i Key Questions
“” ‘ What are mutations?

(= How do mutations affect
genes?

Vocabulary

mutation e point mutation e
frameshift mutation  mutagen e

polyploidy

Taking Notes

Preview Visuals Before you read,
look at Figures 13-11 and 13-12.
As you read, note the changes
produced by various gene and
chromosomal mutations.

FIGURE 13-10
Plant and
Animal

Mutations

Mutations

THINK ABOUT IT The sequence

of a coded message, as WeVve just s¢

of those letters changed accidentally, alter i
i i hink aooui
cell still understand its meaning? Thinkabo.

someone changed at random a few

(‘..' gt = 11 DNA are llke the Ietterg
en. Bu - hot would happen ifafeg,
the message? Could
t what might happen f
lines of code in a computer pro.

gram that you rely on. Knowing what you a ready do about the genes
code, what effects would you predict such <hanges to have on genes
and the polypeptides for which they code?

Types of Mutations

What are mutations?

Now and then cells make mistakes in copying their own DNA, insert-
ing the wrong base or even skipping a base as a strand is put together
These variations are called mutations, from the Latin word mutare,
meaning “to change.” Mutations are heritable changes in

genetic information.

Mutations come in many different forms. Figure 13-10 shows twoof
the countless examples. But all mutations fall into two basic categories
Those that produce changes in a single gene are known as gene mut&
tions. Those that produce changes in whole chromosomes are known

chromosomal mutations.

The elongated shape of this flower is
caused by a mutation that affects the

, ves
: , A genetic condition called leucis™ |eaki"'
growing regions of the flower tissue S

this lion without pigments in its haif,
and eyes.
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Before Mutations {normal)

Substitution Insertion
T
¢ R
ACGTATGGAAA TACAGCATGGAA A
AUG,CAUﬁCTCJ\_L%l AUGUCGUACCUUU

Met @ Thr Phe Met Sl:} i’yr gLeu’

Gene Mutations Gene mutations that involve changes in one or a

i nucleotides are known as point mutations because they occur at
asingle point in the DNA sequence. Point mutations include substitu-
tons, insertions, and deletions. They generally occur during replica-
tion. Ifa gene in one cell is altered, the alteration can be passed on to
every cell that develops from the original one. Refer to Figure 13-11as
vou read about the different forms of point mutations.

M Substitutions In a substitution, one base is changed toa different
bese. Substitutions usually affect no more than a single amino acid,
and sometimes they have no effect at all. For example, if a mutation
thanged one codon of mRNA from CCC to CCA, the codon would
sl specify the amino acid proline. Buta change in the first base of
the codon—changj ng CCC to ACC—would replace proline with the
imino acid threonine.

Y Insertions and Deletions Insertions and deletions are point
Zutations in which one base is inserted or removed from the DNA
: Quence. The effects of these changes can be dramatic. Reme.mbe.rr
Ml the genetic code is read three bases at a time. If a nucleotide is
“ded or deleted, the bases are still read in groups of three, but now
¢ groupings shift in every codon that follows the mutation.
"Sertions and deletions are also called frameshift mutations

e they shift the “reading frame” of the genetic message. By shift-

lllg [he rea

g that £ )
i on Afollows the point of the mutation.

¢ - .
b s that it ig unable to perform its normal functions.

ding frame, frameshift mutations can change every am.mo
They can alter a protein so

Sy, .
‘diffef::fr Notebook Use a cause/effect diagram to describe the
Pes of gene mutations. T T T .

Deletion
O

TAC/('ZATGGAAT..
AUGGUACCUUA.

NN
v ) D D

FIGURE 13-11 Point Mutations
These diagrams show how
changes in a single nucleotide can
offect the amino acid sequence

of proteins. Analyze Data Which
type of mutations affects only a
single amino acid in a protein?
Which can affect more than one?
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Original ABC.DE.F
Chromosome
A BC D E_F
Deletion -
A C D Ex F
ABC D E.F
Duplication o
A B BC . D.E.F
AB C D._E.F
Inversion <«

Translocation < A. B

C
AB G H.C.I

FIGURE 13-12 Chromosomal Mutations
Four types of mutations cause changes in
whole chromosomes. Use Diagrams What
is the difference between inversion and
translocation?

