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The information here will help you assign Allele Profiles and evaluate students’ Lab Notebooks and
other work. Within each disorder, the alleles with lower numbers are easiest, and difficulty goes up
with higher numbers. The alleles for hemophilia and hemoglobin disorders are more challenging

than the rest.

All the alleles are based on real ones described in the literature (references are listed at the end).
We changed the names of the alleles, mainly so we could streamline the text for students. The tables
show the names that are used by the scientific community and a brief description. We suggest the
names of the protein symbols to help evaluate questions 5 and 6 in the Lab Notebooks, though
there is often more than one reasonable answer.

Alpha-1 Antitrypsin Deficiency

Autosomal recessive inheritance pattern—except for D6, which is autosomal dominant.

Allele Molecular changes Difficulty and notes
D1 — M (Min- | Single-base substitution. AA | Easy. Non-working protein is degraded & not re-
eral Springs) |#91 changed from Gto E leased to the blood stream. High risk of lung damage.
D2 -W Single-base substitution. AA | Easy. Non-working protein is degraded and not re-
(Bethesda) #360 changed from Ato T [leased to the blood stream. High risk of lung damage.
D3-Z Single-base substitution. AA | Medium. Non-working protein forms clumps that
#366 changed from E to K build up inside liver cells; proteins don't get to lungs.
High risk of lung & liver damage.
D4 -M Three-base deletion. One Medium. Non-working protein forms clumps that
(Malton) AAis deleted at #75/76 build up inside liver cells; proteins don’t get to lungs.
(both are F) High risk of lung & liver damage.
D5 — NULL Single-base insertion. Caus- [ Medium; the DNA/amino acid data is a little harder
(Mattawa) es a frameshift beginning to interpret. Non-working protein is degraded, so it
at AA #376 & premature isn't released into the blood stream. High risk for lung
termination at #400. damage.
D6 — Single-base substitution. AA | Bonus/Advanced. This gain-of-function allele does
Pittsburgh #382 changed from Mto R [ not cause lung or liver problems, but a bleeding
disorder! Rather than targeting elastin, the modified
protein targets the blood clotting protein thrombin.
Having one allele causes the disorder.

The Z allele (aka D3) is by far the most common disorder-causing allele of SERPINAT. Another
common allele, S, is not included in this activity. The S allele codes for a version of AAT protein with
reduced function that differs from the healthy protein by one amino acid. The S allele is fairly com-
mon, but it generally causes AAT deficiency only when it is in combination with a Z or null allele.
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Cystic Fibrosis

Autosomal recessive

inheritance pattern

In the literature, CFTR alleles are usually referred to by a code that indicates the position of the
change in the amino acid sequence and the type of change.

Allele Molecular changes Difficulty and notes
C1 - G542X Single-base substitution. AA [ Easy. Cells make very small amounts of
#542 changed from G to A, non-working protein. Causes severe effects in
creating a premature termina- [ the lungs and digestive organs.
tion codon.
C2 - F508del Three-base deletion. AA #508 | Easy. Non-working protein is degraded before
is deleted. it reaches the cell membrane. Causes severe
effects in the lungs and digestive organs.
C3-G551D Single-base substitution. AA | Easy. Non-working protein is made and
#551 changed from G to D. moved to the cell membrane, but it does not
move chloride ions. Causes severe effects in
the lungs and digestive organs.
C4 - R1070W Single-base substitution. AA | Medium. This mild allele codes for a partially
#1070 changed from Rto W. | working protein that moves fewer chloride
ions. When it's combined with a severe allele,
it sometimes affects the lungs. The digestive
organs are usually unaffected.
C5 - A455E Single-base substitution. AA [ Medium. This moderate allele codes for a
#455 changed from A to E. partially working protein that still moves
chloride ions. But because the protein is
degraded quickly, there is less of it than usual.
When it's combined with a severe allele,
it usually affects the lungs. Effects on the
digestive organs are usually mild or absent.

