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.,LLaJl1L3JUL~~';l:LU~£Ju1u1i'~nl~nt:~WYl~~El-:JLL'YlU n';l:1~~~EJEln3J:)LUYhUEl-:IL~£J1flU 
~-:~1~«1ud]u1Juo~U1£J'VI1Elti3J3J~hnu ~ 111 

, 4 

Q,# I 'i.l A Q.l ""' Q,# ""' I Q,# .J' I 

1. ~n1Ynt:<fi1-:J 6J "lJEh'l<ftU'Yi~';J:fiEJ-:JlJ<ft1'111J'l3J L 1tJn'VIU1£Jfl11Jfl3J~n'JYrn:u 11 , . 'I 

Unit Character (LuiJ 1911 ;ohannsen L1£Jn11 B'Ufl (gene)) U';l';lUU'Yl111Jl1'VIU1£JU~Elti11 DNA 
' , . 

· 2. ~n'JYnt: L~ 6) n<ft13J ';l:ij'VIU1£Jfl11Jfl3J~n1Ynt: 2 <il1 3J1LiJuf1nu Liu~n1Ynt:L~£J1fl1J 
. , ~ 

'11111«-:J ';l:ij'V\\b£Jfl11J'l3J~n1Yrn:«-:J3J1Ltlu~nu'V\u1£Jfl1UflJJin1Yrn:L~£J 'VIU1£Jfl11J'l3J~n1Yrn: 
~ , ~ ~ 'I , 

,..1 r;:t I Q.# .J' a I ' A 

'Yl3J1LUUflnuuL 1£Jn11 Alleles 'V\'ltl Allelomorph 
~ 

I Q,# ...1 !"'I ..... .J' ""' ~ .... ~I Q,# I 

3. 'VIU1£Jfl11Jfl3J~n1Ynt:'YlLuU alleles nuu ';l:lJElU'VIU-:JLuU~n'JYnt:L~U (Dominant) 
'I 

Df1Du'VIrt-:JLUU~n~rn:~El£J (Recessive) ~n'JYnt:L"U';l:,]JJ~n'JYrn:~~£JLti3Jtl iiL~U11ni]EJEln3J1 
I 

Q; Q.l n I \II Q.lr;:;/ I A a""' 'i.l 'i.l Q.# :;'1 
~ n'JY rn:~·El£J';l: u 11 fii]El El n111 L~ n<ftEJLlJ EllJ ~ n'JYnt:~ El£1~1£1 nuL uu allele 

~u«~3J1LUU allele nu..Xu LU'Yl1-:JvrU])fl1ti<flf~nU£JJJn1'V\U~iruru~n"1JnL dJurJn'JY'l 
'I ...... 

Tl11Y1D-:Jnf11Y tiu«~L1Juin1Yrn:L"u~nn1'VIU~LL'YlU~1£JeJn'JY7<il'1~3J'Yi1'VIqj LL~:~u«~Ltlu 
Q.# ''i,l Q.# 0 Q.l Q; A f(r;:t Q.# Q.# a Q; I Q.# Q.# f( 

~n'JYrn:~EJ£J3Jnn1'V\U~LL'YlU~1£J<ft1'Yi3J'YiL~n"lJEJ-:JEJn'JY7<ft1L~£J1nu L~u~nyty~n"lJnt"lJEl-:1 dominant-
...! Q,# ~I ""'Q,# ""' r ...1 I¥ Q,# 

gene 'Ylfl11Jfl3J~n'JYnt:fl113Jti-:JLuU T ';l::JJ«ruru~n"lJnt"lJEl-:1 recessive gene 'Yl.LUU allele nu 

LUU t 

, ~ ...... 

a f( ,..1 a a ""' !"I Q.# a a ff I ~ I Q.l 1 Q.# 

£JUti'Yl3Jtifl1'YiL~£J1fiU 3J1LuU allele fiUL 1£Jn£JUtiflUU11 homozygous f.11<ft1-:Jtifl1'YifiU 
~ 

a I I 

L 1£Jfi11 heterozygous L~U 

TT L tlu homozygous dominant 

tt L UU homozygous recessive 

Tt LUU heterozygous dominant (13JU£J3JL~£Jfil1 heterozygous recessive) 

.al ff ,..1 !"I Q,# ~ Q,# 'I ,..1 i.i ff A ff 
4. £JU«'Yl3J1Luu allele nuuu ';l:LL£JnEJEJ fi';l1nnu L UL1~1'Ylti71-:JLSJ1~~L 'Yifl'VI1EJL'l1~~ 

