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(Reproduction) 

A Q; fl' d ...: o ...: ............ A t. 1 .... ;} 1 I ""' ... ~ 
m1ff1J~U~ 'V\3J1tltl-\J n11L~3J"il1U1'U~tjjfl-\Jff-\J3J~1~~'U~UU ') 'V\3J1nW. flr.JV\'U1tn'\Lnfl~ 

3J1L 'V\aJ"il:ibtJ"i1-~J~n1Ynt:LL~: n11~1L U u;i~L 'V\ijau rl1JU11~1J11Y 
'IJ ~ ~ 

l~t1Yi'1 'J 1tJ n11~u~ulf'Gjja-~Ji-~Jii;ifl1lnii 2 LLuu L'V\ru 61 fian11Su~ui~Ufllllil1.,rt1 ~ Ill J , 
' A Q; fl' A Q; , 

L~fl (ASEXUAL reproduction) LL~:n11ff1J~'U1l~'U~fl1fltJL ~fl (SEXUAL reproduction) n11 
'I 

Su~uf~Ufl lllfl1fltiL ~fl~'UL n~"il1 nn11~i {lij;i~L ~ti-\J'V\U 1tJL~tiTYh n1 1'Yl1~1'U 1'U 1fltJ1~ 
fission, budding, sporulation Vi7fl fragmentation 1~1~i~'V\d-\JLL~1'V\cU1tiL'V\ll~l~';l:ihtn~m: 
L'V\ijflUrl1J'V\U1tJL~3J'YlntJ,-:n11 ff1Un11ffU~u:rfanU~a1tltiL~fl,f'U .Lfllil';l1nn11~L'Jf~L{Suviuf 

'I . 'I , 

Gjjfl-\Ji-\J'ij;i~L~fl~ (sperm) 3J1~ff3J'V\1fltJn«ui (fertilization) fiUL6Jl'~~ft1J~Ulf1Jfl-\Ji-IJ~9iflL~fl 
'IJ ~ , 

Lijtl (egg) l~LtJu 16Jl' 1 n~ (zygote) rY-~JdtJnL 1ui -~Jii;1~~iifl1U~-\Jfffl-\JL~flfl~L ufi'1L~t11nu 
1 A Q; fl' A Q; ,tl I 1 l;.,j A ~ Q; I . I 

(monoecious) Un11ff1J~Uli"an''U~fl1fltJL~flU'V\'U1tl 'V\3J'YlLn~~tjj'U"iJ:113JLV1~n1Yfl.l,:ltjjfl-\J~flLL~:LL3J3J1 
'I ·, 

11~1tlrl'U 
' fl , 'i ""' 9.1 ft11UU~!CUt'UUIUU JJ t·VICUtJ (mitosis) 

n11LLU-\JL6Jl'~~LLUU13J 1~6B« (mitosis) dJun11"'Yl1~1U1UL6Jl'~~L~fln11L"il7qJLilU 1fl1Jfl'" 
I I fl' ,:t 1 ...: .... ........ ..( .... fl' fl' 

11-\Jn1tJ n11LL U-\JL6Jl'~~LL 1J1JU~1J U« -\J3Jan'1~'YlU1: nnu~1tiL6Jl'~~'V\~1tiL6Jl'~~ (multicellular 

organism) 

t111n!Jn11ruL~tnriun11LLU-~JL6Jl'~~dl~n11flnty1Ltluflf"LL1n1utl fl.fl. 1841 1~tJ1:t'n 
=D'1i'YltJ1~fl 1 1LUf~ 1iJfl (Robert Remak) 1~LffUflfl113Jfi~L~U11L6Jl'~~tY-iJ'V\~1tJLfl~3J1"il1nL'Jf~ff 
~iifl~L~3J LUU fl.fl. 1844 un;1i'Ylt11~fl fl1f~ LULn~ (Karl Nageli) l~.Yhn11'Yl~~fl-\JffU1Jff~U 
fia111antJ1:111m il fl. fl. 1865 flfl«n1f Lnf'Ylifl (Oskar Hertwig) l~t1u~un~3JLtlULtJ111tJ1u , 
U1Lfl~tlff~-\J 1~L.11~3J ~flU 11~L~Ltlflf (Wilhelm von Waltleyer) ~-\J~fl111fl113J 16Jl'3J (chro-

mosome) 1 1Lrlflu fl.fl. 1888 fifl3J1L utJ fl.fl. 191 o 3JflfLLnu (T.H. Morgan) LL~:~713J-\J1Ul~ 
'IJ 

fln1Y1f1'ufl11L ~t11nUn11LU~tiULLU~-.1~tjjfl-.11fl113J 16Jl'3J bL~:CiJeJ3J1Y-lU111fl1111 16Jl'3JU1:nEJu 

~U~1ti'V\U1t1L~n '] ~-.1L1tJn11~U~ (Genes) ~-.1LUU"il"ilUU~U11~flff11 DNA 
'I 

'1 :;"1 fi' .... .... .... .... \1 .... t. .... ..1 
L'Uu fl.fl. 1953 b"il3Jff 1~ff'U (James Watson) nu fl1fl (F.H.C. Crick) L~~-.1ff3J3J~!1t.U.ntJ1 

rl1J 1fl1 --1«11-.lltjjfl-.1 DNA LL~: 1 U~ff~ff13J11tl«i'1-.1'VIU~1~fl-.11fl1-.1fff1--1"1Jfl-.1 DNA ti1L 7"il~-\J 
'I 'I 
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..lvt 'i" A \'( 'i" 'i" 1 'i" 

'YH"tl1lU1U b 1LLfl1 bUU'Ylfl'\.4 ') 

ClfJU1Un11LLU~L'15fl~,futJ1:nD'U~1tlelfJU1UnTlVtlrJ ') Rtl~1:tJ:flEJ 1:tJ:Ll7n 1ft~ li.Jl'lfll 

1 A · .... .... o ~ :"1 I ~ .... . I \1 1 A 

1l1U b uu 1LflflUH"il:'YlT;)1U 1'\.4 e!jJULuU«tl~L 'Yl1 (duplication) 1:u:uL 1t1n111:t1: LiJ fl'lfft (mitosis) 
I ..I d .... I \'( 1 \'( A . I ~ !"I..' ..lvt 1 .. II 

R1U 1:tJ:'YlHtl~'15~L 1tln111_:u: L'lf fl bfiLU'lfa' (cytokinesis) '"'" Lu~ 1:tJ:YI L'lf fl'Vi~1tUJ1:LLtl-3 

""' :"1 I I I .... b 1 1 1 I ""' d . ~ ~ • 
@J'JeJeJTltuURtl~R1U LLflfl:R1U"il:3J"il1U1U fl1 3J '153JL'Yl1nU Ltltl_CifJU1-W111YI~fttl~1:tJ:'"LR11 

~ "' \'("' !'I I !"I .. 
RUfl~LLfl1 "il: b"L '15 fl~ b 'V\3JL uU« tl ~L '15 fl fl 

o ""' ~ tJ..I .. 1 'l 1 ..,. a 1 ""' tJ. 1 VI .. ,..r 
fl1"UelfJUC!fJtl~nTH fltiULLu~~ LULL'il~:1:tJ:3J11tJ~:Ltltl" "tlft~LelfJ fl£) l.u'\.L 

'j~ u~ ilJ l11cHff (mitosis) 

