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Introduction Page

The validity andimportance of thetheory of biological evolutiorruns strong throughout the
topic of biology. Evolution serves as a foundation to many biological concepts by tying together the
different tenantsof biology like ecology, anatomygenetics zoology, and taxonomy. It is foristreason
that evolution plays a prominent role in thstate and national standards and deserves thorough
coverage in a classroom prime example of evolution can be seen in our own ancestral hishoiy,
this unit provides students with an excellent opponity to considerthe multiple lines of evidencéhat
support hominid evolution By allowing students the chamdo uncover thesupporting evidence for
evolution themselveghey discover the ways the theoyf evolutionis supported bynultiple sourceslt
isourK2LJS GKId GKS 2L NIdzyArAde G2 KFyRfS 2dzNJ, I yoOSai
in an inquirybased environmentwill pique the interest obtudents ultimatelyleadingthem to conclude
that the evidence they have gathered thordug supports the theory of evolution.

Studentsbegin their investigation aévolutionaryevidence after a short introductory lesson that
familiarizes them with key vocab terms, like hominids, phylogenies, and cladograms, that feature
prominently in the &b. The labratory activities designed as statioabow the students the opportunity
to measurethe cranial capacities of various hominid skulls, exangalvic morphology to compare
bipeds to quadrupeds, andompare the skullsof multiple hominid species After gathering fossil
evidence from multiple soureeg students brainstorm how to build phylogenetic relationships using
morphological characteristics.

Once students feel comfortable constructidiagrammatiaelationships based 6bf observable
traits, they will examine relationships betweenprimate species at the molecular level.Students
compare stained chromosomes, amino acid sequences, and base pair sequences for a variety of
primates and construct small phylogeniedepicting relatedness based ogach type of molecular
evidence Students then employ critical thinking skills to develop a consensus phylogemetarchine
which primates are more closely related to humans. This activity provides a basis for students to use
multiple lines of evidenceotreach a sound scientific conclusion by highlighting the importance of using
both the fossil record and various modern molecular techniques to draw conclusions regarding
evolutionaryrelatedness.

In the final activity students explore modern researchpalecanthropology Through a jigsaw
reading activity students will learn of the recent discoveryHuimo naledi by Lee Berger. It allows
students to step into the role of a palanthropologistby discussing the new fossil discovery, analyzing
hypotheses hout how those fossil remains gathered at the site, and by coming to consensus on the
burial events after discussing evidence gathered by Lee Berger hifiselhypotheses that groups of
students are analyzingre different hypothesesthat scientists haveroposedof how the H. Naledi
fossils got into the Rising Star cave site. Each group will present their hypothesis and argue for why their
group should receive funding to test their hypothesis at the cave site. Once each group has made their
case,theyvii f NBOSA OGS GKSANI NBaSINOK (SIFYQa NBaSINOK NE
Berger and his team found while investigating the site, and the groups will take a few moments to
discuss what their results entail before they present them te thass. The class will then take a vote on
which hypothesis seems most likely based on the evidence that was gathered.



Lesson Plan format

Each lsson in this curriculum unit fermatted in the samananner,which will include the following
componens:

KEY QUESTION(&Jentifies key questions that the lesson explorers

*GRADE AND ABILITY LEVEecifiegrade levehnd ability of students lesson is intended for

SCIENCE CONCERTiéntify key science topics. Try not to be too narrow.

OVERALTIME ESTIMATHndicate total amounbdf time needed for the lesson, including advanced preparation
LEARNING STYLESsson styles employed by the lesson

VOCABULARYist key vocabulary terms used and defined in the lesson

LESSON SUMMARRPTrovide al-2 sentence summary of WHAT the lesson will cover and HOW this content will
be covered (Lab? Discussion? Role play? Simulation? Lecture and demonstration? etc.)

STUDENT LEARNING OBJECTHUEBes on what students will know, feel, or be able to dbetcbnclusion of
the lesson.