Modeling Mutations

Small mutations in DNA can cause huge
changes in the proteins that are synthesized.
Similarly, small changes in a word can dramati-

cally alter its meaning. Look at the following
sequence of words:

milk  mile wile wise wisp wasp

Notice that each word differs from the previous
word by just one letter and that none of the
words is meaningless. Think of these changes as
“point mutations” that affect word meaning,

374 Chapter 13  lesson 3

Chromosomal Mufcﬁ@f‘?ﬁ Chromosomy my
tions involve changes in ihe m.nnber OF Strucy,
of chromosomes. These murafions can change the
location of genes on chm'}vl«"wﬂl_nes and cap evey
change the number of copies of some geney,
Figure 13-12 shows lzr-i" L;vpes gf chromg.

somal mutations: deletion, duplication, im’ersion
and translocation. Ddellf“f "1‘\l’01V§s the logg ofaji
or part of a chromosome; cuplication prodyce
an extra copy of all or parf ol a chromosOme; ang
inversion reverses the dircction of parts of o chro.
mosome. Translocatioti oc<iics when part of o,
chromosome breaks of a51d attaches to anothey

Effects of [ “ons

How do mutations cfect genes?

Genetic material can be altered by natural evepg
or by artificial means. The resulting mutations |
may or may not affect an organism. And some
mutations that affect individual organisms can
also affect a species or even an entire ecosystem.
Many mutations are produced by errors in
genetic processes. For example, some point muta-
tions are caused by errors during DNA replication. |
The cellular machinery that replicates DNA inserts
an incorrect base roughly once in every 10 million

bases. But small changes in genes can gradually
accumulate over time.

Analyze and Conclude
1. Apply Concepts
change it letter by le
sure each new word
Proper noun. Write
of the word gene.

2. Apply Concepts sh
to mode] 4 frameshj
a sentence,)

3. Use Models
model a substit

Start with the word gene, and
tter to make new words. Make
Is an actual word but not a

at least four “point mutations”

ow how you could use words
ft mutation, (Hint: You can use

Use the words in this sentence t0
ution Mmutation.




. em'ironmental conditions may cause some bacteria
res Jtation rates. This czni actually be helpful to the
'_mdeas T“Ce mutations may S0 1ir
s S:Sch a6 the ability to <o
o IT&::‘ﬁOiS()n in the envirorn
(SIS

1es give such bacteria
ume a new food source or

ons SOME mutatigns ari ") mutagens, chemical or
Mum,glagentsin the environment. Chemical mutagens include
e dticides, a few natural plant alkaloids, tobacco smoke
2@ ronmental pollutants. Pl 1.2l mutagens include some
! egnof lectromagnetic radiatio=. such as X-rays and ultra-
:;TZI light. 1f these agents interac! with PNA, they can produce
‘mumons athigh rates. Cells can ~ometimes repair the damage;
when they cannot, the DNA be-¢ sequence changes perma- ) Vocabulary
il Some compounds interferc with base-pairing, increas- WORD ORIGINS The word
ng the error rate of DNA replication. Others weaken the DNA mutagen is a Latin word that means

qand, causing breaks and inversions that produce chromo- “origin of change.” Mutagens
g i v ’ s

i change an organism’s genetic
§ ations. ; :
qmal mut information.

*In Your Notebook Make a lable to keep track of both the |
) wabful and harmful results of mutations. As you read, fill itin. |
2R ettt el e e

Harmful and Helpful Mutations  As you've already seen,

ome mutations don’t even change the amino acid specified by
1codon, while others may alter a complete protein or even an
entire chromosome. The effects of mutations on genes
vry widely. Some have little or no effect; and some produce
beneficial variations. Some negatively disrupt gene function.
Many if not most mutations are neutral; they have little or no
eﬂect on the expression of genes or the function of the proteins
brwhich they code. Whether a mutation is negative or benefi-
tal depends on how its DNA changes relative to the organisms’s

siuation. Mutations are often thought of as negative, since they _
@ distupt the normal function of genes. However, without FIGURE 13-13 Effects of a Point

Mutatio ~ ions are Mutation Sickle cell disease affects the
ns, organisms could not evolve, because mutatio shape of red blood cells. The round cells

¢ . T . .
Source of genetic variability in a species. in this false-colored SEM are normal red

