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How_ do the changes in gene sequences allow us to reconstruct
the evolutionary relationshiþs between relared species?
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Model I - Phylogeneric Trees

Millions of Years Ago
40 35 30 2520t51050

Raccoon

Red Panda

Giant Panda

Spectacled Bear

Sloth Bear

Sun Bear

Black Bear

Polar Bear

Brown Bear
1 Refer co Model l.

a' How long ago did the common ancestor of all the organisms on this phylogenetic rree exisr?

40 million yeaß dgo,

á. Which two lines diverged 30 million years ago?

The Raccoon and Red Pønda line diuergedfom the Bear line øbout J0 million years ago,

r' Lisr all rnodern descendants of the organism that was alive at the poinr indicaråd by the asrerisk.

Spectacled, Sloth, Sun, Blacþ, polar, and Brown bears.

Common ancestor
of all modern
Raccoons, Pandas,
and Bears.
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2. According to Model l, when did the Giant panda line diverge from the line that led to modern
bears?

I
3, According ro Model l, what animal shares the most recenr

The Polar Beør.

4' In a complete sentence' describe what the branch points and lines in a phylogeneric rree
repfesent.

q

@

The branch points are the ntost recent common a rel)rerent the species tbøt dìuerged
fom the cornrnzn ancestor ønd how long ago the

5' Wrich of the two branches from the common ancesror in Model I has the mosË living d.escen-
dants?

The branch thdt lead¡ to the bears.

6' According to the phylogenedc üee in Model l, the Red Panda is most closely related to which
animal?

The Rdccoon.

7' \Vhich are more closely related, the Giant Panda and the Red Panda or the Giant panda and the
Polar Bear? Justify your enswer using grammaricary correcr sentences.

The Giant Panda and Polar Be¿, l¡ecn*se they share d lnore reccnt c,rnrn,n ancestor (-20 million
years ago) compared to rhe Giattr pandtt ønd Red panda (-s5 rrillion ytnrs ago).
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G TT A C GGTGC ATC
Sample 3

CACTTTG AAGTAGCAGGTT

Sample 1 .{T CG GA AC T C TG T T A

CA T TG ACCTA ACAGCTTC
GAAA TTCA TCCA G

DNA from organism A artached
to a nitrocellulose membrane.

8. How many bases are found in each of the DNA samples 1-4 as wellas in the DNA from
organism A in Model 2?

2L

9. Using your knowledge of base-pairing, which DNA sample in Model2 will be l00o/o comple-
menrary to organism A?

Sample 3,

10' \Øhich other DNA sample in Model 2 is likely to pair with one of the strands from organism Al
Sarnple L

1 I . How many of the tocal number of l¡ase pairs in che sample you chose in eue stion 10 are
noncomplem entary between the scrands?

Fiue,
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12. From your answer to Question 11, convert the number of nonconìplementary pairs into a per-

centage of the ótal base-pairs, This is cilled thè sequence div&gencè.

13. Calculate the seguence divergence for the remaining rwo samples. Check your calculations
within your group.

Søntple2 = 12/21 = 57o/o

Sømple4 = 14/21 = 66),7o/o

14. Use the calculations from the previous questions to fill in the table below.

Most Homologous

Least Homologous

Sarnple Sequence Divergence

3 0o/o

I 23.8

2 57

4 66,7

15. Based on your previous knowledge of DNA, which sample frorn Model 2 is from an organism
that is most closely related to Organism A?

Sample 3,

16. \lith your group, describe how DNA sequence divergence can give scientists information about
relatedness.

Answers should include some reference to the greãter the sequence d.iuergence, then the less DNA
sequence they haae in common so the organismt are not as reløted, Those with low àiuergence share a
lot of DNA in sequence ønd øre more closeþ reløted.

17. Fill in the phylogenetic rree below with Samples I through 4 to summarize the relatedness of the
organisms thac supplied the samples.

Sample 3

Sample I

Sample 2

Sample 4

@

Common
Ancestor
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Model 3 - Comparing the Cytochrome c Gene
Amino Acid

Positio4

Huma¡r

R. Monkey

Chicken

Ê N o r a þ s æia 
= 

F S F * E p Þ, 6

. * + +rcD\ttrt(GKK I'F I¡I:'f V,E K G G I( I.I KIGPNL

lc lc ln

rN,f.Kcs<ìc
Tuna *

whale '* + + *
l-l- l- l.l- l- l"l"lvlalxlclrclr<lrl

l<r f clHlr lv In lr,r lufrlvlclrl,Nlrl*GDVEK GKI(IFV
rlvlulrlcln

N1

-l"l.l-l.l'l"l-l'o vlr lxlclr<lr

vlnlxlcf rlrlr inl

D
*',GQ
.l- lolol

Qr(c^(l'cHf.vEK GGK HK'IGP \.¡Lr lr jr I cl s l,r I clHf r'lv lrlr<lcf clr 
I

f(

Pig -l-l'l-l.l-l IEKGKITIFV QK cs Q.C,HTV.Et( G,C f( H K T G P

HlxlLlclr l*l'l
,NL

l"l'l¿,KKG,\TLF
tlclHlr'lvlujrcl clclr<lr.rlnlr'lcllvf olrlcla 

IYeast * + *TEFK,TGS
KTRCE l. cr Ft T V E K CGPI{I(\/GP NLG G D V K G K v F R ,{ a H E d c H K V G N L