STANDARDSpecific state and national benchmarks that are addressed in the lesson

MATERIALStems needed to complete the lesson. Number required for different types of grouping formats are
also included

BACKGROUND INFORMON: Provides modern and accurate information from reliable sources about the
f SaazyQa (2LAO
ADVANCE PREPARATI@Xplain what the teacher needs to do to get ready for the lesson

ASSESSMENT SUGGESTIBbdI8ative assessment suggestions have beegengiTeachers should feel free to
create additional formative and summative assessment.

EXTENSIONShere are many activities and reading sources available to augment and enhance the curticulum.
you find additional ones thahouldbe included pleaskt us know.

RESOURCES/REFERENT#HScurriculum is heavily based on primary sources.

TEACHER PAGHESrsion of the student pages with answergtoe activity material for preparation

*%*



Lesson Summaries:

Lesson 1Hominid Evolution Evidenc&ations

In this lesson, students investigate different aspects of human evolution through a series of seven
laboratory stations. Each station is specifically designed to allow students to investigatmid
evolution in aninquiry based manner, while prading questions to guide their critical thinking. These
stations include investigating the genekdomoand Australopithecuslooking at pelvic morphology to
compare bipeds to quadrupeds, and comparing brain capacity across multiple species. Lesson one
introduces students to the human fossil record and shows the importance of using morphological
characteristics when investigating phylogenetic relationships.

Lesson 2: Molecular Evidence

Lesson two introduces students to modern techniques in the invesbigatf phylogenetic relationships

and also highlights the importance of using both the fossil record and DNA to draw conclusions
regarding relatedness. Student®mparestained chromosomesamino acid sequences and base pair
sequences for a variety of extaprimates. They use critical thinking skills to construct small phylogenies
and determine which primates are more closely related to humans. This lesson provides the students
with a basis in using multiple lines of evidence to come to scientific cooahisi

Lessor3: Nalendi Jigsaw

Students are presented with current research in hominid evolution to engage their interests and
RSY2YyAalGNIGS GKIG ySs RAZAO2OSNASE FNB O2yGAydzZay3

Using a jigsaw approaéhi dzZRSy G a gAft f S| NY Homd Ratzdiand HOWRISHEBIA RA 4 O
OKFy3SR aO0ASY(dAAGAQ dzy RS NEHoma/BY Kigcdssirg) The article throughS T A v S 2

guided questions, this lesson challenges students to understand the Hitcunvolved in ongoing
evolutionary research. Additionally, this lesson has students defend conflicting scientific claims, present

AYF2NXIFGA2Y FTNRY . SNHSNRA NBaSFNOK FNIAOES | o2dzi

research positions in der to conclude which scientific claim is best supported by the evidence
presented by the students.



Lesson Sequencing Guide

Lesson 1

Hominid
Human
Evolution
Evidence
Stations
(55 minutes)

Finish lesson 1

Finish rotating
labsand
culminating
discussion
(30 minutes)

Begin lesson 2

Molecular
Evidence
Introductory
lesson
(25 minutes)

Lesson 2

Molecular
Evidence
(55 minutes)

and wrapup
discussion
( 20 minutes)

H.Ndendi
Articles
(35 minutes)

Finish lesson 2

Begin Lesson 3

Finish lesson 3

H. Nalendi
Articles/wrap
up discussion
(55 minutes)




Vocabulary Page:
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Amino Acids The building blocks of proteins

Amino AcidSequence A particular order omino acids withira specific pragin

Base Pairs Nitrogenous bases that pair up to connect the complementary strands of DNA
Bioinformatics- The use o€omputer programs and technology to manage biological
information

Bipedalism- Form of terrestrial locomotion utilizing two rear limfegs)

Brow ridge- Bonyridgelocated above the eye sockets on a skull

Chromosome Packaged and threadlike structure that contaéme2 NH | ynucearDNA
Cladistics Builds hierarchical classification based on observable shared and derived
characeristics

DNA- Deoxyribonucleic acid is a molecule that carries the genetic instructions for the
development and maintenance of all organisms

