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Mendelian Genetics Problems
SHOW ALL WORK AND PUNNETT SQUARESII

<t #1: Oompah Loompa Genetics

1. Oompahs generally haye blue faces which is caused by a dominant gene. The recessive
condition results in an orange face. Develop a "key" to show the genotypes and phenotypes

possible for Oompa Loompas.
CBLUEE BR or B
ORMGE = 44

34
2. Two heterozygous OOmpahs are crossed. What proportion of the offspring will have orange
faces? B é — B é
B &
BB Bé 5’76,40#//”( — /35 ZBA /ré;
1}7 '7he,novLy/us _ BBLUE : | 6RANGE
B2 or 154

3. Otis Oompah has an orange face and is married to Ona Oompah who has a blue face. They
have 60 children, 31 of them have orange faces. What are the genotypes of the parents?

O+ = bt Ona = }Q/ar B4 , .
D B | > O Va MIS é(_ /(&(/oz/}cv} B
b/ t; 8% i f%i—?;;—/ n\[tw?{;r #D /L¢U( oraux9e Qccaé
f v e,

4. Odie Oompah has a blue face. In fact, everyone in Odie's family has a blue face, and the
family boasts that it is a "pure" line. Much to his family's horror, he married Ondi Oompah who
"gasp" has an orange fa face. What are the gentoypes of their children. Is Odie’s line still "pure"?
@a(rc Fore Blve = 575 Onlie = Orauge =

: s ) _
EE_ i _)< —i;Z)_ z é 5?77: "ff ‘.f?' o?%)f‘r\t/m wr // 4¢

B,,l heterozygeos (BE) blue,

b
5. Ondi Oompah (from#4) divorces Odle and marries Otto. Otto has a blue face, but his father
had an orange face. What is the probability that Ona “and Otto's children will have orange ,L
E

faces? 2 = L @./__,éo ‘Eﬁ/w‘ B4
o ¢
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Set #2: Misc. problems

1. Mating a red-eyed fly and a pink-eyed fly yields onlkred-e,yed of fspring. (Red eyes is
dominant over pink-eyes) K;u( = RR ov R r
Pak = rr RR x _rr

a. What is the genotype of these offspring?

R R
riURr ff‘{ — all o &5 wre 1R,
c|Re| Ry —> 4 \7
b. If one of these red-eyed of fspring is mated to its pink-eyed parent, what

will their offspring be like? (Give both genotypes and phenotypes)

s Ac@'?C/v/(_s' 2ok 2pm&
i <giss i
W
2. Insheep, w

hite is due to a dominant gene and bla?fﬁ is due to its recessive allele. A white ewe

mated to a white ram produces a black lamb.  1J hﬂ?‘ are ‘)L&c - pave nst- 7¢uov/y/< s?

a. If they produce another offspring, could it be white? w o }'\j'b"_
y%,v Tlee /Occwc¢1"$ Musve fave Deen —

}LC‘ILV“O’L/;'WS (Wy;) o orler fo é\i/ b Ne @ e

2 black Cﬂ#*/> /«—MA Tlereore 3‘;——1 M"/‘ have

w VW [wy] c
a_ 2«9% cﬂavt(e 0"(7 luu/z“; ¥ E/P@ thaﬂe/‘ A/a—

b. If so, what are the chances of it being white?

L
= vt o€ .

c. List the genotype of all the sheep in this problem.

/ WL\};QN'F.’/W}"
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d/ Non-Mendelian Inheritance

Incomplete Dominance: Type of inheritance patter where the dominant
allele does NOT fully over power the recessive dllele in the heterozygous

- genofype..The he’rerozygous individual's phenotype is a BLENDING of the two.

traits. /R \? S\\ﬁmgl( M O\ KR(_

Example: Red flowers(R) are incompletely dominant over white flowers (r).

RR phehofypei I?e»d Rr phenofype: p F\ m\< r pheno‘fype: \_A‘l" { *Q_,

Praclice:
\\ \

1. Coat color in mice is incompletely dominant. Yellow and white-colored mice are

homozygous, while cream-colored mice are heterozygous. If two cream-colored
mice mate, what phenotypic ratio can we expect of their offspring? j

|. \
\jﬂ / L/j j—— , Jenstypic o tio
‘éké' J 'P\']ehwwpt\ c r‘c—_\")l() ‘
‘ o ‘\l'g,\ ML 2 creenn \ \A'Lnl’f«

2. Inradishes, red and white are pure-breeding colors while hybrids are purple. If a
red radish is crossed with a white radish, what will be the phenoiype of the F2
generahon (qssummg ’rhe F1 generahon self- polllnaies)'?
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Name: £ e Period:. Date: :

Co-Dominance: Type of inheritance pattern where there are two
dominant alleles and no recessive alleles (therefore, no lower case letters
are used). When the both dominant alleles are inherited, BOTH traits are
expressed in the phenotype separately from each ofher. This is the only

- fime you may use different lefters for alleles. ' : “

Example: Black fur (B) and white fur (W) are co-dominant alleles in mice.

