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Allele Profile
Alpha-1 Antitrypsin Deficiency, Allele D1

Basic Information
Genetic Disorder — Alpha-1 Antitrypsin Deficiency, also called Alpha-1 or AAT deficiency

Affected Gene — SERPINA1
Affected Protein — The affected gene codes for the protein alpha-1 antitrypsin (AAT)
Allele — D1

There are more than 120 versions, or alleles, of the SERPINAT gene. Some cause genetic disorders
and some do not. Your assigned allele is one of several dozen that can cause alpha-1 antitrypsin
deficiency.

Mutations & Alleles
The protein-coding portion of the SERPINAT gene is 1,254 nucleotides long, and it has 418 codons.

The DNA sequence of your allele is identical to a healthy allele for most of its length. The place
where they differ is shown in detail:

DNA sequences: codons 89-96

Heaty| TCCCTGGGGACCAAGGCTGACACT | ¢
alele |y 9DODVYODDD0IL9DLLD0DVYIDLOIOY [« 7
D1 TCCCTGGAGACCAAGGCTGACACT| §
dlele |y D99 VIOIOILOLODIIIDOVIOLIIOY |«
Start Stop
codon codon

Ny NINASEIA NSANAINS NSNS S NSASASINS N SN S NSO N SASAN S SIS TSRS

SERPINAT gene (418 codons)
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NAME

Inheritance

Everyone inherits two alleles of
SERPINAT, and AAT protein is normal-
ly made (expressed) from both. AAT
protein is normally released into the
blood stream, where it can be mea-
sured by a blood test.

The SERPINAT alleles that a person
has influences how much AAT protein
they have in their blood. The graph
shows how much AAT protein is in the
blood of people with different allele
combinations (each point represents
one person). [data based on Ferrarotti et al
(2012) and Brode et al (2012)]

DATE

AAT concentration in blood (mg/dL)

Allele Combinations, Protein Concentration & Disease Risk

180 A
L]
150 ;
120 ~ $
90 -+ .
H
o4
Usually
30 - considered
to be AAT
deficient
0 : . .
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SERPINA1 Allele Combination

Low risk of High risk of
lung disease lung disease

Protein Function & Gene Expression

1. The D1 allele is switched

on in liver cells (same as
healthy alleles).

2. Liver cells do read the D1
allele and build proteins.

3. The AAT protein made
from the D1 allele is al-
tered. Itisn't processed
correctly, and it is broken
down inside the cell soon
after it's made.

Liver cells

4. The protein never gets out of the liver cells that make it, so it can't do its job.

5. People with two D1 alleles have a high risk for lung damage. Other organs usually are not

affected.

© 2019 University of Utah
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Allele Profile
Alpha-1 Antitrypsin Deficiency, Allele D2

Basic Information
Genetic Disorder — Alpha-1 Antitrypsin Deficiency, also called Alpha-1 or AAT deficiency

Affected Gene — SERPINA1
Affected Protein — The affected gene codes for the protein alpha-1 antitrypsin (AAT)
Allele — D2

There are more than 120 versions, or alleles, of the SERPINAT gene. Some cause genetic disorders
and some do not. Your assigned allele is one of several dozen that can cause alpha-1 antitrypsin
deficiency.

Mutations & Alleles
The protein-coding portion of the SERPINAT gene is 1,254 nucleotides long, and it has 418 codons.

The DNA sequence of your allele is identical to a healthy allele for most of its length. The place
where they differ is shown in detail:

DNA sequences: codons 355-362

Heathy| AAGGCCGTGCATAAGGCTGTGCTG g
alele | L 100990V OOIVILIILIOOOVYOVIODVYD [«
D2 AAGGCCGTGCATAAGACTGTGCTG E
alele | 3 L0099 0VOOIVIILOILOVYOVYIDOVYD |«
Start Stop
codon codon

NN AN A AN ANANSAS AN NASAS AT AR A AAT NASATS SAATARTARANE SATAT AT SASATASAS NINFNFNANFNAN RS

| |
SERPINAT gene (418 codons)

© 2019 University of Utah Updated June 21,2019 1



NAME

Inheritance

Everyone inherits two alleles of
SERPINAT, and AAT protein is normal-
ly made (expressed) from both. AAT
protein is normally released into the
blood stream, where it can be mea-
sured by a blood test.