LL~11 n11LU~tJULLtlfl~ 1 u 1:t1: 111 1<il~«"il: 11lt111ni:J 1 ~L ~ut~tl1~-l"L "il'\.L3J1n\l'nuthie11 

LLUnDDnLUU~'\.4~1~ ') <il13Jfi113JLL<iln~1~1~LUU~~U fltl 1tJ1L~W (prophase) L3J<il1L~ft (meta

phase) tlU1L~R (anaphase) LLfl:Yl1flLWR (telophase) LL"rltlU~U1LflatJff"il:UnTlLtl~tJ'\.LLLU~~Ltlfl13J 
o ""' ~ ~ ..I ~ . ..r 11 ..I ~ I A f' ..S 1 A 

fl1"UelfJ'\.L'Yl~«CifJUU "il:tltJ b'\.4 1:tJ:'YlL 1Un11tl'\.4L'Yltl1L v.JR (interphase) 'V\1E11:tJ:L3Jfl1 Uaf'l (meta
'U 

..S ,..1,:~ ,:11 a\ '\ t 'i" I ""' . ~ 
bolic stage) 'V\1 tl'Yl'\.4 nfln'h!-1LfltiL 1tiU3J1 b U15U<ilU ') 111:t1:Vin (resting stage), '\.L'\.LLEJ~ 
il 

'lTu Interphase 

~n'hl-m:CifJEl~L'lf~cfl'" 1:u:d "il:Yiu11U 1LflatJ«tJ~1. uu1L 1m n~1~L'D'flS~€13J1EJut1'1tJL~EJ~11 
U1bflauw (nuclear membrane) ~~Ltlu~ir~fttl~,¥'" 1l1ULUU11"il~1tJ«11L'V\~1~LftLLtl'V\Uil-ll'\.L 

' d .... I "" a\1 f' 4 A .... f' .,1 a I 1 11 
sn'~L1tln11U1fl~ tl'Vifl1«3J (nucleoplasm) 'V\1tlU1Lfl~ti1LL'15u (nuclear sap) LL~:lJ'YlEl'\.L fl1 11 '11'11 

fltlUEJtlYi-1 'ttJt u~1u 1u~Li:Ju~ n'h!-m:L~ vn:1U~Cif1a~i ~~~ifi,Xu 'J 1fl1 111 L'l1'3JLLti~:nEJM1tJ t'" 
'U ' 

.... 'i" 1 I 'i" I 'i" a\ I 1 1 .... ""' 'I 
"il:3JLWU btlti11CifJ~tlU«tl~LR'\.L LLflfl:LRUb 1tlfi11 fl1 3JU3J1 (chromonema) fi~LL«fl~ b\U11Vi 9-1 

'U . 
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1 1 1 
I I 1 A 4 , 4 1 .. 4 .._, . ~ A .._, 4 I .. 1 1 1 

fl'l 11 'lf11LL@l~:'YIE.lt.L uu1LflatJ« ,.:11fl'lf'l111an'JYm:fla1tJfla'llnue:m'YIElU'V\U'I1 fl7 11 '1111 
' ~ 

:~lrlLiJu~ncu lmi LL9ia:Y1El'UL ~t1n--l1 ln Tu ~ncr Tn1 iJJ l11JJ (homologous chrotnasome) LW 1fl7111 1'1111 
~ o a, . I , I · .. o .._, 1 

'Yl'U1an~tu:1.1El'll~El (paternal chromosome}'flEl'U'V\'U'11LLa:u1an~m:1JEI'11LL11 (maternal chromo-

some)' anrie:Jcu'V\U'Il L'lfa~~i:J~1'U1'U 1fl1 1SJ l113Jf1'11J'Ylntl L 1tJn~1U1'U 1fl7l11 1'11111 'UL'Ifa1{,fcu11 
- 'I ~ . . 

~1'U1'UnWWt18fli'J (diploid number - 2N) n1l1'U1'U1fl7111 1'1f3Jaflrh'JL'V\~elfl~'ll'V\d'l11.1£l'I1~1U1'U 
LilJJ L 1t~n111fl71JJ 1'1f11'7fflttcui:J·~1'U1tuUHVWt18tJn (haploid number -N) ~'ll';l:~uL~'UL'Ifa~ 

'I 

ft-u~cuicri-1 'J lu 
'I 

t 
'UU Prophase 

1cuoffcud1fl71:u 1'1f:uu9la:rie:Jcu-;J:; duplicate tl1LEl'I1LU'U«El'llrlEl'U u9la:Y1Elm 7t~n-;h 1fl1111fifl 
,d A A .._, I~ A ,d ~... I "): -.t G' ' .dl 7 "): ~ 

(chromatid) 'lf'll-;J:tJfl@lflfi'UElti'YllJ'lL 1nL'V\'U'Il'YIL 1tlfi11l11U «YI'ilJJt/1 (centromere) 'V\7El f1lUYitYif181 
~ . 

· (Kinetochore) 9ie:J';l1n,rcu 1fl71:u 1'1f:u-;J:'V\flfl1l'UL ,Y1'Yi11 ~'t ~'UL~Ui"fi~'U 1cu1.1rn:L~tnnu 
tsifuit11aa (centriole) ';1:; duplicate fl1LEl'11ElElfiLU'UtHl'llel'ULL~1Lfl~El'Ufl1LLUne:JEln';l1nncu Lue:Jcl 

~ 

~1nL'Ifa~'l7 "ncuir111 ~-la:unwttcul'lf 1'l~a1«31~e:Jt1~EJ:U7El1JL'If"Uit71e:Ja~:iru~-u L 71L7~n 
~ 

O.Jflth: ne:Jud 11 t'111J 1n J l11u (centrosome) 7 El1J ') L'lf'U 1@171'1f3Jd';l:i:JLL'U11.1~HL'IS t~~a1«31 
: n7:~1tJElEln 1fltJ1El1J LL'U 1~1tJ'Il~~lElt11:'V\11-3L'If'U 1fl11'1f3J rl1JLL'U 1fifl1'11LIJf~1{L 7un11 lfUUlnt1-

~ 

. 1rltua{ (spindle fiber) ff1'ULL'U1~'U ') L7tJn11 dnnnfn tUJ (astral ray) 

trlEln'111:tJ:d L~El~:uU 1Lfl~tJ« U 1fl~1Eli'«LLa:U 1fl~1Elt·~u~1«11~:«a1tJfl1 lu~'ll,rWntJ 1 u 
LIJf-~~~"J'1n!J 1 ~L ~cuL~tl" 1fl,. 1:u 11Jf:uua:11Jf 1@l~a1«31t ri1,rcu 1flt~~1fl,. 111 1'1f3JL~3JtflaEicu~3J1 
El~L cuu1L 1nL@lD'Una1'11L6Jl'~~. (equatorial plane) 
"' 'llu Metaphase 

ttJu 7:tJ:~1fl71:u 1'1f:ULfl~acuL ,Y1:U1Elt1u1L 1m na1'11L6Jl'a~LL~1 ~i'ElJJncu,!cu 1fl7JJ1fifi1.1El'l1 
~ ' 

1fl1 1111 1Jf11LL~a:rie:Jcu -;J:LLtJ n ElEl n-;J1 n-ncuua:L@l1 tJJJLfl~e:Jcuv\1" lut1~1 nLIJfa~1.1El'll@l'ULEl'11~El l tJ 
~ . 

v ' 

'llu Anaphase 

leu 7:tJ:d1fl73J1~fi~'11LLtJnEleJn-;J1nnuu~1 b~tJn11 daughter chromosome ';l:;Lflaau·vh'll 