BB pheno’rype=BB WW pheno’ry.pe= \I\] \f\) BW phenotype= B \f\}
W W W
Practice: us H'@ H B o H (" or H . H

3. Roan cattle are the heterozygous hybrids of a cross between a white bull (W) and @
red cow (R). If aroan bull were crossed with a red cow, what would be the possible

phenotypes of their offspring?

W= white RR=vet WR Zopunibe

| \ \I\J—* (rden)
‘p \]N\ZJK__!) h< (\( \/\} WW WM 8Qm\"u) p‘iQ (‘G\Jﬁ‘o
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Co-dommance/MuHipIe Alleles

~ Human blood types are determined by genes that follow the CODOMINANCE pattern of
_ mhen’rance There are two domlnon’f alleles (1A nd IB] gndfge recesswe allele (|)

o
B|00d Type | Genotype Can donate blood To _ Can receive blood from:
(Phenotype] | ;
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Name: | = ' Period-: ' Date:

1. Write the gen%for each person based on the descripfion:

a. Homozygous for the "B allele
1] " A k A
b. Heterozygous for the “A" allele L7¢ or 7‘
. " - ‘ )
c. Type O - : ' PP e AL
: . R 21 . A¢
d. Type “A" and had a type “O" parent 4 /Z(
A -
e. Type “"AB" e or /-\B
f. Blood can be donated to anybody s o ¢4
g. Can only get blood from a type "O" donor AL

— K v
o

vl
2. Pretend that Brad Pitt is homozygous for the type B allele, and Angelina Jolie is type
- MO" What are all the possible blood types of their baby?

B . , A3
P Ij//' SR = T L oxL
- panst ble. [
I “e . k _2
| | 3e,no+7 pe @hs 2L <2
e ,
( Pl’“’“'ﬁ/c rﬁw B hre Bi 2 hype O

"3: Draw a Punnétt square showmg all the- pOSSIble blood-types:for: fhe offspnng
: produced by a type "O" mother and cm a Type-"AB" father : :




Name: I . e : - Period: . Date:

4. Two parents think their baby was switched at the hospital. Its 1968, so DNA
fingerprinting technology does not exist yet. The mother has blood type “O," the
father has blood type “AB," and the baby has blood type “B."

tot

a. Mother's genotype: _ £~ (/'/2

b. Father's genotype: T/l
GeROYPC e e ;i

c. Baby's genotype: Igj_’v‘or I C

d. Punnett square showing all possible genotypes for c\hildren produced by this

couple

e. Was the baby switched?
prrbelly nof —

S0/ chenc e o~

5. Based on the information in this table, which men could not be the father of the
baby? Justify your answer with a Punn_e’r’f square.

Name Blood Type Mc‘}’h e I A“Lt n L AI

Mother Type A oy .
Baby Type B s 7 A T i m/7

Father 1 Type O | B ¥ i ,

Father 2 Type AB | F@yﬂ or con Ne {_ , b e

w g O
Father 3 Type A | | 77 P?-/ H 1 ﬁf/ﬂa,
Father4 - | TypeB. .- e o e c g owe g ¢ P
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Incomplete and Co-Dominance Genetic Problems
Please solve your problems and shm?\{four work on a separate sheet of paper. 3.
TA¢ T
I. A person that is heterogeneous for type A blood and a person with type AB blood marry
and plan to have many children. What will the possible genotypes, phenotypes and their
ratios be for the children? v - ' : :

2. Horse that produce roan coats have co-dominant red and white alleles for hair color.
What are the possible genotypes and phenotypes of the offspring between two
heterozygous roan coat horses?

3. A new species of a large carnivorous cat has been found called the Gats. In Gats black
and white spots are co-dominant. If a heterozygous spotted Gat is crossed with a white
spotted Gat, what would be the phenotype(s) and genotype(s)of the offspring?

4. In dogs there are black Labrador retrievers and tan colored Labs. If a black and tan

colored Labs are crossed all their offspring are a brown/chocolate color.
A. Is this incomplete dominance or co-dominance?

B. If a black Lab was crossed with a tan colored Lab, what would be the
genotype, phenotypes, and the ratios for their offspring.