The SERPINAT alleles that a person
has influences how much AAT protein
they have in their blood. The graph
shows how much AAT protein is in the
blood of people with different allele
combinations (each point represents
one person). [data based on Ferrarotti et al
(2012) and Brode et al (2012)]

DATE

AAT concentration in blood (mg/dL)

Allele Combinations, Protein Concentration & Disease Risk
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Protein Function & Gene Expression

SERPINA1 Allele Combination

Low risk of High risk of
lung disease lung disease

1. The D2 allele is switched
on in liver cells (same as
healthy alleles).

2. Liver cells do read the D2
allele and build proteins.

3. The AAT protein made
from the D2 allele is al-
tered. Itisn't processed
correctly, and it is broken
down inside the cell soon

Liver cells

after it's made.

4. The protein never gets out of the liver cells that make it, so it can't do its job.

5. People with two D2 alleles have a high risk for lung damage. Other organs usually are not

affected.

© 2019 University of Utah

Allele Profile — Alpha-1 2
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Allele Profile
Alpha-1 Antitrypsin Deficiency, Allele D3

Basic Information
Genetic Disorder — Alpha-1 Antitrypsin Deficiency, also called Alpha-1 or AAT deficiency

Affected Gene — SERPINA1
Affected Protein — The affected gene codes for the protein alpha-1 antitrypsin (AAT)

Allele — D3

There are more than 120 versions, or alleles, of the SERPINAT gene. Some cause genetic disorders
and some do not. Your assigned allele is one of several dozen that can cause alpha-1 antitrypsin

deficiency.

Mutations & Alleles
The protein-coding portion of the SERPINAT gene is 1,254 nucleotides long, and it has 418 codons.

The DNA sequence of your allele is identical to a healthy allele for most of its length. The place
where they differ is shown in detail:

DNA sequences: codons 363-370

Heaty| ACCATCGACGAGAAAGGGACTGAA | ¢
alele | 199 LVYODILODLOLILLIODDIOVYIOLL [«F
p3s |ACCATCGACAAGAAAGGGACTGAA]| £
alele | ZI99LVOIILOLILIOLLIIDODDILOVYIOLL [«
Start Stop
codon codon
Y

ST R SR R S S R R SRR S B
|
SERPINAT gene (418 codons)
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NAME

Inheritance

Everyone inherits two alleles of
SERPINAT, and AAT protein is normal-
ly made (expressed) from both. AAT
protein is normally released into the
blood stream, where it can be mea-

sured by a blood test.

The SERPINAT alleles that a person
has influences how much AAT protein
they have in their blood. The graph
shows how much AAT protein is in the
blood of people with different allele
combinations (each point represents
one person). [data based on Ferrarotti et al

(2012) and Brode et al (2012)]

AAT concentration in blood (mg/dL)

DATE

150 A

120

90 A

60 -

30 ~

0

Allele Combinations, Protein Concentration & Disease Risk
180 A

High risk of

liver disease

Usually

considered
! to be AAT

deficient

Protein Function & Gene Expression

1. The D3 allele is switched
onin liver cells (same as
healthy alleles).

2. Liver cells do read the D3
allele and build proteins.

3. The protein made from
the D3 allele is altered:
it's sticky. As the proteins
are made, they form large
clumps, which build up
inside the liver cells.

Healthy / Healthy Healthy / D3

lung disease

D3/ D3

SERPINA1 Allele Combination

High risk of

lung disease

Liver cells

4. The AAT protein doesn't get out of the cells that make it, so it can't do its job.

5. Liver cells can break down the clumps, but slowly. If there is too much sticky protein (like if some-
one has two D3 alleles), the clumps build up faster than the cells can break them down. Clumps
can fill the cells, causing cell death, scarring, and other damage to liver tissue.

6. People with two D3 alleles have a high risk for damage to both the lungs and the liver. Liver
problems can show up in babies, or they may appear later in childhood or adulthood. Even

people with one D3 allele and one healthy allele can have liver damage.

© 2019 University of Utah

Allele Profile — Alpha-1 2
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Allele Profile
Alpha-1 Antitrypsin Deficiency, Allele D4

Basic Information
Genetic Disorder — Alpha-1 Antitrypsin Deficiency, also called Alpha-1 or AAT deficiency

Affected Gene — SERPINA1
Affected Protein — The affected gene codes for the protein alpha-1 antitrypsin (AAT)
Allele — D4

There are more than 120 versions, or alleles, of the SERPINAT gene. Some cause genetic disorders
and some do not. Your assigned allele is one of several dozen that can cause alpha-1 antitrypsin
deficiency.

