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Mendel's Factors & Muller's mutations — page 1of 9
As you almost certainly already know (and
can review here), in the 1800's Mendel

deduced the existence of genetic factors f*"““‘* if% :
(which we now know as genes). TS
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These factors are passed unaltered from Y iy A
parent to offspring - but importantly, not all i\ -
factors held by a parent are transmitted (note - 3
on simplifications). ' | _ g
. Mendel's hypothesis: E

Each parent has two copies of each gene, but Pure-bred lines carry two =
one and only one copy is transmitted to any copies of the factor that 5
5}

W delermines [lower color.
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particular offspring. 'Which copy 1s
transmitted is random (stochastic).
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As you answer these questions, remember, there is rarely a single correct answer.

What did Mendel know about the physical nature of his factors?
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Does thinking at the molecular level clarify or confuse your understanding genes and
mutations?
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Mendel's Factors & Muller's mutations - page 20f9

One of Mendel's major discoveries was that genes can exist in different forms, now known as
alleles. Within a particular orgamsm there are two, alleles of each gene; these alleles can be the
same or different.

While there are at most two different alleles within a single organism, there can be many different
alleles within a population. Typically, the most common alleles are known as "wild type".

An important question is, where did these various alleles come from? One hint came from the
observation that new alleles could arise spontaneously - these new alleles are known as mutations.

Herman J. Muller won the Nobel prize in 1946 for his work showing that mutations could be
generated by exposing an organism to radiation, specifically X-rays.

As you answer these questions, remember, there is rarely a single correct answer.

What does the ability of X-rays to generate mutations tell you about the physical nature of
genes?
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Mendel's Factors & Muller's mutations — page 3 of 9

Let us assume that each gene encodes a gene product (we are not concerned about what a gene
product is or what it does). We can now consider all of the logically possible effects of a
mutation. Compared to the original, or "wild type" gene product ("wt"), the mutant gene product
("mut") could be

@ more active

(¥ less active

¥ totally inactive or absent, or

(® have a new actiyity

S OF have ro Ttep

There are two more possibilities. The first arises because there are two copies of each gene in an
organism — it is therefore possible that the mutated (muf) gene product could interfereg with the
activity of the wild type mutant (wf) gene product. We will call this

e antagonistic
Finally, there could be mutations that produce no visible effect, we will call these

e neutral

As you can imagine, neutral mutations are difficult to identify. or study.

As you answer this question, remember, there-is rarely a single correct answer.

-

When a mutation in a & neutral

gene occurs, the mutated  ¢1 more active

gene product 1S most 1 less active

likely to be (compared to ¢ inactive or absent

the original gene =1 have a new activity

product)... 1 interfere with the activity of the wild type gene product

Please explain the logic of your answer.
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Mendel's Factors & Muller's mutations — page 4 of 9 :

Now here is Muller's trick - a way of evaluating the activity of a gene without knowing what that
activity is!

In the fruit fly Drosophila melanogaster, the organism that Muller worked with, it is possible to
make deletions and duplications of genes. We can analyze their effects based on some (over
simplistic) assumptions:

« o the deletion of a gene (which we note as A) leads to the absence of the gene produét.
- the duplication of a gene (which we note as 2x) leads to twice the gene activity.

As you answer this question, remember, there is rarely a single correct answer. -

If you know your molecular biology, you know that there are cases where these assumptions
are not strictly true. Can you describe such situations.

~ Maltiple, coptes aﬂb the goe ‘ |
—_ B;bsbﬁflz lefre }D/f‘)ll"’ W"ﬁtﬁ S/ 7{‘665/ éch/)éu / Cdﬂ*é?hm%/“ ig % 5@,,.// g// ée,
Hacted {?fj Jef[&ffw of> 571«3/?/ Jeres. ik Mu/ﬁ’/ﬁl@ gene pProduets 2\

submit _ _/ g2 G’Chu ?ﬁ;’u

p’(;e,s /3/317Z ﬂe,&LegggimZ\ /é%v/ fa J/\».
s . N G ly H = / =
L guirohc é{ﬂ/f/mpdgy ')Zkg 0, ?(;4 o e 6 (@’/ [Zﬂgm /m’f&/ % 07111 e

wlle,  cone

6%/7[ 2f5

http://besocratic.colorado.edu/mutations/tutoriai4.htm Page 1 of 2




BeSocratic — Mendel's factors and Muller's mutations tutorial tutorial 8/27/09 10:15 AM

Mendel's Factors & Mulier's mutations — page 5 of 9 |

We will use deletions and duplication to compare the activity of the ori ginal version of the gene
(wt) with the mutant version (mut). Drosophila is diploid, so there are (normally) two copies of
each gene. We indicate our situation as

produces the original phenotype

maut

i produces the mutant phenotype, if muf is dominant

mut

mut _
For the moment, let us assume that mut is recessive for the trait we are looking at (remember,
recessive and dominant are not absolutes; a mutation/allele can be recessive for one trait and
dominant for another).

produces the mutant phenotype, if muf is recessive

Now let us ask, is the phenotype of
mut mut
A mut
If mut/A and mut/mut individuals have the same phenotype, Muller concluded that that mut does
not encode a functional gene product; either no product is produced or the product produced has
no activity - he called such a'mutation/allele amorphic (no activity).

the same, more, or less severe (extreme) than the phenotype of ?

