ U ~ ~ ~ ~ % . I ? ~  

n a ~ u i i ~ u a ~ w " u q ~ i s m ~ R " ~ ~ ~ d a o ~ ' u r i ~ u d ~ z % ~ ~ a m ~ ~ ~ i ~ ~ a u n ~ s ~ w ~ c w ' u ~ ~ i a r n i ~  PI 

a. C A  - d' cu a dii tfiuni.i'iuGu$%i~rii.ab~a~ama s ~ ~ i n n i . i ? < u l u i l - a ? ~ ~ ~ .  W i ( ~ p i ~ n f ~ d ~ d n n l d  
C d  d a ' l ~ ~ u g d n s n m u u n ~ ~ i n 1 1 u ~ u n i ~ ~ u ~ i ~ z u u n i u ~ u " 1 1 o ~ ~ u ~ ~ n ~ ~  ~ d u n ~ s i ~ n n z $  

d dn 

m . i a o u ~ u o ~ n i ~ w i r ~ n s s u  4do;niuIukuaa~ ~ ~ s n i ~ v j u q n s . i u ~ a u I w ~ C n ~ n  
un!!?rdn.ihJbIfu (chromosome), ~~r ian~ l%~ i iu6~ lns~&~n i~mSuo; l lu  iafja; 

L ~ E I  (DNA molecule) 

d ~ u s i u i ~ n ~ n b i ~ ~ u n ~ ~ s n i ~ h ~ n . i ~ u r ~ n o t ~ u u ' a ~ a ~ h h ' r y $ ~ ~ u n ~ . i  A &I 

dsma~A i7wru rn i~~~591o~ ld~~u~  ~dni ld f i iu tLodn~uiunu~~h~~adld i ;d ,   US^ - d i i i i l m a i  u 7 nsriratj$i7 unun~~~uw"u!niai0fi~~u~mfd.iznoflnidw'u~nsbu!6n"d 

Nun r t d n ~ u o $ ' l u ~ l ~ u b d ~ a ~ n ~ i u u a ~ ~ ~ ~ ~ 5 m ~ u ~  ~ S i ~ w h i ~ v j U q ~ i a m f d i i i  " 
W -  d d - C 

~ d o c ~ s ~ t ~ ~  ~r1~anuuuntnr~irnaQi~~d.i~uio~~6~ l m u ~ r ~ n A u n i i ~ % a i i u w p b ~  

.~las~d.iGiu 



i 

d u 
2.8 nilnaiuc~q ~ s q  i ia~n%u (mutation) ~ u i u 8 ~  m s u d i ( u u ~ d a c ~ m w u a d ~ d ~  

5% h u ~ a w ~ r a d i r i d  n i s r d ~ ~ l u d s ~ u o ~ 9 u  r i ~ l ~ ~ d d % ? ^ ? ~ ~ ~ i i ~ u " t b u ~ l ~ d ~ K n ~ m ~  

ddn d 
rinwmrnidnicqnssu (ojnqu: Genotype) ~uiuii~wi7wmrua~ddu"11amn~~mn~id 

nir r ~ ~ r ~ i u i s n c i i u n o n o i n ~ u p 9 ~ ~ I d ~ ~ ~ u Q u ~ s i a I ~ I ~  Knunrmi~K~;nnuImt~r i  
W # d  rinwar~G~6'ucioli 'iwu n q i u p  &QJ.UURR~ R Y Q J R Q ~ ~ ~  iYnwaruo~ruk  na iu  

aa in  naiuncn 

~unisciiunon~nw~ni~~u;nnuoz8~ti,aunau~u~nwa~ (genetic unit) 

n?uqu'6J~%?ml$flSdiid uRra'nuotrr~w~daiurdiw'~+ad~obLd d s n i i  3% 
(Gene) ~ d ~ ~ ~ u ~ d f i i m ~ i ~ n ? u l u n ~ ~ ~ i u n o o l ~ w m r ~ i d  7s inumwy2dd$ iu  

HRIM 

i i a ~ n ~ ~ i ~ d s i n ~ m s d d ~ ~ ~ f l u ~ u ~ ~ d % ~ ~  2 s d u  i i a  srGu1n~lulm.1 

