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• 
"" 1J'YI'YI 7 

.. ' " IMl llfl· lil1J AlfJ 

t'l'l1l-J"lT~~ri11'lry~~PI'll'!l~'it-i1111utl'ln0 'b.l~1"l:::LUI.IW'll'l.iT'!ltfPI'Hi'!l mrLi'iPI LLri L~u 
1111EJ LPIEJL'IlW1:::if111iiLI'l:::W'll~T1~n1EJU7:::n'!luill'lEJL'III'll-ll'l1EJL'lll'l (multic~llular organisms) 

~iJ'iVi111yj'J nd~l-Jiliu'iVi111"l1 m 'lll'lLPiEJ'l ~ ~Pl'!ll-J11'1!ft"l::: utl~ ~'ll-ll'l1EJ l'l f~ L\.1 'JJU 'l\.1 n 111 "lT ru L~U 
'l111 L'lll'l~ utl~~'l"l~lll-!1.11 'W Lllu'll'i"EJ'l::: 1d'!l L~'!l LPIEJ~'l1u~~i:i'iVi111t.lr::: LtW11-ll'l1EJ 1 'l!l'l"l:::iJr:::u::: 

~ ~ ~ ~ ' ~ • .,J ~ • .:s ' ~ ..1! ' ' ~- !~.J ... ~ ... L'll'l11l.ln11L"lfqji111W1111.11\.In'l1"l:::l1111111l-JI'l 1l.ILL~I.Inl'l1'liVI'l11'111.1 ~ 1111'li.I11PIEJ'lnULl-J'!l 2-

3 un'!lu ~"lN ufl''Jvhu'b.J1'llflu 1 LPiEJ'lri'u 2-3 'iu1Vjri'llu 'lltU:::~vhuri1~~ti'~'!i1u!-lll"~fl'!l 
~ ' 

Lfll-JUL'III'lvhuri1~~~~u'l111 ri1~~Lfll-J41U'll.l LPIEJn1rutl~ L'lll'll-ll'l1EJL'III'lri1~~1111EJ L'lll'l'll'!l~f1~ 

n1u1ui'l'lu~ L"l'!lnu LLNLnEJP~mw.nn"l:::1111EJ LLI'l:::l-l~P~1t.l 1-rlu L'lll'li:i'll-1!!~ L'lll'lLI1P~ 'fl'lil111uP~~ 
.,j .,. . ~ ..1 ~- I ' .,J " ~ " • ~ ~ _,\' Ll-J'!ll-J'!l1fJI'l1U 120 'l\.1 "l:::Qnn~ Wl'111'l1EJI'll-J1l-J IWNn1:::11Jn"l:::l'lr1~L'III'lLl-JPIII'll-l1111Ll'l~'lJI.Il-J1 

LI-ll-i L'lll'lU1~'llill11 1'111.1 L'l!l'lt.lr:::l'l11'1 LLI'l:::L'll!'lnT:::I1Jn T1~mu11JI'l1l-J1Tnl'lfN~I.Il-J1 LLI'11.1~1i111u 
I'll.!~ ~~u 'l1111Pil-J~ LLfl''l ~~iJ'iVi111t.l r:::Lill'll-ll'l1EJL 'lll'l 1dtJr1~ mu 'l111 Lliil-J~ 1uh<t :::l'ih ~'llu 'lun 11 

lln'll r1 11 l'l:::1111EJ 1u~ ~ 111 ~~ i:i'il-i111yj'J n 1 'lll'lLPiEJ'liJ~ nHn.~:::~Pi1~"l1nyj'J nl-l.l'l1EJ 1 'lll'l 1u LL~'lltl~ 
' ... ~ ' ... i] ~ ,.,J~J! ... 

Pl'l1l-J un Ul'l:::Pl'l1l-J1111EJ W'lnl'lll'lll'IEJ'll-JI.I"l:::ILU~I'I!I'l"l1nl-ll.l~l l.ll'ltl~L'lll'l L'l!l'lll-ll-JI'l WlL11LTEJn 
' ' ' ~., ....... ~."~ ~~ .,J i] 'l11'lll'lfjn (daughtercell) mruU~I'III'l"l:::LIU~I'lll'llulffiEJ'll~1'11~1-ll-JI.I~nnEJmyji'J"l:::l l.ltll-J111::: 

n11Li'il'l'lltl~ ~~j:j~'i1111'li!EJII'il.ll'l111'lfTI!Ifl 19 l-ll'l1EJPli.IU~ L~'!l~1~~iJ'iVilllli'il11~1.11ili ltl~ 
... .J ... "' ... ~ ..1! . ~ ~-" .,J ·" (spontaneous generation) nfn.ll'lOnLOEJ~"I.II.I1nfltl n1rnl-Jnll-ln1 LLI'l:::I.I11:JI'l ~ n1fi'11Lu~ 

LU~EJ\.1 'W IUI.ILL '!ll'ln'!l!ltlflWn'ii'JEJ111'!11'l111 fl'l ,r mrw ~ '!l ~11UI.It.!Bffitl1 11'1 j:j fl '11.1111-i j:j ~~iJ'iVi 111 

dhl-J1i:il'l'li.IL~EJ'lii'!l~ l'l'l1l-J;jl11 ~'!l~OQ n l'lU fl'1~ 1t.l'li11EJI-l~EJ If W11'l L111tl f ll"mfli:i'll1'lr.Jf~ Ll'll'l 
r ~ .I! ~ tJ J" ..1! ! ~.1<'1 .,. ' .,J 

W11'll111tlfl'1111fl'!l~ IPIEJvil-Jl..l1'Jl 'JJ'!l~L\.ltl1Ln'll'1~ I' 11\.IU11EJ1n11'1!!1fl-J1111 LWEJ~ IL1111'11~1'1'!l1n11'1 

"l:::lif1 'bJ1uJ1'JlUi!ftl~r.J1\.II'l'!lEJ1~ ILPlUzU~'l L tll'l ~ ltlEJ~'!ltlni'11~Pi'11.1'll'l1n1'lll.l::: ~~~~ 1tl1 n11'1 

"l:::Lif1 'WLUI11'lll.l::: 1!1i ILPl'!l11fl11'l~l.ll'l :::'!l'!l~"l :::111 n l'l~~ nl.l'll'!l~l'l'!ln1'lll.l:::zt.ll'i'l I tll'l J1'JlU11-il,ll11 

11..h 11Pi ih 1 '!l1 fl'!l111'lll.i:::'!ltl nJ1'Jlt.l'i~!J l1l 11.!1 U"l,UI.It'l'l1l-J L~tl~1~~iJ:ti 111 11'i 111~1.11Ui 1 '!l~'!l1"l 
i:i'!l~1un ~1-J~ll"u ii'!lLI'lEJI'I11'l111 f 

"V1 n-1u0Ln!~1 ~~iJ:ti111 Li'il'l~uM"l1 n mriCuwu{ n1riC uwu(i:i~~ uuu'b.J '!l1p;EJ LWI'I 
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(asexual reproduction) LLI'I::LIUU'!l1~1.JLWI'I (sexual reproduction) 

fl1Tfl1J ~u{ LLU 1J L!.ltl1 ~tJ LW I'ILU~-1iJil'i fll L '111'1 L~tJ 'l Lii 111"11 n fl11 LIU-1 1'111'1"11 fll-10'1 I'll !'I 

Luui'l'!l-IL'l11'1 L'l11'1~n1!1\'7u!i'!ll;li'IY11-l~u~ nmJ"l1nLL'III'I LLI-l'luiJ.J'!l'!l-1 DNA ~-l"l::l'l~1-~~~.,.n'!lu 
'!l'il-llll'll'!l-1 (DNA replication) rl'!lU~L'III'I"I::LLU-llll'l DNA L~IJ"I::'!l~LUL'l11\~m'l1!'l'v!0-! ri'lW 

..1 I< .,t L M. I ·~ "' .J ~. "' Vli'll'1-l'!JWIJ1 l-!IJ W'!lf,l 1Ul'l11'1~fl'ilflL'l11'1'viW-l 1Ufl1N'll'!l-l prokaryote 