If the phenotype of mut/mut is less severe than that of mut/A , Muller concluded that mut
produced a gene product with some, but less than normal activity - he called that a hypomorphic
(low activity) allele. = :

a single correct answer.

As you answer these questions, remember, there is rarely
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Why (do you think) Muller ¢ente to these conclusions?
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Mendel's Factors & Muller's mutations — page 6 of 9 ,

To extend our analysis, let us now compare the "strength" of the trait expressed in organisms with
the gg_ﬁowing genotypes. Remember we have been assuming that that mut is recessive. We find
that'the'\phenotype of
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| mut / than that of
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If mut is dominant (with respect to the trait we are considering) then,
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Muller concluded that mut produced either more of, or a more active version of the gene product
than wt version of the gene. He termed such an allele hypermorphic (more function).

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to this conclusion?
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In molecular terms, how could a mutation increase, but not change the activity of a gene
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Mendel's Factors & Muller's mutations — page 7 of 9

At this point, we have found a way to identify (using deletions and duplications of the gene under
study), whether a mutation abolishes gene function, reduces it, or enhances it. But are there other
possible effects of a mutation?

Muller found some. Consider the following is the case. The trait is dominaf} and the phenotype
of

mut . miut
is more severe than that of -
2x wt

Muller called mutations that behaved in this way antimorphic, that is, the mutated gene product
function antagonized the function of the wild type gene product.

A related behavior can be observed with a recessive trait, in this case

mut . 2X muit
= is less severe than that of =
mut wi

but this requires that we have a duplication of the mutant allele.

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to his conclusion about antimorphic mutatibns?

In molecular terms, how could a mutation produce an antimorphic gene product?
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Mendel's Factors & Muller's mutations — page 8 of 9

Muller identified one final class of mutation, their behavior was described by the following
relationship; the phenotype of

E
o~
A N
A N

mut 1is the same as or )
E— but different from
mut worse than A wt

Remember, we are assuming that mut is recessive!
If mut is dominant then the phenotype of

mut . mut . : mit
~— |s the same as o is the same as o
A wt 2x wt

Muller called such mutations neomorphic; he assumed that the mutated gene product had a new
functlon or act1v1ty, a function/activity that the original gene product did not have.

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to this conclusion? ?

In molecular terms, how could a mutation produce a neomorphic gene product?
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Mendel's Factors & Muller's mutations — page 9 of 9

At this point we have exhausted the universe of possible types of mutations. For any particular
trait, influenced by a mutation, we can place the mutation in one of Muller's groups, or in the
group with no effect, which we could call neutral or "normomorphic".

That said, remember we are talking about the mutation's effects on a single trait. The situation
gets more complex when we recognize that many traits are influenced by multiple genes, and
many genes influence multiple traits, but we will worry about that elsewhere.

As you answer these questions, remember, there is rarely a single correct answer.

Which types of mutation might enhance an organism's ability to adapt to a new
environment, and how would that work?
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Mendel's Factors & Muller's mutations - page 1of 9
As you almost certainly already know (and
can review here), in the 1800's Mendel

deduced the existence of genetic factors :"’“'“ B ﬂ_‘\ ;
(which we now know as genes). e -
’l [§ copennen _:;1 pp ____,
| . i
These factors are passed unaltered from “ o= T
parent to offspring - but importantly, not all \ =T T8
factors held by a parent are transmitted (note . &
on simplifications). _ g
Mendel's hypothesis: 3
Each parent has two copies of each gene, but Pure-bred lines carry two =
one and only one copy is transmitted to any copies of the factor that 5
particular offspring. Which copy is delermines flower color. o
transmitted is random (stochastic).
As you answer these questions, remember, there is rarely a single correct answer.
What did Mendel know about the physical nature of his factors?
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Does thinking at the molecular level clarify or confuse your understanding genes and
mutations? ‘%y
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Mendel's Factors & Muller's mutations — page 2 of 9

One of Mendel's major discoveries was that genes can exist in different forms, now known as
alleles. Within a particular organism, there are two alleles of each gene; these alleles can be the
same or different.

While there are at most two different alleles within a single organism, there can be many different
alleles within a population. Typically, the most common alleles are known as "wild type".

An important question is, where did these various alleles come from? One hint came from the
observation that new alleles could arise spontaneously - these new alleles are known as mutations.

Herman J. Muller won the Nobel prize in 1946 for his work showing that mutations could be
generated by exposing an organism to radiation, specifically X-rays.

As you answer these questions, remember, there is rarely a single correct answer.