5. In a pepper plant the gene for green peppers was incompletely dominant over the gené for
yellow peppers. .- What would the result be of crossing two heterozygous olive colored pepper

plants? List possible genotype and phenotype. What percentage would be yellog colored?
. N ' o ( -1
7
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Wb‘(\ Non-Mendelian Inheritance Notes: Part 2
v
A. Polygenic Inheritance

a. Most of your traits are controlled by the interaction of “Ef f"j]
4805

b. Multiple genes working together produce a continuous distribution in a
“A d@ﬁl&i curv " curve of degrees. / Ball- sheped epre)

g D The MoGryw Hit {oirpanize ine Pamisaion feqrnid for eprocuction o deplay.

c. Examples of ~polygenetic traits

i. Body Type 54
ii. Height

iii. Skin Color

iv. Hair color

Proportion of Population

v. Eye color

64 | r‘
vi. Intelligence ; i
d. The €1V Gament heavily 1 _
. I . 64 . c y y & . =l
influences polygenic inheritance. & »@“U ?}_@0 933’0 &%& j
Genglypes

: : Cet e Shanyes
B. Autosomal Dominant Disorders M‘-’{;’E\a /" m&t“’"@" r’“'“‘g/"’

a. Autosomal dominant is one of several ways that a trait or disorder can be
passed down through families.

b. Caused by the presence of a M‘V\G\ﬂ\’ allele. N an autnsame

c. If a disease is autosomal dominant, it means you only need to get the
abnormal &lle (e~ from arent in order for you to inherit the
disease. One of the parents may often have the disease.

Examples ‘ c |
. i/\\m\/. neIS djseaye Y wewely
- . 0 |~
1. HHorHh=_ di<ec s o QL‘Q}')I .
chla hdd
2. hh=__ Nea hy
ii. N@&F@Q—I\Omlm&s
1. NN or Nn=_ d¢se6fed

2. nn= hec (‘Hﬂy
—




C. Autosomal Recessive Disorders &uhwmk&

a. Caused by inheriting L rece S v Slteles.

b. An autosomal recessive disorder means two copies of an abnormal
Allcle. mustbe present in order for the disease or trait to develop

(Vaa).

c. A person who is heterozygous (Aa) is considered a “ (.\ﬁ‘ (riel » of the
gene. - heo 1 y \

d. Examples ‘
i, NS AIENAN
VTR AV B R TSNS
2. Aa = U\V\G;_i’lrc cred  coaciec

3. aa= Q&:‘FQC.&—( d—  alliAas

i, HIE\F scclds
1T _pn e fetee — hem by | |
2. Te-_pnableched (bat-healtn, ) st

I

r’\\ . AN 3
3. tt=_ 4 (“ < ¥ C A diseeye

1. CC= U MG ‘; rr‘“f‘ e &

~ 7 ) P Wt
Lol e ';('».i cee € C

2. o= WM& e !
Aisegse s ( chfeked)

3.cc=

D. Sex-Linked Inheritance
a. Follows Mendel’s principle of dpr}n'nance however the genes that are

located on the \L 0C N SeY Che GV D e ey { LS g o
b. Sex chromosomes (X and Y) / 2 & 2 iy
; / N‘ [ ;Eﬁ i '~’-*:“ ‘ X )
c. femele =xx M=l -xy "
i. X" = dominant allele
.. h_ . _
ii. X' = recessive allele i

FCC(’ 37!
d. Because the allele is located on the X chromosome, sex-linked genetic

disorders are more common in /| |E€ > !




e. Examples

i Color bl ad | f\F’ 5
i. Neonagphilia
iii. =C (DS

iv.

Hemophilia (XM)is a sex-linked recessive disorder.

FEMALE GENOTYPES PHENOTYPES

T sH Nealthy &
KH ‘)(t" \f)ea(#t‘ﬁ Carricr R
o KO Nemophilice R
MALE GENOTYPES PHENOTYPES

%HY \']C@\’H'\“\ G
h Q("\G{"L\ || G G/)

)

SN

Hemophilia is a sex-linked recessive condition. Beyonce is a carrier of hemophilia
and Jay-Z is normal. What are the chances of them having a child with hemophilia?

5 H, H
Parent ggnot%es: \4 X X >< (“,Ji_

\/H S 1 -
M | SH y o Son

7 Ty .
/ ><\ f>< /‘\ %_ ’__// n ‘\‘\ | _1 o_
g ‘ " t\ i RS~
N 4 heef T
A >< §< g\ n_ . e L r .I— I __'| l\ \.
' | h _I}J!... |

Sample Problem #1: X




CyC oy f
Sample Problem #2: X X h 7&9‘

Kim Kardashian is normal for colorblindness and Kanye West is color blind. What are
the chances of them having a color blind child?