W'lflL'l11'1L~tJ'l~iJt.IU'l~IJU'lLflfltli'lLTtlfl~1 prokaryote L!li'LLri W'lfli'l11-!i:1Uu~nru 
LLI'I::LLUfiVlLHJ ri'lUl'l1!'l~i:it-~uliiJil'lLf1fttJI'liTun~1 eukaryote L'l11'1th::Ll1Vl eukaryote "'::il 

1'11mU~nTTIJLUtf1tt1Ji'IIIJ (chromosome) ~-~~~Uilll'lltu::~L'l!I'IUU-l!ll'l fl11LLU-IL'l11'1Ut::Ll1Vl 

0"11fl'vl0-lLUUi'l'll-liTun'h mitosis 'lu'liU'lUfl1tUtl'IL'l11'1imi1Jt'l11J"l::i'l~1-l~'li'!NIXW L'l!fl~n 
~L!l\'"l::iJ41U'lUtl'lTiiJ t 'l!IJ Lll'l~'!ll;ji'IVl1'l~Ufjflt11J L'vlil'ilWL'III'I LIIJ ~U~ flTTIJ~ L 'l!l'lf,l flL~fU,1 fl 
L'l!!'lu!JLi-tin~1 genotype ri'lwztlh-1 im.JliJ1.J LLI'I::'v!it1~'ll'!l'l genotype ~tlnn!JLML~W 

' ..1 ' 
111tJW'!lnL'Hlun~1 phenotype phenotype Qflrl'lW')lJilllu genotype LLI'I::n.JLL'llllft'!liJVln-1 

il~fiiJu~uifll il'!l-!ULUWf'1'l11J"'T-l~-l'lww'lm'III'ILPitJ'l LII'I::W'lfl'vll'l1tJL'llfl 
' . ~ 

n.JiJ~ fll'vlfl1tJ L 'llfl'vl1'11tl'l!U111 flU~U(\Qi~'l LLUU'il1~ULWI'I LLfl::LlJ'il1~tl LWI'I ~ fll-lW'l fl 

coelenterates i'l11J1TIHLfll fllll'l Ll-11-i'il'il nlJ1U'il nlli''l Llh ~'lfii'!IU LLtmtlu!K'l Lfi n 1 Ld'!l L~U tfll 
'\1-1 qj~u!J' W"l ::1-1 qlll'!l'il n"'1 n!K'l uh u!'l ::~~ut-ifll'll-11-l'!l'!l-l!J'WL 'il-llli'll1ti n1tflu~u{ uuu 114 

'il1~1.JLWI'I uuudL1un~1 budding ~fllrJW'lnd'l!lluri LLIJ·m::wtu tl::n1t'-1 L!l111T1 rlt~Vl':fi.J.;-111 
'!l~LWW'lfll~'ilt1ii'lltl1tl~Uljillltt'ifiLUilm'llftL'vll~'ILTufl~1 budding L'vli:i'llunu 

Vl'll~'lltl1tJ~u~1111ttT1 fl'v!T'ilih~u'\~~U~ Ufllfl'v!U'!l L~U tfiiLUUiiJU'll-11-l L 'Jlu ~'I •th 
MlT'ilLU'IlThl1 ilfu'\'v!J.i"'::iJ~u~nT11JLMi:i'lll.!ilfULri1 LWT1::LUUfl1fflU~U~iiii!JLlJ'il1~!JLWI'I 
miiJ'IItNVl'IIMffi ~fll'lvlilwu~ nTTIJ LMi:i'!lunu'v!IJIII L'Tun~1 clone LO'!l-!"11 n L!Jilm11J LUll nlli1~ 
Vl1'l~Uljfl111J mt'iri~U1n1tiiLii111iu114~ ulli'lu clone m11J LLUtUf'lUVl1~~u~mtiJii 
Liillliwt111tJfl1tt-h LMfl1L!li' (mutation) 

~ 111 rfu 1-!'l!UIII t111u L 1lW1::w'l n~L!Jilnr::~n ft'uMfl''l i'l11J1TtlftT1~ ri'lu 'l'vll-l~wiJ11LVlU 
i'l'lW~'ll1111'vl1t1Ltl1!li' (regeneration) 1-!U'ilU 1t\'L~'ilU Ul'l11111'l LUWftfll'lyj'!l~'lun~lJd LLIJI'I-1 

~ 

U~'llillll Ul'l:: t\'111 rfj:j m::~ n t\'U'v!fl.JU1~'JIUPiflU ~Ulji111 t111J'il1 rltJ LW 1'1 Uli' LW fl tJ lll 'l LiJ tJ '111 "liJ ~ n 

Ill 'l Lil u 1!1\' fllfl'illll ~ ~ ~u t\'ML ~'il u f11'11U LL 1'1 ::tl!'l1U 1'l'llil111 Lllulll'l LiltJMIJ 111 t\'111 i tlt:: L11Vl d 1( u 

~u~illltJLlJ'il1rltJLYif'l i111um1lt"'TfU~UifllitJdluf,ln'hll'i111tJil.J'iilffun1Tt.li'llJ~U{ 'liU'lUfl1T 
~ 

i1iTun~1 parthenogenesis 

W'lf1L'III'ILPitl'l'vll'l')tl'l!\l111~1UftttJ1~iJ~Ulji111!JLlJ'II1rltJLWI'IlllUL'li'I1U1U IJ'u"'::lll1tl 
~ . 

1LILtN fl1TLfl!J-.J uur~VIL1uul'l::ut~vlt~1u~u(LL~ (pure ·strain) IJ'n"'::Lit::t'lunuucyM1U 
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~ . ~ ~ 

11111.J!if11.J'll1iiiW'lnU'I::jj mating types U1-ll'lf-li.J1nn~11'i'fl-l'l!UIIl mating type 1'11111-lrl\.1'1:: 

1-JI'ii.J nu Llll!.H'llfli.J1T'li.J riu ~ fl::il'l Ll'lfl!JI'i'I::T'li.J nu U1-ll'l f-l'fl1'11'1T1-lvitlL ft n 1 I.J1 L ~'fli.Jrl\J 
LLfl::il'l Ll'lfl!JI'I11-Ifl~.huti'fl1tlni.J rl\.1 n17 LLfl mtl~!J\.IWU~nrri.J nu LLuudm 'IYh 'l~ LiiPl'l!UIIl 'l 1-!ll 
..J J' .. ."I - L '..J" ~ ~ K ""' U..J .J< - ' 1'1Pl'fl!J11-IT'fl LlJIJ'l!\JIIl 1-II.JI'I nu ~ N U>ll-ln-l'l1 nvtn1f~fl m fl!J!.In!.l~nrri.J nur::l-1'11-ll'i'fl-l 

mating types 

n1rnuwu{LLUU'fl1"!JLWf'lrhJrliu'l1nn1rl'lh~L'l!flftUwu{ (gamete) ~~jj~111u1~ 
'l!UIIll'lfNL'llfl~UWU~vijjxtJtl~Ll-lil'fl!.!rlULLfi::11\J1111LYhffu U1-l'liUIIll'lh-lL'llflfttJW\J~jj'JJIJ'illl 
LLfl ::xtli1-JLll Ll-lil'fl\Jrl\.1 L'llflfttJWU{LWf'l~ ii\u n~11'1 LiJ fi.J (spenn) L'l!flfttJWU{LW f'l Li:Ju ii\u n 

~11-!J (egg vir'fl ovum) n111ftJ1-l'llil1111'1h~L'l!flfttJWU{.f~l'i'fl-l'llillll'lulli''lL~!J'lrl!.l t\111-i"w'lnO 
... ' 'l .. ., - , - .. ..J... .¥. " .¥. Lf!Jn'l1 hennaphrodite \.IW'l!L'llfli'IUW\J~LWI'I~fltlfl::'fltl~Lnl'if W'l!I'II.J111'flnvl'l~ LLfl::llltlnvl'l 
... 'l 11 ....t X, .... I ... ...1... .... II .... .... el _J( ..,j I 