EleJfi-;J1firl'UL ,Y1 LUtl~6Jl'U 1@17 11Jf:u 1flnu1L 1rn~dJULIJfU 1@17b~tJf-;J:Lfl~ElU~L~L 11n--J1«1u~u 
~ ' 

~ .:f " I 1 1 1 1 1 J"A 4 
" I ~ ..., .s ..- ~ 1 1 1 fl1tJL'V\@l'U7u71.J1.1eJ'I1 fl'l :u IJf:U U1:tJ:;U';l'll:U'lufla1tJ@l1 v 'V\'l'El J n17LflaeJU'Yl1.1eJ.J f'l'l 3J 6Jl'3J 

'I ~ ~ 

dt Ofi-;J1nn17'V\flfl11.1D'11Liu«uut~a 1 ~Luaf~ '11';l:U1LEl1 1fl7 13J 11Jf:uL ,Y13J1713JLU'Un~3JL~tJ1ncu 

!" ~ ( •' 
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t 
'U'U Telophase 

Li1elfl11111'ifliL ~1ll111lln'U~tJ7L 1mL'lf'U 1fl7 1'1fliLLa11:U~1JU1U£l£lflLLa::L~mJU1:ft1'U 
n'U~l£llln'UJ'U RU'UL~a , v4Luef 'LLElRf!fa L ,-,j LLa:L'lf'U 1fl7 1'1fll~::wa1ui1 l1.lfr1U ua:~:dift 
W1flM£Jiw U1fli1£l~a1R~ ntJL~£l,.,liU1LfiOOR~'U~£1ll7£l'Ufl~li1JEl.:J1fl7 1ll1'1fll,f'U i.:~,fu~:L~'U 

. • 'l 'l 

lfl'111Jtu.:d~:iiu1LflftURU11fl.!)£JdL 'UL'!fa~,l'U 2 tl'U 
' .'U 

1~v~1UJf1~1fuucitY (Cytokinesis) 

1:u:l'lf 1fllfiL'UBaWLU'U7:u:~l'!f 1fl~a1R~LLtl.:ILLUflElElfl~1fln'ULU'UWEl.:lft1'U fl17LLtl.:l 

ltnft~'UL'Ufl£JU'JJa1tJ1J£J.:J,r,.£J,.1Lv4« 1~un1LU'UL'!fa~ifl1 u1nmna1.:JL'!fa~~::fl£lftLm111'Vnntt .. 
A ll .I Q; A A " I ~ .11 ·· ... 1 vt· 11 !"1 . .-... 

(furrowing) L 7£lU ') ~'U~'U'Yll1~~:1J1f\El£lfl~1flfl'ULliEltl.:J1Ja1U1J'U'Yl aL rift LftLIJ'UREl.:IL'!faa£lW7: 
I tl tl ..... I ... ,I 1 .I .... .. I ' .. 1 . Q; I 

U.fltl1L 'UL'!faa~'lf fl17LL'U~~:Lflf\1J'U f\U'Yl~:lJR1'71J7:LTl'YlL'!fRaa aft (cellulose) li1R:Wllfl'U£lU 
I 'lJ . 'lJ 

L 'UtJiL 1mfl£J'UflR1.:JL'J1R~ LL 'U 1ft:RlldL 7un11l7/tW~ Wfl n (cell plate) ~~n~'ULL U 1L'Jfa~L ~and~: 
1JtJ1Utl1£J£l nL ~au 'J ~'" l'JJ~1ft~'tl'.:~L~at{L~ll LLa:L 7un~£l1. Vtliuntnn fl1l1Jflfl1 (middle Iam~lla) 
Yi1 1.,.;'Lnf\L'!fatflVt3JW£J.:JL'!faa'ltlURll\l7m . 

t .. ' I .. tl :r ..... ·t~ :r .. 
'UL'!faau1.:~'JJ1 :Lnn L..U~L'Jfaa1J£l.:J na111L 'U£J Vt 1 £lL'!f.aa1J£J"v-.'lf'lf'Ufl1~1 nL 'lf£171 LliEJ 

ihLflfttJRUU.:JEl£Jn~1nn'ULL~1 l'aJijn17Utl.:J l11 1fl~~~R~fl1ll111 ~.rn11. ~L ~'U11111UL 'UL'!fa~,l,.W 
il1LflftUR£J~71lln'UVtR1Uil11flftU.RL'!fatfl'Ufn~m:L1J'Uttn1LU'UL'!f.a~f~1L7un11 iu 1*11tnti1J 

(syncytium) n1LU'UL'!faa~'!L1urdiw1u 7-u.f (c~enocyte) 

';;: 
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Nucltor membrane and 
nucttoti ditappear 

~ter chromosownes 
.ni4JIQitlopola~ 
,.,,.~ns· 
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EARtY PROPHASE 

Chromosome threClds 
distutet; centrosomes 
evident; 11ster forms 

ME'TAPHASE 

Centromern art 
ah;ned ·in equatortal 

plane 

TELOPtfASE 

Chromosomes bftin 
revertinq1D mteiphal' 

statt; nuclear membrGDfl 
form; furrow deeAiftS 

Chromosomes distinctiJ 
bipcartitt i spindle 

forms 

Chromotift ..,.,... 

OAUGHTER CELLS 

@@· .. 
~·; 

~· .. 
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9.2 fl11UU,ucua~UtJU,1J laciftr (Meiosis) · 

n17LbJ~L'If~~uuu1aJ 1DtnH (meiosis) L[h.tn11LLU~11El~L'If~L{L~tl t~L'Iftu{~ultJ.Yh'V\\l1~ 
I CJ; fJ; ' •' 

LUUL'If~~«uvrulf (gamete) lui~ii=H1fl11u~~it'ULLnaJii'Yl'V\1DL'l1~~Suviutf~niiLtnl;om:LL~::1Ju1~ 
'I 'IJ 'I 

LLflnfi1~nu L7t~n11 unna L1unuiin (heterogamete) L'lf~~Suviuf1Ja~L'VifYLiirJ~~L7t~n11l11 
'I 

'V\1El 1D13J (e~ 'V\1El ovum) ~n';l:£i11U1fiL'V\qj1~Lfl.~El'l.t~U~:~n£iD1V\17R:R3Jtl~1l1ULU Diin: 

~rl1'V\oU1~Ht1~L'If~aiuviu{L Vitniiudf'lEJ -r~ 1 ,J (ovary)· L'lf~L{Suvii4{~a-3L Vifl~L 7un~1ft'LtJEJfaJ · 