CrC ¢
Parent Genotypes:><. >< X ¢X Lé'—

e \)( b{ ‘ a ¢ 4 \E\"A (0
\< l/c d 7C Ml ¢

( 4 \-— g \; C () b, = (Q\ |
AN LA SH e wl

Sample Problem #3: \ = B L

Will Smith is normal for male- pattggaldness but Jada Pinkett Smith is a carrier.
What are the chances of their daughter, Willow, being a carrier? Is it possible for

their son Jaden to have mherlted male pattern baldness?

—

/ L >< /
\ e
Parent Genotypes>< / ‘ X }/
' Lo
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Level 1-2 Practice: Incomplete and Co-Dominance Genetic Problems

1. In dogs there are black Labrador retrievers and tan colored Labs. If a black and tan colored Labs are
crossed all their offspring are a chocolate color. BLACk= BB TAM = bi CHOCOLATE =T54

A. s this incomplete dominance or co—%gminance? Explain.
j—mcg.«/,p/g%c, 4 wap e A S‘{c c&oco/ez 7Z<’_

f/tcuo%//x = a bleud oL Birce STAN.

B. If a black Lab was crossed with a tan colored Lab, what would be the genotypic and phenotypic

ratio of the offspring?
=™ < bb
P p——— —_

B B
é T??é _T?z’_j]__ /(/(/ F”"f W (r"// é(, (%-é) Z\cq/c/oz/y;o-\r;

/) Ig{;rﬁf{vj For c[wco{c‘y[{ Ca/é—/‘,

2. In apepper plant the gene for gr%re%(peppers was incompletely dominant over the gene for é:-l-é—w
peppers. What would the result be of crossing two heterozygous olive colored pepper plants? List the
genotypic and phenotypic ratio of the offspring. 67;_

Grbr = Grreeu é’; < éféé

§§= el
é(?,;; Ol /5—,47’2\@[% ,/77\
/7(\““ J 9\ o/evVeE | /yé//nd

3. Indegs there are black Brazilian short hair cats and white Brazilian short hair cats. If a blackand a
white colored cat are crossed all their offspring are white with black spots. BlAclk > BJ)
A. Is this incomplete dominance or co-dominance? Explain. Wwhite = W

TS [  Co ’pémr\ﬁb@v( ce Hecavs @ 5‘pa_+f - B W

éofﬁ 7Ll‘cu/7/$ &re cx/ﬁc-SSo»f. 25 %};)&?%

w W
B. If a spotted cat is crossed with a white cat, what would be genotypic and phenotypic ratios of
the offspring? =W X W W

= W | B : y

= &chov‘y/aj 2 BwW 2w .
V\)EWJWWV' f’ké"‘b{'ﬁoés e 2~ §fafs ; Q-v)/u £
\J [Bw/ W]
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4. Horse that produce roan coats have co-dominant red and white alleles for hair color. What are the
genotypic and phenotyplc ratios of the offsprlng between two heterozygous roan coat horses?

Roan = RW
R\/\] Gztxowly/:cs; J R - 2Kk | W

K R({ ]WU)T YPZ\C“‘)WLS . /Ecoé P 2 Roaw: | hite
W[ R wid

y A THE
5. A person that is heterozygous for type A blood and a person with type AB blood marry and plan to

have many children. =
! T >~ 4B

~

-H__——-—E‘"i Greno — | THTH*, | T4 - /_7:»4_1-5 ) 28;
'/r-aff]r 'r,'I’J..I' ’IIIIA’C: Phcuo = T),/;( A /T}’/‘ /5 S ,7/< ATS
.'1:6 IAIB}fBZ;\

What are the chances of having a child with each blood type listed below?

TypeA? _R/Y  Se7%
TypeB? | /Y 257
TypeAB? _| /& 2572
Type0? _ O/ o%

6. Kelly has type A blood and Zach has type B blood. They have a child who has type O blood. Make a

Punnett Square to show how this is possible. j__"‘ i
- TATA o THC —B = ]
Type £ = —~ IS5,
c l ~J

Ty/-(. fs — I$I7S o iB
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Practice: Codommance and Incomplete Domlnance

1. Practice setting up keys for the phenotypes listed in each set.
Remember that the "medium" trait must always be heterozygous.

a) Birds can be blue, white, or white with blue-tipped feathers. ( (,1>>
Blve = B whife = W Blue-Tip= BW
b) Flowers can be white, pink, or red. (.'CC7

Redz RR Prule = Rr Whidez rr

¢) A Hoo can have curly hair, spiked hair, or a mix of both curly and

spiked.(C D _
Corly = CC Splked =SS Bet=CS

d) A Sneech &an be tall, medium, or short. (Ic)

| ’71’01// =TT /V/J.UM( :)
e) A Bleexo can be spotted, black, or white. (¢ _
BElack f =S L\)A-/ - Wi 5-'6»7“/(@(7“ TwW

2. Now, can you figure out in the above list, which of the letters represent codominant traits and which are

incomplete.