LI.J u \J111\JL111!J'l" ULf!J n'l1 monoecious W'lii'II.Jl'ltl nm~ ~fl::111'fl nlll'l LI.J!Jtl 'lll'l!.lfl ::v1\.IL ru n'l1 

dioecious 

I\ 111 f l'l'l\JI.J1 n 1'1 LU fi.J'I::i:i1-11~ iTu n~1 flagellum ~~!Tu 'l-h'~1!JLtl1-ll'ii.Jnu 111 111~1-ll'ii.J 
~ft'l'I::Lii111 LU\.1 zygote ~~'l::jjwuljnffi.J'11nvff! LLfi::LLlli.J1 f'li.J ffu zygote '1:: ~tl-llli''l uuu 11.J L111 

;nl'iufl::Li'l111LU!.IIli''ltitlu (embryo) 'lu~~~~~ · . 
mrl'lfHI'ILiJfi.J LLfl:: 111Lii111 L!llm.humrLLU-lL'llfl ~uu meiosis 1-lfl'll'fl-ln1TLLtl-l L'llfl LLuu 

ill I I I I 

i1":: 1~ L 'II fl 13 n 4 1 'l! fl 'ii-l jj _, 1u 'l u t m LI.J t 'l!I.J Lilurii-ll-lil-l'JJ 'fl-l L 'l! fl ~J.J L111!Jl'i'l1tl'lu 1 'l! fl LLJ.l" ::jj 

tmti.Jt'l!I.J~I'ii.J!JfnJ 2 'Jj111 iTtJn~1 diploid i'l'lUL'llfl(jn'l::jjtmli.Jt'l!I.J'ljlllL~!J'll-ITtlLU!.Irt1~,rl-l 
'JJ'fl-lL'l!flLLl1irun~1 haploid iur~utl'lrLI.JL'lii.Jil 23 ~ 1-lft-l'l1nmrutl-lL'llfiLLuu meiosis L'llfl 

nuwu{'l:: 'Uiitl'lfLI.J L'JII.JI.J1'Jllll L~!J'l (23) 'Jl111'11tN Lfi7LI.J t 'lii.J~L111-ITtll'l LUfi.JLrlii.J1'1:: Llli'D'JlPl LPii.J 

~'1£1iru'l1nl'l LiJfi.J LLfl:: L'!IL!.IltJV'i'fl ~ll r::l-1~1-lmr LLU-l L'llfl uuu meiosis ~111ft ::~'JJ tl-l tm LI.J t 'lii.J 

'I::Luuiii'IT::'I1n~~\.l 1 fhi~ M LLI'IU'ti.JLI'lfL'lii.J~I.J1'11nvitlLtll!JI.J1tltJI'ILiJfi.J LLfl:: F LLI'I\J 

tmti.J L'I!I.J~I.J1'11 n LLl1Lt~~!JI.J1riu'l11. 
'lj111LI'l1LI.JL'I!I.JLPii.J~I.J1'11nvitl'I::Lilu M1, M2, M3 ...... M23 

'Jl111LI'lfLI.JL'I!I.JLPii.J~I.J1'11nLu.i'I::Ltlu F1, F2, F3 ........ F23 

~'flT'li.JLU\.1 zygote 'I::LcliYrtrLI.JL'III.J M1 F1, M2 F2.'M3 F3 ......... M23 F23 f'li.J 

LU\J 46 YJnL'llfl'JJ'fl-lh-lmu'l::iitmti.Jt'lii.J 46 Ltll!JLI'lfLI.JL'l!I.Jii'-u-lri'U11111.J~nri1'lL~ L~tlT1-l 
n1u~ilLMLI.J t 'lii.J LT!J-l rl!.l'flU1-ltiUI'IT1-lL'll flftuwuf 11111.J n!J independent assortment 

~ ..J ,_, ... ~~~ :"1 _.. .. 
'JJtl-lUJ\.ILIIlfl ~ 'fl n11'11'1 L'llflntJW\.I~'I::I.J'Jltll ~l'lt~I.J~ 'lii.Jil-ll-ltl\.lltlli.JI'ltl M 1 , M2, M3 ..... M23 1-!ftl 

" ' 
F1, F2, F3 ........ F23 'I::U'fl!JI.J1n 1111I.Jn!]ULI'lTLI.JL'lii.J'I::I.J1iT!J-lrlUL1-Illtltl1-liil'lr::'ii-l'fl1'1 

" LU\.1 M1, F2, M3, F6 ... 1-IT'fltl1'1LU\J F2, M4, M5, M6, F20 .... lli'~uui'ILiJfi.JLLlllfl::lli''ll-IT'flL11 

ulllfl:: 'lu'l::jjm r ii'-u-llli''l'JJ'fl~ tm LI.J t 'l!I.J LUUl-10-l ~uu'lu41u'lu 223 ~uu 
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a~~fl1,j'tyi.J1ntlntlth~,rt~'lt<n111LU~ L'llfl LLl.ll.I'U.i L tl;!n fitl Liltl Ll'l7 LI.J t 'III.JI.J1~l.l~ riu -

(synapsis) l.l1~fl'lU'Iltl~LI'l11.J1~111 (chromatid) '!11"1 LL11ln LLtJn"l1nl-lqllltltl ni.J1 LLfl::~ n1rnfl'u 

ri'lu~ LL!.I n 1-lfl Pl'll'll ni.J 11::1-1~ 1~ ~LI'l71.J1 ~"''II 'fN Ll'lr LI.J 'l '111-J LPi!.l'l riu Lwll.l1~1'l~ LUUn17flflu 

r::l-l~1~LI'l71.J1~Pl'll'll~llh~tmti.JL'III.JrlU tlnn!Jmrru'"di1!.1n~1 crossing over ilu (gene) 
..1 ol .J. ~ ~ ..1 .>< ..1 v .,. • I ..I ' • I ~. I k ..1 · 
Vl'll 11l.IUn'lU'II'Il~ ~l'l11.J1111111Vlflnl.IVlnU"l~LuA!.IUIII1 LLI-lu~ ~ulll'l!.l WflVliii11.JI.J1'll'!l~ crossmg 

over LT!.In~1 genetic recombination ~~~1L~Liillll'l'l11.J~ULLU7Vl1~~u~nrri.J LWT1:: 

tm 'M 'III.Jfl11.J17n i1!.i~~'l riu'llth~'iinr:: Llfl::n17Liilll crossing over Llfliml'Vlfl Li:lrn~'l 't1-1u 

"'::i:lt 'll n 1 fl w 111-J riu t,; Lllu L1tN'II 'll~ t '!I mn 1 vi1Ju ~~Ju 'l 'll n1fl~~~~tri lll'llillll L~!.l'l riu~~u 
~u 1jl111 !.1'!11~!.1 LWI'I"l::~ pJ r1~1-lU11111 Ll-liltluriu'i~ Lllu'\tl't&li 1.11 nl.l1 n U'!l n"l1 n LUUt-h ut-J "'~ 
Liilll"l1n't,;'lul~!.l'lrlU (identical twin) 

n1fL•tfqJ Lti1JlPI 

a~ ~;lij 1111-l fl1 !.1 L 'II flilf 'll~ '\ ~ 7::!.1:: L 'l fl17::!.1 ::1-lrt~" 11-lfu n11L "llty ~~ l.l Llll ri 'll\4 ~"'::IT u"':: 

· wnl.l~utfl&li t,;~'t&lifum7Wfli.J Llfl'l"l:: 11tl~~'l LLUu'U.i'llll;fl,fl1!.11'lf~ L'llfl~n~'tilr"l1 nn1ru!.l~ 
~'l"l::~~U1LULUU'!l.r!.l'l::lli1~ 1 "luiiztlh~LI-lil'!lU~'lUri (adult) '\u~~~~~ n17L"li'tyl~l.ILIII 
~l-lfl1!.1pj Lll.ll.l 

n17L"lltytbiu'LPl'b..JVifl::UtltJ (gradual development) fllllrll-lfl1tJ'IIillllL"lltyL~l.ILIII"l1n 

