
6. m u i r n d ~ u a a ~ i n i r ~ ~ u b ~ ~ u  Trihybrid crossx 

Y 
L W Q M - ~ ~ W I J ~ ~  3 d~rnauRY?u , 

3. nir~iuaa~i4iuau~~m~~a~mmdausla~ Gamete, genotype bbaz Phenotype 



3.1 YWGI fl~z5Sn~~w~aaap1aa~rupssma 
d dn ddn d d 4 ~~ua~n~u~an~uu"$au~mau~~uo~~~ua~nnhn iydszn isv lu ; rnnn is ' au  

w'ua'~~nii~~~tliwif~~a:d~~iluKnwm~awi:~a~nu~o~l7' 9 uhriiunanrinwmzfid 
o o w  d'u d d2 ad- iiwio 7 I d  d~?mauunmuuna~inuiok<i~~uT;Jdfi<qna~ua~n~na~~6o~B 

d a: fh$u nnlriiunon~nwm:aina"~juvld~~d u j~ntuv lu~uu Q~diunszuqunis~rriJ 

Riuo~~.aei~~uulaIaQr ~uurnalCnuwun~dn~ununiariio~onKnwm:9ii~ 9 q Id4 

f 9 udo q ~'l$<u i i a ~ i i ~ i v n  ~nwm:~vldi<u~dd~~ua~eru"u~.a'diii bbdn brio ain 

nisnirwuu a~iuu~nslunisw r u w i c ~ ~ ~ K u ~ n i ~ ~ ~ ~ i l ~ i ~ n ~ i n i s n i ~ C i u w i r ;  
C n  cY fliaasraTrjuuui riluh6boufi~il~qC'u 

Cd. a. 

~uurna~m~nwnnso~nisw~uw'u~na aubni (Pisurn sativum) dadoin du 

~ i a C ( u a u ~ i ~ a ~  udmuisnwauGiulsijiu i ini !u ue:iiKnwm:ddi~n'uoeiid.a'n~au 
C L dda. !uwu;h~ q niln'r"Rnn~nuanwmt~~nn~i~n'uui8nwifi 7 ~ninum:nisnito 

1. R'n~mZfi?buA"flfiuuvl3~"~~213t (round, wrinkled) 
u d d  

2. & Y ~ ~ ~ ~ Q J L U A " ~ I ~ B ~ ~ U Y ~ J I ~ L ~ ~ : ~ ~ ~ ~ Z Q ~ H J ~ ~ ~ " U ~ ~  (yellow 

cotyledons,green cotyledons) 
u d 

3. ~ ~ ~ ~ l ~ i i Y ~ d b d ~ ~ ~ ~ u b ~ a " ~ b ~ ~ z ~ ~ ~ d ~ ~ n i j h l ~ v l ~ ~ ~ ~ n 1  (white coat 

{white flowers), gray coat {violet flowers)) 

4. Gn~mZ~~dfinb4~~993afinfle3fl (full, constricted) 
u d d  

5. ~nwmz~od~nlnd~rvl"aodvlsowb"~sa (yellow, green) 

6.~nwncuo~di~rvlli~finbbaznonii~onniuddvl~o~~n~uon (axial pods and 

flowers along stem, terminal pods and flowers on top of stem) 

7. ~nwwkua~h6ui~v130ii (long length, short length) 

~donqiurmqnnszJiudomsinw ma:~un~~iuu.mC(~niswaus~~i i~  
viodao~wifaodi~rioii P (parental generation) fisna"~iuenC(rfimnk bbsna'l FA 

(first filial generation) g~a"q=$da~d*jl F2 (second filial generation) ua: F3,F4 W 
u a: W U  d' h o e  q n~uuoia u~m~~~wuwjnisnnao~uod ~uuuRmm;lu 



Parent : yellow x green 

F1 :(self fertilization) 
+ 

yellow + 
F2 :(self fertilization) (3) yellow : (1 ) green + 
F3 : 113 all yellow, 213 (3 yellow : 1 green), all green 

a. a. 

Meldel ( ~ J ~ ~ R ~ W R ~ ~ ~ ~ R ( I D J ~ ' ~ J ~ J ~ ~ ~ ~ ~ ~  9 bn 6 odi~fig6watbu~iuaniru 
w a .  d' kmuisoqdIm(inntu - edsia. 

1. 'Luiup~ ~1 d~ii~oinnisuruwu~nu6~nwaz~i~niru~(~'i~au~u ozi i  

~nwmzddnnpoonui~fiu~~nwmzbtua 
dsi 

2. h&atjdoz~iuiw~unir ~ddioz'b.a'diu~~lbi(u~usEj o~"bo6ubbai o~'L$tnnu 

~nwazddnnpqonuib~ioun'u 

3. ~nwmrd~ i t i l f i u iu  FA oznRluoonuidnng6nluiu F2 lu&ndau 
t 

dszuia Y, YoqnndHuq 

w d 
nQ41891 1 ~18dba~'~saa ( Law of segregation) 

&ii'Lonaiudi$nwwh 9ni~nssuwi~egnnauquF~u~~VJnb~o~odiil  

rawizboimd udnbma~r~h$oednnp~$~i]utj 7 rido~nisriiJuniic~<uui udn 
t ~ ~ ~ i 6 ~ n d i a o z n n ~ ~ u n o ~ n o i n ~ u F ~ u ~ ~ d n ~ 0 i l ~ f ~ 6 u ~ ~ u ~ t u a ~ n i u u ~ i n ~ ~ e i w z ~ ~ z ~ d d  PI PI 