(sperm) iJnll1J'l.t1fiL~n LL~:Lfl~ElU~l~aU1~U1"l~LtJ7UTlD~11 D1r.J1!~rl1'V\oU1~Ri'1~L~~aL'Vifl 
1Jufld~Dam~:: ·(testis) ~ ~ii~1flu1~1l'ufliifl1'11JH11117na-71~L'l1~aau~ufL~L~u~11it~LfirJ1 
(dioecious) LLfl'U1~1l'UfiH11117nft'i'1~L'If~ailJ~'l.tfL.i~""tl~1l'U~ (monoecious 'V\;tl her

maphrodite) L'll'~ai-uvfufLLfi~::'lfUfl~'l.t ';l:ii1·1l-L1Ulfl11111'1f.aJEldL~U-3fl;~V\tt~~El~i1U1U~ii 
. .1! 'IJ 

auluL'Iffu{crY1lu (haploid number) i~d'll'uLiJUin~m-::W1flty'iJ£J~n17LLU~L'If~aLLuu1111afia- . 
'IJ I V I ' , • . ·' . . . 

~~~ '} ..,. 40( ..,. .. ') "' 7 I .., !II G';1 _.. t( ..., l: ..., I 7 '} ..., ..,. 
1/U'JUf)i'i tU t871tfntflf11/U t'IJ'i'l' W ~W8tf'i1'll''IJl1t1nUJnJf lWFil1Jti'UUl'itlf)'J1 8 t.BfUU7Jtf 

(oogenesis) tt''JU11U'JUn1'i 7u TaitJdtnnifu 1ulntt~::l~BfffJ'lt71tJnauwu{twF1tJffu. titJn'J
1

1. mtlaf 
'} 40( ..,. I 

1J1 tfHJlU'1Jif (spermatogenesis) 

'iJ'U1U n11l11 1Di.aft't17:: fleJlJtl1U1:rJ:I~El~fl1111UJ;tJULL_d~~ 2 i::u~flEl.first meiotic 

division LL~: second meiotic division ~~#\ti';l1n!f111~LtJ~L•fiftLLU'Ud1:'Yi1L'V\,tiL'If~~'V\llditt~'l.t 
4 L'lH~~ ·';l'inL'lJ~aL~lJ 1 L'lf~~ LL~:LLfl~:L'I1~&\'-;J:~~1U1U1fl11~1'lfaJLW haploid LUn11LLU~L'If~ft 

LLfl~::1::u: ~:£in11LUaf..IULLU~-3LU,f'U 1thLrJ« ~1Jfl1LrJW ElU1LW~ LL~:fl1~LWft ·L'V\iitJununulu 

n1 1LL u~L '11 ~ ~LL uu 1aJ 1fli.a a-

l t ""' . .. I ..I . . .. r ..1 I ~ I ~ .. I 
1.t 1:r.J: first meiotic division 'UU2Jn11LlJ~rJ'ULLJJ~~'Yl'U1R'U L';JLL~:LLflfif\1~ LJJ';J1flfi11 

uti~12J lflsnw fie 'V\i~';l1n~1fl112J 1'111! LLfi~:rie\.L duplicate fl1LD~uf1'YiDu~LtJufi1JE1~nu 
'IJ 

(homologous chromosome) ';l:2J1Li1fl~'U1Ufl\t LLR11fl12J1tlfl'U1~ft1\.4~::l~1nu (cross over) 
. 'IJ 

LL~::LL~fift1'U~El~ 1fl13J1ilil';J1fi 1fl1' 13J 1'1f3J~2J1Li1~n~~~ U11n1)n11mdL;tJn11 syt{apsis 
.t111'1 t .J ... t . I 1 ·.f"l ';J1fiUU fl7 3J '111Jfl1~';l::'V\fiWULL~::'V\U1-nu fl~\.L'U homologous chromosome LLfl~::~~:L'V\ULlJ'U 

.,11 A . CJ; .., "" I tJ""' ~,I . .,j I . . ,f ... ~ ~ t 1tJ ... 1 « fl13J1fl~fl1UfiU L'1f..lfi11 tetrad fl11lJL ~t:JlLLLDft~fl11J'Ylnft11111'ULfifl-n'UL'U~'U 1LnW'iJtl~ 

first meiotic division l U ,fUflEl3J1 ti~ n1 1Lt.I~U\LLLU~-3flft1tJ ') . ~UCUD~ 'lJ t";aa L'lUUflL ~u~11 
rlD'U 1 fl 111! 1 '1f2J~3J1L m~nu ~ U -;J::LW nee fi';)1 n nM' t1\i~1 nL 'JfftMt1 ~n"Ui11JLLft1L Tlfln17LLU~L IJ)'~l( 
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' 
FIRST MEIOTIC DIVISION 

Synapsis Tetrad formation 

Prophase 

Metaphase Anaphase Early Telophase 

SECOND MEIOTIC DIVISION 

Prophase Metaphase 

Anaphase 

Telophase 
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fi' ..l\'1 !"! ,/¥ ""1 1 1 A A A o .- I I 1 1 1 I I 
~'JfCU~'Yl L" L'U"1Jnt:U-;J:11 fl7 11 'lf11~"~-\lt~tUlfi1{11'\'U-\I"lJEI-\1';11U1UL"11 Ufl11 fl1 11 'il'11UflS:'YlEJU 

-;J:tJ7:neu~1tJ 2 1fl711191" 

LU7:tJ:' second meiotic division ,Tu1u1Lvier' 1fl11111'lf11';1:11l duplicate ti1LEI-\Ien -;J:~.h~m 
I t .,,1 .,,1 I " ') t .,,1 :¥ 1 .. 1 1 1 I I 
«onULli~1L ritlLL~:EIU1L ritHltJ1-\111"L 71 L U"lJUEI'W,1L riR'U fl7111flfl"lJEI-\I fl1 11 'JflJLLflS:'YlEJU-;J: 
'U . ' 

LLtJnEJEJn-;J1nnu 1tJEJt1~1nL'lf~~~7 -3nu,Y111 LL~1L ,r, 1tJEJt171lln~lJLU\.L 1fl7l1111Jfll~" L'V\liu~: 
'U ' 'U , , 

LLU7«111~L uuti1u'V\d-\l"lJEI-\IU 1Lfl~tJ«flEJ 1 tJl u -:r:u:~~at viw 
fi'A ..... .. ..... .. ..... "" t "" .K A A ... .. ... I ..... 

L~~~«1J~U1i""lJEI-\IR~1fl1~ (spermatozoa) U\.Lft11-\llJ1';)1fiLU£lLtJEIR1J~U1i"'Jf-\l, 1Elr.Jfl111~U-\I 
, 'U 'I ~ 'U 

"lJEI-\Irlfl~~flLSlf~~L~fl ff1UL6Jl'~~"1J~U{"lJ£l-\lifl'[ti'1L~tJ«i1-3111';11nL~EIL~El~El~iLfi~ (follicle) 

"lJEJ-\If-31en 1 L'if~~~~n«i1-\I~U111LU7:tJ: first mEtiotic division ~-31lft'EJ-\IL'Jf~~,fu L'Jf~~'V\~-\1-;J:ij 
') I AOI fi' A AOI " fi' ·· 'I I AOI 'I I fi' " 

"1JU1" L'V\tl} LL~:EJnL6Jl'~~'V\U-\Ill"lJU1"L~n L6Jl'~~"lJ,..: .. L~q}L 1r.Jfi11 primary oocyte «1'-LL'Jf~flL~n 