~'lti'!lu'\tl LUU~'l uritllltJ LLU~7::tJ::n1TL"llty L~l.ILIIIL~ LPlt<illlLLiur::tJ::'W'\&11 n17LPil.ILIII'Il'll~ 

l'lU'!l~LUU7::Lf1Vl~'ltJ n1TL~l.ILIII"l1nVl17nLUULIIin lUU.rtJtU Ufl::IUU~f\l-lf\l n17L"'T{\j 

L~l.ILPl"l::~1fl~LLfl::l-l~lllldtl'LP1Liiii.J~Vl1~LWI'I~LT!.In~1 sexually mature l'lWLrii.J1n 1 "l::~'l 
!l , ..1 ."1 ' I • " L • I' _., r Jr il " ' . ~ ~ .tl Lnnn'l1PltlUVlluUI-l 'ti.Jfl1'llflnUtltJ Uufl1 Llfl::nPl'llfl'lltJI'lfl1UU1~'11 Ill LLI.J'l1"l::LIIIU ~Pllv11.J 

~Vl1~LWI'Illfl'l h~n1tJ"l::LIIIIIitlLUtln'lh 1 ~'l!TU"l::LI-lf\l~uL~'IltJ 1 "'Unr::yf~lll1tJ '\uYi'!l 

n11L~ULPl"l::lli1LilU'b..JL1'!ltJ"'Unr::yf~IJ'\4i:i'IJU111lLI-lf\l~~qlllri1l-lfu'llillll'lltl~IJ'ULUa~ LL'llllfttli.J 
• uu 1 

fl"lllrfl-lfl1!.1'llillllii7::tJ::n1TL"llty 1~1.1 LPl~ Ltllt<illl ullifl::T::tJ:::p.lh~!Tu"l ::Lli~tJu'ttl ~ n 

-!1''!1111 Lllu~'ltl!.l1~~ Lilu't&liilll '\,;~rum rwt~I.J"l::: utl~~'l 'b..J Liju~'lti'!lu~~"l::rltltJ 1 ~~u t111 . . " 
'ttiLllu~n-litllll ITuiil-l1~ft1l-lfu'i1tJU1 i:IM~tlnri11-lf\JnrtH'!I'!In;!L"'U'lutl11Tu'W~'II1 '!11\olfl~ 
~1.Jtl11 n!J '\~ Lilt<"l1 n31t<1o11~ l-!1~1TuLhJ~o~lll\ol1tJLU t ru::LiltJ'l r'ft<'ll1l-IU1 ~1-J~tl ntl'!l ni.J1 !Tu 

L~I.Jl-1 1 1.1 '\"' Vl1~ "'I;! n LLfl:: L "'~'!In ~MI.J llll-IU1~'\tl n 1m 'Tty 1~1.1 t111 uuu di1tJ n ~ 1 

metamprphosis 

nlll.f\ol fl1tJ'IIil('l~'lll.l'lUn17L"'lty~ULPl LLUU metamorphosis LLI.Jfl~ LntlUVJ n'llillll~ 
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~ ~ 

n1n"lrcyWiUliiiiiUUU 'lunrnl'!ltN IIIJfi-Jfil'i>~uuuUJfiiJI,jTnJ (incomplete metamorphosis) 
~ ' 

llfi::UUUfiiJI,jTnJ (complete metamorphosis) ifl.llll'tl\.l'lltl>~IIUU UJfiiJI,j rruiTIJ"'1 n hi lli'l'li'tl\.1 

(nymph) llfl::lli'l uri (adult) lli'l'litJup.jh>~Mii111111Mjjtlulli'l uri lllnUJfii:ln llfl::'tl1't.J'l::lwf'I!T>~ 
~ ~ ' 

UJ~1-111.1 m.nPiu liiiiU\.IIIi'lllri lli'lt:i tl\.lflfl nr'I11UMfl1t.J flf>~ n1Tfltl nflT1Ufl f-1~ 111l1'1t.JIJu li'IJ 

fii:ln llfi::IMULIIIIPiiJ~VI1-IIWf'l IIIJfl>~~fii:ln\'uaP\IJ~ Ufl'l"l::UJIMULIII~ n IIJYIII111Jflfi'vJ'BfiiiUU 

fiiJI,j rrui~IJ"l1n hi "11n hhPiu Lllllthuulli'lM\.I'tl\.1 (larva) "l1nlli'lM\.I'tl\.l"l::di1r::t.J::IIin IIPl 

(pupa) "l1nllinuPf"'::IU\.IIIi'lUri (adult) d-1 IIIJfl-11'1.1 ~lt'tl fin1TL"'fqjL~ULIIIUUU0 
~ ' 

n 111 "'rcy LMU Llll'!l'tl-111-1 ftlll1" LLfi::W'llfl1"lf:iPitl nPi1Pl ~1ft-! LL ')111 fl'fliJ UJ LMIJ1 ::fiiJ Llli n 

'lufl mf tl1"' flPitl n Pi1Pl ~1 Lu.J~U4MiM1'tl Lf1Wt.J1 LfiWMII1 n rnllli'l'tl £i1>~'lui4tJ~0i'itJ mr'l o!fu1 

thalidomide 'lltl~fllllrfimrrii~tl'l!'lt.J'l~u'fluMft'uwmJtJu1Pi'IJ1 n~u eJ fl i'i'tlYI1 m~ Lnii11J1fi LL'll\.1 

lflnilwMjj'tl\.ll'irutlfl1 LfiiJ1"l\.IQ mrun~1 flipper baby t111~~1 'l~tPin'lul1tJ~LPiu L111fl111tlnPi .. 
l'l'tl teratogens 

m n14'1111''1!W'li2-4,5T ~YIM1T'tl LIJrnu 'lo!ft~ ttll'!lu1 'lut'lbiii\.111JL\.Ifi-JM11J l'lt.JIII\.111J ri 

fi nT::VIU rlU fiii!Tjj 1'\11 tf Llli n~ LnPIIJ1 'lujjfl'l11Jf:iPIU nMMfl1t.J'tl£i1-l fl'l11Jflii1U niJi~j'jiJ 111~ 
n11ilP1 (congenital abnormality Mf'tl birth defect) 1'111.1 tl1n LLM1~ (harelips) Mf'tl'tl1't.J'l:: 

'l ·~..J~.. ..J ... tJ .tl • '"" • -u~ ~'l fl1t.l \.l'tl~e.JII1VI U-.1'{\.II.INW'tlYI"l::u\.l"q fl111'lnUn1fPI1N11'llll llllll'l'l11Je.JPI nlll'lltl~M'l "lllfl:: 
., ..J . 

fiiJ'fl~ 1LI1.1 n~YIIU\.II'l'l11JV) n'lfflriJ1\.I'llfl>~IPi n un::'ll'tl~Wtl ul.l 

~~,~uriu•~~~,~~,~ 

fl'l11J uri IU\.I~~~Mfl1fll'l\.lnfl'l Mfl1fll'l\.IT~ lnt.J"'f11WI'l\.l LlriL\.IU1\.II'l\.l'l!T1 1'1\.lllri~ 
\.l'tl\.11 ~ut.hfJ'tl~L\.1 t NWti1U1fl UJ'l'lll11W~~1 'l~ IU nU1\.I L"'IJ1 nun l'l'l11JVj n'J!VITIJ1\.I~'ll'lfJ 

.. ~- '1-i' ::. ~ ... ~ • ..I ~ ~ ..I ..Jtl ¥ ~ Po ::. 
ll.lfl'fllll\.lltl~ U-.1 VI Vl~fJ~IJLfl'll'l'l11J"'11fl'tliJ Lfl'l'JI11 LLfi::Lfl'l'fl\.11 VI 1::vl-ln\.II1J11J1 U1-!l'lN 

riiJ1W¥'fliJ 1 rl\.!Mfl1fl L ffl U1-lfl f~ riiJ11U\.IT::fl'tl n l'l\.l'll11~1¥ qj1M'IJ1Piijlll111fl::fl1 n"'\.1~-1 
Q n IJ 'fl>~ ~11u \.11111::'11 'fl-1 n~ l'liJ 