P E c T G K P

T;ï,ï''Ç s $ $ a $ Þ s s B iÃ l;r n ìx n H rÀ fr a s 6 s € r g€ù€gRRRRñilRiì
Human l-l 'G l. f rC n f
'lirn¡r V/ lclrlrlclnlxl

'Whalc Hct. It
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R. Monkey H lG r.lr'lcfnlxlr.l
Clickcn l-l G I. ¡ G

CRK'I'

llKl',
clolelrlclvlsl

KNKG

alnlrclr,rlr< G

I'
G

GQ^EcFSPie Hlclr_lrl
YeastHGIF GRHSGQA QGYSYTDANIK

TWGEDTLMEY
r lwlc I e I a lr I L lr,al r lv ILWDENNMSEY
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.l'l
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!rñ
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¡|(t
it
t
t
ä
I
It
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Ð
ä
ä
0
c,r'
n
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I
¡
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t
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KNFly H G F G R G a A Â G T A
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E
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Arnino Âcid
Position

FIuman

Tuna r.r 
I

K K Y
V/halc N p K

FREEssxE 8Èssrãâsx3s à3åããÊ gÈpHÞ 3935s
NPKKYII'GTKMIF \¡GIKKKEDRÀD YLKKATNE

l"lrlxlslel'l'l-l
YLKIíATNE

lvlrlrlrl,rlr lNlr;l
YLKDATSI(

l"lrlxlxlelrlNlel
YLKI(ACE+

LIA
G T K M F ¡\ G f( K K G R a nlrlv

L
L

KYIPGTK MIFÁGtKKK l,r
I

l.r

l,r
t'

R.Monkey Njr,lxl*lrl
ChicltcnNpKKy- 

",- -Nlnlxl*l"l
lo l.l \¡
PGTKMIFÀG

T K M F G

P G T K M F

PGTKMÀFG

l,l rlxlxlulolnlalolr.l
GIìR,\DL

IKKK¡ìER\/DL

YrrsrNpKK Y
I.ly N P K K Y

clrlxl^l"lclElnlnloi
GLKKEKDRND

P G T K M T
*No amino acid ar this position

l.r l"l' lxlsla l'l Kl.l

18' cytochrome c is a protcin used in cellular respirarion in many specie.s. Refer ro Model 3 roarìswer the following questions about cyrochr."; ;. 
-

a' Ifow manydifferent species are representecl in the cycochrome camino acid seque.ces?
Eight.

b. What do rhe individual lerrers represent?

Amino acids.

r. \Øhar do the asterisl<s represent?

No amino acid ø this position.

Å LG K K N F, R D LP

Ji

).;

),
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would have the most

in their DN,q., Suppon your choices with a group discussion about morphology

a, whaJe and human

b. pisand rhesus monkey

c. tuna and fly

whale and tuna

pig and chicken

runa and chicken

or

or

of

Ansuers will uary. Looh for snd.ents t0 suppnrt their choices with sltect'f.c :!o*Ph:.of morphologV,

ecology, and lifeíryk. Foí example, *ony'rtudrrts will choose 'whale ønd humøn" þr part a because

o *Ëãt, l¡rnin ih, orron and.'a humøi on land. This mq lead students to belieue that a wbale ønd

tuna share rnore DNA.

Read This!

20. Refer ro Model3. \ùØrire down the number of differences between the amino acid sequence of

cytochrome r in a human and each of the following organisms'

a. Tuna 21 e. Pig l0

å. \Øhale I0 / Yeast 45

c. Rhesus monkey I g' FIY 27

¿/, Chicken 13

21. Based on the differences in amino acid sequences, to which organism from the list are humans

¿. Most closely related to?

Rhesus monhey.

á. Most distantly related to?

Y ast.
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lìemes of the seven organisms in Model 3 into the tree below, to illusrrate a

(Note that thepositíon ofwhale and pig can be reuersed, since they baue tbe sa¡ne 
,Histance,,from

Yeast

Fb

Titna

Chícþen

c daca,

humans,)

få
Ëf
FL
ËÐ
Ð
ËÐ

Il
ü
p"
p
Ð
3
tr
t
t
D
¡
I
I
I
lr
);
)r

R,, How do your ptedicdons about relatedness based on morphology, ecology, and lifescyle in eues-tion 19 comPâre to the relatedness information in rh. phil";;-räc ûee developed from DNAdata in Question 221

should see th_at predictions based on outudr¿ appedrance ønd behauior can
wbales and tuna, although they both harrfns'ønd t¡r, ¡, *, )orct, a.re

24' circle all of the mammals in the- phylogenetic rree in euestion 22. Howdoes the tree illustrarerhe fa* that rhose animals 
"r. dl -å-ú.rs of the,"_JJ;r;;

see Question 22' The ønimals øre all rnernbers of the søme cløss becaase they øll diaergedfonT a c,m-mon ancestor at tbe same point,

25' compare the differences in amino acid sequences among the marnmals with differences in otheranimal classes. Is there a pattern?

All the ntammals hauefew diferences betuteen tbem, compared to between the groups, so there is morerelatedness within a taxonomic grnup.

26' should scientists infer evolutionary relationships based on data from a single protein? Justify youranswe¡ in complete sencences.

h.1w tlouuryds ofgt ct that nne gene is similør at certain lvcd_

DNA euì¡!.err, * ,rnrr,,ïi,,if'lirf.i,',',,!i,,i'r";^, at muhiple proteins or other sources of

@

Pig
Whale

Rhesus

Human
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