Evolution- Descent with modification orange over time

Foramen magnum Hole at the base of the skdtbm whichthe spine exists

Gene gquences The precise order of nucleotides within a DNA molecule

Hominid - Members of the Homindae family that include all apes, such as humans,
chimpanzees, orangutans, and gorillas

Hominin - a term exclusively used as abgategory of the Hominidae family that refers to
humans and their ancestral relatives

Nuchal crest- A bony ridge that runs laterally around the back of the skull centered on the
external occipital protuberance

Opposable Being capable of movintpumb toward or touching other fingers on a hand
Phylogeny - Branching diagram or "evolutionary tree" showing the inferred evolutionary
relationships amongiological speciebased ormorphological omolecular data

Quadrupedal Form of terrestrial locomotiontilizing four limbs

Sagittal crest Rdge of bone running lengthwise along the midline of the top of the skull along
the sagittal suture.

Sternum- A breastbone

Zygomatic arches The cheek bones thaextend from the side of the skultonnecting the
temporal and zygomatic bones



Standards Page:

Next Generation Sunshine State StandaIScience

Benchmark

Lesson 1

Lesson 2

Lesson 3

SC.912.L.15. Explain how the scientific theory (
evolution is supported by the fossil recor
comparative anatomy, comparative embryology
biogeography, molecular biology, and obsen
evolutionary change.

SC.912.L.15.10ldentify basic trends in homini
evolution from early ancestors six million years agd
modern humans, including brain size, jaw si
language, and manufacture of tools.

SC.912.L.15.1Discuss specific fossil hominids &
what they show about human evolution.

SC.912.L..15.Discuss the use of molecular clocks
estimate how long ago various groups of organis
divergel evolutionarily from one another.

SC.912.L..15Bescribe how biological diversity is
increased by the origin of new species and how it is
decreased by the natural process of extinction.

SC.912.N.3.Explain that a scientific theory is the
culmination of many scientific investigations drawing
together all the current evidence concerning a
substantial range of phenomena; thus, a scientific
theory represents the most powerful explanation
scientists have to offer.

SC.912.N.2.bescribe istances in which scientists'
varied backgrounds, talents, interests, and goals
influence the inferences and thus the explanations tl
they make about observations of natural phenomen;
and describe that competing interpretations
(explanations) of scientistare a strength of science a
they are a source of new, testable ideas that have t
potential to add new evidence to support one or
another of the explanations.

SC.912.N.1.Recognize that the strength or usefulne;
of a scientific claim is evalted through scientific
argumentation, which depends ammitical and logical
thinking, and the active consideration of alternative

scientific explanations to explain the data presented




SC.912.N.2 Explain that scientific knowledge is both
durableand robust and open to change. Scientific
knowledge can change because it is often examined
and reexamined by new investigations and scientifig
argumentation. Because of these frequent
examinations, scientific knowledge becomes strongg
leading to its drability.

Next Generation State StandardsScience

Benchmark

Lesson 1

Lesson 2

HSLS41 Communicate scientific information

of empirical evidence.

thabmmon
ancestry and biological evolutiare supported by multiple line

Next Geneation Sunshine State StandardsEnglish Language Arts

Benchmark

Lesson 1

Lesson 2

Lesson 3

LAFS.910.RST.1 Retermine the central ideas ¢
O2yOf dzaArzya 2F |+ GSEGT
depiction of a complex process, phenomenon,
concept; povide an accurate summary of the text.

LAFS.910.RST.3&ssess the extent to which th
NBlI a2yAy3a IyR S@OARSYyOS
claim or a recommendation for solving a scientific
technical problem

LAFS.1112.RST.3Bvalate the hypotheses, date
analysis, and conclusions in a science or technical
verifying the data when possible and corroborating
challenging conclusions with other sources

information.

Next Generation Science Standards (NGSS)

Benchmak

Lesson 1

Lesson 2

Lesson 3

HSLS41: Communicate scientific information thg
common ancestry and biological evolution &
supported by multiple lines of empirical evidence.

X

X

RSY.112.1 Cite specific textual evidence to suppc
analysis of gence and technical texts, attending |
important distinctions the author makes and to a
gaps or inconsistencies in the account.