Codominant 4}C> Z”f' Incompletely Dominant T%J, D

3. In Smileys, eye shape can be starred circular, or a circle with a star. Write the genotypes for the

pictured phenotypes (e — Dowtiment”
Cirele Stare 2ot
4. Show the cross between a star-eyed and a circle ey:ig. S S X cC
What are the phenotypes of the offspring? AH[ 2z < S
What are the genotypes? AL <5 c 7_C___$—_- }_C _;_
- cS
cps2 ¥ =l
cs X cC

5. Show the cross between a circle-star eyed, and a circle eyed.
How many of the offspring are circle-eyed? .1._/“".r'f C <
How many of the offspring are circle-star eyed? Qﬂ//“z’ -

C CC ]Q5

CC_CC5

2/5/2016 1:02 PM



6. Show the cross between two circle-star eyed. Si = >
— How many of the offspring are circle-eyed? 7 / '7/ .

How many of the offspring are circle-star eyed? é,[ - _C
How many are star eyed? __/ /+/ — ___‘S

of 2 2/5/2016 1:02 PM



Were the babies switched?
Two couples had babies on the same day in the same hospital. Denise and Earnest had a girl,
Tonja. Danielle and Michael had twins, a boy, Michael, Jr., and a girl, Michelle. Danielle was

* convinced that there had been a mix-up and she had the wrong girl, since Michael Jr. and Tonja
were both light-skinned, while Michelle was dark skinned. Danielle insistad on blood type tests
for both families to check whether there had been a mix-up. In order to interpret the results of
the blood type tests, you will need to understand the genetics of blood types.

Blood Types
The ABO blood type system is the major blood type classification system that determines which

type of blood can safely be used for a transfusion. The four blood types in the ABO system are
Type A, Type B, Type B, ariti Type O. These blood types refer to different versions of
carbohydrate molecules (complex sugars) which are present on the surface of red blood cells.

People with: | Have:

Type A carbohydrate molecules

Type A blood on their red blood cells
Type B carbohydrate molecules
Type B blood on their red blood cells

Type A and B carbohydrate
Type AB blood molecules

on their red blood cells
Neither A nor B carbohydrate

Type O blood molecules
on their red blood cells

OQOQ

Genetlcs of Blood Types
These blood types result from the alleles of a gene that can code for two different versions of a

proteln enzyme or an mactuve protem as shown in the followmg table:

AIIeIe Codes for a protein that is .
" a version of the.enzyme that puts Type A carbohydrate molecules on the surface of
red blood cells - - . ___
1® a version of the enzyme that puts Type B carbohydrate molecules on the surface of
red blood cells _
i inactive; doesn't put either type of carbohydrate molecule on red blood cells

1. Each person has two copies of this gene, one inherited from his/her mother and the other
inherited from his/her father. Complete the following table to relate genotypes to blood types.

Genotype | This person'’s cells make: Blood Type '_
A the version of the enzyme that puts Type A carbohydrate
molecules on the surface of red blood cells. B _T)_’,P‘ ’4'
ii the inactive protein. LL[/K ),
both the version of the enzyme th;puts Type A carbohydrate
" molecules on the surface of red blood cells and the inactive T- 7%
] protein. - - _JZC_ |

3




" 2. In a person with the I'-"igen'otype, which allele is dominant, 1* or i? Explain your reasoning. -

.'T"//,( ey 4 = (c—w( may 'Az,cq»‘sa =8 /;erjo—,(

'Ztc-&f:‘)—zyyw—s Eov A ("‘A B w,// sEl beerre "" o ‘“4,\5&&5

3. For the genotypes listed below which type(s) of enzyme would this person's cells make?
What blood type would the person have?

Genotype | Will this person's cells make the version of the enzyme needed to Blood
attach this carbohydrate on the surface of his or her red blood cells? Type
1® 18 Type A __yes ¢ no; Type B X'yes __ no =
1% Type A __yes > no; Type B Xvyes __no S
I Type A Xyes _ no; Type B ><Vyes __ no N 14—/3

Codominance refers to inheritance in which two alleles of a gene each have a different
observable effect on the phenotype of a heterozygous individual. Thus, in codominance,
neither allele is recessive — both alleles are dominant.