P P  dY nngo~luudezuniiadiinisd~m8~nq~u buuniimain~wR@6Jrbw81biiuuisaun'u 
w d' dubdnm ~uuiurlnuoi6~ndi~ozn~uu1dsnp1i(u~6~~~~oinn~~ouozwudi 

~~uau'oo<unisuidn~ljl~uuluFo%~&u~od 
w d 

nQ418012 418ssu'tssma (Law of independent assortment) 



~innisnnno~uotruurnndo=:e%.~uio^su~~w~~nssuuad~uR"dudaot~~u~df( 

rfinauimnic fion-nuhQii ~ ~ a a ~ u v l n r n o i ~ n ~ u ~ u % J " n u m ~ t r ( d ~ a ~  oeuanoon 

oinnilG~dirZmt~ndri~~n'u~rlnuoidn~uqu~nume~u rdw auutiiidudn 

rmoiaaqi i io  R <u r n~u~u%J"nuw~u8mnnurratdu6rliu~iCu UR: Y n'u y nmqu 
, a: 

%J"numeru~n#rtr(~or un=:QrBa~miusSi~u nruuudnrnaflwlu F1 oer!hrruu RrYy 

luume~nisai7~aeaa~rsmrratraafl~ 91 u o ~  FI uu nisuanC~uoii R nir r ~rikmbw 

o{<u Y uae y t r ( $ o o i o n h ~ 8 n o d i i i  R lri~ir~lu6ae~~Idrawien'u Y luun 
a rl i ina i~dd M+Q r ldn'u y ~unmumonoi~h ~a~inn?iur~fmeuod~un"daild~w"u 

d ' d  flilt~sduuuuo~rrn~m~n^nuumfin~~an'u~ 91 RY. ~ y ,  r ~ ,  ry h ~ n n d ? u  1 :I :1:1 
u a: do '/, : '/. : I/. : 1/, mtuulon~daeoo~rs~rruulnuuu~~~otru'i~aun'uran~~oic 

d a  a A' a: l n K u t r ( ~ o ~ ~ d y  '/r x '/r = 1/16 ~ a o i n n i s ~ ~ u ~ i i n u u n ~ ~ u n  16 r~uukun'w 
a a u n d ~ u o a ' i a ~ ~ i n d ~ u u r n ~ ~ n ~ % J " n ~ m = : n i ~ ~ u ~ n ~ s u n " ~  d a l  7 %uwtunl? 

%J"uiuuiw"uoeii8urdudn'~iiu60u ~d~u6ri(u~~a~n<u9~d~iot~iiurdu~n'uil~6oa 
rauaId ~uuidns8~dr~uuor~a~un"l~~~u'1m~il~dureiu uaeldiiEulnrildu 

n'os rdu I u n s 8 ~ ~ a n r o ~ ~ u ~ ~ n s  ~ c ~ n n ~ u ~ u / i ? a ~ u 6 ~ i l u r r o ~ G f i n ' ~ ~ t r ( ~ ~  i io  R 

n'y R' 

PI ; monium~ x nanhia 

"" 1, R'R' 

raai#uw"uf R R' 

F, ; RR' (moni~uw) 91 . 

F, ; 
C 

RR : RR' ; RR' : R'R' 

<maida~m od#T~lnd I z : I 

fllulnd d d aund : aauq : h u g  : hi? 





3.2 i k d ~ h g ~ r  (Multiple Genes) 
d d n  ailrmr~n~twir~nzsuuo~~~uaanl~di~Uuiio~~nnau~ulnr~iur~u~~rB~~a 

rrruold ~ l d ~ n W ~ ~ ~ i P g n n ~ ~ ~ ~ 6 a ~ ~ ~ ~ a i ~ ~  rdu naiupuotnu "aaura~nu '. 
ruBnlhamG ~ i i l ~~nr rn r~u in~odwn 'b~  L ~ & A  Zudnau~u~n~mrrruuu'~unj i  
o. P P  d d  w uenrdaZu(rnultip~e genes) Go w oiEu (polygenes) &rUun$uuo~iunua~ ud 

2 FiiuId 91 ~ n ~ ~ i ~ a d u J ~ ~ l u l v u ~ ~ G u a n " u  91 91 ns~Pknz~~iuoLiuulnsbu'bvu 41 

M R I U ~  
dCln & A  8 d n  A' nsm~uauo~nu'.Ciau~~nu~rua~~rrd~iw~n~u~~uiar~~n lnoawworqn 

nau?u~nuiugduei 3-71 o ~ l l u ~ n r ~ u l r u c i i q  6 ~uu$ne~uPer~u^aas~'eion"u 

hb!?iiRau'iunaunu q 3 Fi 91 #a i u  A. iu~naeiiu c r6afioismi~lulndun1flbu'bnd 
wuj1 

AABBCC 
Cla ddureiu 6 $a awaiia%n 
Cln 

AaBbCc diur6u 3 ;a aeradiunnid (Cia~odG) 

Aa bbcc !Ji!!urdurn u ~fiauia rfion 
u A' ni5luhdiiiureiuuin#u &o~Ra~d' .r~uuuniUdla rdu AaBBCC PI 

Clda Clan uawaFiauGis$i aaBbCc ~:uauaFiop.bGisma rOu61u 



d b n s ~ a i i ~ d ~ n ~ l i l ~ '  aat%naorrb!?ub$9"ulu&un hslulau (chromosome) 
d d W.R. 2445 M ~ ~ ~ I ~ ~ I ~ $ ~ W ~ ~ ~ ~ I ~ " U ~ ~ L ~ ~ ~ ~ Q  2 3 ~ Q Q L W Q ~  %<u 