The F508del allele is the most common disorder-causing allele of CFTR. It's present in >70% of
people with the disorder. Most of the work done on R1070W and A455E is done with F508del as the
second allele. To make the data more understandable, we estimated the sweat chloride levels for
R1070W / R1070W and A455E / A455E, based on papers that studied protein function.
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Hemoglobin Disorders

These disorders are a little on the tricky side. Variations in the HBB gene can cause several distinct
disorders, and the symptoms and molecular mechanisms vary widely. To understand their alleles,
students will need to read and process more information.

Most alleles of the HBB gene cause genetic disorders that follow an autosomal recessive inheritance
pattern (AR), and others cause genetic disorders that follow an autosome dominant pattern (AD).
Note that the first three alleles all affect the same codon, which is numbered 6 or 7 depending on

the reference.

AR inheritance

Allele Molecular changes Difficulty and notes
HB1 — HbS Single-base substitution. Medium. Altered protein still carries oxygen but
AA #7 changed from Eto | forms stiff fibers. Causes sickle cell disease (AR
AR ar?d AD V. inheritance) and malaria resistance (AD inheritance).
inheritance Sickled cells get caught in small blood vessels, caus-
ing pain, anemia, organ damage & enlarged spleen.
HB2 — HbC Single-base substitution. Medium. Altered protein still carries oxygen, but

AA #7 changed from E to
K.

forms stiff fibers under some conditions. Protein
also breaks down faster than usual so blood cells
are shorter-lived. Causes sickle cell disease and
resistance to severe malaria. Sickled cells can get
caught in small blood vessels, causing mild anemia
& enlarged spleen.

HB3 — Glu6FS

Co-dominant

Single-base deletion in the
codon for AA #7. Causes
a frame shift, with a stop

Medium. Non-working or no protein. Few red blood
cells mature, leading to beta-zero thalassemia.
Homozygotes require blood transfusions for life and

AR inheritance

inheritance codon 12 codons later. are at risk for iron overload. Some heterozygotes
have anemia.
HB4 — HbE Single-base substitution. Medium+: Partially working protein is slowly made

AA #27 changed from E
to K.

and short-lived. Some homozygotes never have
negative effects, others have mild beta-thalassemia.
Conveys resistance to severe malaria.

HBS5 — E121 to
TER

AD inheritance

Single-base substitution.
AA #122 changed to a
premature stop codon.

Advanced: Non-working protein cannot pair with
alpha-globin. Unpaired globins clump together, and
red blood cells do not mature. Causes beta-zero
thalassemia. Two alleles would likely be lethal.

HB6 — Hemo-
globin Denver

AD inheritance

Single-base substitution.
AA #42 changed from
Fto S, affecting oxygen
binding.

Advanced: Partially working protein binds weakly
to oxygen, and it is broken down more quickly than
usual. Having one allele causes an oxygen transport
disorder. Two alleles would likely be lethal.

HbS is the most common allele in sickle cell disease. HbC and HbE, because they also contribute to
malaria resistance, are also quite common. The other alleles are rare.
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Hemophilia

X-linked recessive inheritance pattern. In the literature, F8 and F9 alleles are referred to by a code
that indicates the position of the change in the amino acid sequence and the type of change. The
amino acid numbering system changed around the year 2000. We use the current system, though
some publications still use “Legacy” numbering. See reference section for details.