Mutations & Alleles
The protein-coding portion of the SERPINAT gene is 1,254 nucleotides long, and it has 418 codons.

The DNA sequence of your allele is identical to a healthy allele for most of its length. The place
where they differ is shown in detail:

DNA sequences: codons 73-80

Heaty| AATATCTTCTTCTCCCCAGTGAGC | ¢
dlele | L I VI VYOVYVYOVYVOVIOOOOHILIOVIOILOD 3
= AATATCTTCTCCCCAGTGAGC g
adlele | LTI VIVYOVYVYOVIOODODDLOVIOILIDD |«—
Start Stop
codon codon

NS PASPRSANANT SATATY A SEAARSATATS NATATANANATINATAT AT AT SATASATAAT SATATANASATT EEASATNASATASATATIAAN A

| |
SERPINAT gene (418 codons)
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NAME

Inheritance

Everyone inherits two alleles of

SERPINAT, and AAT protein is normal-
ly made (expressed) from both. AAT
protein is normally released into the
blood stream, where it can be mea-

sured by a blood test.

The SERPINAT alleles that a person
has influences how much AAT protein
they have in their blood. The graph
shows how much AAT protein is in the
blood of people with different allele
combinations (each point represents
one person). [data based on Ferrarotti et al

(2012) and Brode et al (2012)]

DATE

AAT concentration in blood (mg/dL)

Allele Combinations, Protein Concentration & Disease Risk
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| l High risk of
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e04 B
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30 4 considered
! to be AAT
deficient
0 T T r
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SERPINA1 Allele Combination

Low risk of High risk of
lung disease lung disease

Protein Function & Gene Expression

1. The D4 allele is switched
on in liver cells (same as
healthy alleles).

2. Liver cells do read the D4
allele and build proteins.

3. The protein made from
the D4 allele is altered:
it's sticky. As the proteins
are made, they form large
clumps, which build up
inside the liver cells.

17

Liver cells

4. The AAT protein doesn’t get out of the cells that make it, so it can't do its job.

5. Liver cells can break down the clumps, but slowly. If there is too much sticky protein (like if some-
one has two D4 alleles), the clumps build up faster than the cells can break them down. Clumps
can fill the cells, causing cell death, scarring, and other damage to liver tissue.

6. People with two D4 alleles have a high risk for damage to both the lungs and the liver. Liver
problems can show up in babies, or they may appear later in childhood or adulthood. Even
people with one D4 allele and one healthy allele can have liver damage.

© 2019 University of Utah

Allele Profile — Alpha-1 2
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Allele Profile
Alpha-1 Antitrypsin Deficiency, Allele D5

Basic Information
Genetic Disorder — Alpha-1 Antitrypsin Deficiency, also called Alpha-1 or AAT deficiency

Affected Gene — SERPINA1
Affected Protein — The affected gene codes for the protein alpha-1 antitrypsin (AAT)
Allele — D5

There are more than 120 versions, or alleles, of the SERPINAT gene. Some cause genetic disorders
and some do not. Your assigned allele is one of several dozen that can cause alpha-1 antitrypsin
deficiency.

Mutations & Alleles
The protein-coding portion of the SERPINAT gene is 1,254 nucleotides long, and it has 418 codons.

The DNA sequence of your allele is identical to a healthy allele for most of its length. The place
where they differ is shown in detail:

(note: some codons are left
out here in both alleles)

DNA sequences: codons 376-380, 398-400 v

Heaty| TTTTTAGAGGCCATAICCCATTGAA | ¢
alele | Y Y YYVIOLOOODODIVIPODOOIVYYOLL [«°
5 |TTTTTTAGAGGCCAT|JACCCATTGA]| £
dlele | Y ¥YYYVYLIOLOD99ILY|IDODILIYVYOL [«
Stop
codon

SERPINAT gene (418 codons)

© 2019 University of Utah Updated June 21,2019 1



NAME DATE

Inheritance Allele Combinations, Protein Concentration & Disease Risk
Everyone inherits two alleles of g 1807
SERPINAT, and AAT protein is normal- > *

E 150 :
ly made (expressed) from both. AAT 5 !
protein is normally released intothe 8 154 H
blood stream, where it can be mea- 2 :
sured by a blood test. 'é 90 - .