Marmf _ blood cells. The crescent and star-shaped
ful Effects Some of the most harmful mutations are cells are sickled cells. (SEM 1700x)

. :
i vsTehthat dramatically change protein structure Or ene activ- - |
- the defectiye proteins produced by these mutations & 4 '} 1 (

G dj i =
0 STUpt normal biological activities, and result in ra

rOet:ztdllscorders, Some cancers, for example, are the ;,,J:\ () € \
Howth 0(; nJutat'ions that cause the uncontrolled AN |
aSSOciatedcel.ls' Sickle cell disease is a disorder

s Yoy With changes in the shape of red b10.0d
seq an See its effects in Figure 13-13.1t1s
e fwﬁi boint mutation in one of the pol)'fpep—
Ween. In hemoglobin, the blood’s principal

| e dise 4ITYing protein. Among the symptoms of
g, an ** & anemia, severe pain, frequent infec-

unted growth.
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FIGURE 13-14 Polyploid Plants

The fruit of the Tahiti lime is seedless,

a result of polyploidy. Changes to the
ploidy number of citrus plants can affect
the size and strength of the trees as well
as the quality and seediness of their fruit.

honopon

a’*’«!@."&\

R

X ) A S T S
W EASSES STHETH I

Review Key Concepts

1. a. Review Describe the two main
types of mutations.
b. Explain What is a frameshift muta-
tion? Give an example.
c. Infer The effects of a mutation are
not always visible. Choose a species,
and explain how a biologist might
determine whether a mutation has
occurred and, if so, what type of
mutation it is.
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» Beneficial Effects Soine of the variatiop -

duced by mutations ca:

««««««

produce proieias ¥

that can be useti

changing en iron:

e highly advantageouS
SpeLies {:3 MutatiOns Oﬁen
i1t aow or altered ﬁ‘nctions
in oroonisms in different or
For example, Mutafiop,

f"“?awlj‘“

- resist chemical pesti.
abled microorganispy, o

have helped

cides. And s

adapt to nev - 111 the environment.
Over the -s, mutations in the
mosqiito gena; - made many African

MOSAUITeEs 11  to the chemical pesticide
once used to control thein. This imay be bad news for humans,
but it is highly beneficiz! to 11e insects themselves. Beneficiy)
mutations occur in humans, too, including ones that increage
bone strength and density, rnaking fractures less likely, and
mutations that increase resistance to HIV, the virus that
causes AIDS.

Plant and animal breeders often make use of “good” muta-
tions. For example, when a complete set of chromosomes fails
to separate during meiosis, the gametes that result may pro-
duce triploid (3N) or tetraploid (4N) organisms. The condition
in which an organism has extra sets of chromosomes is called
polyploidy. Polyploid plants are often larger and stronger than
diploid plants. Important crop plants—including bananas and
the limes shown in Figure 13-14—have been produced this way.
Polyploidy also occurs naturally in citrus plants, often through
spontaneous mutations.

In Your Notebook |ist five examples of mutations. Classify
each as neutral, _»hqf mful, or helpful, and explain your reasoning.

2, a. Review List three effects mutations can have
on genes.

b. Apply Concepts What s the significance of
mutations to living things?

3. Make a com
ideas about
mutations. Then uge

comparing and cont
mutations,

pare/contrast table to organize your
gene mutations and chromosomal
your table to write a paragraph
rasting these two kinds of

:(
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THINK ABOUT IT Think ol wy filled with how-to books,
(ould you ever need tF) use u . ._:w)se books at the same time? Of
e N0t If you wanted .to know how tf) fix a leaky faucet, youd
end pook about plumblm g butw Hould 1gnore the one on carpentry.
Now picture @ tiny bacterium ' . coli, which contains more than

100 genes. Most of its genes ¢ tle for proteins that do everything
jom bullding cell walls to bre: king down food. Do you think E. coli
sses all 4000-plus volumes in its genetic library at the same time?

prokaryotic Gz = Regulation
How are prokaryotic genes regulated?

Asit turns out, bacteria and other prokaryotes do not need to tran-
sribe all of their genes at the same time. To conserve energy and
resources, prokaryotes regulate their activities, using only those genes
necessary for the cell to function. For example, it would be wasteful for a
bacterium to produce enzymes that are needed to make a molecule that
isreadily available from its environment. By regulating gene expression,
bacteria can respond to changes in their environment—the presence or
absence of nutrients, for example. How? DNA-binding proteins in
prokaryotes regulate genes by controlling transcription. Some of these
regulatory proteins help switch genes on, while others turn genes off.