Gene, Allele | Molecular changes Difficulty and notes
H1 - F8, Single-base substitution. Easy. Partially working protein leads to a weakened
A415V AA#415 is changed from A | clotting signal. Causes moderate to severe
to V. (Legacy AA#396) hemophilia. Risk of severe bleeding and joint
damage.
H2 — F9, Single-base substitution. Easy. Partially working protein. Less protein is
R449Q AA#449 is changed from R | made, and some of it is degraded. A small amount
to Q. (Legacy #449) of protein gets into the blood works and fairly well.
Causes mild hemophilia with delayed blood clotting.
H3 - F9, Single-base deletion in the | Easy. Non-working or no protein. A very early stop
LT19F*1 codon for AA#19. Causes codon causes only a tiny fragment of protein to be
a frame shift, with a stop 1 made. Causes severe hemophilia. High risk for
codon later. spontaneous bleeding and joint damage.
H4 — F8, Single-base substitution. Medium. Partially working protein binds poorly to
A303E AA#303 is changed from A | its partner and leads to a weakened clotting signal.
to E. (Legacy AA#284) Sometimes causes mild hemophilia with delayed
blood clotting.
H5 — F9, F55I | Single-base substitution. Medium. Partially working protein. This allele affects
AA#55 is changed from F to | a second interaction the protein needs to modify its
l. (Legacy #9) target. Causes mild to moderate hemophilia with
some risk of joint damage.
Hé6 — F8, Chromosomal inversion. A | Bonus/Advanced. This is quite different than the
intron 22 piece of chromosome broke [ molecular changes for the other alleles. There is a
inversion away, rotated 180 degrees, |[lotto read and process about the rearrangement.
and fused back in place. The [ Understanding why the sequence of this particular
inverted portion includes inversion is read in the correct direction may require
the promoter & start co- some knowledge of gene regulation. No working
don—but not the stop. protein reaches the blood stream, causing severe
hemophilia.

The Hé allele is the most common allele in hemophilia. It's found in nearly 50% of all severe cases.
Many of the other hemophilia alleles are the result of “founder effect,” and a specific allele can be
traced back to a common ancestor. In different parts of the world, new mutations occurred, creating
new alleles that were passed on. This is why different hemophilia alleles tend to be more common in
people with ancestors from different places. For example, the H2 allele is one of the most common
alleles in people with French ancestry, but it is rare in other populations.
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Marfan Syndrome

Autosomal dominant inheritance pattern

In the literature, FBNT alleles are usually referred to by a code that indicates the position of the
change in the amino acid sequence and the type of change.

Allele Molecular changes Difficulty and notes
M1 - G1013R Single-base substitution. AA | Easy. Partially working proteins don't link
#1013 changed from Gto R together very well and break down easily.
Causes neonatal Marfan syndrome, the most
severe form.
M2 — C2686F Single-base substitution. AA | Easy. Partially working proteins are released
#2686 changed from Cto F from cells in small quantities. Altered proteins
also interfere with the release of healthy
proteins. High risk for all effects, especially
lens dislocation.
M3 —11892X Five-base insertion. Causes Medium. Partially working proteins are made
a frameshift beginning at but rarely built into connective tissue. The al-
AA #1747, and a premature tered proteins interfere with healthy proteins.
termination at #1892 High risk for effects in many different tissues.
M4 — R2726W Single-base substitution. AA [ Medium. Non-working proteins are completely
#2726 is changed from R to W | left out of microfibrils. Altered proteins do not
interfere with healthy proteins, though there
is less fibrillin protein than usual overall. Low
risk for the most serious effects. Often only
skeletal features.
M5 — C1564S Single-base substitution. AA | Medium. Partially working protein becomes
#1564 is changed from Cto S | part of connective tissue, but causes
clumping. Microfibrils wrap around elastin
incompletely, which stiffens stretchy
connective tissue. Low risk for heart and
skeletal effects. High risk for stiff skin
syndrome (hard, thick skin).

