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25 MENDELIAN GENETICS

• Activity 1. MendeVsPrincip~esof Heredity
Many of the basicconceptsof heredity were worked out in the mid-iSOOsby the
Austrianmonk Gregor Mendel (1822—1884). Mendel cultivated garden peas,which
he usedto study plant inheritance.Fromthese experiments,Mendel concludedthat
eachhereditary trait is controlled by two separate factors,onefrom eachparent, and
that these factorsarepassedon unchangedfrom generation to generation. Mendel
knew nothing of chromosomes or genes. However, what he called “factors” arenow
known to be genes, which are found on the chromosomes,

Mendel was very careffil in his studies to use plants that “bred true”—that is,
plants that showed the same traits generationafter generation. Also, he studied only
seSren different traits, and there were two contrastingforms for each trait.

THE LAW OF DOMINANCE
When Mendel crossed two true-breedingpea plants that showed one pair of
contrastingtraits, only one of these traits was evident in the resulting offspring. For
example, if he crosseda tall plant anda shortplant, all offspring were tall. The trait
that was expressed was described as dominant, while the trait that did not show in
the offspring was recessive.Of the pairsof contrastingtraits thatMendel studied, he
found that in eachcaseone trait proved dominant.Tall stemswere dominant, short
stems recessive; round seeds were dominant, wrinlded seeds recessive,etc. Mendel
concluded that of every pair of contrastingtraits, one is dominant and the other
recessive.

The pure-breeding parent generation is called the F generation. The offspring of
the crossesbetweenmembers of the P generationare called the first filial, or F1,
generation.Crosses betweenmembersof the F1 generationproducethe second filial,
or F2, generation, andsoon. In Mendel’s experimentsmembersof the F1 generation
were hybrids—theywere the offspring of unlike parents.

1. In Mendel’s experiments, he crossedpea plantsthat had green podswith plantsthat had yellow
pods. He found that all the offspring had green pods.

a, The plantsused in the original cross made up the / generation.

b. The offspring of the cross made up the ~~•r ~L••... filial, or

_, generation. (j-r-Cev1
c, The podcolor that wasdominant was , while the podcolor that was

recessivewas

2. What is a hybrid?

~ ~

THE PRINCIPLE OF SEGREGATION
In anotherexperiment,Mendel allowedthehybrid membersof the F1 generationto

undergoself-fertilization.Theoffspringofthis crosswere the F2generation.Of theF’2
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generation, three-fourthsshowedthe domii~anttrait and one-fourth showed the
recessivetrait. This showedthatalthoughmembersof the F1 generationall showed
the dominanttrait, theseplantsalsocarriedthe recessivefactor (gene),andthat this
factorwas passedon to the F2 generation.Theseresultsled Mendelto the conclusion
thateachtrait is controlledby apair of factors,onefrom eachparent.(TheF1 hybrids
obviously carried the dominantfactor of oneparentand the recessivefactorof the
otherparent.)

Since the gametesRise in fertilization, eachgametemust carry only one of the
factors,and the zygoteformedby theftision of the two gametesthencarriestwo, one
from eachparent. In the formation of gametes,the two factors must separate,or
segregate.Eachgametereceivesone factor for each trait. This is Mendel’s law of
segregation.The dominanttrait is expressedwheneverthedominantfactor(gene)Ibr
thattrait is present.For example,in the experimentson stemlength, all membersof
the F1hybrid generationweretall. Only an organismpossessingtwo recessivefactors
for agiven trait will show the recessivetrait.

An individual with two dominantor two recessivegenesis saidto be homozygous,
while the hybrid, with onedominantandonerecessivegene, is heterozygous.The
dominanttrait is shownby two capital letters(TI’ for tallness,for example),andthe
recessiveby two lower caseletters (U for shortness).The homozygousdominantis
fl, the homozygousrecessiveis tt, and thehybrid is Tt.

Genesthat governthe expressionof a trait are foundat the sameposition of each
chromosomeof a pair of chromosomes.Different forms of a gene controlling a
particulartrait arecalled alleles.

1. In the peaplants studiedby Mendel, how manyfactorscontrolleda given trait?

— O.’, ~ e~L ~ • -_______

2. What is Mendel’s law of segregation?

i~ •~L ~ ~• ~ ~ ~c~r�
~ (~c~~kJ’, ck~~ ~

cr C ~

lk~ ~ç~4 dx5cr.~~ ~1of IS

3. Different formsof a genethat controlsa p~culartrait are called a I L £2 5 . j
4. Use C for greenpods(dominant)andg for yellow pods(recessive).

a. A peaplant that is hornozygousdominantfor greenpodswould be shown as

b. A peaplant that is heterozygousfor greenpodswould be shownas

c~A peaplant that ~ recessivefor yellow podswould be shown as
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125 MENDELIAN GENETICS

~Activity2. Basic Concepts in Genetics

THE PUNNETT SQUARE

The Punnettsquareis a convenientmethodfor
visualizing genetic crosses. The boxes that
makeup the squareshow all possiblezygotes
resulting from a cross of gametes bearinga
specific trait. The letters representingeach
possibletypeof spermareplacedalongthe top
of the square,and thosefor eachpossible type
of eggalong the side. For example, in a pea
plant that was heterozygousfor stem length
(Tt), half the gameteswould receivethe domi-
nant factor for stemlength (‘1’) andhalf would
receivethe recessive(t). Thus, theplantwould
producetwo typesof gametes.A plant that was
puredominant(TI’) or purerecessive(tt) would
produce only one type of gamete—T or
respectively.