8 :
The SERPINAT alleles that a person % o4
has influences how much AAT protein 3 Usually

. . c 30 considered

they have in their blood. The graph S 1 to be AAT
shows how much AAT protein is in the 0 . deficient
blood of people with different allele > Healthy / Healthy Healthy / D5 D5/ D5
combinations (each point represents SERPINA1 Allele Combination

one person). [data based on Ferrarotti et al . .
Low risk of High risk of
(2012) and Brode et al (2012)] lung disease lung disease

Protein Function & Gene Expression

1. The D5 allele is switched
on in liver cells (same as
healthy alleles).

2. Liver cells do read the D5
allele and build proteins.

3. The AAT protein made
from the D5 allele is
altered. Itisn't processed
correctly, and it is broken

down inside the cell soon ‘ Li ”
after it's made. i Iver cells

4. The protein never gets out of the liver cells that make it, so it can't do its job.

5. People with two D5 alleles have a high risk for lung damage. Other organs usually are not
affected.

© 2019 University of Utah Allele Profile — Alpha-1 2
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Allele Profile
SERPINA1, Allele D6

Basic Information
Genetic Disorder — Bleeding disorder

Affected Gene — SERPINA1
Affected Protein — The affected gene codes for the protein alpha-1 antitrypsin (AAT)
Allele — D6

There are more than 120 versions, or alleles, of the SERPINAT gene. Some cause genetic disorders
and some do not. Your assigned allele causes a severe bleeding disorder.

Mutations & Alleles
The protein-coding portion of SERPINAT gene is 1,254 nucleotides long, and it has 418 codons.

The DNA sequence of your allele is identical to a healthy allele for most of its length. The place
where they differ is shown in detail:

DNA sequences: codons 378-385

Healthyl G AGGCCATACCCATGTCTATCCCC g
alele 1DILD0099DLVYIODOHDIVIOVOVILIVYIDODD |«
D6 GAGGCCATACCCAGGTCTATCCCC E
alele | 5 L0099 LVYILODODIDILIOIOVOVYIVYDDDD |«
Start Stop
codon codon

N EA NP AP A A A S AN S AN AN AN A AN AN AN NASA AN AN AN AN SEASZSAY A

| |
SERPINAT gene (418 codons)

© 2018 University of Utah DRAFT — Updated June 21,2019 1



Inheritance

Everyone inherits two alleles of SERPINAT1, and protein is normally made (expressed) from both. The
SERPINAT1 alleles that a person has influences both how much AAT protein they make, and how that
protein functions.

Having just one D6 allele causes the blood to form clots very slowly. This can lead to severe bleed-
ing from a bruise or a cut.

Everyone who has had a Dé allele has also had one healthy SERPINAT allele. Thus, they still made
enough working AAT to protect their lungs.

The D6 allele is incredibly rare. As of 2016, it has been found in only 5 individuals.
For the Inheritance section of your Lab Notebook, Pages 3-4:

e Question 4: Since there is no data table here, just interpret the information above.
e Question 5: Come up with a symbol to show a protein that has gained a new function.

e Question 6: You do not have the information to answer the question about Person C — but what
do you think might happen if someone had this allele combination?

e Question 7: Draw a model for a person with a Dé allele in combination with an allele that can
cause alpha-1 antitrypsin deficiency. What type of genetic disorder/s do you think they would
have?

Protein Function & Gene Expression

Like with healthy alleles, the D6 allele is switched on in liver cells. So liver cells do read the D6 allele
and build proteins. And, like with healthy AAT protein, the liver cells release these protein into the
blood stream.

However, the D6 allele codes for an altered version of AAT protein. The change is small, but it
completely changes the function of the protein. The protein no longer attaches to and deactivates
elastase. Instead, it attaches to and deactivates a different protein: one that is necessary for forming
blood clots. The effect is that the blood forms clots very slowly, leading to severe bleeding from a

cut or bruise.

Other Factors

People with the D6 allele often have varied symptoms that first appear at different times. Clotting
ability also tends to change over time. But since the D6 allele is so rare (it has been found in just a
few people), it's unclear what causes these differences.

Bleeding episodes in people with a D6 allele usually happened after a severe injury, surgery, or
another high-stress event. Usually, the bleeding stopped after patients were given blood, plasma
transfusions, and/or medication to encourage clotting.

© 2019 University of Utah