What does the ability of X-rays to generate mutations tell you about the physical nature of
genes? '

Thet iy coe e oWy

Does it tell you anything about the physical nature of gene products?
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Mendel's Factors & Muller's mutations — page 3 of 9

Let us assume that each gene encodes a gene product (we are not concerned about what a gene
product is or what it does). We can now consider all of the logically possible effects of a
mutation. Compared to the original, or "wild type" gene product ("wt"), the mutant gene product
("mut") could be '

more active
less active ,
totally inactive or absent, or

[ ]
[ J
[ ]
e have a new activity

There are two more possibilities. The first arises because there are two copies of each gene in an
organism — it is therefore possible that the mutated (mut) gene product could interferes with the
activity of the wild type mutant (wf) gene product. We will call this

e antagonistic
Finally, there could be mutations that produce no visible effect, we will call these
e neutral

As you can imagine, neutral mutations are difficult to identify or study.

As you answer this question, remember, there is rarely a single correct answer.

When a mutation in a & neutral

gene occurs, the mutated = more active

gene product is most % less active

likely to be (compared to ¥ inactive or absent

the original gene <1 have a new activity

product)... =1 interfere with the activity of the wild type gene product

Please explain the logic of your answer.
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Mendel's Factors & Muller's mutations — page 4 of 9

Now here is Muller's trick - a way of evaluating the activity of a gene without knowing what that
activity is!

In the fruit fly Drosophila melanogaster, the organism that Muller worked with, it is possible to
make deletions and duplications of genes. We can analyze their effects based on some (over
simplistic) assumptions:

e the deletion of a gene (which we note as A) leads to the absence of the gene product.
e the duplication of a gene (which we note as 2x) leads to twice the gene activity.

As you answer this question, remember, there is rarely a single correct answer.

If you know your molecular biology, you know that there are cases where these assumptions
are not strictly true. Can you describe such situations.
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Mendel's Factors & Muller's mutations — page 5 of 9

We will use deletions and duplication to compare the activity of the original version of the gene |
(wt) with the mutant version (mut). Drosophila is diploid, so there are (normally) two copies of
each gene. We indicate our situation as '

ot produces the original phenotype

mitt

wi produces the mutant phenotype, if mut is dominant

mut

mut
For the moment, let us assume that mut is recessive for the trait we are looking at (remember
recessive and dominant are not absolutes; a mutation/allele can be recessive for one trait and
dominant for another).

produces the mutant phenotype, if muf is recessive

Now let us ask, is the phenotype of
mut mut
A the same, more, or less severe (extreme) than the phenotype of it ?
If mut/A and mut/mut individuals have the same phenotype, Muller concluded that that mut does
not encode a functional gene product; either no product is produced or the product produced has

no activity - he called such a mutation/allele amorphic (no activity).

If the phenotype of mut/mut is less severe than that of mut/A , Muller concluded that mut
produced a gene product with some, but less than normal activity - he called that a hypomorphic
(low actrvrty) allele.

As you answer these questions, remember there is rarely a srngle correct answer.

Why (do you think) Muller came to these conclusions?
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Mendel's Factors & Muller's mutations — page 6 of 9

To extend our analysis, let us now compare the "strength" of the trait expressed in organisms with
the following genotypes. Remember we have been assuming that that mut is recessive. We find
that the phenotype of

mut 1S more severe wt
mut than that of A

If mut is dominant (with respect to the trait we are considering) then,

mut 1S more severe mut which is more miuit
2x wt than that of wt severe than A

Muller concluded that mut produced either more of, or a more active version of the gene product
than wt version of the gene. He termed such an allele hypermorphic (more function).

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to this conclusion?
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In molecular terms, how could a mutation increase, but not change the activity of a gene
product? ' :
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Mendel's Factors & Muller's mutations — page 7 of 9

At this point, we have found a way to identify (using deletions and duplications of the gene under
study), whether a mutation abolishes gene function, reduces it, or enhances it. But are there other
possible effects of a mutation?

Muller found some. Consider the following is the case. The trait is dominafitand the phenotype
of
1

mut . mut - RV | =

is more severe than that of " /
wt, 2x wt

Muller called mutations that behaved in this way antimorphic, that is, the mutated gene product
function antagonized the function of the wild type gene product.

\

4

> A related behavior can be observed with a recessive trait, in this case
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but this requires that we have a duplication of the mutant allele.

As you answer these questions, remember, there is rarely a single correct ansWer.
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In molecular terms, how could a mutation produce an antimorphic gene product?
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Mendel's Factors & Muller's mutations — page 8 of 9

Muller identified one final class of mutation, their behavior was described by the following

relationship; the phenotype of 3% ‘
<
. /Y b‘\
mut 1s the same as or t ) = wt
- N but different from
mut worse than A- wt -
Y4 @

Remember, we are assuming that mut is recessive!
If mut is dominant then the phenotype of

1t t Wt
miu ) niu ) N i17]
== 1s the same as — |s the same as o
Q wit 2x wt &

Muller called such mutations neomorphic; he assumed that the mutated gene product had a new
function or actmty, a function/activity that the orl glnal gene product did not have.