(chromosomal mutation) uarszsiU i h ~ ? ~ b ~ L ~ ? f l  ;LEULO (DNA gene mutation) 



2.Tl l~lnvl l  u!d (deletion V?O deficiency) u ~dri?ulnli?uvlddu o~I~sI~IT~ 

B 6 4  d 5 r ~ u v l u d  uuidhuuinvliuW 

3. n ~ s r ~ u & u i  (duplication) ln~Ghulnri?uvld~~a~lm~lub~u L ~ ~ C U U I  
u ~ n n i d ~ a i d n ~  n~~rdiluudiuvll idfi~n~d (inversion) ~ n u ~ i i m m ~ ~ u r d ~ u u  

4. ni.icd$uuaiiud (translocation) r i i n o i n n ~ s u a n d d u u d a ~ u a ~ ~ n ~ ~ u b ~ ~ ~  

5. awaaue (euploidy) ~ ~ i l ~ n ~ ~ r d ~ v l ~ a a n ~ ~ u a s a ~ ~ u a ~ l f i a b ~ ~ b ~ ~  (2n t n 

M ~ Q  2n * 2n) riau~~ariiau$dvl~nrfiidwu r f in~uhvan~ia r r ~ r i j d ~ ~ l u a ~ u n ~ d  

nismw~.ilun~ni~duwaw~m ua:r~une!nCfarviiI~~fi~~~wuin~~~u~~ hvliu 

k~~dar f inr r&ho:r l i 'b~r~uvl~u ~ow8~1.na~~u~ufd!id1u~snw"idi 'tb~6aeiid 

dnGi 

~asn3~sl~sJu 

- 4  d' 
~?LII$MYEIJ~u f l I 3 ~ d ~ f l ~ ~ d ~ J l ~ 3 ~ e \ l J ~ ~ ~ a  I , f i ~ ~ l ~ ~ 7 T ~ d $  ~M~~dadllE'l9~4~~ 

(A. T, C, 0 )  ~ ~ a n i ~ ~ d $ u u d i ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ u n ~ ~ ~ u ~ ~ a u a ~ r u ~ ~ u b u a a u a  DNA 

~ 5 0 : ~ d ~ ~ I : f l ~ d d ~ d d ?  ~ ~ ~ ~ d ~ l 3 t ~ e l d ~ ~ ~ 0 d n 3 ~ O : ~ I ~  ' L U ~ I U W E I ~ L ~ ~ ! V ~ U  



z.nisdiuu~uo~rduaiu!w?08u~ura~auor DNA $ r ? m ~ u I u s z ~ i i ~ ~ n i ~ a Q ~ ~  

DNA l % & ~ : ~ : k i R  oirda ~ d ~ ? ~ ~ l i n n i 3 d ~ i ~ ~ f l ! ~ i d " 1 1 ~ ~ d ~ I ~ ~ d i ? i d ~ $ i l ~ l ~ ~ ~ ~ 1 ~ i  
a4 8 .&I rtddauu3wi;l rn! Iwr~;lnis~u~siisI~~inru~~auu 

JJ& dvilbY~iimiia LWGM 

a4 6 si?nr~u~~n~n~iIg~iimBarwGu azfiuniikrionaiunu; (mutagen) 14% 

w d d  

1. f (radiation) sdmn~zfubkfi~ii? LW.~"U! 2 aicmn'n 

b d d W  a.d 

1.1 Ionizing Radiation 14% sdsUm1, sssrrnuui, ?dihn.n" 

1.2 Non-Ionizing Radiation rdu idir$n(lii1alnran 
I 

I .3 sisrnii riu ~isInaggu (colchicine) ~ ~ H R ~ ~ I I ~ ~ ~ I ~ L ~ B J B I u ~ u ~ ~ ~ ~ " u ~ ~ I R ~ I B J I ~ ~ ~ I  
ua&nka6fii1fiwirsw~~$ar~uu"u ~151mn~1810s (dichlovos) d ~ % f i l ~ m ~ ~ n s ~ r a t  

winnaoa (paraquat) d l % f i i ~ i a $ a  6a iu isn~ i l~~ i i~n i~~mdnG"11n~Ins lu~au  