HSLS31: HSLS31. Ask questions to clarif




relationships about the role of DNA and chromoson
in coding the insuctions for characteristic trait
passed from parents to offspring.




Background Information:

Evolution in its simplest form can be described as the inherited natural change of a population
over time. All living organisms, Iliebacteria, plants, or animals, experience gradual changes over time
because of various environmental pressures. Other living organisms that cause competition or
predation, deforestation, or sudden natural disasters can help propel those best adaptduefaew
environmental conditions. Living organisms with the alleles and traits best suited to survive are most
likely to reproduce, passing on the beneficial genes to the next generation. Such as the proposal of any
scientific theory, scientists have usedultiple lines of evidence to concretely prove that evolution
exists. Of these many lines of evidence, two strong pieces stand out when examining human evolution:
the fossil record and molecular data.

The fossil record is a substantial piece of evidefmceevolution. The extensive collections of
ancestral human skeletons have given scientist a look into the different genotypes to help provide clues
to the path of human evolution. Scientists use cladistics to build hierarchical classifications of human
ancestors based on observable shared and derived characteristics. It is important to note that these
diagrams do not show the evolutionary time frame for the development of these traits, but rather give
visualization to hypothesized relationships between @gps. The traits that are typically found on a
cladogram are referred to as primitive and derived. The primitive traits are the original traits that would
be found on the common ancestor. The derived trait is the one that has evolved over time and breaks
the organisms into a separate clade. The cladistical diagram (figure 1) shows the order Primates. This
order includes all great apes, gorillas, and old world monkeys. For example, thédritieinishows a
clade containing botkiomoandPan

Primates
Hominoidea
(apes)
Cercopithecidae
Homini nae (old world monkeys)
Ponginae

Homo Pan Gonﬂa Pongo  Macaca
Figure 1

As new fossils emerged, more specific subfamilies were introduces based on derived traits. The
subfamilyhomininaespecifically refers to the species of the genus Homo, Pan and Gorilla. The members
of this subfamily were grouped together by comparing défar anatomical structures, such as the
skulls, spine and hips
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One of the defining traits found in human evolution is bipedalism. When looking at a species
such as the gorilla, the quadrupedal hip has a distinct tilt forward. The tilt altovise organism to
disperse weight across all four of the limbs. These hips also tend to be much thinner, and elongated
when compared to the hips of other hominins. One of the features that allow for upright posture is the
extended width of the hip bonedVider hips gave these species the ability to walk upright on two legs
for longs distances, making travel possible . This upright posture impacted the development of other
organs such as the eyes, and the use of hands. Standing taller allowed humami@icebegin to rely
heavily on their vision to spot danger, or complex situations. Along with having two newly free limbs,
the development of more complex tools for hunting, eating, and specialized skills.

When looking at the skulls of the hominidae sjgs there is a distinct difference in the bone
structure of the faces. While all Hominidae have a brow ridge and opening at the base of the skull where
the spinal cord enter that is known as the foramen magnum. The hominins do not have as clearly
definedsagittal crests, zygomatic arches, and nuchal crests as the rest of their Hominidae family does.

©Udo M. Savalli
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Figure 4

The brow ridge is a bony structure that rests above the eye sockepedies within Hominidae
possess this feature. As time went on, and species began evolving the brow ridge recedes and blends
into the forehead, creating a smooth frontal portion of the skull. One feature that differs between
hominins and hominidae is theagittal crest. The sagittal crest is a ridge of bone that runs lengthwise
along the midline of the skull along the sagittal suture. In-hominins this crest is very clear and
present, just like the nuchal crest. The nuchal crest is the bony ridgeuhatlaterally around the back
of the skull centered on the external occipital protuberance. The zygomatic arches or the cheek bones
that extend from the side of the skull to connect the temporal and zygomatic bones are also more
prominent in norhomininHominidae.