A oa; ff Q.# .J' .al I 
1 

Q.# ~ 'I ffA oa; f( f( A 
ti1J'YiU~ (gamete) fi11LL£JfiElElfi';l1nnuu L 1Ufi11 Segregation ~-:JUULUL'l1~~«1J'YiU~L'l1~~'VI'f..L~ ') 
A .al.al ff ,..1 ca... I .al ca... I I I t 
';)-:J3J£JUti'Ylfl11Jfl3J~fiortnt:EJ£JL 'YitJ-:J~fi'JYnL:~: 1 'VIU1£JL 'Yl1UU 

'I ~ 

.al f( ,..1 Q.# t ca... VltJVI 'i.l t'l l.al t A ft'A oa; ff s. tJU«'Yl~ nLLtlnEJEJn';l1nnuwu ';l:nftu L Lfl~ L 'VI3JElnfl7 -:J'V\\L-:J';l1fiLSJ1~~«1J'Yi'l-Ll 

EinLSJ1~~'VId-:J"lJEl-:J~tJ'V\1mLll LrleJL'lf~~W1.J~\L(-nu-:~~EJn1JLWlJ1~ftlJ (fertilize) nu fi11LGJJ1lnf1JLU\L 

~t 'VIllllLiju 1uacl1-:~e«7:<fl1ll lan1«"1J£l-:JL'lf~~au~u(-pD-:~~anuLLll';)::JJ17111nu ,., ( "1J£J1£Jfl1111 
VI "' I A .. ... VltJ . "' ·, .... . • A 
Lfl11 dominant gene 'VI7E1 recessive gene "lJEJ-:JL'Jf~~'V\\L-:1 ';1:: L L"1J1~nu dommant gene 'VI7El recessive 

... .. ... !!'VI "'VI .... " • . .. I ,f ... I 

gene "lJEl-:JanL'lf~~'V\\L-:Jn Lfl Lli111JE1fi1'V\\Lf\) R111~fi17nW7J\L\L L 7£Jn11 Independent Assortment 
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I 0 .... I 

t.JU fl1 '1111 L 1t.Jfi11 Phenotype 

I .... ... ""' .... ~ !"'I .... ....1\'j I \'1 !"' .... .. ~ fit 
ft'1'UfH141l1~'1Jtl\lt.J'Uft''Yl3J1 allele fiU.'-''U Lu'U~n~nt:'Yl L3Jtl1';J'Yl11'U Lfl L'U'YlWYI'Ylfi'UL'V\'U 

'I . ' 
~ .... A IS"A..... .... I 

fltl-.13Jfi111Lfl11:'WJ';Jt.J L 1t.Jfi11 Genotyp'e 

1un11LLR'fl-.1 phenotype ,Xuih dominant gene LLft'fl.:JLtn~m:EJEJfi3J1'l13J recessive gene 
\'1 ~ I IS" .... IS" I ~ I ..... I IS" I~ 
Lf!Elt.J1\lft'3J1J1nt L 1t.Jfift'll1~fi11ntEJt.J1'\l'U'U11 ~n~m:'113Jft'3J1J1nt (complete dominance) LLW!tl1 

'U 'U ' 
........ A . ..1 \'1~~ o 'J~ ........ ~d. I 

recessive gene 3JEJ'Ylli~~3J1fi~EJ'Yl';J:LLft'fl\lijtlfi3J1 Lfl1J1-.1 'Yl1 L'V\ phenotype 3J~n~m:n1n.:J1:'V\11-.1 
.... IS" I ~ I V I ../7 I c( 

dominance nu recessive L 1t.Jfift'll1~fi11ntEJt.J1\l'U'U11 flfH:/01~?11/n UiJUYiOJ (incomplete 

dominant) 
...~ .... "" IS"..I"" .:!I ..... "" ..... IS" ~ ~ """" ....... "" I ..... 