~1~"l110J1 Lfl n 'lull"l-,t.T\.I'tl'l"' nft1'l1Pi'~11U\.I t fl n'lltl~l'l\.IM~IJfl1'l ~ Li~u t fl n'll'tl>~Ml.jl.J 
fl1'lln'tlu 100% i'i'tlLflnnri1 Lflnn1TllfiPI~ LflnPI\.IIIIT uvJiu U~U~L\.I'l-ln1T~1n"'l'h\.l'lMqj 
ri IA'tl nl'l\.ll.l~1Jfl1'l H~1~1\.l U1~U ltffi~PIIfl\.1.,1 rlPil ~ lftfJ~ 1 UJ"'1~1'l\.l'tl1f.J In \.I 35 il nw!h 

~'111 t.J llfl:: L f.JI:t0.11 rl\.l'tlth~MU n ri'l o!f l'l \.IM~IJ 1'11 'l L f.JI:tOJ 1 ~ 1 UJ'l '111'1 \.!Ml.jl.J 1'11 'l ri"' ::I ft 'fl n L o!f 111i n 

~ .. .. '" ' ..J • ~ .,; ' '" ..J~.!I ~tl .. '" ..J'l.!l " Lf.JI:t0.11 fl'tl~\.ln rJ~tl1"nWIII1~ 1 YIVI1 n\.l'tl~vl-1 Ulll'tl111WYI Lll LIN-11\.1 L "'\.lrJ-Itl1"nWVI ·nfl'l11Jl 
a ' ~ J'.,...J~.\' '" l'l'l11Jfi11J1TrJ "l::IM\.1'11 Lfln\.IIJVI Llill'l\.!Un\.l'tlfJIJ1n 

'l \.111~'11 tJ~~'l~VIfl 11mT>~11.111!1 'l"' r1ut~::1 ~t.J 111'll'tl>~ n1r1tl~uu11tlfl~ 'lw'll fl~rnrt 'fl i'il'l 
(eukaryotic cell) IJ1nll'n l'l'l11JWfl1fl11JL\.In1r;lnt:t1'11U'l\.ln1TIIh~ 1 f11fJL\.Il'l!fl\.ltln"l1n 
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"'::rlt.l r:: y IJ'I!UrlU ~11Vi1l1X LLri~1 ft~ LLth u~rlt.lr:: Yu'I!UrlU01TL'Il1'1!1.d Tfl ¥11J~Yj OflUWl1t1l 
~ !:, .. a . v - ~ • 1.J ~ !I " .J~. I 

I\J'l1 1TflUUfl'll~::LN (cancer) \.lft~"'1nL'I!ftLPIU IPIUft::Luft!JUiflNI\I1~LLft::\.lU1VIIUPI1~ 

Yt.lrum~~u~nn~~l'l'lUfl~LLft'l L'I!A"'::dh~1'1111VlL~'Il~ (deterioration) UT::ftvtfimv.mr 
J' ' " vi1-l1U'll'll~L'I!ft"'::Clt1lfi'll!JMVlft::U'Il!J LLft::"'::l'l::l'l~~1n'lJU"'UW-ft'1~Lhft~j:j:t-)tJ11l'U~"'::PI11J 

'IIU'lun1~-l"'~~'~~1llXL'IIAuA::h~mu'lltHi4..)rlmP~L~'Il~t.lr::nvtfimv.'lun1rvi1..)1UL1un~1 
. I ... lr 

fl'l1~ LLri (aging) 1'1'11~ LLriQ 01'l~'ll~'lU'l..)"'ffll11'lJ'Il..)ft-li:Jmtllti'-3loli.JPI tJi-3 LL~JLfitll 
. .J ~ 

t.lr::mru 20 UVIU!\''l Paul Moo mead LLft:: Leonard Hayflick Lft!J~L'IIft"11n embryo 

. tJn~'ll'll..)flU t'l'll..)flUdfiuv.u'hL'IIft~\.!~tllLLWtJi'lUT::~1N 50 rlf..) LLft'lL'IIft~-l\.!~t'li1111JLil'll 
· L'll1L'IIA~L~IJ..)L~du'll ui!..)L~Lljuil Lrl'll L'll1L'IIft'll'll0"11nmru'Jl ui!~ L'IIA"':: LLt.l-llli''lP1'!l1t.l'lul'lru 

50 f'lf..) ut\''ll!U~P111JLUI111~L'lfl1~Qnri11-!UPIL~ mil'llUrlU0171111IJ'll'll~L'IIftQnl'l'lUf'l~ 'll::LT 

Luutli'l~'lUfl~ LLUU'IlUUVIU1VIL~'Il..)dthu'll-!q,lu1u'll'!l~ DNA 

~~L'lhl-ni:lthuu'l!J'lii'll~ num1~ untln'!ltl~mi~fi'llll'llfl~u YP1ui'l1t.i!l'llffi-lul'\ T-N 

Yt111JL'IIfti-!T'IlPl'll~L'IlUYt1lm11JU (endocrine) uft::QniU'Il'lln~1'luYflill11 !l'llfl~uLuutli'll'l'lU 

f)~017Yh..)1U'lJ'Il..)Ld'llL~'Il 1-!T'Il'll'i'IJ'l:: U1~'11UPii:JUVIU1VlrlUVl~~mT~ L'llu wtrt~u 
(pheromone) ~-l'luft'tl11"U1-l'llilPiwYrY~u}ilulll'l~-li1JPIVI1-lLVli'I111N1h~ U1..)'JIUt11WYrY~uLuu 
lll'lU'!lnT'Il~T'Il!J U1-l'llil111wYTU-iuLuuft'ryry11ULW'Ilwl!J 'llU1..)h~PI1~ll'llfl~u~vi1~-!i.h~'lu 
h-l 011JWUrli'l~ri-lii''lll;lft ~ L'llft Ll~h~-!~11J L'l!flLl~h~-!~1u'I::Luui1i"lfurh~~-!T'Ilfuif'lll;lft'l1 n 

" " !l'llfl~u n1TI1l'llUI'\U'Il-lPl'llll'llfl~uj:jti'~n11111'1lUI'\U'Il~'lur::u::ft'u L'IIU ti111Tfl11L~U'll'll~M'l'l'l 

n1TLU~IJULLUfl-lVI1~LflillULfl'll111 LLft::011111'1lUI'\U'Il~'lur::IJ::IJ1'l L'IIU 01TL'11[\IL~UYlll 01TflU 

~u{ t'hPI'Il~I-!T'Il L'l!fl L'llUY111m11JUL~'Il~ n171Jfltll!l'llfl~u'l::tlt111t.l"'1 m~~ m1~ UJI'\~tl)fl 
'll'!l~!l'llfl~u'lui1~n11JfJY'!lmi'\Ln111~U'Uii 1-!U1~'11'1l~Ld'llL~'Il LLft::'!l'i'IJ'l::Pl1~ 1 'I::LU~IJULLUT 
1tJ!ll'Ju ~l-!t\j~LUULVll'l~ill'!l~UT::I'\UrlUrl'l1~UJI'I~tljfttl'll'll~ll'!lfl~ULUUL'lft11J1'lU1mJ1n ~~ 
LLPl~'i'!Jl-l~PIUT::~'iL~.'IlULUUJiiULLJ th::n'llUrllJ~l-l~l'l'lml1n'll1fjWn~1~'1111J ~1-!1\j-l~~ 
ill'll~I\J'Iryrium1~Y!n'11Ylm1u'll'!l~rl'l1~UJI'\~"l"tf'll'll~!l'llfl~u~1nn~1LLA::u1unrh~'D11J 

l'l '11 ~ 11111J LUU a~~ r~ui:M I'IU::vi 1VlPl1~ riu1t.l1111~'i'~U!iTT~ LLPl ft ::'111 ~ 1'111'\1..1 1 jj 
.I '"'.J v ' v .J .1. .. " ' ."1 .J !I u T:: L VliU Ln IJ'l OU l'l 'l11J 11111JPI1~ OU VI LL uU'IlUfl 'llYj Ol'lUIJ'IliJ <U'l11'1'l11JPI11J LuUL T'll-3 LI'IT1 