How does an organism know when to turn a gene on or off? One
ofthe keys to gene transcription in bacteria is the organization of
&1es into operons. An operon is a group of genes that are regulated .
10gether. The genes in an operon usually have related functions. E. coli,
shown in Figure 13-15, provides us with a clear example. The 4288
8nes that code for proteins in E. coli include a cluster of 3 genes that
"Stbe turned on together before the bacterium can use the
8 lactose as a food. These three lactose genes in E. coli
e called the 1, operon.

FIGURE 13-15

Small Cell, Many Genes

This E. coli bacterium has been
treated with an enzyme enabling
its DNA, which contains more
than 4000 genes, to spill out.

TEM 27,000X

: icern‘f- Lesson Nofes  Self-Test * Lesson Assessment

wene Regulation
and Expression

Key Questions

How are prokaryotic genes
regulated?

(=2 How are genes regulated
in eukaryotic cells?

What controls the devel-
opment of cells and tissues in
multicellular organisms?

Vocabulary

operon
operator

RNA interference
differentiation
homeotic gene
homeobox gene
Hox gene

Taking Notes

Outline Before you read, use the
headings in this lesson to make
an outline. As you read, fill in
the subtopics and smaller topics.
Then add phrases or a sentence
after each subtopic that provides
key information.




|
|
fil ' i The Lac Q;L}&‘.."@ﬂ W’h}’ must E. coli be able to

i
“‘i‘, ;.‘1“ L}| switch the lac genes on and 0ff? Lactose jg acop.
fi - pound made up 0f 10 5/l SUgars, galct
f:;i‘ ikl and glucose. To use lactose for food, the bacterimn
ikt 1 must transport lactose across its cell mMembrape
wt " | then break the bon L.] f n g]uco.se and galﬂctose
| ] i These tasks are performed by proteins coded fOrb.'
Rl ‘ the genes of the lac operon. This means, of courge
1f‘w L that if the bacteriu T Grow in ﬂ_medium where "
el lactose is the only food source, it must transerip, |
“‘ i | these genes and produce these proteins. Ifgfownon
I another food source such as glucose, it woyld have

“ L l no need for these prafeins.

it Remarkably, the bacterium almost seems to “kn,
1 Promoter

‘ Operator when the products of iliese genes are needed, Whey
‘1 RNA polymerase Re‘;ﬁessor o t presenit, the lac genes are turned off}
i Lac Repressor binds here binds here lactose is not present, the lac g OIt by
\ ene roteins that bind to DNA and block transcription,
N 3 v P

|
1l \‘ B i =

. e B N PR @ B # ¥ &  Promoters and Qpe'fﬂmrs On one side of the ;
| | COCLS for \ / / operon’ three genes are two re.gul?ltor)f regions, ‘
‘ ‘ \ el The first is a promoter (P), which is a site where
l | profein & \ RNA-polymerase can bind to begin transcription.
“ | L The other region is called the operator (O). The
i} | ‘ O site is where a DNA-binding protein known as

Lac genes

the lac repressor can bind to DNA.

i | When lactose is not present, »The Lac Repressor Blocks Transcription As
LBl the repressor protein binds to Figure 13-16 shows, when the lac repressor bindsto |
L L the operating region. This the O region, RNA pol h the lac

| blocks RNA polymerase from egloq, P ymerase caninof reac. Ny
i ‘ ‘ transcribing the Jac genes. genes to begin transcription. In effect, the binding

il e of the repressor protein switches the operon ‘off b}

1 l — o RNA polymerase preventing the transcription of its genes.
| »Lactose Turns the Operon “On” 1If the repressor
B X A‘ ) _ ‘ protein is always present, how can the lac genes ever
| 1‘ (N Wt vt P . Q b b sy beswitched on? Besides its DNA binding site, the %

o ) repressor protein has a binding site for lactose itself

| When lactose is added to the medium, it diffuses

‘ | ~ Into the cell and attaches to the lac repressor. This

il When lactose is present, it binds to | changes the shape of the repressor protein in away
I the repressor. This causes the release that causes it to fall off the operator. Now, with the