Most people with Marfan syndrome have an allele that is unique to their family. In fact, only about
10% of alleles are shared by another family. With the exception of neonatal Marfan syndrome, few
connections have been made between the type of allele a person has and the severity of the symp-
toms they experience.
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Alpha-1 Antitrypsin Deficiency
Allele D1 — Codons 89-96

Healthy: UCC CUG GGG ACC AAG GCU GAC ACU mRNA

S L G T K A D T protein
Disorder: UCC CUG GAG ACC AAG GCU GAC ACU mRNA

S L E T K A D T protein

Allele D2 — Codons 355-362

Healthy: AAG GCC GUG CAU AAG GCU GUG CUG mRNA

K A Vv H K A Vv L protein
Disorder: AAG GCC GUG CAU AAG ACU GUG CUG mRNA

K A Vv H K T V L protein

Allele D3 — Codons 363-370

Healthy: ACC AUC GAC GAG AAA GGG ACU GAA mRNA

T I D E K G T E protein
Disorder: ACC AUC GAC AAG AAA GGG ACU GAA mRNA

T I D K K G T E protein

Allele D4 — Codons 73-80

Healthy: AAU AUC UUC UUC UCC CCA GUG AGC mRNA

N I F _F S P Vv S protein
Disorder: AAU AUC UUC UCC CCA GUG AGC mRNA

N I F S P Vv S protein

Allele D5 — Codons 376-380, 389-400

Healthy: UUU UUA GAG GCC AUA CCC AUU GAA mRNA

F L E A I P I E protein
Disorder: UUU UUU AGA GGC CAU ACC CAU UGA A mRNA

F F R G H T H stp protein

Allele D6 — Codons 378-385

[
(ep}

UCU AUC CCC mRNA

S I P protein
UCU AUC CCC mRNA

S I P protein

Healthy: GAG GCC AUA CCC A
E A I P
Disorder: GAG GCC AUA CCC
E A I P

>
e} gQIZ
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Cystic Fibrosis

Allele C1 — Codons 537-544

Healthy: GAC AAU AUA GUU CUU GGA GAA GGU mRNA

D N I V L G E G protein
Disorder: GAC AAU AUA GUU CUU UGA GAA GGU mRNA

D N I vV L stp protein
Allele C2 — Codons 504-511
Healthy: GAA AAU AUC AUC UUU GGU GUU UCC mRNA

E N I I F G V S protein
Disorder: GAA AAU AUC AUC.GGU GUU ucCcC mRNA

E N I I .G \Y S protein
Allele C3 — Codons 549-556
Healthy: AGU GGA GGU CAA CGA GCA AGA AUU mRNA

S G G Q R A R I protein
Disorder: AGU GGA GAU CAA CGA GCA AGA AUU mRNA

S G D Q R A R I protein
Allele C4 — Codons 1067-1074
Healthy: GCC UUC GGA CGG CAG CCU UAC UUU mRNA

A F G R Q P Y F protein
Disorder: GCC UUC GGA UGG CAG CCU UAC UUU mRNA

A F G W Q P Y F protein
Allele C5 — Codons 450-457
Healthy: AGA GGA CAG UUG UUG GCG GUU GCU mRNA

R G Q L L A V A protein
Disorder: AGA GGA CAG UUG UUG GAG GUU GCU mRNA

R G Q L L E V A protein
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Hemoglobin Disorders

Allele HB1 — Codons 5-12
Healthy: ACU CCU GAG GAG AAG UCU GCC GUU mRNA

T P E E K S A Vv protein
Disorder: ACU CCU GTG GAG AAG UCU GCC GUU mRNA

T P \ E K S A V protein
Allele HB2 — Codons 5-12
Healthy: ACU CCU GAG GAG AAG UCU GCC GUU mRNA

T P E E K S A Vv protein
Disorder: ACU CCU AAG GAG AAG UCU GCC GUU mRNA

T P K E K S A Vv protein
Allele HB3 — Codons 5-9, 18-20
Healthy: ACU CCU GAG GAG AAG AAG GUG AAC mRNA

T P E E K K Vv N protein
Disorder: ACU CCU GGG AGA AGA AGG UGA AC mRNA

T P G R R R _stp protein
Allele HB4 — Codons 24-31
Healthy: GUU GGU GGU GAG GCC CUG GGC AGG mRNA

Vv G G E A L G R protein
Disorder: GUU GGU GGU AAG GCC CUG GGC AGG mRNA

Vv G G K A L G R protein
Allele HB5 — Codons 112-119
Healthy: CAC UUU GGC AAA GAA UUC ACC CCA mRNA