AOI I .. fi' t I ..... ~ ·t A \'1 '-' fi' . ') I fi' AOI 

L 7tJn11 first polar body Lllflb61f~~'Yl-\lft'El-\ILLU-\Ifl111JT)fl1 -\I'V\tt-\1';1: LftL6Jl'fl~"lJU1" L'V\qj 1 LSlf~~L 7tJn 
A I AOI fi' AOI, "#It ') 1 

secondary oocyte 'V\1El ovum «1UEJn 3 L'Jf~~';l:11"1J'"1"Lanr~un second polar body ,LUL 1fil1flEI111 

pol~r body L'V\~1d-;J:«~1Uc;i11tJ L'V\~EILL9l~~tJ-\I ovum L'Yh,fu 

1 1 1 .J.,I !'I fi' .,l. --~ .;,.. \'ltl t .. I I A A o '-' ..1 !'fl ""' 
fl.'l 3J 61fli'Ylu71n{l£l~ L'UL'll'fil~"lJEI-\IR-\111-n"'·Jfl'Yl1 ') L U\4 -;J:3JEl~~'V\'U{I'If{I'Yl1'V\U1'YlLu'U~1 

fi11J~3Jtrn'JYm:L~fl1fl711111Jf11~dL1r.Jn11 lr1'1 T~:.(i6JJ11l'Wff (sex chromosome) Lfl7111161fll~fl1'V\U" 
AOI ""' I 1 1 1 ""'' 

0 
.. 9.1 " 9.1 1 ""'1 1 1 L~flGjf1tJ-;J:11~n'JYnt:LLflnfl1-\1';11n fl1 .11 6Jl'aJ'Yln"l'V\Uflt.~fr'V\ty-\11J1-\ILlilfiUEltJ "tJ'Yl tl7 3J SlfliL~fl 

-n'1tJ (~-\IUtJll«llll~h ~tJn11 Y chromosome) .,:tfun111fl1lll 1sn11L~fl'V\tY-3 (~-3UtJ11Rllll~ 
L~tJn11 X chromosome) El~L~fi'UEltJ LUL~fl'V\tY'~1fl7111 11Jf1J-;J:tl11n!JLUU XX ff1ULULYifl~1tJ 

1fl1 1ll 1snliL ~fl-;J:tb1 n!JLUU XY 1fi713J J'lf:LI~~U ') ~~ 13J'l 1f1fi711116Jl'liL ~fl LLfJ'Yi1'V\U1~ 
• I ' ' ""' 

fi11J~llin'JYm:fl1\l ') 't11 ') 1tJ 713JL7tJn1188lf1 Twu (autosome) ~\lltUti1L 71tJnc;i1EJ£h\1~'11YrJ 

~-\ltl7n~~~1u1u1fi7Lll lsn11 46 rlEJU 'V\1£J 23 fl';l:LiJuEJEJ1fl11Jf1JL~tJ 44 'YlEJu'V\7EJ 22 f1 Ltlu 
'U ' 'U 

1fl711lL61fliL~fl 2 rlEIU 'V\1El 1 fl ~1tJL'V\fld~\ILtlu~LLlh~EJU1T UEJn-;J1fiEIEILfl161f3J 22 'YiEJULL~1 
'U 'I ' 

VJ I "" ... I .. , .... A ~"" .. VI I .... ' 

b"lJ';l:~El\111 X chromosome «1Uft'LUEI13J-;J::3J X duomosome 'V\1El Ychromosome n L" LL~:L:IJEI L"lJnU 

.. I fi' ..... "" VJ "" :'1'1 - A . - . "" 11 "" 
HLuf173J~R3JnU (fertilize) LL~1 ';~: L"~nLu\4L~flf'V\qJy· 'V\1£JL~fl"111tJLL~1LLfl EJn1ft'n17L"lJ1~«1l 

'"' . 

"lJEJ~a-LtlEJfllanu~iru ') ~\1111~ 
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First meiotic division . Primary oocyte 

Secondary 
sperma tocytes Second meiotic 

division 

'l A ""'fl' A "'I .... "' t"A Q.; t" It· .. t"A .... ~·t" 
'U'Vi~LL~:=Hfl11J1-l,-'U~ LL3J1T;J:3JnTlR11-lL'D'~~ft'tJ'Vi'Ul LLfl \UJ1"n1m L'D'ft~ft'UnUl 

L 'ViflLiir.Jft'13J17 fi~';J:=L ';); qJL9ltJ 1flL uui -lii~1fl~'U3J1 l~flr.J 'litlEJ-l l;fun11~ft'lJ~1nL'D'~&{LV4fr 
Q.; "' .. I fl' I J'.... 1 . ""'\'1 ""' ~~ Q.; fl' \'1 I ..!(. .. 
"1~JJ71n!Jn17tuL~'U'UL 1t1n11 parthenogenesis uu Lfl11LJJ'Un17~WlJ'Vi'UlLLtJtJ Lll€l1VItJL'VifrEJn 

. d .. ~ Q.; ...1 o 'l"' A tJ fl'~.... I 1:: .... .... 
uuu'V\U-l ]J';J';Jr.J'Yl'YI1 'VILnfl · 71n~n17tuU3J'VI~1r.JEJr.J1-l 'YI-l'YI1-ln1r.Jtl1'Vi 'Yl1-lLfl3J LL~:'Yl1-l~11l1'Vi 

Q,; I ..l " :tl tJ 0 "' .... I .t .. I I J! :'I ... 
fl1EJr.J1-l'YI'VitJLWULJJ'U 7:';11 LflLLn 3Jfl ~-l JJ~1n · EJ~'U n~1r.J LJJUfl'U 

~ ............ o A ... I .... Q.; .... 1"4 Q.; fl' 1 . I .... "' o 
ft'-l3J~1fl';J1'Vi1n'Vi~ LW11~:=3JEJ1r.J1:ft'11-lL'D'~~ft'tJ'Vi'U1i flr.JL~V41:EJr.JLL~1 LLfl L'Um7fl11-l 

. , 'U 
........ """' I I ........ VI .... :tl I ... I ...1 0 .... .I .... tJ fl'.... .. I I 

~19lnr.J-lEJ1';JUtJ-l~1-l~1fl EJEJn LflLJJ'Uft'EJ-3~1-l flEJ~~-l~'YI1'V\'U1'Ylft'11-lff EJ1 6Jf-lL 7lln11,-1-l 

«t1EJ 1 ,.,~~ (sporophyte) LU'U~1-l~L6Jf~t{ii~1'U1'U 1fl713J 16Jf3JLU'U diploid number. (2N) nu ,.1-:J 

n1ii1fll~~ (gametophyte) LUU1i1-l~L6Jf~t{ii~1'U1U1fl71ll1'll'lJLU'U haploid number (2N) ~".Yh 
\ 

..l .... "' "' ~ 
'V\U1'YILUUL'll'~t{L'Vifl, i1-l~ifll1-lHEJ-lU';J::Lnfl;jU«tltJrlUlt1 L1t~nt171n!Jm1tULLUUU11 nT1HUwu{ 
uuunfiu (alternation of generation) tl1LflflL'Uifl1L7r.Jn'h lUn?~lUWif (metagenesis) i1·vrfulu,v:l,-

~ ..: :tr .,. ...;...,. .... ~ I 1 " .... I tJ 1 VI ... 1 .. I I ""'1 ._ •. 1 .. 
'U'Uli'11Lu'U'Vi~'YI3Jfl113JL ';J7qJlJ1 n'!J'UL 'YI1 flfi';J:3J~1'11ft' EJ 7 L nfl ll11n11~1-ln1lJ fl L nfl 