' of the repressor which then moves re : o
| ‘ away from the operating region. pressor no longer bound to the O site, RNA P2

| . o the

N Transcription can now take place. ' (?mRNA "erase can bind to the promoter and transcribe th
il - e “ genes of the Operon. As a result, in the Presenceo

i actose, the operon is automatically switched 0™

I T T TN o I ’ ) o
| \ ' - ;:}Slf:i 13-16 Gene Expression in Prokaryotés
\ Lactose '3 ren ¢ genes in £, cofj are turned off by lac

) ) 9 stfzsors and turned on in the presence of |0C'ose;
| . on and off ey OW is the way lactose tums 9

! ]‘ '| ' , ol similar to the way cold air signals @

rnace to turn on or off?
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) 2 =
,4' C VL | | ym

0 »
7 ol finciples of gene rex
e .ﬂff] apply tO eukaryotes, alth
e o5, Most eukar yotic gen

i Eﬂ‘nl' O ] ) j
jlﬁ. qually and have more con

' L5

1 in prokary-
there are
~omtrolled

pdi o than those of the lac

.~e‘1"-€n;re 13-17 shows several s 0f a typical ;
,Flffotic gene. One of the mos! ling is the - i

eLlL;k boX‘La short regi(m of DIN- t250r30

b:t Pairsbefore the start of a gere <o ::a?ning the

e TATATA or TATAA \\ _ A I'A box binds

rotein that helps position R ¥ Priymerase lay

qarking @ point just before the be sinning ofa gene.

onscription Factors Gene expression in eukary-

qic cells can be regulated at a number of levels.

One of the most critical is the level of transcription,

bymeans of DNA-binding proteins known as transcription
itors. G By binding DNA sequences in the regulatory
rgions of eukaryotic genes, transcription factors control
the expression of those genes. Some transcription factors
ahance transcription by opening up tightly packed chroma-
tin.Others help attract RNA polyvmerase. Still others block
wcess to certain genes, much like prokaryotic repressor pro-
tens. In most cases, multiple transcription factors must bind
before RNA polymerase is able to attach to the promoter
egion and start transcription.

~ Promoters have multiple binding sites for transcription
actors, each of which can influence transcription. Certain
Hclors activate scores of genes at once, dramatically chang-
g patterns of gene expression in the cell. Other factors

omonly g response to chemical signals. Steroid hormones,
ﬁ?r “ample, are chemical messengers that enter cells and

agt] ist(t) rec‘ep'tor.PYOteins. These “receptor complexets” then
single crﬁnsc_npthn factors that bind to DNA, a]lowlrllkng a ;
¥neey éMical signal to activate multiple genes. E ;;ry:) ic
Inlyg; Pression can also be regulated by many other factors,
the sta}?‘ﬁ the exit of mMRNA molecules from the nucleus, ’
pf(ltein1 &y of MRNA, and even the breakdown of a genes

- Products,

MYoyr g el
g Ot€book Compare gene regulation in sing

0Nism . :
==9nd mulicellular organisms.

P

;Iixiatnrv
Or system,

Enhancer

Transcription

v

factors RNA polymerase

Q
.

e

L I J | I |

TATA Gene

box
Transcription factors form
a binding site for RNA
polymerase.
4

e RNA polymerase

/ Direction of
transcription

Ve
(ﬁ g >
\\\\a "

[ S—— -
Py e
TATA Gene

Box

FIGURE 13-17 The TATA Box and
Transcription Many eukaryotic
genes include a region called the
TATA box that helps position

RNA polymerase.

MYSTERY _
CLUZE .

To make the mouse
gene work inside
the cells of a
fly, researchers
attached a

new promoter
sequence to the
gene. Why do you
think they did that?
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FIGURE 13-18 Blocking Gene Expression Like finy
pieces of sticky tape, microRNAs attach fo certain
mRNA molecules and stop them from passing

on their protein-making instructions.