(Walter Sutton) cin+~3n u191? oiu~n'o.bbiarbnbono~u b& (Theoder Boveri) 

iiq~nuiaiq~ua.iaYu 'kiiauaii ~ ic iquwi~nnud tuu~na<uwu ~~eil~'bna'b~~'bg~~*~ 91 

&1&1n?nw ~.lraflu~wbnt~d$n ~i~ub~ar~auo13"ii ln~bulrud~~ilrinfuluumtd~ 91 

ni3uri~~.lra6uulubaQa (meiosis) sruunaonoinfu~da~di~~ra6n'un~ounis 

uuniiu~rfl~uoa6efuniunQbbfsidniab~un6~dbuuur f i d f i i ~ ~ d ~ 6 ~ i f i u o e i ~ u  9 ,  91 

I n d u h u  ~ j n i n d  3.1 



nind 3.1 o~n~nisuuniiuuarInaIu'bguIunia~~id~gai~~uuIuIa+~ 



Allele M?Q Allelomorph w uis fir factors w?a genes d bqu( b# oanirdsnii 
bau Allele don"% 1 

u d ,  
Gamete nuiuiir i.lrafl4 w ~ ~ l ~ m ~ f ~ ~ i l Q  w~obsraiirdu 7 dgiwuinb~u 

~fferan"u1ufl.a 
Zygote biluwad~iin~lnnisd~m"a w ~ a n i m u n " ~ b ~ ~ r ~ f a r  gametes 

Homozygote ~ u i u f i ~  Zygote dfl factors M?J genes M?O alleles L M ~ Q U ~  

od6'~n"u 91 bdu AA w?o aa 
d 

Heterozygote woiufir Zygote d~ factors w:o genes fro alleles nlbnndir 
~ " U Q ~ & U < %  id% Aa M ~ Q  Tt 

d ei dn 
Genotype MUIU% genes w?n genetic makeup n~au?ubinwa-"n~r&u.aam 

d udarcnlmc: ~ d u  AA w3o aa nnauCu~nwaz~aiu~~aor$u&3 
d d 

Phenotype 11uisir ~nw~~n~nn~0onuinmu15n~rbn~b~u6'afims6ili 
irbiluwa9innisu~mronnm genotype 

Backcross w u i s f i ~ n i s ~ H u ~ ~ i i r ~ n w ~ u n ' ~ 1 f u ~  El b b ' i ~ f a ~ f l ~ ~ 1 9 6 9  L%U 

PI  :l-r X P2 : tt 

F1 : Tt 

Backcross: F1 : Tt X PI  : l T w %  FI: ~t x ~2 :tt 
d 

Testcross ~ I ( u n i s ~ ~ u $ r w i l ~ ~ n # a ~ u ~ n f l &  <IJ recessive parental type 'llr 
?i aI6+1 lI(% backcross UY Y M& 

a 4 d  d - c r  dd- 
Complete dominance wui~~~nisliuIIa~o~aa~~bdud~~Daanmnwar$os 

bgdd o dir au~1s&$r$~11ps' 91 heterozygous uar homozygous flllulnfl bw !auk 
~ d u  IT. ~t L L B R J D Q ~ G  ~ l ~ n ~ a r G u y ~  ~ilu$u 

d d 
Incomplete or partial dominance wui uirnlsn allele vl w bb~mrnisliu allele 

d d wurn r a u ( ~  orfilln' nwi tfiuldo d i r l  rliM genotype C( 8% heterozygous 
r 

dlldnilci ouldnir homozygous dominance 
d - a  

Co-dominace wuiu~rnisn a ~ ~ f l b b ~ ~ z ~ ~ ~ r b b ~ m r ~ f i u ' b n ~ " ~ ~ r ~ u o o n u i ~ a u  
n"u1lw heterozygote bdwk(nsGIIorw$ b z  on bh$u 



3.5 n i s ~ i f a a n s v l i ~ i ~ a ~ % ~ ~ u w z ~ ~ ~ i d a ~ a o s  gamete, genotype L L W ~  
*I m a  d 

phenotype ruouuurnuabscrmud 
u crcr d 

monohybrid cross ~ ~ u n i s w a u C ( ~ ~ u ~ ~ ~ ~ ~ u a i l v ~ t ~ ~ u ~ ~ ~ a u u t b ~ n  uqu'n~ 
w d  d d cr 

~ G j u ~ d d u 2  ~ I ~ ~ ~ ~ Q ~ M W J ~ Q J L U U L R R ~ ~ I  ~ a ~ a s t S n i ~ ~ u n ~ ~ ~ ~ n o i n n ' s a ~ u a % ~ n i ~  
a rY e. t 

& J u ~ ~ R ~ u ~ I  RJWW heterozygote m u i s n a t & ~ ~ n ~ ~ m $ a ~ ~ ~ ~ ~ f a ~ a ~ i ~ ~ o b ~ d i  

genotype LLEIIJ~~IJ 3 - 

t 
~ W T l 3 f i ~ J  intermediate no dominance M% co-dodinance UU phenotypic 

ratio 6" genotypic ratio orbdi6" 

Cross 

P i  

AA 

Aa 

Aa 

P2 

aa 

Aa 

AA 

aa 

Gametic frequency Progeny 

Genotypic 

Frequency 

all AA 

1/4AAI1/2A 

a, 1/4aa 

P 1 

1(A) 

+%(A) 

%(A) 

%(A) 

P2 

Phenotypic ratio 

%(a) 

%(a) 

%(a) 

1 (a) 

%(A) 

Complete 

dominant 

all 

dominant 

3:l %(a) 