1'111'\U1YjYl!il'l'llU'l1Xt.IA-l'lUi4'1l-ll'l'l11Jlii1!J 1tJUJnftU · 1-!ftUUJ~u ~ubJi:J 1-!UUJY/u L11L~U 
tlr:: t 1J 1'1duu1111 ftU111 T'll'll~VlT:: 'lU~1UI\'l M'Vi LI\IJ'!l fl 'l1~1-!IJ11Jfl~ L~ ill'll~'ll fiU11J rlUIJ1 n 

U1-ll'lf-ll'l'l1~lflnvhPifu'l10fl'111J1111!JLI-!ilflUrlU~1LUUI'l'l11Jl-l~PIWU'I10fl'l1~1J10fl1U1n 
'll'll-lm 111 'lu'i'~unTIJfl ht.l111::'i'utJ1 n q~ ri1t\..l-;::t1111J uA::q;nmqlii11JIJ'IliJfum 11J mu'llth~ 
fi..)U 'lu~-!tnu'l~utirm~nunnufl'!ln1t.l"'1nn1v. n1m1u ll-lil'llur\'un~11J11J'li'llW'l'l11JPI11J 
Ylilu'llXI'lUlii11J'!l~UUL~!J~'luYNYi!J1U1ft ntlL~-!TflLLft::f'lWil'ln1N1UI'IVii:i'!l~'luYAn~l'lU11111J 

" Q n W-31-! T'll LI\J 1 'lwl~I'I11'1IU1 ry1~ Lvi11l'u 
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,; ... ~ • ~ ~ .!1 • -~ .¥ ... 'l" • 1 ..J 
rt-.ll.J1J'l111VJn'iltl1-.l LULfi0UI111U lll11l11U'lULL11Urtl11'l'!lUl.J11111U \.11111\.IU 1-ll.J U0\'1111 

• ~ ~ ' " ~ 1· I ..J~ ~ ,..JL .. .¥ r o/ 
ll-IUT'Il-.lUfi:::UU'fl!Jl''llUU1UL11 l.JU ui111Ul'1 Ll-IU l.JUU'!lUI111U'IliJ1'1 1-IU ~l\.ll.J'IlUrtl'l'l"l:::l.J 

ftf'\J'!I1~(\j1tl.!~"l:::ll'llUI111U1111l.Jfl1~-.l U.:flll'inl111'11-1[\)'llth~if1-.JnUJ~I111UL~I111\IU. 01if1~ 
U11111UW'l mJu1u L'llfl-.1"1::: 'Wtlt'l'llull'ui-l'!lth~Ju ll'u"l :::'li'lu nut11 ol"'witlWlu~~ 1Ml.J1 :::t~l.J~-.1 
'Wt~1l.J1tn'!ltiU1u~ 1d'll L'llfi-.Jih~l.J11"l'll Ll'lN or:::~ oif1~'lu~tt'l-.~ll'u"l:::'lif-.~'l-JMUUm:::~o itl 
~.I ~ .lf ..J'l .l' "' ,! ."1 ~-..J • ~ ~. !~-" ..J "' ~ 
Lu1U LUWU\'1 OrtU'lU~1l-.lluUW1ll'1\.11fl1'1lll1J1U LJ.1 LVilllULI11U'lOU 

i:l~-.~i:l~I11U1-.l'!IUI11~~ 1Mii'!lubJf4' 01111u ll'u1-11 uCIT'l itl Ofi1U IUU!3 o IUUI-Ifi1U'll'll-.Jll'u 

l'll-.1 W'lnl'llfiiPlU'liUU'Il!h~rr l'llfllJWIU~CIT'l"l10l-10-.liUUtl'll-J "11011'11-.llUU~ "110~1UULIU"' 
ll'uut.l-.JCIT'l1tl~'!lU 1-lft-.l"l10l':::U:::Mrl-.Ji'll~l''!lUL'IIfllrl1\.11UitJ ~tM-.JnUJIUUI'l'l1~1111U l'llflt3n 

Ofi1ULUUI'IIfl 'lm.Jtin Ufi:::LhJi:J~Ill'll-llJtln 
01 111UU'Il~~5JUl'lJ1 Ufl:::l.J'!l-l'b.J'lU~-.l\.1 rV1 01l.J'Il-.l~ ILfl:::i'i "'1~1'1lU l'l'llU ln'llUVJ n'll!h~ 

~ l11l.J'!l-.Jl\IU'IliJLU'lJU'lUn1~ rhft'~I111U llfl:::ln'!lU~-ll-ll.J111"1:::1111UitJ rl'llUC'T'll 111111U 01 bJi:J n11 

~ ~ • ..J ~.I ..J..J .. ' " ."1 ~ ~ ·~.It " 
lnl11 Ll-ll.Jl.J11'1111 Ul'1UVII111U Lu l'11'1l11UU~VJ-.ll-lf'\J11'l-l"l:::nfi1UluUI11U 1'111U 1-IU'Ili.J LVill'11ll'1 