Interpret Visuals What happens fo the mRNA \
sequence that is complementary to the bound miRNA:

Dicer
enzyme

o

Larger RNA

molecule
L ‘.‘T]\TT

o L R R ey, 4
A\
L[ o Loy a
miRNA b g
Silencing l
complex

Complementary base
sequence to miRNA

J._,j_ i 1 ‘T T
ur No translation w*LL.’Ll

Chopped mRNA ¢

No protein
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Cell Specialization Why is gene regulati,,
eukaryotes more c-')mjftcx than in prokary()tn 1‘
Think for a mament about the way in Whiches'/
genes are expressed i a multicellular organ,
ism. The genes tlat code for liver enzymes
for example, are ot expressed in nerye Cel,
Keratin, an imporiail
not produced i1 b

ls
protein in skin el is
Jy

cells. Cell specializatiy,

requires geneiic vpeic’y ation, yet all OfthECells
in a multicellular o nism carry the same

riucleus. Complex gene

genetic code i1 1
ates 1S What makes Special_

regulation in €
ization possible.

RNA Infesference For years biologists wop.
dered why czlis cositin lots of small RNA mgl.
ecules, only a fevw dozen bases long, that dog
belong to any of the major groups of RNA
(mRNA, tRNA, or rRNA). In the last decade 3
series of important discoveries has shown thy
these small RNA molecules play a powerful role
in regulating gene expression. And they doso
by interfering with mRNA.

As Figure 13-18 shows, after they are
produced by transcription, the small interfer-
ing RNA molecules fold into double-stranded
hairpin loops. An enzyme called the “Dicer”
enzyme cuts, or dices, these double-stranded
loops into microRNA (miRNA), each about
20 base pairs in length. The two strands of the
loops then separate. Next, one of the miRNA
pieces attaches to a cluster of proteins to form
what is known as a silencing complex. The silenc
ing complex binds to and destroys any mRNA
containing a sequence that is complementary
the miRNA. In effect, miRNA sticks to certain
mRNA molecules and stops them from passing
on their protein-making instructions.

The silencing complex effectively shuts
.down the expression of the gene whose mRNA_
it destroys, Blocking gene expression by meat?
of an miRNA silencing complex is known
RNA interference., At first, RNA interfer ence
.(RNAi) seemed to be a rare event, found only
In a few plants and other species. It's now clet
figt RNA interference is found througho®
the living world and that it even playsa role!
human growth and development.




ion ip i1l i |
TOtES? e LA T “
ch o’ |
- i L R bl o A
5, The Discovery of RNA i . “Terence P‘:’ﬁ;n :‘;f Gene Used Strand Result in
: o L s .
.SH? n 1998 Andrew Flr,e andL“_ 5‘116'110 Ty roduce mRNA Injected Adult Worm
o ried out an experment tii: fle ped | ne-22 FrTarT Sense Natmal
s plain the mechanism of RMA inter- (exon 21-22) \ _ !
> cells ference. They used RNA fren: a large ' | Rl ::ntlsense Normal
: - LTI o
f gene called unc-22, which ce les for I W Feitat Twitching
agcei 1 aprotein found in muscle ceils. They \‘ | Unc22 R Sense Normal
3 al- AT ETTR |
prepared ShOI't mRNA fru,éJ :\IL 1nts cor- w. 1 (eXOn 27) | L4 sl Anfisense Normol
respondlﬂg fio 19 KO ESIOFS of the - RGN Sense + - Twitchi ‘
wWOon- gene and ianCted them into egg cells L‘— [ | AL - Anﬂsenf;e i ) witc ”19
mol- of the worm C. elegans. Some of their - ‘
don't results are shown in the table. 2. Form a Hypothesis Twitching results from the failure of ‘
A 1. Draw Conclusions How did the muscle cells to control their contractions. What does this |
ade, a adult worms responses differ to suggest about the unc-22 protein in some of the worms? ;
s |
n that injections of single—stranded mRNA How would you test your hypothesis? ‘
nl Fole (the “ser‘l‘se” .strand), its complementary 3. Infer The injected fragments came from two different
do so strand (“antisense”), and double- places in the gene and were only a few hundred bases long.
sranded RNA (“sense + antisense”)? The unc-22 mRNA is thousands of bases long. What does
N this suggest about the mechanism of RNA interference?
erfer-
anded
icer”
'ndjtd The Promise of RNAi Technology The discovery of RNAi has made
)(())f . Eppsmbl.e for researchers to switch genes on and offat will, simply
RNA ) nserting double-stranded RNA into cells. The Dicer enzyme then
form cUs this RNA into miRNA, which activates silencing complexes. These
C .
e silenc- n(::lplexes block the expression of genes producing mRNA comple-
RNA Smgt’ar}’ to the miRNA. Naturally this technology 1s a ppwe;ful 1way to
tary to also)hgfne expression in the laboratory. Howevek, RNAI tec n;)f toilgy ‘
ortain eXpre 0‘.ds the promise of allowing medical scientists t0 turn o .ed |
yassing ey ;Mon of genes from viruses and cancet cells, and it may provide ‘
| 4y$ to treat and perhaps even cure diseases. !
uts A Gen . t \}
. mRN
. means nehic Control of Developmen |
wn as i my ':"’;’mnfrols the development of cells and fissues “
ference 5 cellular organisms? .
atj 5 : i aping the wa
= O?é);r | 2‘mu,lticlcrzlﬁ glene expression is especially 1mpl())rtan-t lgigluli 12—19 ¥ |
OW € d Ular organi i use embryo 10 i - i \
hout . °Ps. Bach fganlsm, 1.1ke_ the o found in the adult origl- FIGURE 13-19 Differentiation
i Naleg — of the specialized cell types don't just grow and divide This scanning electron micrograph
" | duringe e same fertlized egg cel Cellseor lops, different sets shows a mouse embryo under- |
g o mbryonic development. As the embryo develops, Gene going cell differentiation 23 days
‘ - ot d repressors. fter conception.
| ey e factors and r€p S a p
Bl gulated by transcription o oning speci lizedi