1(A) 

l(a) 

interme 

-diate 

All inter 

1 :2: 1 

aII 

dominant 

1 : 1 

p M . 1  na 

1 /2Aa, 1 /2aa 

1:1 

1:l 



\ . 
Dihybrid cross ~iluni.r~crudrdu?boa~u~od~nwnr:~"ro~ucrod~do~uu, 

dcr u 
I n s h I a u  rlnGo8~oi~ini~w~us:a.ii~Hioruinu~nwnr:a~~u'iuC~o~cr~~ESnwmr 
Qdidu c6mplete dominance ~U$U ~2 0:16 phenotypic ratio &niCu 9:3:3:1 

9 

lunisc l i  genotypic phenotypic ratio dI(i07nni5wcrurnliiJ genotype d i d  
d d d  d dad o 

q n u u u ~ n u 9 u ' a d ~ s i u ~ u t b u 3 n n 7 ~ 3 f ~ ~ i  2 ~ruuZo 
-d 0 

1. ~ l f 3 ~ f l l ~ 1 ~ ~ 7 n  Checkerboard or Punnett square h u  Punnett LLU: 
d' a: tl.ilrirlimin~auui~~C3r"ru~ ~~niimd~iiz<u~iniliuy16~miuun~au~~~ (columns) 

d d ua:anuman~iuclddmiu~~n3~~uiuau (rows) uh41 ~ n m d a : d a u i s u u  Hanu 

aa~unu'm$daadhuluLLda:dadq:L3M genotype d1kinninl jcru% ~&l inu"u~r i  

41 genotype ~ " r a  phenotype d ~ ~ f i a u h u i n ~ n i ( ~ ~ a ~ i ~ m ~ ~ ~ u  

complete dominance t 

R dominance do r 

Y dominance do y 

$u$o~ui (P): ~ ~ ~ ( r u i m n ~ u ,  i r rc l ik~)  X rryy (ru8mr~s:. tb?iu?) 

/ I  
4 

RrYy (uuknnu, # L H ~ J )  

F2: diu3m-a7nnir~~mim Punnett " 



~ i n ~ i m ~ ~ c l d '  {nvw Genotype 9 LLUU IuKdrlmhu 1 : 2:1:2:4:2:1:2:1 use 
0. d' 16 phenotype 4 U U U I U O I R ~ ~ U  9: 3: 3: I RJU 

111 6RRW + 211 6 R r W  + 211 6RRYy + 411 6 RrYy = 911 6 round, yellow 

rY 

RrYy 
I 

' Rryy 

rrYy 

rVY 

1 11 6 RRyy + 211 6 Rryy = 311 6 round, green 

111 6 r rW + 2116 rrYy = 3116 wrinkled, yellow I 

rY 

R r W  

RrYy 

r r W  

rrYy 

1116rryy = 1/16 wrinkled, green 
-cl d' a s u d o u u ' i ~ ~ i ~ ~ a c ~ . a ' ~ a ~ 1 u i u ~ w ~ i c 6 o ~ ~ i ~ ~ a s i ~ f i ~ i ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ r i o u  

W 0 . d  

~ 8 a i t v l i  genotype phenotype ~ ( L M G O W  q n i 3 a ~ ~ ' ~ i n u ~ n f l ~ c v f i ~ ~ ~ f i 6 1 m a i ~ ~ ~ 6 ( ~  

1d'dl u 

~ C f o ~ ~ ~ f i n m a i u ~ u ' i ~ ~ u i n ~ ~ ~ u m a ~ d i u a ~ l i o u  q ~lin~nvwfldwn'uoon'bfl 

RY 

RRYy 

RRYY 

RrYy 

R~YY 

Male gamete 

Female gamete 

RY 

RY 

rY 

rY 

T dominance do t 

Y dominance do y 

judouri (PI: r m ( 6 w p ,  Srw lo~)  x ttyy (siu~$u. l d u a )  

RY 

RRW 

RRYy 

RrW 

RrYy 

, 

F1: 

1 
T~YY (riup, l a l a d )  

F2: diuamoinnis~.a'drlim Punnett 

76 60 453 



Y Y  16 phenotype 4 LLULI~%&I~'M~U 9: 3: 3: 1 RJU 

Male gamete 

Female gamete 

TY 

TY 

tY 

ty 

1 11 6TTYY + 211 6 TtW + 211 6 m y  + 411 6 TtYy = 911 6 tall, yellow 

1 116 TTyy + 2116 Ttyy = 311 6 tall, green 

111 6 t tW + 2/16 ttYy = 3116 short, yellow 

TY 

TTW 

T tW 

TtYy 

, 111 6ttyy = 1116 short, green 

fi o d i ~ n i s ~ i  genotype , phenotype lu!u F2 oin!u~ o ~ d & d  ald6 
R dominance do r 

, TY 

m y  

TTYY 

TtYy 

Ttyy 

W dominance do w 
I 
J juwouri (PI: R R ~ ~ ( ~ u # n n r u ,  ~ a n h i q )  x rm)w ( L U ~ ~ Y P S L ,  aan'liw) 
I 

F2: diu?mqin nirl.a'tili'57~ Punnett 

tY 

T tW 

TtYy 

t tW 

~ Y Y  

1 

ty 

TtY y 

ttw 

t t y ~  

ttw 



P l n ~ l n ~ a ~ \ 6  rinarur Genotype 9 Uuu b&Inlhu 1: 2:1:2:4:2:1:2:1 bar 
* cY U phenotype 4 k l l ~ l ~ h n r h ~  9: 3: 3: 1 ntu 