'll1"lol'l1'lM'i1mri111U~'luiM[\)Ihiiu1tl'llth-.~l~uu 1 Yflni:ltlr:::'l11nrn1~un1u 
• • 
~~~1~Uft1UilJX'!l~I111U lltJi fl:::'i'ui:JI'lUI111U lUU41U'lUIJ1 0 lT1l~ U-.1 u!J\ f'i11'lU 1UU1UL l'11111U 

f'\J1~1111111U l~'llULl'11111U Y111u~'l"'UJ~i'i111ii~l'lutin~1~\.in1ul'lu ~-.JIIl'll~l111m'liwiilu'lnu · 
l n il..l-l1UI"'W ~-.1 1-IM lltl111-.ll'l'l1l.J ljqu 'l"l L111ubJ'Liri'i"' ii-.JflUtl mX1~w\'1uflu l 0'!lMU-l o r:::~o"l::: 
M1Uitlt111uLflmuuCIT'l~I11-Dui-i ufl:::~~i:l~l11'1l~'Wfllfi:::'W1t11i'i111ii-.Ji~'!l-.J0 'luil2o5o ~utu 
'l 

• .:0 ..J • • ..J ~ ~ .!11.1 
\.ll.J"l:::'lJUl.J1 Ul'1Ul'll'll.llUln11'1\.ll.JI11'1l1!fllUI111U"l1n LflnU u 

i:l'lm'lutfl nO~ 'lltn n llri llfl:::'ll u1 01111uu1~ VJ nl'lu~ Q o m1.1r'h n1l.J~~111'1lwuwnu-.1 
..,j U I 11.! .!:' ~ .,J .... .... ... ... ~ 

UllU'l nU'l1 U-J'!ltl1 0 Vl'lU ll-I"JU'Il1\.111llfi:::U11'1'llfl'llfl'l1l.J lln"l~l.J'JJ1U nULOfl'lll.\111 fl11111'1-.ltl1 Ut.JU 
~ .'1 ~ • I ..J~Jt ."1 ..j _: ""' ,..J ..j ..j ' • 
LUl'1tl.!ILfl::: Ut.JUu"l'jUU ul':::Ul\'11'1 L"il luUII'lT'!l~rt1'!l1-.lnl.Jl.J1 Ol.J1U f;ll'll'll'llll''!l-ln1l'111'!l'!l1~n 

1Xu l1i1M1W r::: l1i 1 'i' 11111-lw r:::l'i 1~fil'i 'll '!l1 ~ 'l\l Lf"l'jUULI'll'l Yu t flU Ufl :::l'l'l1l.J rl1'll-li.i11'11~ n 1r 

u Wl'l uri' 1'l1tl1n fll.J 1 0"1 Ul'i11 M'll1~ L tl~U'JJ'!l~l'll.ll.J1 n~u 'lut~ll'u rl'lll.ltl-.ll'l11l.J Lfl nl'l f-.~~~-~ct-.~ 
'!l1~flu11'1uL111ULtl~utlr:::l.J1n.t 35 il Ll"l"jUU'Il1~ltl~U'lJ'Il-.lf'lUL1'1Utlr:::mru 65 uld'll 1 oo 

il ri'llu L l'fl~l'i11Ml~ n1111Ui:J1.11 nl.J1Ul-lfi1U hl'l Lf"l"jUW~n~ l n"' 'lMl-.li:ltnllfl :::<lfl'iiUU'Il-.1 rlUfl'll 

iiiu 1'!lnru LLfi:::LtlflL'!l 1X111 <JruYrfl '!lM'l11-f '11'1'1 Yrl'l~l'i1'l~~~-~11Mut.l'luni:lmllfl:::<lfl'ilu 
U'll~ nu t1'11111 01l'I111U'i-lfll11fl~l.J1 0 ~"' r~ llA'lt1111 n n111111U~fll11 fl-l IUUll-lllj~l'i11~tlr:::'JI1 m 

..: .:0. lf-1''1-'~ ~..J .:0 lWl.Jl.J1 0'1JU'!ltl1~1'l"'lr l l.J ·n'!ll1111n1l'lnl111'1l.J10'1JU 

01 l'U 111 '111 ~I'll.\ 'lm'Juu 1'l~Ul'i 1 '\ ~ l fi 111fl1 r::: U fl :::tf f'\J\.11~ ~ 1111111l.Jl.J 11.11 OW'Il tll.Jfl'l l' 
."I .. ,J.,. ..J .. ..j ~ ~. !~ .l' ~ ¥ ~ :_ ·t· I ..J • ~ 
u·f'\)M1llTnl'l'!lflUI'll.J'Il1~l.J10·n'lUL\.Ifl'llW~W1111'll'!l-.l LJ.1 WI Ll.lrt-ll'll.JL"'Ul'l'l ul.Jfll'lfl\'1 L"' nlOU 

1• I .. • ~ 1· I • ..j ..1 ..J "" ~ .>: ~ ~ • ¥ r • · ·' , u\.lrmmmu ul'l'll-.lW~I'lWn'lUI'll\.lfl'!lJUn~fll.J LU'lW<U1lTl'l.Jf11nl11'l lnU'Il11-11l'u1 flULLn 
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~ 'll 'ltl 111'1 ( 'il~ 't!.l1Pi 'il1 'I Q nwtl "'~~ 't~!111 tJ 'tum 1-J'Il Pl'il m n'il11-11n.l1 !n n '!l1"lilf'il~tlfi'll u't~ 
vmnl111tl (\'111 ::t'h~m~'t!.li:im1-11riiw ~ n~ (UU(Lii nvmn n'WII11-J1Ttl'll~T'IlPl1Pi lhvi'il ((1.1 

i:i~"illl'!l~T'ilPJ1Ui (1J1'il1"lii~n'll-ll-i1Pi 

'tufl'~f'11-JI'hu'll-lqjf'1UL~U~1 (UUL¥'!l~'ll'il~ill~~tiTTI-J~l-lflnL~tJ~'W1Pi~ilf'!l~'ll'ltJL~f'11Jii 
t-i lll'il~ T'ilPJ1!.l ~ 1'1 ::vh~ 1 u 1Pil-IT'!l 'W fl'~ f'1~-J1VJtJiil'lutlnPJmftu n.~41U'lUI-J1 n~ !111-J11nl11 

~1u1Pf((~ilf'il~LnfttJI'I.ILYl11::'il1~ 60 i:l iimrniiuum1'il~'!l1tjlnftt~n.~'l~t~Plt~~1tl(uw 55 i:l 
01 (U\.1( 'JiuJwu11Jl-11U1"l ::1-J1 nn~11nfttJ l'\.l~'il1~ 60 i:l ((ui (l'ltJii nrruui'!l'il1~ 11'111 n1l'Vll-11T 

u 1~ f'1iA~l11 't~j:j ( 1-1 Ill n1TN1U'l1tl '11 n n1T'll'llui'il'll1~ 11'D mr ~111~PlPl'll~11'1'1141 ri'Pl'll1tj 

wnn1T(il'll~l-IT'il 'W iiM .'twllm~ ((Vl\.1111:1!JT~f'1W~'il1tj~1 n~1 55 '!lU1~1Tiim~-Jf'1U'Il1tj 
• 

l-J1 mJ n ( ~u 11f1Pftl'l tJU'fltl l'lT~ nrhl'lUl-ltJI-J 111'll-1Ttlf'1U-l'tl n ft1~1'1U 
• ."1 ..I .. ..I :; ' ·~. 1.:: 1.1!'1 " ..I ,:, ' 
U1UI'lU'II11(uU!Itl1\.IV1\oi\.I~V1U1~1'1NQnl-J'IN'J.1(tl11'1\.l(ln 1uV1~ 'l 11-llll1tJV1UU U\.1 

W'ilWn1 ru'hmtf1UI'l\.1'1111ilf'!l~ 'tif~utlr::~-J11'\.1 U11Jl-11 ~'!l~ (~U~~ (UWU11Jl-111-lfl' nrh"l:: LPll-J1 

1 'tJ! .I 1 _, .I .I .. ,!1 .I ~ .. ~-! ' L" • "l1n 1-IU Uft:: ~ll-J1'!ltJ1~ 1 tlnL1'!l~\-IU~I'l'!l"l::(fttl~P,)f'1U'DT1'!lt11~ 11'1~'1:: LIJV11 1-1Qnl-J'il~'l1 

P,)PlNU"l1nl'lU'II11 
.. ~_._,,., ol•~ ..I~.,_, ~..I "'.~.I ~- ~-I .J ·-" ~ 1! .. • 

n1Ttl(1l'il1tjf'1U 11-ll-J11'llll'!l'oi''~Vl LJJI-J!IlllVl"l::>ut(T'!l~ "''111-lfi11-J11tl11'ltl-.'l('!l~ 11>1 tl~ ((1-J 
'"'~'t • .:t 't11'1J!"."'.j..J .... ':; v ~ '11'1::1-J (~U \ol(fttJ~ftl-J\-11tl 'I 'H~lnLU\.I(Ttl~VlnT::·~ nnr::'ll'l\.IVl~V11~1'1T'flUI'lT'l (Lft::V11~ IN 

'V'Itl1U1ft ((UU'ilU~~il!fttiTTI-J(1i1~-J1ii~'lU'!lU1~1-J1n '!lU1~1Tiil1111-JiitlB(flfiWLPl~11'1\.I'IIT1 
Lllwm:: ~wa~nu~1'lf'1T(UUf'1UL(unm1::Ju i"31-IT'Ilf'1T'IlUf'1r'l o1~(11LUL(~~Ii111"l::r'm0'fl 

• • 
nwl-1~ ll'!l~tl1 tl~1 l11'1lU1~ 1rii~"l ::l11 'l~l'lU'll T1'1l1tjiiU'ilth~ii ~'llf11Yl~l'1--t11~ n1tl (( n::"llll L"l 

:1 ..I~.! .ll ~- ,.. ."1 .,..!;,.,I ' ' 
n~Vl L1J f'1 'l 11-J'Il~1l11-J IU l'l'fl f'1U'D 111-1 ft1tl f'1 \.1 (UUt;jV11-Ju1::11U n1TI'\.I ((ft ::l'l'l1l-J'li1U1 1\j 

1'1'111-J ('I TI\J n1'll-lthm~-l~wliTTI-Jl-lft1 tJ ~~ (UU~~~f'1T'DT1'll'ltJ fl'~l'll-JL~ ('JI\.1 1'1111\.11 ~ntl:: 
(11UIIiT tlfn{\j1 "iVltl11'1111lllf '1ft'1 f'1U'D11LUU~~ri1tJVltl(1lf'1'l11-JIIfllJoDl.J-If'llu'll'!l~-l~utiTTI-J 
'\~nUI'lUluLl-11-i 

'twm~~'l"iVltl11'1'11l-J!111tl (UU~~~41 (UU01'1::'l~-l~u1 mrlli1 (i).Uui'fl1tl1Pf m r~u 
'iiufl11 '\~ 111 't1-11.l (ii Pl~Ul-J'I ((VJU~t-i!11~!111tJ1tl 'tu t n n~(tl~uu ((U ~~~ lllft'!l (11 L 'l 111 ~~iit-i111 
't • ..! ... v ..!... ' :; .. ."1 " ·" ' loi1-JV11-Jftnl:ln.I::V1(1ln'l1Vl~V11~ pher10type ((fl:: genotype 'll~(uUr.Jft"l1nn1TI'llJnU~ LLUU 

'il1;1mYll'l 'liu~nTTI-J(~l-Jl-J1T'll-Jnu(iiPl(UU genotype ~~'!i~u11tlLuu phenotype 'l~o~!.l 
~. "' .!! ..J • 1-l • I ' :1 _,,.,l .1..1_, L . I _, v 
IUn~(('lPln'!ll-JVl(ufttJUUuft~'ill,llllfttlPl('lft1 n~1-J11'll11 l.lwVll-J phenotype 1-lw '!l1'11-Jftnl:ln.l:: 

~ (\oiU'!l (Lft::~ n~1 ~~iit-illl~iitl~ f'1'l11-llJ11tl (UU(,.jjtlulli''lf'i(ll L ~'!l n 't~~iJ~'llll~ '!i'!lU LL'fl (L n::i:i 

fl' n~:~n.~::'W~1X'Il'll n LU'I'l n n ~1-J U'!l n"l1 ndm1~-Jl111tJii" LUU~"~l11 'l1Xti1!lJ11'11" 1 loll-jU(~ uu 

mu'l~'IT ((Tfi1!lJ11'11" 1 ~tl~'tulli''l~"i:it-illl"l::nfl'u1tl~'l"'~T'll'll" UT!i1~~nl'lf"Ld'!ll111tJ o111.l 

j:j n 1Tl111tJL '!l mll~~"iit-illl 'l\oll-i~"l::(ii(ll~Ul-J'lliU'IltJ lli'"JU'!l1'111ttl1Pf~11'l'l11-Jl111tl (U(11V11" 

'l~"illl 't~otl.l 
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~~fl:pjlll~~J.Il-!111rJi''iJ .. lf,hUn11Lnl'l LLn L~U 1111U Lllf~1WlnL'llflLPlfl'l~LLlJ~IIi''l'il~d-'ilu 
1 ~~c:J LJ.Iil'ilU~1lJU«q::LUU'ill-1111:: LLrnlJuri 1111fl 'lilftPlU ~ n~ lll'ltlUnUJ.IT'illl11fl LY-111:: ~~ LL 'lll1fl'il1J 

WLJ.IIJ1::~l-l n11Lnll1 Lnii1Li1iti11Un11iCUwu~~fl~~ LLUUW'il1~ULWP'I Llfl::'il1~fJL'V'U'I n1 rnu 

WU{LLUUW'il1 ~UL W P'l ~~fl:pj Ill LJ.IIJ~ Lfii'I~U"' ::flwu~nnl-1 L 1-lil'iJUL~l-1 f'l'l1l-l\-lfl1 ni-l fl1fl 

m11J LLtl rtl r'luVJ1~wu~ nrrl-11rJf"'1 n n1rnuwu{ uuu '111 ~ mw P'l ~~13 n~1!lfflt 11m~~ .. ::fl 
~m:tru::~P\n~1W'!l LLJJ T 'il n1~dL1i111~~ urnn1rLLU~L'llfl LLuull-IT'il'il~~~n1riru~'il'!l~ TflrYl-1 T 'lll-1 

• 
LUL'llflnuwu(Lilu1t11111l-ln!J independent assortment 'il'!l~LJ.JULII1fl U'!ln"'1i1tT~flt'!lm~ 

LLMu..l~uuu1~1'l'lU'll'!l~Tml-!1Pifl (crossing over) 1!Min n11L"''7tyLPiuTIIlfl~~ LLUU gradual 

development LLfl:: metamorphosis l-lft~"'1 mPiu 1111 ulil-l~~~fl:tilll Ll-lil'!luri'u ~n Ttl 1 u nrl-1 i }I 
~~~ ..1,"1 J..J,,., ..... tJ,.~ 