4. Which of the genotypes results in a blood type that provides clear evidence of codominance?

Explain your reasoning.
A slnss CoO’éM(kQV((-Q decauvse

/\/W&
a_ LS| w#& 4‘7/*‘“( FLE’ 5/0"’06 [(-4—5 Tle Sawt
a v 1[-7}(»'—5 @ s 60‘!{‘ ‘T}//( /(- 4«4;{ 7'7/7.: 12 aa fjcn}‘r

Were the babies switched?
Now you are ready to evaluate whether Earnest and Denise's baby girl was switched with
Mlchael and Danielle's baby girl. The following family trees show the blood types for each

person in both families. j* 4 ;[-’5 C BSgok L4
- ©
Michael | Danielle ‘
AL | - :L’T; C

Michelle  Michael, Jr,

~1

5. What allele for the blood type gene will be present in each egg producéd by Danielle?
. . A 5
Michael can produce sperm with either the 2= allele or the .= allele.

Draw the Punnett Square that shows the possible genotypes for Danielle and Michael's
children. Write in the blood type for each genotype to show the possible blood types for
Danielle and Michael's children. Ifi— —B

et | 2%

1 Eﬁj}‘h
Is it possible for Danielle and Michael to have a child who has type O blood?

/UO ‘ IOZ(I(C/ can not /7455 .

&I a_ (‘(cfgsrv'( 4//&/(.

L Ll B



-6. To check whether Earnest’and Denise could have.a baby with Type O blood, draw a Punnett '
square for a father who has'blood Type A and I* i genotype and a mother who has blood Type B
and I®7 genotype. Write in the blood type for each child's genotype.

AN
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7. Were Earnest and Denise the parents of Tonja or had the hospital made a mistake? Explain
your reasoning. 9
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@/] ~Mystery: Baby Whose? Can this marriage be saved? —— —’ ;!; ir—u}-\ €

Mr. Woo is married to Ms. Hoo. Ms. Hoo recently gave birth to a baby. Mr.
Woo0’s joy turned to fear when he noted that the baby looked nothing like him,
especially since he has been hearing rumors of a long time affair between his wife
and Mr. Boo. Is he imaging it...or does the baby look like Mr. Boo?

Mr. Woo is unwilling to divorce his wife if the baby is indeed his own. So, he
requests tests to determine whether the baby is his child or Mr. Boo’s. The tests
consist of blood type analysis and DNA analysis. Will the tests reveal that the baby is
indeed Baby Woo Hoo? Or, will they reveal that the baby should be named baby Boo

Hoo? Will the marriage be saved?

Background:

The gene for blood type is located on chromosome 9 as shown in the somatic cell
karyotype below. The gene codes an enzyme, called a glycosyltransferase, whose
function is to attach a carbohydrate chain to the outer surface of a protein embedded

in the outer leaf of the cell membrane in red blood cells.

The ABO glycosyltransferase gene is multi-allelic, having 2 common co-dominant
alleles that code for slightly different external carbohydrate chains attached to a red
blood cell membrane protein called antigen h; one co-dominant allele is termed the “
A or 1" allele”, the other is termed the “B or [®allele”, while one most common
recessive allele, “termed the O or @ or i allele” is nonfunctional because of a
frameshift mutation in the 6" of the gene’s seven exons. The recessive allele can also
be termed a “nonsense allele” because the frameshift mutations creates in an early

stop codon that prevents formation of active enzyme.

Another protein of high importance in determining whether a blood donor and
acceptor are compatible is the Dantigen, or Rh, protein. It is coded by several alleles
on chromosome 1, some of which are dominant and others are recessive. The
recessive alleles are typically deleted to the extend that they code no protein. The
protein is a red blood cell membrane transport protein of unknown origin, but it may
be protective in preventing blood infections like toxiplasmosis.
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ABO Blood type is conveyed by a gene that is both _(a d(lWl NaNa F and
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The two dominant alleles are symbolized by - or and -L
./

or__.JZ ' ngCQSlIl‘H‘anJPQ(‘&SL
Both dominant alleles code for the same protein, calleda €hZyme , but
sequence variation causes the enzyme to add a different 3 WQ &Y~ to

the universal H blood type antigen.

The recessive allele is symbolized by L~ or Ja . The recessive allele
codes defective protein which cannot modify the H antigen by adding a sugar.

The Rh antigen is also called the(Dd'ﬁ%?e/l . It is also multiallelic, and it is located

on chromosome ,L .

Human immune systems attack any molecule not normally found in the body prior to
birth. One way that the immune system attacks foreign molecules is making
antibodies that bind to them and clump them so that defensive cells called
macrophages eat them and remove them from the body.

So in a person with the allele I* the A antigen IS NOT attacked, but g antigen is.

In a person with allele I®the B antigen IS NOT attacked, but i [ antigen is.