MI 

RrWw 

Rrww 

rrWw 

rrww 

1116RRWW + 211 6 RrWW + 211 6RRWw + 411 6 RrWw 911 6 round, white 

rW 

RrWw 

RrWw 

rrWW 

rrWw 

Male gamete 

Female gamete 

RW 

Rw 

rW 

MI 

1116 RRww + 211 6 Rrww = 311 6 round, violet 

1/16 rrWW + 211 6 rrWw = 311 6 wrinkled, white 

111 6nww = 111 6 wrinkled, violet 

RW 

RRWW 

RRWw 

R W  

RrWw 

6% dltdl ulru~l genotype phenotype luiu F2 aln ~ l n  wncz#dl a u n l ~  

B dominance do b 

Rw 

RRWw 

RRww 

RrWw 

Rrww 

Y dominance do y 

F1: BbYy (~uflflt, GLV~OJ) 

F2: diu?ncPinni~~%nim Punnett 



Male gamete 

Female gamete 

1w w oinflindstrn nnanre Genotype 9 uuu hKnmdau 1 : 2x1 :2:4:2:1:2:1 an:: 
0. a' 15 phenotype 4 u u u l u k h u  9: 3: 3: 1 ndu 

1116BBW + 2/16 BbW + 2116BBYy + 4/16 BbYy = 9j16 h ? ~ % d ,  ~ ? L P S ~ O J  

1/16 B B ~  + 2/16 ~ b y y  = 3/16 lun? i~ ,  ii~iiua 

1/16 bbW + 2/16 bbYy = 3/16 ~ J U R U ,  i ~ ~ i i a d  

Male gamete 

Female gamete 

BY 

BY 

by 

by 

v a' 
@a arii~i~uarucli genotype phenotype Zulu F2 sinsod~ninunrm~uklu~.a'ai~id 

BY 
I 

Punnett 

R dominance do r . 

B 'dominance b 

by BY 
I 

- BY 

hi,rioud s (P): RRBB (ru;nnflu. 'Iun?id) X rrbb ( ~ u 8 n ~ ~ s z .  ~u11,n~) 

bY 

F1: RrBb (~usnn~u,  h-61~) 

- BY 

F2: diua moinnid%ni3id Punnett 

BbYy 

BbYY 

bbYy 

b b ~ ~  

BBW 

BBYy 

BbW 

BbYy 

bY 

: BBYy 

BByy 

BbYy 

BbYY 

BbW 

BbYy 

bbW 

bbYy 



Male gamete 

RB Rb tB rb 

Female gamete 

RB RRBB RRBb RrBB RrBb 

Rb RRBb RRbb RrBb Rrbb 

rB RrBB RrBb rrBB rrBb 

rb RrB b Rrbb rrBb rrbb 

sinain;lotl6 ;nwmt Genotype 9 uuu \u$andw 1 : 2:1:2:4:2:1:2:1 unr 
W d Y  18 phenotype 4 IIUU~U&~I~U 9: 3: 3: 1 RdU 

111 6RRBB + 211 6 RrBB + 411 6RRBb + 411 6 RrBb = 911 6 round,bn?v7;l 

111 6 RRbb + 211 6 Rrbb = 311 6 round, (LEILLR'U 

1116 rrBB + 2116 rrBb = 3116 wrinkled,hn?v7~ 

npl d' 
2. ki%h-MI~ (Branching or Forked-line method) ?ad$di~u6fhniuf 

UIV!I monohybrid cross ~ ~ g a ~ 1 $ f l ~ 7 i a ~  genotype unr $m'51d?u phenotype rrun 

n'uriau uia~09"diwn$\&inudwr cross ui~mn'u$n$~i& 91 

ci?odirdiua NMI genotype .phenotype \uIu F2 

P : RRW X rrYY 

1 \ 

~uv~ouf! 1 J i~uudar fu i  cross ?!i'uua'?.ni~and?ul6<;l.(: 



RR, Rr, Rr, rr 

LLszfindu~and?u& % RR. 214 Rr, % rr 

&mouf! 2 d i  wsuot hnd~wudsz cross ~~&a~i~runi i l~ 'n . i~~ns iau~&ws 

'/4 W-b 1116 R R W  

214 Yy- 2116 RRYy 
1/4R 

% yy - 1/16 RRyy 

% w -+ 1/16 R r W  

214 Rr 
214 Yy ~-b 211 6 RrYy 

% yy --b 1/16 Rryy 



ain'lao:~msu6iuuu~t~~<fl~idasa genotype = 1: 2 : 1 :2 : 4 : 2 : 1 : 2 : 1 
w u  Y niswio'nnhu phenotype kuju F2 rn~isn~ilaadu 

P: R R W  X 

F1: RrYy 

sinlolntun.ru~tlg5andau phenotype = 9 : 3 : 3 : 1 

hoditdiuaor~i genotype .phenotype ~ i n i o i d  Tm X ttyyktb9 F2 

TtYy 



8 v w  X  
aunoud 1 rtiiuuciar$.n cross n'uuh~io'nnri?ulnn~w 

TT, Tt, Tt, tt ~ 

WI Yy, YYI YY 
Y X  

uclrAn~Jua'nnhun~u % W, 2/4 ~ y ,  % 
a d  2 rti ~ a a a ~ & n  h u ~ d  ix cross d%higom6"~hsulnt~u~6w w 

Y X  
%lM F 2 :  

1/4 W-p 1/16 TTYY 

214 Yy---+ 2/16 lTYy 

% W  -1H6TTyy 

% w'---, 1/16 T t W  

214 Tt 214 Yy -2116 TtYy 



ain?norunsu6iuuuer~~gmmd?u genotype = 1: 2 : 1 :2 : 4 : 2 : 1 : 2 : 1 
w.. Y nisvli&md.ru phenotype Iu.114 F2 cnuisnMi~RRdu 

1 
TtYy 

a in~nozrmsuoz~6~and~u phenotype = 9 : 3 : 3 : 1 

1 

I d 3.6 Trlhybrld cross ~ ~ ~ n i ~ u ( r u d ~ ~ ~ ? ~ ~ n ' u ~ u ~ n ~ ~ ~ ~ ~ ~ ~ ~  3 dfi3vlcinnish 

n 1 5 v l l ~ l ~ ? u ~ ~ @ ~ o d  gamete, genotype and phenotype rdu~6u?<ulu dyhybrid 

cross Liidnis$Iiu? mrdu 

/ 



P : TTRRYY X ttrryy . 