1-lfj£11 LlllU Llll Lll1fl DNA 'li..:J LuULI-IIJli-IU~VIVI1 \-1 LLn ~1LJ.IIJl'!ln~1l-1~1LI-lll)fl'!l 7::nV11lt11Wn1f 

rl1~1U'll'!l~L'llflfll'lfl~ Ym~~¥1~i-Nn1mtl~uwLtlfl~LtJ LLfl::D'!lfLl-lulJJ~l-I"JflU fl'l1l-11111U 

Luu~~~Lnll1iulllfl'!lii1L'lfl1iuYfln ~~Ln'IJJ,j'tlu1!lfn~Ln111Ld'!ILUu~~1nfllli''lLr1 mrulll'!l11J 

i}i f1UfJ'!l11J l-11 n 1 111«q Lllun1r~ h~mr:: i~n~ fll-1 LW n::f1U'l!r1'1f'lulli''l L 'il~ 'IJJLrJf mr1111u 

u 'il n«q1 n«q::J.~A n L ~u~ 'IJJLrJf ufl''lu~ Lilu~~~l'11 iMLnll1 n1fi'i'w.~u1 n1r LLfl::mml-ju L7JUU'il'il~ u f 
~. i .~ ."1 il i"""' , ,,... ...~ ..J .... 

fi11111111~ 1 flTU'l~«qf UU~Ufl'l1l-11111flLuUn11L IIIVI1~ \-l"D'li11 J.lwVI'!l1«ql-Jflnl:tnJ::VIIIln'l1 

twri1 LLfl::~~fl:pjlll~fJ'!l~ . 
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1 .. tJfiU1Un11L'I'111JL;ju'fll11uf,!mrYtlVI~i1XtJtwnu~'ilU (complex eukaryotes) 
• ~- ... -"1 ~- ''tJI ..J ... ... ~ ~ ..J... "' X. ' ' ' ' ... 2. Vl1 W'I~LuUiu vrtJ1nVI'I::~flU'ilU IULflnVI~ genotype L\l~tlUrtUV11U 'l::nfl1'l'l1V11U~ 

~ 

1 'il n If m~nliilU1J'il~~'l 1 'il~UJ'li1 uuu1fl r't~1.11-tl UJ 

3. uju1tJ'Lii'tll~~lJ::Ll~u1~ztluuuLnll1'11nn1ti311JL~Un11fl'lUI'J~mr(h~1U1l!l~~u (gene) 

LV'l11::Llll1)1111 , 

4. ~Y-It::vhwh 1n111 uri L.;u 1111u Luw1tJ~1ltJ~LM 'iliU1tJII1Llll1)1l'il~fl'l1lJLLri 
5. n1WII1!!1fjflU1!Xi1111tJ1'l1tJilii'il~iitJL~tJ!!th~'tr c'hflUUJII11tJLfltl~\ltoUJ~'ilf.h~'tt 

6. n1~L'I!fllJfif'l'lUf'J~1~1111tJ i:JUVIU1VI!l::LT1Ufl1TL'I111JL;ju'flll 'lJU'lUmnli:Jri'lULfl!J'lii'il~ 
rlUf'l'l1~ LLri!!th~h , 

7. Y111ui'l'ttl~:~'ilfl~uvh~1u'ilth~ 'tt c'ht-~fl1l'il~DtJfl~u)i11~ 1n111 mr1tl~uu ut..ltN iutJ1'm:: 

li0~Y-I~;jnrm1Jtl~tl1'u'l::JuO~o~t~nun1rL'I'111JL;jutlllliTtln1nh~1U1ltl~tJ1'u'l::~u'tll~ 
L Y-111:: L \111) ill1 

112 BY 222 (BI 203) 



Aries, P. 1974. Western attitudes toward death from the middle ages to present. John 

Hopkins, Baltimore 

Asimov, I. 1964. A short history of biology. The Natural History Press. Garden City, 

New York 

Croce. C., and H. Koprowski. 1978. The genetics of human cancer. Scientific American 

38 (2): 117-125 

Dyson, R. 1978. Cell biology: A molecular approach. Allyn and Bacon. Boston 

Hayflick, L. 1977. The biology of aging. Natural History 86{4): 22-116 

Leaf, A. 1973. Getting old. Scientific American, 229(3): 44-52 

Tanner, J.M. 1973. Growing up. Scientific American 229(3) : 34-43 

BY 222 (BI 203) 113 