A crossbetweena homozygoustall plant (‘fl’)
anda homozygousshort plant (u) is shown in
the Punnettsquarediagram.The resulting F1
generationis all heterozygoustall. The physical
appearanceof an individual is calledthe pheno-
type. Thus, the phenotypeof all membersof

• the F1 generationis tall. The genotype,on the
otherhand, is the geneticmakeupof the indi-
vidual. In this case all members of the F1
gex~erationhave a heterozygous,or hybrid,
genotype. The genotypesof the P generation
were homozygousdominantand homozygous
recessive.

1. The physical appearanceof an individual is its

makeupof an individual is its c,j_e ~c

P generation

pureshort x pure taD

x •l~1~

Tt
(tall)

It
(tall)

It
(tall)

Tt
(taD)

1’

100% tall

while the genetic

2. Use a Punnett squareto show the offspring of a cross between two pea plants that are

heterozygousfor stemlength (Tt x Tt). Give the phenotypesandgenotypesof the offspring.

___ E 3 ~t(

f ,r~rji
Ti Lt

Phenotypes:

Genotypes:

gametes

F1 offspring:

t
C

C

0

C
C)
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3. Usea Punnettsquareto showtheoffspringof a crossbetweena peaplant that is homoz~goustall’
• (TF) and one that is heterozvgous(Tt). Give the phenotypesandgenotypesof the offspring.

T

4. Use a Punnettsquareto showthe offspringof acrossbetweena peaplant that is heteroz~gtustall
andone thatis homozygousrecessivefor stemlength. Give the phenotypesandgenotypesof the
offspring. rtlC

t
jk lb

~L L~

~NDEPENDENTASSORTMENT

Following his crossesof plantswith onepair of contrastingtraits, Mendeldid crosses
of plants that showedtwo pairs of contrastingtraits. Such a crossmight involve a
plantwith longstemsandroundseeds(bothdominant)andonewith shortstemsand
wrinkled seeds(both recessive).The first plant could be representedas TTRR, the
secondas ttrr. Eachplantwould produceonly onetypeofgamete—onewouldbe it
and the other tr. All offspring of the crosswould be hybrids with long stemsand
round seeds(TtRr).

To find out whether there was any relationship betweenthe two traits—for
example, whetherthe dominant traits segregatedtogether—Mendelallowed the
hybrid plants to undergoself-fertilization.This is a dihybridcross,a crossinvolving
organismsthatarehybrid for two traits. The resultsof sucha cross showedthat the
factors (genes)for each trait were segregatedindependentlyof any others in the
courseof gameteformation. This is Mendel’s law of independentassortment,It has
sincebeenfound that thereare exceptionsto this law.

I. Whatis Mendel’s law ofindependentassortment?

~ +L ~ ~ 4 •~d~~’JdVtI~j ~•~oc~�
o~e~w~+ • a

•kX
~ •1~cL~

•c
.~

hr~s~s, O~9p~S~

44~ ~ (.~rt~ hc~n) 4f
Lit)

11 lit
£flI t~oil1Phenotypes:

Genotypes:

•~!tPhenotypes:—

Genotypes: ~ ) -t ~1
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2. Work out the following dihybrid cross. Round seedsare dominantover wrinkled seeds,and
yellow seedsare dominantover greenseeds.A plant that is hybrid for both traits (RrYy) is
allowed to undergoself-fertilization (BrYy X RrYy).

The four types of gametesformed are

and

b. Fill in the Punnettsquarebelow. Givece phenotypesof the offspring of this crossand the
percentageof eachphenotypeproduced.

RY

Ry

rY

ry

A? Ry rY ry

3. In the di}iybrids that Mendel worked with, the genesfor the individual traits were locatedon
separatechromosomes,If the genesfor two or moreof thesetraitshadbeenlocatedon thesame
chromosome,would Mendel havedevelopedhjs law of independentassortment?

~•~/j~i~ ~ <L~ ~
~ 11 ~ I,~‘~i,

4. Using the Punnettsquaresbelow, work out the following crosses:
a. Tfl’Y x TtYy b, rrYy)< RRyy

my Yi~TE~y

~& 4
fl ,

‘\ ‘

a.

IZiZV RrY~

RAY~M RrYSrr

~fr ~, ~r7t ~r1~

ii_ I?P4~/1r~, frky

I

,—1 ~ •y• (3 ‘2 fr2Jy ~>- LI ~ I~_~__~

‘-1’~
/
rfy

fr

C

A’

V

4

a

r ____

C b.