TtRrYy 

Gametic genotypes 

~ J W ~ ~ ~ S ( ~ I U ? N % J I I V ~ ~  L L B ~  O k ~ l  hu?~ QJ gametes, genotypes, phenotypes 

URZ~IU?U~QJ possible combinations V Q ~ n i m u h % ~ $ i d  gametes afie\di~ 6) 
d 
qrd~rtfinoinnirarrufi~~~ ~ o n n n i s u a u s r a i i ~  F1 fro heterozygous genotype 

drmiioui~u 

munl$ n= h w?u$~Q dudQ$~rrnIw heterozygous 
d cY 

1. Qiu?uuo~ gametes not&i~uu = 2 

h o u i ~  F1 genotype AaBb ozRii~~m5e\\$ 2 = 4 aQn 

gametic ratio = 1 : 1 : 1 : 1 

BO 453 



2. diuauaiiaao~ genotypes datI'oinni.rd FA w au.i ~o~~:aIrRinnisuau 
d r s e n i i ~  genotypes n ~ ~ u o u h  diua mIGainias 3 " 

h o d i d  F1 fi genotype L$UUUU AaBb r i l n i ~ ~ ~ ~ & L ~ d ~ ~ $  F2 9~16 
a 8 

genotype ~ f i h a u n ~ ~ u ~  3 = 9 VCR R. 

AaBb 

l b b  2Aabb 

1BB + l a a B B  

2Bb -2aaBb 

1bb ----+laabb 

hadlo  F1 5 genotype L$UUUU CcDd dini.r~~usi?~oofuiu F2 9% 
, 

9 
# a :  

genotype ~fiauund~um 3 ' = 9 a k  

CcDd 



Add * 1 CCdd 

ldd -2Ccdd 

Idd -blccdd 

Genotypic ratio = 1 : 2 : 1 : 2 : 4 : 2 : 1 : 2 : 1 

d 
3. biu~uairnuoa phenotypes d~r'K-ainnim FI w~usi?rnan~nlkinniswau 

~ z n j i a  genotype drniinunir ~,vii<u 2 " Iun.rciuo4 complete dominance 

& Q ~ I J  F1 genotype AaBb Prii phenotype rfinu"u16 2 = 4 ~ Q R  

1 bb-----, laabb 

Phenotypic ratio = 9: 3: 3: 1 



d d a: 
A-M% B- Mulu& genotypes d i r  q YIOzUHRr Dominant Phenotypes l lJ  YIJ AA, 

{¶I Aa H?O B B ~ U  bb O Z I G  Phenotype ~LMJOUG 
d 

4. dl%?% possible combinations Y o r  gamete mtu13?aJ&diu?N!6 = 4 " 
Riodi r  FA genotype ~ t ~ y  ~(tuRj~0reedni55~un'u~or U ~ ~ R L ~ R { U ! ~ '  

4 *  =16LLYY 

F2: diUam-itinn13~.a'wim Punnett 

Male gamete 

T Y .  TY tY ty 

Female gamete 

TY TTYY I m y  ~ t w  T~YY 

TY m y  -f-rYY TtYy t w  

tY T tW TtYy t tW t t y ~  

t~ TtYy Tt YY t t y ~  ttYY 

A' h o d i r  F1 genotype TtYy w(t~6a~or~rdn1mun'tb11or nn;cnfiauu!6 

4 ?  =16 LLYY 

F2: d i U a N o i n n i ~ ~ f l i m  Punnett 

Male gamete 

Female gamete 

AB 

Ab 

aB 

ab 

AB 

AABB 

AABb 

AaBB 

AaBb 

'Ab 

AABb 

Aabb 

AaBb 

Aabb 

a6 

AaBB 

AaBb 

aaBB 

aaBb 

ab 

AaBb 

I Aabb 

aaBb 

aabb 1 



- a eii~n'Muiflnuii% 7 Gn'l~mz6aunugo 

1. R ' n ~ m z ~ a L u ~ ~ ~ u u w " r o v ~ s z  (round, wrinkled) 
A PId 

2. ~ j l u m z i i u c ~ ~ u ~ i w ~ u i a ~ v o ~ ~ u b P u ~ ~ ~ ~ ~ o ~ w s o u ~ v u  (yellow 

cotyledons,green cotyledons) 
a pl 

3. 6inumzkod~d~on)iubu~w~bnz~admon~kiawsoawi (white coat 

{white flowers), gray coat {violet flowers)) 

4. ~ n u w v  o d h  L ~ M %  fin@ oa (full, constricted) 
a p l p l  

5. Gnumzko~finiiirrwf o ~ w s o a ~ w a  (yellow, green) 

6.~nwmzvaddiuwridfinb~nzm0niioonmiuR'dw"roaonduom~(axial pods and 

flowers along stem, terminal pods and flowers on top of stem) 