~n'Yl3Jt.J'Uft''Yl3Jft'll1~b'V\3JEJ'Ufi'U L 'lt.Jn ~'U1HL'Yl (pure line) tl13Jt.J'Uft''Yl3Jft'll1~fl1\lfi'U 
'U 'I 

"" ..... IS" .:!I ..... IS" ~ A I ..... "" ..... "" "" I 
L 'lt.Jfi ~'Uli~ft'3J'V\1EJ~'Uli'Yl1\l (hybrid) tl1~';111nt 1fl113JLLC1lfifl1\lfi'UL~t.J\l~n~m:Lflt.J1 L 1t.Jfi11 

'I 'I 

~ I ..... Q..oo "" ~ I ..... Q..oo "" 

monohybrid tl1fi1.:Jnu 2 ~n~m:L 'ltlfi dihybrid tl1fl1\lfi'U'V\~1t.J ') ~n~m:L ~tin polyhybrid· 

n1 'l'Ylfl ~EJ-.1'1JEJ\IL3JULfl ~fi13J~1~ n~113J1LL~1L Uflflu<iluL ilui1 e:Jr.l1-.1"1JEJ-.1 monohybrid ~ .:Jfl1';Jih 

3J1«1U~ nflf.:J'V\d.:J~itJ iruruLtn'11m~EJ 
'I u u 

p TT X . tt 

gamete T, T . t. t 

~Tt 
gamete 

~ T t 

T TT Tt 

t Tt tt 
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10.2 fl11Nil'lJ 1~tJ'W1l11Wlil'tl·UtflliW~Uil~il'llJtlfl'YW~ (Dihybrid ~nd Trihybrid inheritance) 

'V\~.J'iU1 nL3JUL~~ 1~'Yl~~e:J.Jt1 n'hl-1 nTn:htJ'Yle:J~L ~tJ.J~ n~m::L~£11 fle:J3J1 '~'Yl~~D..:Jfln~1 
I 

I ..... I g,r ..... I 0 .......... tt .... v: '""A ..... 
nTHl1tJ'Yle:J~~n~ rn::'V\~1£1 ·6) e:J£11-J'Vi 7e:J3J nu L ~U'Yl1 n1 7~ff3Jt11Yi\UHL'YlL3J~~ntuJa-L 'V\~e:J..:Jnu . , 
tt1~ulfLL'Yi'L3J~~th.t~b ;j£11 Yi1Jl1~n-lu F 1 crt.J'V\3J~3jb3J~~n~3J~LVt~e:J-3 Lrle:Jrl1n17~ft3Jfle:J bU'iUU b~ 

'I 'IJ 'I 

F2 U71n!J111~tt1L3J~~n~3J~L'V\~e:J.J 315 ~u L~~~ciu~L'V\~e:J.J 101 ~'" L3J~fln~3JffLiitJ1 10s 
.... 0:: I d d .... ..... d. ~ ..... .:f Al I -

<ilU bL~::L3J~~tJUffL tl£11 32 CilU ~n~nt.::'YlLLCil n<il1-J nue:Je:Jn b tJ 4 LLUUU L 7tJH11 n17~ft3J 1fltJ 

~'iUl7nt1ffe:J.J~n'hl'nt:: (dihybrid cross) LfltJliLUUelCil11ti1ue:Jci1-3~1b~Ltiu 9 : 3 : 3 : 1 'iU1n 
..... .Jft I :f 0:: VJ .... I '"" ..... .J I VI ft I I I I I ..... A ..... 
~n'hl'm::'Ylu71n!Ju'iU::L'V\U L~11 3J~n'hl'nt.::'YlLLCiln~n.Je:Je:Jn Lu'iU1n7UYie:JLL3Je:JtJ 2 ~n'hl'm:: ~e:J~n'hl'm:: 

' , 'IJ' 

n113jb1J~~ciu~L 'VI~e:J.J LL~::L3J~~n~3JffJ ;jtJ1 ·~.JdJu~n~m:: L'VI~ LLff~.J 1 ~L ~u11uu~~Yl1'V\U1~ 
~11J~3J~n'hl'm::~ LL~::~n'hl'm::~113JL itJ1Jt~e:J-3L3J~~~ue:Jci1Ju 1~,. 111 1'D'3Jfl1-Jfinu LL~::n17LLtJn<fl1 

'I 'IJ 'IJ 

d ft ~I VJ ft 11 - I . tleJ.JtJUff'iU::buU bu ~tJe:Jff7:: (segregate independently) 

tl1rl1'V\U~Hf!}ty~nt~Uit~e:J.J~n~m::91'1-J 6J ~1ttl1eTn~,. LL~1U1btlt1~.fl1U1nt.<ll13J<il171-J 
1 f( VJ .... ' I VJ :f 
YiUb U 'Yl'Yl'iU:: b~Cil13Jbb~U1l1Yi'ile:J b UU 

'I 

192 

i 

a1 ·103 



10.4 The Test Cross 

L deJ-\1';11 n 1~flfilj1';l'ULU'U~LL 1.i iii Y41J':h.Yhr'VI1 fli'91{-;J::LLR'tl-\ltrnljtu::~m~Jflfl filJ11~n 
i .. 1 1 1 ..I ""' ~ A' 