\r~u~
‘K •••I

• Vt
• r
lu~
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TEST CROSS

A testcrossis a methodfor determiningwhetheranorganismthat showsa dominant
trait is pure dominantfor that trait or heterozygous.In a testcross, the organismin
question is crossedwith a pure recessivefor the trait. If the test organism is
heterozvgous,someof the offspring of the crosswill showthe recessivetrait. if the
testorganismis homozygousdominant, noneof theoffipring will showthe recessive
trait. Large numbersof offspring are necessaryfor valid results.

1. In guineapigs, blackcoatcolor is dominantoverwhite. How would you find out whetherablack
guineapig is homozvgousfor coat color (BB) or heterozygous(Bb)?

~ ~ ~3i4ck~ ~ ~ ~ , ~ t~C-
(J / 9 —-

r-~C-4’~ L-c-
L,ID

2. Using the Punnettsquaresbelow, showhow the resultsof a
pig that was homozygousdominant for coat color (BB) and
color (Bb).

e~
iZ o~%

INCOMPLETE DOMINANCE

Although all the traits that Mendel studiedshowedsimple dominant or recessive
forms, not all traits show this patternof inherftance. In blending inheritance,or
incompletedominance,the heterozygousorganismis different in appearancefrom
either of the homozygousparents.The trait in questionis intermediatein character
betweenthe two contrastinghomozygoustraits. For example,crossingpurered (RB)
andpurewhite (WW) Japanesefour-o’clocks resultsin an F1 generationin which all
the flowersare pink (RW).

I. As examplesof blendedinheritance,showacrossbetweenapurered snapdragon(RB) anda pure
white snapdragon(WW). In the secondsquareshow a crossbetweentwo membersof the F1
generation(RW x RW). For eachcross,give the phenotypesof the offspring.

/1

1< ~‘ (Cj~i

k~±J

L~

fLb

I’

testcrosswould differ with aguinea
one that was heterozygousfor coat

p
p gi

I~4 !?~

~/) ~/~~Jt

3
I

T4.:~1•

Phenotypes:

Phenotypes:

1
tft

/ t~Lk I
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CODOMINANCE

Codominanceis a conditionsimilar to incompletedominance.In the heterozygous
condition,onealleleof apair is not completelysuppressed.An intermediateform, or
blending,is expressedin the caseof incompletedominance.In codominance,both
allelesareexpressed.Theroancoat in cattleis an example.if youcrossanindividual
that is homozygousfor white coat (CWCS%) with one that is homozygousfor red coat
(C~’C~),the offspring will have a roan-coloredcoat(C”C”~).if the coat is viewed
through a microscope,both red andwhite hairs are seento be present,indicating
that the alleles for red andwhite hair are expressedat the sametime.

1. How is incompletedominanceexpressed?

~S c~~ &gf~~4C~.

2. In a crossinvolving codominance,both dominantallelesare Q)ç’1
7

-‘~ ~ -

MULTIPLE ALLELES
All traits discussedso far havebeencontrolledby a singlepaIr of alleles.However,
thereare sometraits, such as blood type in humans,that involve more than two
genes.Human blood type involved threegenes—A,B, and0. GenesA andB are
dominant,while 0 is recessive.The four homanblood types areA, B, AB, and0.
Genotypesof multiple alleles areshownusingthe capital letter I for dominantand
lowercasei for recessive.Thus,for example,typeA blood is genotypeVIA or Vi, and
typeObloodisli. -

1. What are multiple alleles?~ fl~q~
~. cg~ A r cif

‘I

2. Name two traits in humansthatare determinedby multiple alleles.
E/OD) j)iç

3. A man with typeAB blood marriesa woman with type 0 blood. Using the
square,showall possiblegenotypesof their offspring.

following Punnett

4.

o C

~ ,iL) (~L’

•~n (~T•~L> ~>ti

Does any specific blood type illustratethe characteristicsof codominance?
~_r3~ I
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Chapter 25. VocabularyPuzzle

.4 4

r~•c/ HA ~ !rkk i~H

Across

Down

¶11 4rkL~_i it’

~t1j#IAJx.~iiIhitlizIoI 5151

19(Lk 7e kic I jv ë P-LI -4~i

Ef 7 PIoHIPI.%.IjAjrIIcfr

1. The trait that coversthe expressionof its contrastingallele.
5. Having two different allelesfor atrait.
6. A crossinvolving two pairsof contrastingtraits.
9. A trait that is maskedin ofl~pringwith contrastingalleles.

10. Two dominantallelesareexpressedat the sametime withoutblendingof the traits.
11. A testusedto determinewhetheran organismis homorygousor heterozygous,

2. A geneticcross involving onepair of contrastingtraits.
3. The appearanceof an individual asa result of its geneticmakeup.
4, An individual that is heterozygousfor a particular trait.
7. The geneticmakeupof an individual.
8. A distinct unit of heredity.

‘i’
a
4 4j~j~

/)
0

1’~

1f
P

i13
It

0
P

~t.

5

!~ItIfIckIok Is

I

L
Ni
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