As you answer these questions, remember there is rarely a srngle correct answer.

How (do you think) did Muller come to this conclusion? ?
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In molecular terms, how could a mutation produce a neomorphic gene product"
Lo b o TH7 d/‘é o iy Dfma\h/ﬁ) b lges o P o,_«z/ NS 2N

()ksﬂe”mk W/UJ’UF“‘

submit

http://besocratic.colorado.edu/mutations/tutorial7.htm . Page 1 of 2




BeSaEratic - Mendel's factors and Muller's mutations tutorial tutorial 8/27/09 10:15 AM

Mendel's Factors & Muller's mutations — page 9 of 9 ‘

At this point we have exhausted the universe of possible types of mutations. For any particular
trait, influenced by a mutation, we can place the mutation in one of Muller's groups, or in the
group with no effect, which we could call neutral or "normomorphic”.

That said, remember we are talking about the mutation's effects on a single trait. The situation
gets more complex when we recognize that many traits are influenced by multiple genes, and
many genes influence multiple traits, but we will worry about that elsewhere.

As you answer these questions, remember, there is rarely a single correct answer.

Which types of mutation might enhance an organism's ability to adapt to a new
environment, and how would that work?

If mutations are random, how can they generate new behaviors, functions, and adaptations?
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Mendel's Factors & Muller's mutations — page 1of 9
As you almost certainly already know (and
can review here), in the 1800's Mendel

factors held by a parent are transmitted (note

on simplifications). | .
Mendel's hypothesis:

Each parent has two copies of each gene, but Pure-bred lines carry two
o COpies of the factor that
# delermines flower color.

. . S

deduced the existence of genetic factors o T
(which we now know as genes). - e i -
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These factors are passed unaltered from Y - et

parent to offspring - but importantly, not all \ S
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one and only one copy is transmitted to any
particular offspring. Which copy is
transmitted is random (stochastic).

ER007

As you answer these questions, remember, there is rarely a single correct answer.

What did Mendel know about the physical nature of his factors?
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Does thinking at the molecular level clarlfy or confuse your understanding genes and
mutations?
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Mendel's Factors & Muller's mutations - page 2 0of 9

One of Mendel's major discoveries was that genes can exist in different forms, now known as
alleles. Within a particular organism, there are two alleles of each gene; these alleles can be the
same or different.

While there are at most two different alleles within a single organism, there can be many different J
alleles within a population. Typically, the most common alleles are known as "wild type".

An important question s, wWiousaﬂclﬁsoome—ffemﬂm@ne hint came from the
observation that new alleles could arise spontaneously - these new alleles are known as mutations.

Herman J. Muller won the Nobel prize in 1946 for his work showing that mutations could be
generated by exposing an organism to radiation, specifically X-rays.

As you answer these questions, remember, there is rarely a single correct answer.

What does the ablllty of X-rays to generate mutations tell you about the physncal nature of
genes?

i s s . ;- ‘
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Does it tell you anything about the physical nature of gene products?
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Mendel's Factors & Muller's mutations — page 3 of 9

Let us assume that each gene encodes a gene product (we are not concerned about what a gene
product is or what it does). We can now consider all of the logically possible effects of a-
mutation. Compared to the original, or "wild type" gene product ("wt"), the mutant gene product
("mut") could be

more active
e/ less active
a totally inactive or absent, or

N

0 have a new act1v1ty

- There are two more p0381bilities. The first arises because there are two copies of each gene in an
organism — it is therefore possible that the mutated (mur) gene product could interferes with the
activity of the wild type mutant (wf) gene product. We will call this

e antagonistic
Finally, there could be mutations that produce no visible effect, we will call these

e neutral - - R L T , R
- E LA 4,\ i B ; At): ,. '4‘f’i N

As you can imagine, neutral mutations are difficult to identify or study.

As you answer this question, remember, there is rarely a single correct answer.
e

When a mutation in a _‘_{ neutral

gene occurs, the mutated 77 more active

gene product 1s most 71 less active

likely to be (compared to 171 inactive or absent
the original gene =1 have a new activity

product)... ’:j interfere with the activity of the wild type gene ploduct

Please explain the logic of your answer.
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Mendel's Factors & Muller's mutations — page 4 of 9

Now here is Muller's trick - a way of evaluating the activity of a gene without knowing what that
activity is!

In the fruit fly Drosophila melanogaster, the organism that Muller worked with, it is possible to
make deletions and duplications of genes. We can analyze their effects based on some (over

simplistic) assumptions:

o the deletion of a gene (which we note as A) leads to the absence of the gene product.
- e the duplication of a gene (Wthh we note as 2x) leads to twice the gene activity.

/As you answer this question, remember, there is rarely a single correct answer.