In a person whose genotype is heterozygotic or homozygotic for the dominant D
antigen, no antibodies against the antigen are made. But in a person with a
homozygous recessive allele phenotype, antibodies that attack the D (Rh) antigen are



—~made. Dd or DD genotypes produce Rh+ phenotypes, and these people can-accept —
Rh+ blood; dd genotypes produce Rh- phenotypes, and these people can donate to
Rh+ individuals, but they can not accept Rh+ blood.

In our blood tests, we’ll use antibodies that would normally attack the blood antigens
to find out if the antigens are present. Then, we'll find the blood type of the person.

10 drops “blood”

10 drops anti A OR Anti B or Anti D (Rh) into marked well.

Tap to mix. Assess as + if clumps have appeared in 10 minutes or — if clumps have not

appeared in 10 minutes.
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Complete all possible punnett squares for Rh and A, B, O for:

Mr. Boo X ms. Hoo
Mr. Woo X ms Hoo

Which man, if either, can be the father of baby whose? Explain.
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Name:

Non-Mendelian Inheritance Formative Assessment

heteroz

Fill in the Punnett Square (1pt) and answer the

=
SIMPLE DOMINANCE. In bunnies, brown fur is
domin%oéand whit

questions below.

Parent Genotypes: %é X é’é (1 pt)

B

Non-Mendelian FA
GradeCam 1D:

I
, 288see
& : »Q0000® 9000 Q0
.urlsrecesm‘ve.A 4 1000000 oJlolo{oNo)C]
ous bunny is crossed with a white bunny. oYolololo]l ellelle)oleXe]
-020200  [650000
®eBEGO
®B0 0000
Form Identifier — Do not mark
0600500865005
060000000066 668
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a. What is the probability of a white bunny in the offspring? (1 pt)

So=

b. What is the genotypic ratio of the offspring? (1 pt)

2. Pb 2 bb

..c. What is the phenotypic ratio of the offspring? (1 pt)

D Borown ; 2 Wk Je

KRR

: rr
2. INCOMPLETE DOMINANCE. In snapdragon flowers, Red flower color is incompletely dominant and white
flower color is recessive. Two pink flowers are crossed. Fill in the Punnett Square (1pt) and answer the

questions below.

Parent Genotypes: ‘J/%( X Rr (1 pt)

[

r

Y

,_>@{

Rv

a. What is the probability of a red flower in the offspring? (1 pt)

2'9 o
o
b. What is the genotypic ratio of the offspring? (1 pt)

T e il

c. What is the phenotypic ratio of the offspring? (1 pt)

/ Red 2 Pwhk /wzf‘/(
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3. CO-DOMINANCE. B‘ack and white colored feathers are co-dominant in chickens. A bl
with a speckled chicken. Fill in the Punnett Square (1pt) and answer the ques

e,z X %\/\J (1p£)

(AN
Parent Genotypes:

24T

% =
ack chicken is crossed
tions below.

B

T

BP

oW

AN

a. What is the probability of a white chicken in the offspring? (1 pt)

O;é
b. What is the genotypic ratio of the offspring? (1 pt)

ITPB ! LR

c¢. What is the phenotypic ratio of the offspring? (1 pt)

) BLAK | LSPECKLED

4. MULTIPLE ALLELES. In human blood type, type A (I*) and type B (I°) are co-dominant. Type O blood is
recessive (i). Mr. Mallin has type O blood and Mrs. Mallin is heterozygous for Type B blood. Fill in the

Punnett Square (1pt) and answer the questions below.

N

T

Parent Genotypes: _ (- L

B .
x.f L (1 pt)
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What is the probability of a blood type A in the offspring? (1 pt)

e
OT5
b. What is the genotypic ratio of the offspring? (1 pt)
D T B L

L ¢
c. What is the phenotypic ratio of the offspring? (1 pt)
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Level 3 Challenge: Dog Breeder’s Dilemma — Deaf Dalmatians \

Simrele o e, Aan o
Your neighbor breeds Dalmatian dogs, and she asks for your help since your mother has been
bragging that you got a perfect score on your genetics test. Your neighbor is concerned
because deafness is quite common in Dalmatian dogs. She has two male dogs that she wants to
use for breeding with some of her female dogs. The male dogs can hear, but she does not want

to use any dog for breeding if he could possibly father deaf puppies.

1. You assume that deafness is due to a recessive allele for a single gene. What are the

possible genotypes for the male dogs that can hear? (Use d for the recessive allele for deafness

and D for the allele for normal hearing.) DR = Moru ga.—p
>¢6 (\90"'fw( < (

2. Totest whether each of the male dogs is heterozygous or homozygous, you recommend that

your neighbor mate each male dog with a specific type of female dog. What type of female dog

should your neighbor use for this test? What would this female dog’s phenotype and genotype

be? . A% A .,./Jﬁ (ALY crossel w v > (0
ool ,orb-aﬁoce_ 507 Keek 5" o Geé" Ao s

(79 AC‘( CcCross L W
3. Draw the appropriate Punnett Squares to illustrate how this test would determme th

each of your neighbor’s male dogs is heterozygous or homozygous. In the Punnett squares,
circle any offspring that would be deaf.