H F G K E F T P protein
Disorder: CAC UUU GGC AAA UAA UUC ACC CCA mRNA

H F G K stp protein
Allele HB6 — Codons 38-45
Healthy: UGG ACC CAG AGG UUC CUU GAG UCC mRNA

W T Q R F F E S protein
Disorder: UGG ACC CAG AGG UCC CUU GAG UCC mRNA

W T Q R S F E S protein
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Hemophilia
Allele H1 — Codons 410-417

Healthy: GAG GAC UGG GAC UAU GCU CCC UUA mRNA

E D W D Y A P L protein
Disorder: GAG GAC UGG GAC UAU GUU CCC UUA mRNA

E D W D Y \ P L protein
Allele H2 — Codons 446-453
Healthy: AAG GUA UCC CGG UAU GUC AAC UGG mRNA

K Vv S R Y V N W protein
Disorder: AAG GUA UCC CAG UAU GUC AAC UGG mRNA

K Vv S Q Y Vv N W protein
Allele H3 — Codons 15-22
Healthy: AUC ACC AUC UGC CUU UUA GGA UAU mRNA

I T I C L L G Y protein
Disorder: AUC ACC AUC UGC UUU UAG GAU AUC mRNA

I T I C F_stp protein
Allele H4 — Codons 300-307
Healthy: CAU CGC CAG GCG UCC UUG GAA AUC mRNA

H R Q A S L E I protein
Disorder: CAU CGC CAG GAG UCC UUG GAA AUC mRNA

H R Q E S L E I protein
Allele H5 — Codons 52-59
Healthy: UUG GAA GAG UUU GUU CAA GGG AAC mRNA

L E E F V Q G N protein
Disorder: UUG GAA GAG AUU GUU CAA GGG AAC mRNA

L E E I V Q G N protein
Allele H6 — Codons 2141-2143, 2156-2160
Healthy: ACC UUA AUG GUC UUC UUU GGC AAU mRNA

T L M V F F G N protein
Disorder: ACC UUA AUG UCC UAC CGC UGG UGA mRNA

T L M S Y R W stp protein
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Marfan Syndrome

Allele M1 — Codons 1,010-1,017
Healthy: AGA GGA CCC GGA UUU GCC ACA AAA mRNA
R G P G F A T K protein

Disorder: AGA GGA CCC AGA UUU GCC ACA AAA mRNA
R G P R F A T K protein

Allele M2 — Codons 2,683-2,690

Healthy: CAA GGG CAC UGU GUU UCU GGA AUG mRNA
Q G H C Vv S G M protein

Disorder: CAA GGG CAC UUU GUU UCU GGA AUG mRNA

Q G H F V S G M protein

Allele M3 — Codons 1,746-1,749 and 1,889-1,892

Healthy: CUC UGU GGA AGU UUG GAC AUA AAU mRNA
L C G S L D I N protein

Disorder: CUA CAC UCU GUG UGG ACA UAA AUG mRNA
L H S Vv W T stp protein

Allele M4 — Codons 2,723-2,730

Healthy: UAC CCC AAA CGG GGC AGG AAA CGG mRNA
Y P K R G R K R protein

Disorder: UAC CCC AAA UGG GGC AGG AAA CGG mRNA
Y P K W G R K R protein

Allele M5 — Codons 1,561-1,568

Healthy: UCC UGC UGC UGU UCU CUG GGU AAA mRNA
S C C C S L G K protein

Disorder: UCC UGC UGC UCU UCU CUG GGU AAA mRNA
S C C S S L G K protein
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Key — mRNA and protein sequences

Students will get the most from this unit if they have the correct information in the Mutation & Alleles
section of their Lab Notebooks. Print the following pages, and give each student a strip of paper
with the information for their allele. They can use it to check their answers and correct any errors.
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