If you know your molecular biology, you know that there are cases where these assumptions
are not strictly true. Can you describe such situations.
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Mendel's Factors & Muller's mutations — page 5 of 9

We will use deletions and duplication to compare the activity of the original version of the gene
(wt) with the mutant version (mut). Drosophila 1s diploid, so there are (normally) two copies of
each gene. We indicate our situation as

wi produces the original phenotype

miut:

it produces the mutant phenotype, if mut is dominant

mut : . .
it produces the mutant phenotype, if mut is recessive
/]
For the moment, let us assume that mutf is recessive for the trait we are looking at (remember
recessive and dominant are not absolutes; a mutation/allele can be recessive for one trait and

dominant for another).

Now let us ask, is the phenotype of
mut mut
A the same, more, or less severe (extreme) than the phenotype of it ?
If mut/A and mut/mut individuals have the same phenotype, Muller concluded that that mut does
not encode a functional gene product; either no product is produced or the product produced has

no activity - he called such a mutation/allele amorphic (no activity).

If the phenotype of mut/mut is less severe than that of mut/A , Muller concluded that mut
produced a gene product with some, but less than normal activity - he called that a hypomorphic
(low act1v1ty) allele.

As you answer these questions, remember there is rarely a smgle correct answer.

Why (do you think) Muller come to these conclusions?

Quundgte. ornorphie— i€ Y cunount of rv\/wkoft@ ij\L
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In molecular terms, how mlght a mutation reduce but not eliminate or change the activity of
a gene product ? .
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Mendel's Factors & Muller's mutations — page 6of9 .

To extend our analysis, let us now cofripare the "strength" of the trait expressed in organisms with
the following genotypes. Remember we have been assuming that that mut is recessive. We find
that the phenotype of

mut 1S more severe wt
mut than that of A

If mut is dominant (with respect to the trait we are considering) then,

mut 1S more severe mut which 1s more mit
2% wt than that of wt severe than A

Muller concluded that mut produced either more of, or a more active version of the gene product
than wt version of the gene. He termed such an allele hypermorphic (more function).

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to this conclusion?

o Th obserin (32&‘? ~oty 3 & tlee it  comw blne Mo, p
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In molecular terms, how could a mutation increase, but not change the activity of a gene
product? : -
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Mendel's Factors & Muller's mutations — page 7 of 9

At this point, we have found a way to identify (using deletions and duplications of the gene under
study), whether a mutation abolishes gene function, reduces it, or enhances it. But are there other
possible effects of a mutation?

Muller found some. Consider the following is the case. The trait is dyo.rnj_u_alfl and the phenotype
of

mut

miut .
— is more severe than that of ,
, . : 2x wt

wt

Muller called mutations that behaved in this way antimorphic, that is, the mutated gene product
function antagonized the function of the wild type gene product.

A related behavior can be observed with a recessive trait, in this case

mut 2X mut
== isdess severe than that of =
mut 151 wit

. ,’)

LA

but this requires that we have a duplication of the mutant allele.

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to his conclusion about antimorphic mutations?

e neticed dot Hae igt_(a[o\dﬂ\cﬂq oAt W/ wE nos w
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In molecular terms, how could a mutation produce an antimorphic gene product?
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Mendel's Factors & Muller's mutations — page 8 of 9 :

Muller identified one final class of mutation, their behavior was described by the following -
relationship; the phenotype of

mut 1s the same as or mut } : wt
- = but different from
mut worse than A wt

Remember, we are assuming that mut is recessive!
If mut is dominant then the phenotype of

mut . mut . . mit
= 1s the same as — Is the same as o
A wt . 2x wt

Muller called such mutations neomorphic; he assumed that the mutated gene product had a new
functlon or activity, a functlon/actwlty that the original gene product did not have.

As you answer these questions, remember, there israrely a smgle Correct answer.

How (do you think) did Muller come to this conclusion? ?
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In molecular terms, how could a mutation produce a neomorphic gene product?
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Mendel's Factors & Muller's mutations — page 9 of 9

At this point we have exhausted the universe of possible types of mutations. For any particular
trait, influenced by a mutation, we can place the mutation in one of Muller's groups, or in the
group with no effect, which we could call neutral or "normomorphic".

That said, remember we are talking about the mutation's effects on a single trait. The situation
gets more complex when we recognize that many traits are influenced by multiple genes, and
many genes influence multiple traits, but we will worry about that elsewhere.

As you answer these gquestions, remember, there is rarely a single correct answer.

Which types of mutation might enhance an organism's ability to adapt to a new
environment, and how would that work?
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Mendel's Factors & Muller's mutations — page 1of 9
As you almost certainly already know (and
can review here), in the 1800's Mendel

deduced the existence of genetic factors -f*" "*“"%; i’\x !
(which we now know as genes). - ;_::«" DD t‘
. ~ #7E

These factors are passed unaltered from LA Lot 4
parent to offspring - but importantly, not all g\_ -
factors held by a parent are transmitted (note e %
on 31mp11f1cat10ns) ’ ‘ g
| Mendel's hypothesis: E

Each parent has two copies of each gene, but Pure-bred lines carry two E
one and only one copy is transmitted to any . copies of the factor that 5
£1

%7 delermines flower color.

i

particular offspring. Which copy Is
transmitted is random (stochastic).