4. Your neighbor follows your advice and reports the results shown in the first column of the
table. Complete the middle and last columns of the table to show the advice you would give to

your neighbor.

Outcome of Should the owner use this dog for breeding How confident are you of
mating purposes? Why or why not? this conclusion?

First father:

—5"0“
5 puppies, /\90 %L __‘L\a%&e T [ €€ Zo . T/& &
1 deaf g i g 4&_: P k%ﬁ(
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Second father:
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You are proud of your work as a genetics advisor and you show this table to your teacher,
hoping that she may give you some extra credit in your biology course. She responds, "Oh no! i
hope you didn't give your neighbor a guarantee on your advice."

You are upset and ask her what is wrong. She explains that biologists have discovered that the
inheritance of deafness is very complex and involves more than one gene. In humans there are
at least 40 different genes that can result in deafness by causing defects mf_ﬁg_d_e\@!g_p_m_e_nj_or
~7function of different parts of the ear or nervous system. Biologists still have not figured out the
genes responsible for deafness in Dalmatians, but they know that more than one gene is
involved. Because the genetics is complex and not well understood, careful breeding can
[ reduce the chance of deafness but not eliminate the possibility of deaf puppies.

I.-'I You are still feeling upset, and you ask your teacher, "Do you mean that all the stuff you taught
| us about Mendel and genetics isn't really true?"

‘5. How should she respond?
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Level 4 Extension Problems:
EPISTASIS

The success of Gregor Mendel’s classic studies of the pea

int were a result, in part, of the traits that Mendel
chose to study. It turns out that each characteristic
Mendel followed in his crosses was influenced by a single
gene. In addition, each of the genes that he studied had
only a limited effect.

We know now that many traits result from interactions

among genes. Such interactions are called epistasis. For
example, epistasis is common among genes responsible "
for the color of fur or skin in mammals. st o L £ PG

= | Ly

Consider color variation in Labrador retrievers. The different colors are from variation in the amount and
distribution of melanin, a brownish-black pigment. The alleles of one specify an enzyme required to produce
melanin. Expression of the allele B (black) has a more pronounced effect and is dominant to b (brown).
Alleles of a different gene control the extent to which molecules of melanin are deposited in a Labrador’s
hairs. The allele E permits full expression of the coat color, while two recessive alleles (ee) reduces expression
of the coat color. Yellow labs have less pigment because they are homozygous recessive for the epistasis gene.

Phenotype | Possible Genotypes (for coat color & epistasis gene)
Black BRLELE ,BBEe, BLEE, Bb Ee
Brown bbEe K DPee, Blee

Yellow 6é ee.

Try these problems... (Hint: You have to do a dihybrid cross!!)

1) You are a Labrador breeder and have a female black lab with a genotype of BbEE and cross it with a
yellow lab with a genotype of bbee. What are the genotypic ratios of the offspring? Phenotypic

ratios? '5() EC,’ s _ééi—g_
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2) Ayellow lab mates with a mates with a brown lab who is heterozygous for the epistasis gene. What are
the genotypic ratios of the offspring? Phenotypicratios? [ Lee »< 17 L Ce

b be LE be |
be |bbk|bbee |bbte Lhee /AéE@ : éé ee

TP% ST T | Brown ! /%’3//”‘/

ve \ri’

be| V|

Lbce Bb
3) You have an order for a Iltter of all yellow labs. Your male black lab, Charlie, is heterozygous for coat
color and heterozygous for ﬁstaSIS Is it possible for your male to produce a litter of all yeIIow labs?

If so, what would the genotype of the female dog need to be? Show your work.
Ré ee <Y

Bb Ee = M(’C‘ Liece
BE Be bl 25;1 Glee &M/e_ cau

B 2 33 E'HZC Bbec lm.k.(u"/ Q’f :.-{'ﬁccr
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X b ee ”W% ‘éc-;%,rm ol e el ke L e FEERGL

4) In sweet peas, purple flower color (P)'is dominant over white (p), but there is also a control gene such
that if the plant has a “C”, the purple has “permission” to express itself. If the plant is “cc,” the purple
does not “have permission” to express itself and the flower will be white anyway. If the female parent
is PPCC and the male parent is ppcc, what would the F; genotypic and phenotypic ratios be? How

about the F; genotypic and phenotypic ratios? FEE,,C__ < _}@Ef_—
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