~ 
lJ1fi1J'U 
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I 

DEVELOPING SPOROPHYTE PLANT (2Nl 

~_:;. 
~{.·-,·1• .. 

ARCHEGONIA 

~1flf 
ANTHER lOlA 

MATURE SPOROPHYTE (2N) 

·-----

Roots 

GERMINATING SPORE (N) 

IMMATURE SAMETOPHYTE (N) . 

MATURE GAMETOPHYTE IN) 

Rhiloids 

~ 

,.. v " v 
lllY't 9-5 Ua'~~0111iJ\J'W\.IJtUU\JCJQU 

/ 

Spore 
case 

Rhizoio 

9.3 Hl1fttJ't1u'!1UJJ\fi!Hf (Reproduction i~ Man) 

n1,.ft'U~~fl~11~1;UUa::itr)Latt-3Unff1tJll1~1Jll~ LiJ~n11,.11Jn~,el-3L'!faL{L~flV\tY~ 
V\;el' ,j fi'UL'Ifa~L ~fl~1tJV\;elRLUelf1J Yl1 \ V\,fl~ifl \V\JJ~~lJ1 
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.. ., ~ 

9.3.1 1:tJtJ&ftJ~'U~Iftt1 .. UJ (The Male Reproductive System) 

a1tJ1:5u~ouf-ne-3L ~fl~1tJth:nau~1tJnmen: (testes> 1 fiea.:JL~3JL ~1I!Ja~n1FJ 1 ru ia"na.:J , . ~ ~ 

UR1Lflaaou~-3lJ1a~lou~-3emen: (scrotal sac) ~~1U'V\~1fiE1'U~1.:J.111FJruania.:J..1a.:J invlru~a3J 
om't1::uf)a::,Y1-3";J:ih1a l'lfiHlLWa"fw Yh\la (seminiferous tubules) -n~713Jrl'Uel~el~1.:J'V\'U1LL"'" 

1::'M11-3n~lJ-na-3fia-nfldL~oun~lJL 'lftu{~w1'1-31J£l'fllJ\41. ~fl".111tJ"..1UflL Ylff 1 YlffLil£1 l1u (testosterone) 
-.. 1 . ..... • ., ..t ., r • 1 ., .4 1 AA ... t · ca... :tr 
nun~1JL-'Jfaa'lf-3Yl1'V\'U1YlR71.:JL'IfaaL~tl1f1t.l ua1tJ'ii1'U'V\'U.:J'lJeJ.:J'YleJL'1UJULrtD1ft'Lu'U'V\fW~-nu1'il 

Lftn L1tJn11 11ft' LEl~L~m 1\4R, (vas .efferens) ea.:J';l:L11iltl713Jn'UeJ~LUflO~L7tJn11 Lafiill'iliJR 
. \1 

(epididymis) Yi1'V\~1~LUULL 'V\~.:J~ni1fl~11'lJO.:JL ~at~fl"..11FJ 5~,1 nLDYi~1 'iliJ« 1 th tJu 'Ylau 1 

L~ElL~fl (sperm duct 'M7a vas deferens) ~-3~:;~1u Leff1iEJ.:Jn£l.:JLtlU77~1Jnu'Ylen!ft'ft'11: 
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r ~ x . ~ o ~~ .;.~_tt' ... '1 i\-tt.l .., ~~.., ... · Ill . ~ 
gland) \41LfttJ~L -uEIL ~fl'U ';l:'Yl1'V\'U1'Yl1J£l~m\ ~1J l'\1. -ueL ~fl Lfl1tJ£l'Ufl11tJ11nqflWf\111JL1J'Ufl1fl 

liulir.~1:iu~u(,e~Lfifl'V\tY~ .uan;nn,fud'~LU'W,L'V\a~.w:R1J£l1'V\11th:Ln,J,mft!1Q Lflft~ft: 
J1tna~1 fl Lflft' l~uriL 4aL Yifl ,.V~u~LU\4tl1~1~_,: l "''L :faL ~fl-u1tJ11tJL ,j, ltl~R1JrltJL~SL~tm:&Y~ 

',I 
l9lw:fl1na~,'" 

X , 1 , .. or A _ _, ,11 . 
L,HlL'Wfl';J:aan';l1n11~n1tJ fltJ'Yl1~'YlEI1J'Rft'11: (Urethra) 'Jf~w~flij, L'UEI~fl1:11fl (penis) 

n11'V\t~L'JfftL{L?tflLnfi~'ULrl~~flk~l~ftJnTl'n1:~'U'Yl1~EI111JmL~fl1\4il~~fl\1'~'ftlfi1L~1:tJtJ 
tl .., T _ ... .., 11 ~~ , o ;r , .. or .., ..1 ..1 ~~ .., '1tl"" X 

1:RTY1Eifl L 'U1JfltJ~fltJ L 'V\'YlEI" 1L 11£lL ~fl 'YlEiuft'ft'11: LLft:E11tJ1:YlL ntJ1'11El~'V\flf11 ' QfiL 11EIL ~fl 
... ~. 

EIEin L ·n.Jn''lltJ1'Un1'l''U11 ejaculation 

178 

Sperm duct 

~---~~ir----1- Vas efferens 
.:r-'Jr.~r.r----1t-Epididymjs 

BI 103 

\ 



2) 3) 

Head ·~ 
piece 

Tail 

Mitochondri\ 

filament 

A S' 
. (b) .,f)lftft~ 
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4 u tl .... 
9.8 .. 2 1:tJtJtftJft,.,~lftf1tliJ~ (The Fe.-.ale ~eproductive System) 

..., A ..., .. A ·,.I II ... \'1 I I II ~ I t1 o t1 ,.1 
El1t.I1:«'Ufi'U~"lJEh1Lfifl~ty~ 1:J7:nEJ'U~1U7~ ~11 (Ovary) El~ 2 "1J1~·~W'lJEl~YIEl~ Yl1WU1Tl 

... " I I !."T .... . ... .... ... .., I II .., lA' ""' 'l 1 ' I .... • II 

~~fl L"ll m~:lYE17 ~l.IWV..fl~ru~ tJ7nflLL~17~ L"ll~:«71~ L"ll"lltuJ1L~Elu ~: 1 'U tUJLLfl~:"ll1~Yl1~U1 
~ . . ' 

""' .... ....· 'l I , I 'JI I 'JI I .... .., I A ~ II I. I 

'Yl«~uncu, . cu, 7:~11~'7J1~7:r.J:"1JEJ~n17fln L "1J (ovulation) .L "1J~:~~~E1Elfl~1n7 ~ L "lJLflftEl'UYIL 1J~~YIEl 

U1'"li (oviduct~-1El Fallopian tube) L-n'11thil.l~ftn (uterus) ~~ij"'tJ11~fl~1r.J~~'7Jl.loWfl~1 'U7EI 
• 'U 'U '11 ''\1 

..., ..., ){ ttl I A t-4 . .. · .. I I· II I 

7un17~«l.ln'UL'7H>LYifl'7f1r.J l.lfl~nu~:Elr.J'U1L1mn~nft1~tl1Y~1\11JEl\1'7Jtl~'YlEJ~ 7:~11\ln7:Lv..1: 
' . \I . . \I ,. . . . . 

u««11: nu~1 1«1 ~qjtJ1: nEJu~1u~1l'"na}~L doL 7ui.J n1u'l uiiL~EJLijEln'4El~ iiu~uL~El~~El-Ul.l1 