. 10n |, o g2

Yty elps cells differentiation,

) Ure yng e undergo that control development
dg unction. The study of genes

®Tentiation is one of the MOSt exciting areas in biology today.
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Fruit fly embryo

Adult fruit fly Adult mouse

FIGURE 13-20 Hox Genes and Body
Development In fruit flies, a series of Hox
genes along a chromosome determines the
basic body structure. Mice have similar
genes on four different chromosomes.

The colored areas on the fly and mouse
show the approximate body areas
affected by genes of the corresponding
colors. Interpret Visuals What section

of the bodies of flies and mice is coded by
the genes shown in blue?

MYSTERY |
CLUZ |

What do you
think controls
the growth and
developmenf
of eyes in flies
and mice?
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® lesson 4

e American biologist EdWard
to show that a speciﬁc group of
o8 Of bOd\/r _parts n the embryoiefn@,
. Lewis found that a mutation g Ih,
11y resulted i ¢ fly with a leg nginem

an antenna! From LeWis’gW

O
out of 1tS hcea set of maste! control genes, knowrl:
me -~ AraANS : 4
l:becaotic genes, regulates 0154 that develop in Spec,
ome ;
parts of the body-

Homeobox and Hox Gei“if”f? :\.;olecular studieg
. genes show that they share a very similar 1g,
homeotic § o which was siven the name b,
base DNA s€quence 1 for transcription f o
box. HomeoboX genes COUC :x-f. 19 e 'P {1 actors t,
activate other genes that are i u;,:):r ant in cell devel()pmﬁr
and differentiation. Homeobu,-;_ genes (ziire expressedm
certain regions of the body: and they determine factor|
the presence of wings of legs. B
In flies, a group of homeobox genes known as Hox -
are located side by side in a single .cluster, as Shc_’wn in
Figure 13-20. Hox genes determine the 1dent1t1es of each
segment of a fly’s body. They are arranged in the exactog
in which they are expressed, from anterior to posterior. i
mutation in one of these genes can completely change h
organs that develop in specific parts of the body.
Remarkably, clusters of Hox genes exist in the DNA
of other animals, including humans. These genes are
arranged in the same way—from head to tail. The fundi
of Hox genes in humans seems to be almost the sameat:
in fruit flies: They tell the cells of the body how to differer |
tiate as the body grows. What this means, of course, isth
nearly all animals, from flies to mammals, share the s
basic tools for building the different parts of the body.
The striking similarity of master control genes—geﬂes
t?;tl cgz;(idevelopment—has a simple scientific exp®
all these en:nlfattems of genetic control exist bectt¥ un
ancestorsg h'jl[Ve descended from the genes o'f comm‘l
i - L/ Master control genes are like sw1td}€5 '
rigger particular patterns of development and differ}
tiation in cells and tissues The d ﬂp ry from ot
organism to another, but t}; c Sl 1Y ientlc
Recent studies haye > e switches are nearly! 0
shown that the very same Hox gt

that trj
atcztlivm'ggers the development of hands and feetis als0
¢1n the fins of certain figh.