Iunuirazim4& 

d U  n krioncliuw"u~~s~uanir~uvlwiua~v~rilumsTiouzdr (carcinogen) rdu KISOL~RI 
A' cc da. wonGu (aflatoxins) oinr~osiui~a2mrli~cs"~iimu~rs~wmu rUu$i'v, 



1 i n i  (Somatic cell) b~ad%~nilbilatfin~abn.a'~bba"2 q:!ddl unan!dfhiu 
ei old 

2.~!Llai+uw'uf (Sex cell) taa&wdltrdalfim~arn%urt$a OZ~IUTIOAW h'@d0!d!6 
A d d d g  d dn d 2 d 
a~uwadan1~tddouudaradama~dduaam~~7nw~m L L R ~ U R ~ O ~ % U I ~ I T ~ ~ J R J U  

%?m62u 



\ 

LLY unl%zaBnuafiam 

ort~on~inoud~ncnr~u~liodua 
dcr w 

1. k i i ~ ~ n I w ~ I n n u a n w m z ~ a ~ ~ ~ ~ u ~ o  (DNA) ~ i lwmnau~%~i lua~ ? 

1) b b ~ l F I f i L % l  2) d3ilw~bba 

3) d:ni% 4) wunzba 

2. m i n i  ~ w a . a ~ a l n 6 1 s j w u l u ~ ~ Z ~ ~ ~ i i  wanId~~i5Ion ? 

I) lulnnnumiu 2) ~ ~ d a n ~ o a a i  

3) G~GUIO 4) l3lulau 

3. ni3~niouduonaa~iuqn;ni~Ion~iluauu~n ? 

1) uuuI~aBu 2) n a i o l d ~ ~ a n i  

3) FI~lEJEltdul 4) bbEIEIMYUFI3d 

4. $alnniianntYas 91 ? 
w d -  

1 ) l ~ l u l r u Z ~ ~ i n 1 7 ~ ~ ~ 1 ~ i z ~ T d ~ G u  
2) i i a ~ ~ ~ u w ~ ~ l i ~ d n a ~ ~ u n ~ ~ ~ ~ ~ ~ ~ " ~ ~ ~ ~ ~ a d ~ ~ a : ~ ~ b ~ ~ ~ t o s ' a ~ f ~ ~ ~ ~ o  

ccr A 25 
3) ~aahwai~nuruo(ug~ad"~~~ 

4) g n y n C  
dd w d 

5. aainirudnwunwinwzwu~i~ nau?uuw& usen'iCa~ar rhniubbbrad 7 

1 ) I a M r u  2) lslrulru 

3) ~aGqlaa 4) ~ U ~ ~ R D U L G I ~ ~  

6. Cytoskeleton 110db%a6~uiuiidat!3 ? 

1 ) Microtubule 2) Spindle fiber 

3) Cilia 4) flagella 

7. ~eu,"lnue~ni~bb~ilb%a~dan~dcnnr~u~n3~ub.rru8ni~b?ud~aaeineid 91 brad ? 

1) lnterphase 2) Prophase 

3) Metaphase 4) Anaphase and Telophase 

8. ~ I T L L ~ ~ L % ~ & ~ ~ ~ ( I J I U ~ U Y D J ~ ~ ~ ~ ~ % ~ ~ ~ % O ~ ~  ? 

1) Mitokis 2) Meiosis I 

3) Meiosis II 4) gn?nu'n 
1 



1) Prophase 2) Metaphase 

3) Telophase I 4) Meiosis II 



LIGHT 
MICROSCOPE 

TRANSMISSION 
ELECTRON 
MICROSCOPE 

Specimen 

Condenser 

SCANNING r 
ELECTRON 
MICROSCOPE 

specimen secondary ~l&tron 
1 electrons detector 

(1,) Gmss section of a Ei~glena (TEM) cc I Euglena (SEM) 

(~ui8m~dnmin ; Mader. S.J., 1997) 