As you answer these questions, remember, there is rarely a single correct answer.

q
What did Mendel know about the physical nature of his factors?
ﬂJQWWﬁjWM Aon /A@MWM'“/@W IRWMMWJ%W

Does thinking at the molecular level clarify or confuse your understanding genes and
mutations?
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Mendel's Factors & Muller's mutations — page 2 of 9

One of Mendel's major discoveries was that genes can exist in different forms, now known as
alleles. Within a particular organism, there are two alleles of each gene; these alleles can be the
same or different.

While there are at most two different alleles within a single organism, there can be many different
alleles within a population. Typically, the most common alleles are known as "wild type".

An important question is, where did these various alleles come from? One hint came from the
observation that new alleles could arise spontaneously - these new alleles are known as mutations.

Herman J. Muller won the Nobel prize in 1946 for his work showing that mutations could be
generated by exposing an organism to radiation, specifically X-rays.

As you answer these questions, remember, there is rarely a single correct answer.

What does the ability of X-rays to generate mutations tell you about the physical nature of
genes? ,

/(%/N;A @ Mm/ ond WWWMUAM l/vuu,a/o/\/'%j Am o M/WWM"%?.

Does it tell you anything about the physical nature of gene products?
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Mendel's Factors & Muller's mutations — page 3 of 9

Let us assume that each gene encodes a gene product (we are not concerned about what a gene
product is or what it does). We can now consider all of the logically possible effects of a
mutation. Compared to the original, or "wild type" gene product (" wt"), the mutant gene product
("mut") could be

more active
less active ‘
totally inactive or absent, or

[ J
[ J
[ J
e have a new activity

There are two more possibilities. The first arises because there are two copies of each gene in an
organism — it is therefore possible that the mutated (mut) gene product could interferes with the
activity of the wild type mutant (wt) gene product. We will call this

e antagonistic
Finally, there could be mutations that produce no visible effect, we will call these
e neutral

As you can imagine, neutral mutations are difficult to identify or study.

As you answer this question, remember, there is rarely a single correct answer.

When a mutation in a X neutral

gene occurs, the mutated 7 more active

gene product 1S most 1 less active

likely to be (compared to ¢} inactive or absent

the original gene ~1 have a new activity

product)... ~ interfere with the activity of the wild type gene product

{_’lease explain the logic of your answer. | -
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Mendel's Factors & Muller's mutations — page 4 of 9

Now here is Muller's trick - a way of evaluating the activity of a gene without knowing what that
activity is!

In the fruit fly Drosophila melanogaster, the organism that Muller worked with, it is possible to
make deletions and duplications of genes. We can analyze their effects based on some (over
simplistic) assumptions: ‘

e the deletion of a gene (which we note as A) leads to the absence of the gene product.
e the duplication of a gene (which we note as 2x) leads to twice the gene activity.

As you answer this question, remember, there is rarely a single correct answer.

If you know your molecular biology, you know that there are cases where these assumptions
are not strictly true. Can you describe such situations.
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Mendel's Factors & Muller's mutations — page 5 of 9

We will use deletions and duplication to compare the activity of the original version of the gene
(wt) with the mutant version (mut). Drosophila is diploid, so there are (normally) two copies of
each gene. We indicate our situation as

produces the original phenotype

mut

ot produces the mutant phenotype, if mut is dominant

mit

it produces the mutant phenotype, if mut is recessive

For the moment, let us assume that mut is recessive for the trait we are looking at (remember,
recessive and dominant are not absolutes; a mutation/allele can be recessive for one trait and
dominant for another).

Now let us ask, is the phenotype of
mut ‘ mut
A the same, more, or less severe (extreme) than the phenotype of it ?
If mut/A and mut/mut individuals have the same phenotype, Muller concluded that that mut does
not encode a functional gene product; either no product is produced or the product produced has

no activity - he called such a mutation/allele amorphic (no activity).

If the phenotype of mut/mut is less severe than that of mut/A , Muller concluded that mut
produced a gene product with some, but less than normal activity - he called that a hypomorphic
(low act1v1ty) allele.

As you answer these questlons remember; there is rarely a smgle correct answer.

Why (do you thlnk) Muller come to these conclusions?
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In molecular terms, how might a mutation reduce but not eliminate or change the activity of
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Mendel's Factors & Muller's mutations — page 6 of 9

To extend our analysis, let us now compare the "strength” of the trait expressed in organisms with
the following genotypes. Remember we have been assuming that that mut is recessive. We find
that the phenotype of

mut 1S more severe wt
mut than that of A

If mut is dominant (with respect to the trait we are considering) then,

mut 1S more severe mut which 1S more Mt
2x wt than that of wt severe than A

Muller concluded that mut produced either more of, or a more active version of the gene product
than wt version of the gene. He termed such an allele hypermorphic (more function).