vences Youve seen how cell gif.  F :
nmentai lﬂﬂ Jled at least in part by th dif CLGUEE 13-2) Metomorphosm Environmental factors
] i@ s contrO Fons 1 € r?gU]a‘ chn arect gene regulation. If the bullfrog’s environment
f:dward ".»gﬂ“"mo. expression: Conditions 1n un organismy anges for the worse, its genes will direct the production
Up of go 5"1pf&'ene ‘ Jay a role t0O- In prokaryotes and 8 OTOHGS fo speed the transformation of the tadpole
e a1 ent pld) o Vi 0 oft
Nbry Neg ot .- mental factors Lk temperature P Photo) to the adult bullfrog (bottom photo).
nipy fthe g o enviro! T EAR ’ Y
: In One ot :zﬂiﬂryo d nutrient a\'allablllt:} v intluence gene % ; "v’;}“ln’ e
Srowin ot - One example: The lac opcron in E, cojj i foe o ke
Wis’ . . ° . - . ; B v L,
s 1 Worl g5 o only when lactose i+ 1w only food source
. > kn()wn as Mmed Oel_ia,s ’enVirOn ment.
n e bac : S s
SPecify qihe bac orPhOSiS is another .. ucdied example —
©\fefam o o ?
'\]Lmrganicms can modify g ¢ <pression in
1djeg of mho\‘w 0 change in their eny ment. Metamor-
milay 180). re"P-,n'va]\,eS a series of trans! ations from
sIs LY e 1 Ner +
nfe home,_ ?ho‘lffe stage (O another. It is ty} 1. 11y regulated
aCtors thay ™ lur;]bgl' of external (environnental) and
e a0 Ac aroraric
Velopmey, | (normonal) factors. As o/ canisms move
€ssed in jternd

1e factorg like fom jarval to adult stages, 21: 1\ ‘, ; ;O\ j:ells d_it-

pentiate {0 form new orga S il le same time,
Jdorgans are lost through celll death. ‘
N1 in Consider the metamorphosis of a tadpole into a
esofeach  plfog asshown in Figure 13-21. Under less than
© eXact order  iful conditions—a drying pond, a high density of
dsterior, A predators, low amounts of food—tadpoles may speed
hange the up their metamorphosis. In other words, the speed
- i metamorphosis is determined by various environ-
he DNA nental changes that are translated into hormonal
ES.are danges, with the hormones functioning at the , h
he ﬁmcm?? mlecular level. Other environmental influences = ./‘“ .
- SAME A IUS - iyluge temperature and population size.

to differen-
1rse, is that ) - o _
 the same vy 4l )
bodY G { A S Ay p ‘;l _ L |
L \Gh ™ VYU UIEE .r;' [ N N . s s AT et e e e e M | |
es—genes TS T T e Jj‘;&‘(gﬁj GE ﬂ?ﬁy@ﬂ;‘!‘ lﬁﬁ“’]”
fic explana- Review K, - s e J
e . .
because y Concepfs 4. A hormone is a chemical

f common 1.0, Review How is the lac operon regulated? that is produced in one part

itches that b. Explain What i a promoter? of the body, travels through

d differe?” ¢ Use Analogies Write an analogy that demonstrates how the the blood, and affects cells in
- from -O:le e tepressor functions. other parts of the body. Many
jdenticd: 2.4 Review [y escribe how most eukaryotic genes are controlled. hqrmones are proteins. How
ox gene C . . karvotes might the production of a

is also “°Mpare and Contrast How is gene regulation in prokary:

hormone affect the expres-

an . e P ?
“Wkaryotes similar? How is it different? sion of genes in a eukaryotic

"9 Reviey, What genes control cell differentiation during

deyely cell? Write a hypothesis that
Pment? could be tested to answer this

e)‘( °'lTlpore and Contrast How is the way Hox genes aéf{ S question. (Hint: Include pro-

ﬂifsr?“sed in mice similar to the way they are expressed in fru moters in your hypothesis.)

“HOW s it different?
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