- cilium 

mitochondrion lysosome 

n~wd 2.2 KnmrTn~qa h.ruoa~aa&K~a 

( d ~ l h h l ~ d ~ q m  ; Mader, S.J.;1997) 



niwd 2.3 ~ n w r n : I n ~ q ~ 9 ~ s r p s ~ ~ ~ 6 $ ~  

( d r r l b i ~ l d a s q l n  ; Mader, S.J., 1997) 



ISOTONIC SOLUTION HYPERTONIC SOLUTION HYPOTONIC SOLUTION 

Cell wall 

Plasma 
membrane 

Cytoplasm 

Central 
vacuole 

Solute 

Water 
movement 

Wall pressure 

Turgor pressure 

PLANT CELLS 

ANIMAL CELLS 

(~~i~mbbdfl4qin ; Arms, K.& CAMP, S. P., 1979) 



(Cirr76mLrila.rwn ; Mader, S.J., 1997) 



(~~76flLLl~w.llln ; Mader, S.J., 1997) 



chromosomes 

plasma membrane 

Conlract~le 
ring 

I 

nucleolus j$jjq 
furrow 

Telophase 

Daughter cells are lorming as nuclear 
envelopes and nucleoli appear. 
Chromosomes will become indishnct 
chromatin. 

ectin fladnta 

( d u i ~ m d a s ~ i n  ; Mader, S.J.. 1997) ' 



nucleolus 

0 F$cation 

nqwd 2.8 Fin ~~niru11.rmc~nh~~uuI8.1~a7g n3~~?mIai~ud~a~~aznt~a7~Paiaaf  7 
( d u i ~ m d a m n  ; Mader. S.J., 1997) 



Prophsre 1 
Homologous palrs 
undergo synapsis. 

Mataphsre I 
HomologolJs palrs 
align at the melaphase 
plate. 

Annphrre I 
Homologous chromosomes 
separate, pulled to opposlte 
poles by centromerlc 
spindle libers. 

Telophsra 1 
Daughter cells have 
one chromosome from 
each homologous pair. 

Interklnerlv 
Chromosomes still 
consist of 
two chromatids. 

niwd 2.9 szurn1trrdqaa6~~uuhPa%a I 
J (~~76~~Ld~4l;37n ; Mader, S.J., 1997) 

I 



, . 

Meloele II 

Prophaaa II 
Cells have'one 
chromosome 
from each 
homologous palr. 

Metapham If 
Chromosomes align 
at the melaphase 
plate. 

Ansphase II 
Daughter chromosomes 
move toward the poles. 

Telophare II 
Spindle disappears, 
nuclei form. and 
cylokinesis lakes 
place. 

Daughter Cell8 
Meiosis results 
in four haploid 
daughter cells. 

( d u ~ h d a . r w n  : Mader, S.J., 1997) 



SPERMATOGENESIS 

(a) Human seminiferous tubule, muss section (SEM). 

Spennatogonlurn 

Chmmoaornw have 
, replicated. . - " - ...-" Homologues form 

I tetrads and llne 
up at equator. 

/ \ Chromosomes 
J I separate 

FIRST 
"""TI" 
DIVISION 

\ ' Sewndaw 

MEIOTIC / \ DIVISION / \ 
Sperrnat~ds 

! whlch 
diff6t?$iate 

I I 1 I 
into 

n~wd 2.1 1 (a) Yi~~9aid~d~~fla~~yw66flrn18.1ma19 d ~ u q ~ n n k q a n s t f i r l  

~~~nmsaubbuud~sd~sa (SEM) 

(b) ~uirorosan~srk~rana"flb~~~ 

( t j u l ~ m ~ ~ d n s q l n  ; Mader. S.J.. 1997) 



Spermatogonium Oogonium 

Differentlation 

Meiosis I 

1 
Primary spermatocyte 

Secondary spermatocytes 

Primary oocyte 

Secondary oocyte 

Meiosls II 

Spermatids Ootid 
Three polar bodies 

Differentiation I I I 1 
Spermatozoa (sperm) 

1 
Ovum (egg) 

(du l  : Weaver, R.F..1995) 