11 ... ...t...: 'lmllfl fl1 lJ 'lflJ'Ylfl11JfllJ~nljtu::'U'ULU'J..L homozygous recessive chromosome LL'l 'Ufi1CU'Ylft'-\l . ~ 

ii:ni~~'ULLR'tl-\ltrnljtu::L~u L 11111eJ1-;JUeJnlmwnufl11LUUin'l!-rn::L~ULL'Yl-;J7" (pure dominant) 

Vl1mtlu heterozygous dominant LL.ieJ1';l'Yl11Ul~fltJn17U1lJ1~R'lJTlUi-\lii:a1~~LLR'fl-\ltrn'l!-rn:: 
~ ~ o A f C' ..I A ~ .t ... I ' 

tlfltl LL~1'Yl1 n1 11Lfl11::VI~~'YlL fitl"ll'U fi17'Ylflft'£l1JLL1JU\4L 7tl n11 test cross 
, -• .od d <V ' <V fUl fl1Jl~u1~fll1'nAflrJlfl1Jfl110UJ'ntl~l'lfl1fW~ 

... C' I """ o ~ ..I . A A 1 "" . "" 
ti'UR' R'1'UlJ1 ne:rr -\I'Yl1VI'U 1'Ylfl11J~lJ n1 7 L ';} 7 q}LflU fl LL~::'r4fi.l\41 n1 7"1Jfl-\lfl1tJ1::L 'r4fl LL~:: 

'""' I I ... ~ !'fl ... C'...l I 1 1 A ... I~ 1 . 
~ n 1!- rn:: U-\ILLR'tl -\IL 'r4flL '7J'U "lJ'U LR'tl -\I'U 'UL u'UtJ'Uft'YlfltltJ'Ufl fl fl IJflJ '11 -\llJ flti'Yl-\1 'J..LL 'r4fl'7J1tJLL~:: 

~ ~ 

"" 1 ...t VI 1 ,.. ...., ~ ...., • ... r 1 .t,:r1 ...t: 
L'r4fl'VIt}}-\l LL~LVI~'YlLLft'fl-\l~~flflfi LlJL'VIlJfl'Ufi'U'Yl-\IR'fl-\IL'r4fl L'r471::~n'l!-nL:'V\7EltJ'J..Lft'L'V\~1\4Lu'U~n~m:; 

~nnri1VI'Ufl1tltJL r4fl (sex-limited character) -;J::flnfi11JfllJ 1fltJtraf1lJ'UL~fl13Jl ~LLft'fh1Rn~m: 
~ . ~ 'I ' 

.... g., 

"ll .. fl-\IL 'r4fl~7" nu "ll1llflfl nlJ1 

ii trn'l!-rn::~ nu1-\lth::L11'Yl~-;J::LLft'fl-\lfleJ 1ilJ1 l~fieJLrleJ l~fu~'Yli~~,El-lL ~fl L ,Jouin~m: 
... ~ !'"I .... I 'I !'"I .... ..t' t .. .... . I .t 
fl7'1!-::~1U-;J::Luu~n'l!-rn::Lfi'UL\4Lr4fl'7J1tJ LL~::Lu'J..L~n~m:.,en.J \.L\vm'VIty-3 ~n~nL::lJ7!:Lil'Yl'U 

... I 

L 1tlfi11 sex-influenced character 
.J'"" ;..tl r I ...1 o ~~-~ ... -., I ~.I 

oueJn-;J1nutJ-llJ 71n{ln17nnn-leJtJ1-\J'Yl'Yl1 Ll'\~nlJ~n~m:uttnfi1-\J.t.1J';J1ntJ71~~1~ 

u~::an~rn::~LLttnf\1" l U';J1 nu,.,.~, ~,.~dw1lJ17nci1tJ'Yl£lt1 ltJ\ ~~n~~1\4tia ltl~ n llfl112J ,, ~ 

Ltliu~tJ~-\Ji-3n~11d L;un11 ii1t,iu (mutation) Lnt1~-ul~11nfl112JNtttl7n~11EJ-3ih4f (gene 

mutation) 'YI~EJFJ"l13-IU61thn9itJeh1LfDl~L3.JLf13.J (chromosomal mutation) th1n£)n1~cU~\1n~1"lit 
~ih~ui\J~~..,,t"~'Yi1ll1Ln(;)tJ'U"l"n1~11~,.,1n1~~,., 
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