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to this conclusion?
vecuep <(lore v= (haie %@(xe {&j@ﬁﬁkﬁmﬁ ﬁ/@ m%a%eoi\ one s b\qu@
(N4 @@%@@%%@ﬁﬁ T Lo Yy oNe

In molecular terms, how could a mutation increase, but not change the activity of a gene
product? -
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Mendel's Factors & Muller's mutations — page 7 of 9

At this point, we have found a way to identify (using deletions and duplications of the gene under
study), whether a mutation abolishes gene function, reduces it, or enhances it. But are there other
possible effects of a mutation?

Muller found some. Consider the following is the case. The trait is dominan‘}ﬁnd the phenotype
of ' -

it it

is more severe than that of A
2x wt

Muller called mutations that behaved in this way antimorphic, that is, the mutated gene product

A related behavior can be observed with a recessive trait, in this case

mut . 2x mut
- is less severe than that of o
mit wt

but this requires that we have a duplication of the mutant allele.

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to his conclusion about antimorphic mutations?
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In molecular terms, how could a mutation produce an antimorphic gene product?
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Mendel's Factors & Muller's mutations — page 8 of 9

Muller identified one final class of mutation, their behavior was described by the following
relationship; the phenotype of

mut 1s the same as or L i wt
B == but different from
mut worse than A wt
Remember, we are assuming that mut is recessive!
If mut is dominant then the phenotype of
mut . mut . : mut
—— |s the same as = s the same as o
A wt 2x wt

Muller called such mutations neomorphic; he assumed that the mutated gene product had a new
functlon or activity, a functlon/actlwty that the original gene product did not have.

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to this conclusion? ?
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In molecular terms, how could a mutation produce a neomorphic gene product?
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Mendel's Factors & Muller's mutations — page 9 of 9

At this point we have exhausted the universe of possible types of mutations. For any particular
trait, influenced by a mutation, we can place the mutation in one of Muller's groups, or in the
group with no effect, which we could call neutral or "normomorphic”.

That said, remember we are talking about the mutation's effects on a single trait. The situation
gets more complex when we recognize that many traits are influenced by multiple genes, and
many genes influence multiple traits, but we will worry about that elsewhere.

As you answer these questions, remember, there is rarely a single correct answer.

Which types of mutation might enhance an organism's ability to adapt to a new
environment, and how would that work? ' '

O rdloni mudeons  coudd ANavy e oo YNermdaean'™ Ao

‘ Y\Q\@ XN OvOet I\ SLUAVNE- VIS Noy viNvern s Beo i canl Q
e |

o oA A ard oy or (nelesstisa)  Cov Yok,

If mutations are random, how can they generate new behaviors, functions, and adaptations?
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Mendel's Factors & Muller's mutations — page 10f 9
As you almost certainly already know (and

can review here), in the 1800's Mendel e
deduced the existence of genetic factors f"k o l‘%
(which we now know as genes). -~ _m:(‘ pp :t
“ - T?’%
These factors are passed unaltered from e £
parent to offspring - but importantly, not all . ‘\" -
factors held by a parent are transmltted (note _ S %
on simplifications). ' 5
| , Mendel's hypothesis: F
Each parent has two copies of each gene, but Pure-bred lines carry two E
one and only one copy is transmitted to any copies of the factor that =
=i

determines flower color.

particular offspring. Which copy is
transmitted is random (stochastic).

As you answer these questlons remember, there is rarely a single correct answer.

What did Mendel know about the physical nature of his factors?
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Mendel's Factors & Muller's mutations — page 2 of 9

One of Mendel's major discoveries was that genes can exist in different forms, now known as
alleles. Within a particular organism, there are two alleles of each gene; these alleles can be the
same or different.

While there are at most two different alleles within a single organism, there can be many different
alleles within a population. Typically, the most common alleles are known as "wild type".

An important question is, where did these various alleles come from? One hint came from the
observation that new alleles could arise spontaneously - these new alleles are known as mutations.

Herman J. Muller won the Nobel prize in 1946 for his work showing that mutations could be
generated by exposing an organism to radiation, specifically X-rays.

As you answer these questions, remember, there is rarely a single correct answer.

What does the ability of X-rays to generate mutations tell you about the physical nature o
‘genes? - . -
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Does it tell you anything about the physical nature of gene products?
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Mendel's Factors & Muller's mutations — page 3 of 9

Let us assume that each gene encodes a gene product (we are not concerned about what a gene
product is or what it does). We can now consider all of the logically possible effects of a
mutation. Compared to the original, or "wild type" gene product ("wt"), the mutant gene product
("mut") could be

more active
less active
totally inactive or absent, or

[ ]
[ ]
[ ]
e have a new activity

There are two more possibilities. The first arises because there are two copies of each gene in an
organism — it is therefore possible that the mutated (mut) gene product could interferes with the
activity of the wild type mutant (wf) gene product. We will call this

e antagonistic
Finally, there could be mutations that produce no visible effect, we will call these
e neutral .

As you can imagine, neutral mutations are difficult to identify or study.

As you answer this question, remember, there is rarely a single correct answer.