. I ll. I . - I ..... I ... I t 

~ftEILfttJ"Eltll.l1nl.l1tJ thnl.l~ftn~:LUU,'7JEl"LLfl'U (cervix) 9l~flEln'U'71El"flftEl~ (vagina) ~1nu,u 
'U 'U . . 

~ ..... ""' .... .. I A ""' ' I . . .., .... ' ""' ..r t· 
~:dJUE11£.J1: «'UV..U1l«1U U,f) n 6}1' ~71l.IL 7r.J n11~rft')'l c(vulva) U1:nEI'U L 'l.Jfl1r.Jn~'UL UE1'71'"'"El n 

'I .• ' . ' . ,.:.;., < ,' . 
(labia major) LLft: n ~'UL dEJ..fu 'l u (labia minor) rl~~~~\~fl~3J'7iEJ.aflftEI~EI~ ~~9l'Vi'Uflfl'UtJU,"1Jfl~ 
n~uLdElrY"«El"..f'"d~:iiFJ1t11::A"ii~n~m:f1~1£Jflft~Jfufh1fl'71191LULVifl"lf.1r.J L1un11fl~fleJ7« 
(clitoris> tr~~ln,Xu,~u, 1tJ~:L~wnEJl!a-.«11: 4~,;·1Yt'tl1ii·ru'tuhuu««11: 1~uLttv·n: 
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.o!l QJ "1 ~ 
l~111fll"HJ'U'W'U~ 'UA'WH'Hty~ (The Female Reproductive Cycle) 

1ui~r1'<i11wu1~u~1111 f111lJ~1m~n1um,-iu~uf1.~LL~~~aan 1~um'lLL~~~f111lJ~a~m,-, 
'Y11~L~ff f111lJ~a~n1,-dilJ~ufnunu,-:u:nfn~n11l ~t'l~n11lJL,Jud1ui~1L~un11 '\uui~" 
'V\1eJ "@i~i~" (estrus) i~l1J1~'7fU~Liu'itt11h -;J:;ii~t']@in'!'llldL~ti~U~:flf~ (monestru~) 

A ..:1..:1 ~ · . ~. ..:1..:1 t I ..:11 . Q.o 

1J1~'7f'U~lJU~:'V\~1tlfl'l ~ (polyestrus) 'f'U1f u~:LLlJ1 lJU~: 2 fl~ ~. LL~'V\l;hlJ u~n 3-4 1'U 

~ tl~ n 1 'llJ n1 1 L tJui~dL n~-;J1n~'Ylifi~"l.~ El~H eJ f1lJU ~ij eJ~1 'U ,JeJ~fl ~ eJ~bL~: lJ~ ~ n 

1~uL'll~1:acl1~d~ 1 UlJ~~ n-;J:'V\ k~neJf1lJueJE1 nlJ11 uuilJ1m~ "~~'V\~~';)1 nii n1 1.~ n 1 'ilLL~1 
'U ' 'U 't 

VI 1 d ul A A 1 io" !T ,4 
b"ll'D'~'V\~~';)1fineJ~~bfl~ ~tlfi11n1:~'U"lleJ~HeJ1 blJ'U'7fEJ luteinizing hormone (LH) ';J1fi 

. 'I 't 

. !ileJlJ 1~{(lJeJ~ -;J:Lfl~El'UeJeJn-;J:l n1~ 1 'ilL 1J1H'Yim:b 1 'ilt11:lJ1tu, 1u~ 14-15 "lleJ~1eJUU~:~1L~EJ'U 
' ' 'U 

LL~1lJ11eJ n1 'l~{(lJ~rim.'i 11 1l H1u~a~~Lfl~-;J:LLU1 ~ tn~t 11Luun~:JJLdEJLfleJi-L 'V\~EJ~EiauL7un 
't 

fmfU{(~1L~tllJ (corpus luteum) LL~1~71~ll'Elf1lJU~eJ 1t11L';J~LtileJf17u (progesterone) ,U,.1r.J 

f11UfllJ n1 1L~~tJlJ<il1"llEJ~~u-~lJ~~n 1 ~fun11~~'tia~LL~: ttJn,-:~u~EJlJ~ 1UlJ 1 ~L -;JiruLiiu 1fl 
't 'U 'I ., 

ti111l13J1~1un11~~lJ';J1nL~EJL~fl'7f1tJ LrleJflafu~~1LfltJ:JJ -;J:~EJ~~1u1tJtJ,-:lJ1tw 
1-u~ 27 "lJEJ~1eJUU7:~1L~El'U rn 1~nEJf111u 1~1L';J.~LflEJU 1~~lJ~ 111 ~U~lJ~~n-;J:;'V\~~ElEJnLL~:'Yi1 

' 'U , 

1 ~Ln~L~EJ~U1:~1L~El'U 
. -

tl1 1 1lt~i'un11~~lJ 'Yi11 ~Ln~ n1 ,-i~fl1 1 n LrlEJfleJfUH ~1LfltllJ';J:EJ-\Ifh1EJclLL~:fti'1-\l 
'U 

ne:rflllu 1111L ';)ftLflEJ ,-1 1U!ileJ t Ufl~eJ~1:tJ: n1 1iifl11 n naf13Jud';J:1htJUEJ~riun11fln t,] 
L ~EJiil ~L n~n11~"",-,-.n.nEJu 
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Immature follicles 

Corpus alb 

Mature corpus luteum 

corpus luteum 
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Mature 
follicle 

Corpus 
haemorrhagicum 

Discharged @-ovum 
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ESTROGEN 
\ : . 

which dcts on:. 
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al'- '-8.8.8 ft11ul)&l\al (Fertilization) 
~ - ..a.. , "' .. .. !\1 I •'I "' .., I "' !"I 0 A L 
~\4m1nLV.ft\'\l}I~Yil.IEl1~ fl 4-5 Lfi£J\r~:l.IL1JHU~ L1JEl~ L~1~ L1J'U'l.JLu'U';l1'U1\W\l.I'UL'JJR~ 

LLfk•cu{;\,.;IJI&tlu !ttfiom,.l,.W-i1"U1"Ut.h:ll1nL 400-500 L'JJaL(Lcrh,f'" nT7fln l ,J';l::L ;l.lijLrle£J1ff 

U1~L-D'1fiVlt4 (puberty) LLR::';l::lt.Ji"U'ffiLrla1tJ~l.lfiU1::11L~£J\4 (menopaus) ,f1~1::t1::L 1R1~ 
't:t41t4111:JJ1~ 3o il 

~ I . t A .'1 • I I ~ "' I I "' !"I . "' 
~ \4n1111JJL 'V4frfl1 ~\\\4~ ') H1U-Jf1U~::uR£JtiL 'l1ElL ~frL 1.11\f'l1El~flR£Jfi\41JLu'UR1\4 ') 

tl1 (1:£iLfEJL'V4fr'l11t11.h·::l.l1~ 300,000,000 .fl1L'U~1L~EJ 3-5 ~n'U1tniL'D'UflL3Jfl7) L~EIL~fl'l11tl 
\\1ewLt.JofJJL \\ft1d';l::LL ,.,,n11ULfla£J-u~L ,r, l tJsaJflan lflu ri1 tr~fi1L£J~ua:: ri1 tr~"~i1LLa:: n1 1"" 

~ ~ . ~ 

,D~l.lfl~n WLU£Jfl.ltJ1~fl1~lin1R~l.l1n';l::11tJlU';l'UL,j1~nenl1l'JiLLflU1ntlLL~1n11~~l.l~nLnfl 