7. i % ~ ~ ~ h u ~ d h f i ~ d ~ " r ~ d i  (long length, short length) 

nisdiuamwi~~fldaunisw W ~ L L Y U  dyhibrid v a ~ ~ ~ n i i m  ~ iuaui ldwd unzg - s' I h d  h u l % ~ n i . r ~ ~ o n u a ~ ~ ~ u u a i m ~  punnett anzni.rumnuvud huniswauwu~ 

~ d r d  ua$~d<umu~nwmzw"ro tribybrid cross ~%w~nnisk(nirdiua~bdub~uan'u 

n'y dihybrid cross 

rsp~udsasdobwao?"iuun 
dd - 

1. ~numms~imsuauw'~fka~u~ai2~~~dou~wunnuw~u8mnnu~~w8o~<u~u~m 

vrusz'.duao~aici~huamauro~~lulwdunz~ldwdlufuand q q a 2 

$wk~ uJ (P): ~ ~ ~ ( L u l i n n a u ,  'i~wliad) X rryy ( ~ u f i m u ~ s z ,  B~iiua) 

1 .A ~ m u n i s c r i i ~ ~ i l u a i n d  Gun & ~ ~ m a u ~ a $  (Punnet squares 

Checkerbord) 



1.2 ~PIfJlruu n~n~ruud (Branching His Forked-line method) 

PI ruijanau3r~Gaos x ~ua'~upxlarvlGo~ 





2. odo~uqu~?qu~uqurcd iqdo~dd 

2.1 Allele 

2.2 Gamete 

2.3 Zygote 

2.4 Homozygote 

2.5 Heterozygote 

2.6 Genotype 

2.7 Phenotype 

2.8 Backcross 

2.9 Testcross 

2.10 Complete dominant 

2.1 1 Incomplete or partial dominant 

d 
luni3Mi genotypic phenotypic ratio YI'~&I~~I~HR~~:MIIJ genotype d i d  

ddd t: dad q n u u u r ~ u ~ ~ ~ d M a i u ~ u f a u ~ ~ d i u ~ m ~ i 2  ~ruuiia 

1 . l  k%!diu~moin Checkerboard or Punnett square Tau Punnett UU: 

I ! i ~ ~ ~ i a i ~ ~ ~ u u i u 8 ~ b " % u d  b~n~ad t7~ i~~u~ in~1u~~dda iubb~~bbu~R"d  (columns) 
d d 

~ ~ : b ~ U ~ ~ n d l u M d d ~ l ~ b b C 1 ~ b b u ~ ~ ~ ~  (rows) brcj?I!ibmiiauda:dod~i~~~~u R R X N  

uod knfl~&Roddi u~ubbda: JO,~PZ bau genotype ~kinnisdfjrrw?i M&ain$u~$ 

I!i genotype t l i o  phenotype d r ~ ~ a u f i u i n u f i b d  o ~ i ~ a z 1 d q u  

bbEQad complete dominance 

R dominance do r 

Y dominance do y 



I 

~uriouri (P): ~ ~ ~ ( L l s n a u ,  ~ L M ~ ~ J )  X r w  (ruR'nupfr, iidua) 

F1: 
t 

RrYy (ruR'mnau, S r~Sas )  

F2: 61 ~am~~inn i f l%ai f id  Punnett 

oinamd~z16 n'nlmrt Genotype 9 UUU .[u&3iiau 1 : 2:1:2:4:2:1:2:1 u&iz 
U d' 

phenotype 4 L L Y U ~ ~ ~ T I ~ ~ U  9: 3: 3: 1 ~ J M  

Male gamete 

Female gamete 

RY 

RY 

rY 

rY 

111 6RRW + 211 6 RrW + 211 6RRYy + 411 6 RrYy = 911 6 round, yellow 

1/16 RRyy + 2/16 Rryy = 3/16 round, green 

1/1 6 rrYY + 211 6 rrYy = 3/16 wrinkled, yellow 
J 
) 1/16rryy = 1/16 wrinkled, green 
b 
1 
3 ad A' 
? 
I 

a n u d ~ u u ' i s & u a : : ~ . a ' ~ a a ~ u i ~ ~ ~ ~ i ~ 6 ~ ~ ~ ~ ~ ~ a a i ~ i m i ~ i ~ ~ ~ m ~  ad~~nCmriau 
:L d a w - c l  
b U~?~JHI  genotype phenotype nbvuou q nifauninu~nffor~iI$r^nmfiaiu~~61~ 

1641 u 

1.2 h?%kcln~ud (Branching or Forked-line method) ??a$di8Md 

i v a i  U$JI~~I monohybrid cross ugani~asi h u  genotype oe:: k n h u  
phenotype uunhriau uajl~difla$1cisinu6a; cross u~~mni tdn f i vh  

RY 

RRW 

RRYy 

RrW 

RrYy 

RY 

RRYy 

RRYY 

RrYy 

RW 

rY 

RrW 

RrYy 

rrYY 

rrYy 

rY 

RrYy 

I RW 

rrYy 

rrYY 



&€I d l d f ! l ~ ?  OLMI genotype ,phenotype ku$A F2 

P: RRYY X rrYY 

RrYy 

8 u- Y 
uumu# 1 rtiiiundat$.n cross nituh~i knhulnndu 

RR, Rr, Rr, rr 

~cl~6~Lflu~fl~irhunj(: '/s RR. 214 Rr, '/s rr 

YY X YY 

8 
uuclau# 2 tii waua~$mnti?uusiat cross ~ l~u i~~$uk%m~~~nd~u l$wa  .. d' 