When a mutation ina  <¢neutral
gene occurs, the mutated 7 more active
gene product is most 1 less active

likely to be (compared to ¢ inactive or absent
the original gene ' have a new activity
product)... : __@ interfere with the activity of the wild type gene product

Please explain the logic of your answer.
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Mendel's Factors & Muller's mutations — page 4 of 9 -

Now here is Muller's trick - a way of evaluating the activity of a gene without knowing what that
activity is!

In the fruit fly Drosophila melanogaster, the organism that Muller worked with, it is possible to
make deletions and duplications of genes. We can analyze their effects based on some (over
simplistic) assumptions:

e the deletion of a gene (which we note as A) leads to the absence of the gene product.
o the duplication of a gene (which we note as 2x) leads to twice the gene activity.
e —

answer.

As you answer this question, remember, there is rarely a single correct

If you know your molecular biology, you know that there are cases where these assumptions
are not strictly true. Can you describe such situations.
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Mendel's Factors & Muller's mutations — page 5 of 9

We will use deletions and duplication to compare the activity of the original version of the gene
(wt) with the mutant version (mut). Drosophila is diploid, so there are (normally) two copies of
each gene. We indicate our situation as |

it produces the original phenotype

mut

i produces the mutant phenotype, if muf is dominant

mut

mut
For the moment, let us assume that mut is recessive for the trait we are looking at (remember,
recessive and dominant are not absolutes; a mutation/allele can be recessive for one trait and
dominant for another).

produces the mutant phenotype, if mutf is recessive

Now let us ask, is the phenotype of

mut mul

A the same, more, or less severe (extreme) than the phenotype of it ?
If mut/A and mut/mut individuals have the same phenotype, Muller concluded that that mut does
not encode a functional gene product; either no product is produced or the product produced has

no activity - he called such a mutation/allele amorphic (no activity).

If the phenotype of mut/mut is less severe than that of mut/A , Muller concluded that nut
produced a gene product with some, but less than normal activity - he called that a hypomorphic
(low activity) allele.

AS you answer these questrons remember there is rarely a srngle correct answer.

Why (do you think) Muller come to these conclusions?
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In molecular terms, how might a mutation reduce but not eliminate or change the activity of
a gene product . ) =57 = _
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Mendel's Factors & Muller's mutations — page 6 of 9 |

To extend our analysis, let us now compare the "strength" of the trait expressed in organisms with
the following genotypes. Remember we have been assuming that that mut is recessive. We find
that the phenotype of

mut 1S more severe wt
mut than that of A

If mut is dominant (with respect to the trait we are considering) then,

mut IS more severe -t which 18 more mut
2x wt than that of wt severe than A

Muller concluded that mut produced either more of, or a more active version of the gene pro’duct
than wt version of the gene. He termed such an allele hypermorphic (more function).

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to this conclusion?
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In molecular terms, how could a mutation increase, but not change the activity of a gene
product? :
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. Mendel's Factors & Muller's mutations — page 7 of 9

At this point, we have found a way to identify (using deletions and duplications of the gene under
study), whether a mutation abolishes gene function, reduces it, or enhances it. But are there other
possible effects of a mutation?

Muller found some. Consider the following is the case. The trait is dominan and the phenotype
of

mut . neiit
~ is more severe than that of -
- 2x wt

Muller called mutations that behaved in this way antimorphic, that is, the mutated gene product
function antagonized the function of the wild type gene product.

A related behavior can be observed with a recessive trait, in this case

mut . 2X mut
— is less severe than that of -
mut . wit

but this requires that we have a duplication of the mutant allele.

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to his conclusion about antlmorphlc mutations?
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In molecular terms, how could a mutation produce an antlmorphlc gene product?
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Mendel s Factors & Muller s mutatlons - page 8 of 9

Muller identified one final class of mutatlon their behavior was described by the followm0
relationship; the phenotype of

mut is the same as or mut e wt
but different from
mut  worse than A wt

Remember, we are assuming that mut is recessive!
If mut is dominant then the phenotype of

mut . : mut . : mt
~—— is the same as = |s the same as =
A wt ; 2x wt

Muller called such mutations neomorphlc he assumed that the mutated gene product had a new
function or activity, a function/activity that the ori iginal gene product did not have.

As you answer these questions, remember, there is rarely a single correct answer.

How (do you think) did Muller come to this conclusion? ?
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In molecular terms, how could a mutation produce a neomorphlc gene product?
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Mendel's Factors & Muller's mutations — page 9 of 9

At this point we have exhausted the universe of possible types of mutations. For any particular
trait, influenced by a mutation, we can place the mutation in one of Muller's groups, or in the
group with no effect, which we could call neutral or "normomorphic”.

%

That said, remember we are talking about the mutation's effects on a single trait. The situation
gets more complex when we recognize that many traits are influenced by multiple genes, and
many genes influence multiple traits, but we will worry about that elsewhere.

As you answer these questions, remember, there is rarely a single correct answer.

Which types of mutation might enhance an organism's ability to adapt to a new
environment, and how would that work? '
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If mutations are random, how can they generate new behaviors, functions, and adaptations?
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