t\uJ;L,~tJnl.lfl~n .wLt.JofJJ';)::~e1~£J~'tt4~EJ~flaEJ~\\;£Jl.lfl~nl~liLn"U 48 ,-i11ll~ 

' 

• ..a "' .. A .. ¥. Jt 'l .. ;: .. I 1 1 
,YI1011Jn11~ftl.l';l!:l.ILti£JtJ1" ') "1l.l&'iEll.IElij fl.ti1EitJLtJEltJ1~ ') 'UL 1tJn11 fl 1\41 

L 1tl01ft1 (corona radiata) ';l!:5jft11fl~YI;UU1::Ltlf'ln1tl ~Eln1fl luu1a 1 1itfl (hyaluronic acid) 
. ~ 

al I ~ o l ...... , l A . A .. t'l al .. 
1J1:neuo~ W11\4';l:~n'Yl1ft1U ~UL£1\4 L'Jfll lJIU1~ 1~flW (hyaluronidase) 'JJ~liEl~ L'UWLlJEl1ll 
.. • "' A .. I .. • . ,. I "' , I I • 'I "'A t ~ ... ... 

LV.U·nRn\4DtJ Ll.l£lftL1JEI1lJ';l1\4 1\4111 n u1lJRD1.1 1J0tl';l:'Yl1 L \\Lti01J1~\4 \4'U1~ll1 n1.1\4£J n';l'UL nfl 
. . , ~ 

I . ,.... • I .. ..1 • :.I "' ... •. "' .., .. I "' VI •VI "' .. .!' -
,D~m" l'\ftL1J£J1l.IYILL1J~LL1~YI'fflfi1\\\4~11UYI!:~!Vl~R1~L1.11 LlJ~~l.lntJ L1J Lfl Ll.I£J~~l.ILLL'f1';)::Lnfl 

L~D1.J1-3L;tln fertilization membrane l.l1~l.ll-ll~~n~wl.ILL«1~\4 L~EJ~EJ~n"UiiL~~LUel'fl.ltl'l~\4 
L ml.I1NWaJtio'Uiin wLJof11ti1~"U~L V1~wllllil.,~::fl1u t "UL1ft1fiDlJ1Ua::anli1ft1tJ'V\ 7o n"U LfltJWfl 

~ 

la~fl,11 W1"Ul-ll~an~wliLL~T~::na1uLiJ"UliJ.f l nfl · ua::L';l;qJLfiu lflfialt.J 
~ . 

n111flRU.Jfl (Twinning) · . · · 
' I .. -.. .. ~ ... r . ... .. .., ... t. -.. , ... • .. , ... t 

~Wfi1LRU~~n~1tJ\4 1\4llt.J1~'lf'UflW13J11fll.IUn Lflfl1 ~s::~a1tJfl1 LLfl'U1-3-g'"" nl.l flf\1 ~ 
... I ; t I I ,.., • .. t """ "' -: I ;: .. . \1 ~. t ... ... "' ... .. I 

R:fi1LYI1\4\4 Uf1Eltl1~ L 1nf113J l.llJ1~fl1~'Ylft'fl1·u1::Ltl'Yl1-Ll.l~n L'ltfl1~ft::L n"U'V\'U.~fl16JJ:-3L 1tJn11 

.1..,: ... 1 °' "'t .-t 1 
.. 1 .. 1.. .. .. 1 .. 1 ~~ """• H t~fl (twinning) R1\\?tJ 'Ul.l"'\1;tl\4\4~1.J11u1::ili1N 75 LlJ£J1LIJf'Uf11JEJ-3w1LLwfl L'l.J'ULL'U'l.J'YlL 1tln 

11 fraiemai twins ~~01';l';l::Lil'UL~frL~tJ1fl'U\\iEJ'3.ln't~ ln,;m::'V\\l1fl1LL~::~tJ\li'ueJ1';l';l~fl~1tl 
flft~\\iDLLflnth~n"Utfl.~ ~1LL~fl~n-gilfl'V\tt~Lnfl';l1n''Ji~'~-ftJn11~~l.llt.JLfltJ1· LLfiiin11LLU~ 
fl1 L \4 1::tJ::LL 1 no£Jn';l1nn~ 1fltJ~l.I\J1mLL~1LLttR::tf1\4TlL -;,;tyLfl'l.J lflflEl ltJ ~1LLNflLL1J1JdL 7un11 

identical twins ';l::tl£J~~L'Vifr 11h'1~sn,;m::us::iliiufl~1tJfla~ncul.l1n L"UtJ1~flf~n17Lwnti1~El~ 
~ 

· N1LL~ftUtJtJdLnfll1Jw3J\j7m ;11\~11~n1tJflflfl'UflftEifiLiun~1LL~fiLL'l.J'l.Jil11~1LL~fll'YltJ (Siamese -

twins) fl1£Jth~L,J\4 ~1LL~fl a"U-i\4 'V\1£JN1LL~fl 'Ui1fr-U7fl'U1 
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( a. • • 14 do.,, 

( b J 0 18 dClJS 

( C ) C{ · 24 dO.JS 

( d l ~ 4 weeks 

I t ) <i 6 i weeks 

If) ~ rtweeks 

9 weeks 

snn 9-11 ua~~oTnD1ty&AtJ hi'UO~YI11fl 1ut111rl 

9.3.4 't1fM'Ulfl11,.fl~YI11fl1'UfJ111i (Fetal Developm~nt) 

ll weeks 

15 weeks 

V\i~-;nnn17U~ffu~1~sn 1 n~LL~11sn 1 n~tXu,-;J::L-;J1tyLtJcu<il1~flu,V\;fl tl'Yin: (embryo) 
' . . \ 

l <&.- f(' 1 <&.- ft'...l <&.- I ~ ... <&.- ~ .,: A 

u, 1::u::L 1~1 2 «1J~1V\ u«tJ~1V\'Yl 3 ~1flflu,u,u,-;J::3J~nt;.m:LtJu 7U'Yl7 ~n1:ufln L 73JL n~ 
I 'lJ \ .I 

VI "" "" ... VI"" ... ... ftl. A A i "" .. 1 ft'..l ... 
«3Jfl~LL~:: L ~«'UV\~~ L3Jflfl1tJ L~ 1 L~fl'U';J::3J~U,1~tJ11u1:3J1W, 4 3J~GU3J~1 · 'U«u~1V\'Yl 5 L 13J , . 
di~7:U1JV\3JUL1tJu 1~~~ 7::1J1JV\1tJ1';) 7:uu,YuthtJ LL~:€r)~'J:'l~1\1Fi (appendage) L ,fu, , 

1 "" .. I f(' .I .,: VI "" "" ~ ..t "" I ... .. I .... A 
LL~U, ~1 U«u~1V\'Yl 8 L 13JLLtJnL'Yifl L~1J~L';JU,~U, ~nt:'U~1flfl'U1l~U,1~u1::3J1W, 25 3J~~UJ~1 

A l ftl A ,.1 ... ftl A A A ..,j ... 
LL~:Ln~ ~1 V\ -;J3Jn 'Uu~1tJL~fl'U'Yl 3 'Yl11fl';J:3J~U,1~u1:3J1n4 75 3J~~L3J~1 L~fl'U'Yl 5 3J~'U1~ 

\1 \1 • 

A A ..t ... ftll :='1 1 f(' '1.1 1 A ..,j ... / t1 
tJ11250. 3J~~L3J~1 1::tJ::u,-;J:3J1u11~tu'Ufl'U ~tJ«1J1J1ntLL~1 U,L~fl\.L'Yl 9 -;J::3J~U,1~tJ11 1:3J1W, 

'U 'U 

50 L6Jf'U~L1Jil1 LL~::L ~1Jij1 ~lJU«:«3J L~~1V\ir~'Yiffl1J nu,tXu,L ~1Jf1JLL 1 ~~1'U'Yl1'U~~thtJ'Ylfl~ 1tJ 

';11nLL3J 
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