@Id% 

% YY -b 1/16 RRYY 

1/43 214 Yy- 2/16 RRYy 

% yy -----b 1H6 RRm 
1 



%I w -p 1116 RrW 

214Rr 214 Yy-b 2/16 RrYy 

%yy --+1/l6Rryy 

L/4 yy ~ 1 1 1 6  rryy 

oinhozunsusiiuuuorlsi~mmdau genotype = I: 2 : i :2 : 4 : 2 : 1 : 2 : I 
u- 2 nimiiYclmdaw phenotype Iu$.b F2 muisnnilmcldw 

P : R R W  X rrYY 

RrYy 



~inbotkn3u~A'8cR57daW phenotype = 9 : 3 : 3 : 1 

I 

2. aro3uiuna1u~uiuaor~ido'ldd 
2.1 Allele Go Allelomorph ~ u i  utr factors genes d~0ud~iiu~nirf iun 

~ I L O W  Allele do{u 
'2.2 Gamete M U I U ~ ~  ~ ~ a f l t i  ~ 6 o ~ q l b l b ~ ~ % ~  ~ i o ~ n s r ~ i i r d u  7 ~I!IMGI~ 

i,$obrGuan"'tbluih 

2.3 Zygote t O u w a d ~ ~ o l o ~ n n m l i ~ u ~  winnirr~uK~anraor gametes 

2.4 Homozygote MUIU~J Zygote 6; factors Go genes Go alleles L M ~ o r (  

nirotJG~i?unic r$u AA M%I aa 
d 

2.5 Heterozygote wulun"r Zygote 4; factors M% genes 16o alleles nlrsln 

61rnirotJh u h  idu Aa M% Tt 
d 

2.6 Genotype Mulu$r genes d% genetic makeup nnau?uinnrrruraoririj 
d %3~udarCnwmr ~du  AA ciJo aa nn~uquinnrrrurn~~u9r"uorGu&a 

2.7 Phenotype M U ~ L ~ ~ ~ J  ~ n n r r ~ ~ A d s i n O ~ ~ n u ~ 6 m u i ~ ~ ~ ~ ~ n s l ~ ~ ~ ~ u  
r n u n ~  %r r~uw~o~nnisuaslr oonaor genotype 

2.8 Backcross ~uiu8rn1swau.rr~iir~nwa11~n'ujWw'od~W~oloi~~r LdW 

P1 :TT X P2 : tt 

F1 : Tt 

Backcross : F1 : Tt X P1 : TT 1'68 FA: ~t x ~2 : tt 

2.9 Testcross $~n1swaum?1r~n+a~tbloln"'l6 {u recessive parental type 
d a qrrno'l661 w backcmss uuu ~ d a  

96 6 0  453 

-7 



W d  dcrw 
2.10 Complete dominance % ~ l ~ ~ d n i d U ~ o d ~ w ~ ~ e (  L ~ M ~ D E I W  W R W B J ~ ~ ' ~ ~ M = :  

oiou~iluIdodl~~~~ladGdflil09" 91 hetemzygous uwr hjmozygous Gndnd~wij a u k  
~ d u  IT. ~t ~ 1 ~ ~ d ~ o n 6 0 ~ n w r u ~ 6 o a ~ d  L~JuR'U 

d  d 
2.1 1 Incomplete or partial dominance ~~lllfidnl3n allele yludkRndnl~U 

d d 
allele ~ u ~ n ~ 3 u a u o r  GuIB ~rd~flu!dorii~"k~u@ ~ I l k i  genotype d~iJu 
heterozygous G?J~uInddouIdni~ homozygous dominance 



L u n l ~ d  3.2 ~ n s ~ r r + l d u n d o n n u s r i ~ ~ n ~ ~ ~ ~ n a w u ~ ~ i  (Pea plant) 
I 

(dui : t% i~d~d~ l in  Weaver. R.F.. 1995) 



nwd 3.3 n ~ s ~ ~ ~ ~ i f ~ a ~ u r ~ ~ s : ~ - d ~ ~ ~ o n Q " ~ ~ ~ a n ' ~ ~ ~ o n ~ i a ~  

l v k a  tu F1 dnng&unrzr~u?~orirw~:non8i-r~n"d~81fl 

( A ~ I  ; 6hudadoln Weaver. R.F.. 1995) 



u od 

niwd 3.4 i ? n l m r r u a ~ i ? a u ~ ~ i  7 5 n w r n z ~ ~ u u ~ ~ a l ~ r n n a o ~ n ~ ~ ~ u ~ ~ i n m f  

(G(a.11; iYmudaomn weaver, R.F., 1995) 



Mendel's Monohybdd Crosses lnvolvlng Seven Palm of Tralts 

Hcd flc~wcrh  nil 
ur~y-l>r~ bwn 

Wllitc flowers 
ant1 u811ire 

All rcil 705 rc.tl:l?.I w l~ i te  3.15:l 

Smnn~h .rceilr , , Wnnkletl All snl<nnh 5474 smtn~h :  1850 wrinkled 2.Cfi: 1 

Yellow .weds Crem secils All ycllow 6022 ycllt)w:201 green 3.01 : 1 

All inll:~retl 

s f l  All grcrn 

Axial Termin~l  
flowers 

All nxi.11 

Shon All long 
stems ?ilcllls 

HH2 inf la~tl :2~99 constricted 

428 green: 152 yellow 2.82: 1 

651 uxi;ll:307 terminal 

w w  

niad 3.5 ~ n u m r ~ 7 a u ~ ~ i u a m ~ ~ f d a ' t b j u a n  PI F 1 uartuin F2 

d~uu~~~Ifiniswrtuuiui~u~ijnunrr~fla~ 

(dul ; 69LLdfidoln Weaver. R.F., 1995) 