Using the skulls and hips of hominins scientists have tracked the development of bipedalism and
the various changes the skull has gone through to become the modern human skull. Across the different
human ancestors starting witArdipithecus reidusto Australopithecus afarensi® Homo habilisto
Home erectuso Homo neanderthalensignd toHomo sapiensi KS & { dzf €t Qa 2 ¢ Kl & af z
a protruding position and the brain cavity has grown with each new hominin. Scientists measurathese
labs to show the evolution of the human ancestor.

When examining the fossil evidence of the hominidae lineage, scientists use molecular data to
help understand the genetic makeup and estimated age of the species. Deoxyribonucleic acid or DNA is
the molecule that carries all of the genetic instructions for the development and maintenance of an
organism. The DNA is made up of millions of nitrogenous base pairs that connect the complementary
strands of DNA.

DNA acts as a blueprint for tlstructure of anorganism, and gives researchers vital information

on how species are related to one another. Using base pairs, amino acids, and chromosomes species are
organized based on similarities of their genetic code. A phylogenetic tree can be built using this
information. In a phylogenetic tree the species are related using molecular DNA to help build branches
that show the estimated time in between. The length of a branch allows for the viewer to understand


http://australianmuseum.net.au/uploads/images/9365/dsc_0008_big.jpg

how slowly or quickly a species may have evolved, or aggkin an area. By comparing Hominidae
molecular data, scientists have found the close ancestral link humans share with chimpanzees. Gorillas,
orangutans, and macaques are also related to humans, but more closely related to each other than to
humans and lasimps.



Lesson 1Hominid Evolution Evidenc8tations

KeyQuestions What are hominirs?Whatare keydifferences between hominids and homining?ow do
hominid fossils provide evidence for evolutiohidbw can we use living organisms as egbke®s for
behavioral patterns in extinct species?

Science SubjecBiologyand Life Science

Grade LevelGrades 612, including regular, honors and AP classes
Science Concept&volution

OverallTime Estimate:

1 Advanced Preparatior80 minutesto assembldhe stations
9 Student Procedure85 Minutes ( 15 minute introdudn and 70 minutes of rotating lab stations)

Learning StyleVisual, auditory, and kinesthetic
Vocabulary

1 Bipedalism- Form of terrestrial locomotion utilizing two rear limbs (legs)

1 Brow lidge- Bonyridgelocated above the eye sockets on a skull

9 Cladistics Tobuild a hierarchical classification based on observable shared and derived
characteristics

1 Evolution- Descent with modification orl@ange over time

Foramen magnum Hole at the lase of the skilifrom whichthe spine exists

1 Hominid - Members of the Hominidae family that include all apessuch as humas,
chimpanzees, and orangutans

1 Hominin - A term exclusively used as a subcategory of the Hominidae family that refers to
humans andheir ancestral relatives

1 Nuchal crest- A bony ridge that runs laterally around the back of the skull centered on the
external occipital protuberance

1 Opposable- Being capable of movindpumbstoward or touching other fingers on a hand

1 Phylogeny - Branching diagram or "evolutionary tree" showing the inferred evolutionary
relationships amongiological speciebased ormorphological omolecular data

1 Quadrupedal Form of terrestrial locomotion utilizing four limbs

9 Sagittal crest ridge of bone runningehgthwise along the midline of the top of the skull along
the sagittal suture.

9 Sternum- A breastbone

1 Zygomatic arches The cheek boneghat extend from the side of the skull connecting the
temporal and zygomatic bones

=



Lesson Summaryin this lesson, tedents investigate different aspects of human evolution through a
series of seven laboratory stations. Each station is specifically designed to allow students to investigate
hominid evolution in aninquiry based manner, while providing questions to guilleir critical thinking.

These statioa include investigating the generdlomo and Australopithecus looking at pelvic
morphology to compare bipeds to quadrupeds, and comparing brain capacity across multiple species.
Lesson one introduces students to the nman fossil record and shows the importance of using
morphological characteristics when investigating phylogenetic relationships.

Student Learning Objectives:

¢tKS &dddzRSyida egAaft 0SS FoftS G2X

Definethe scientific theory obiologicalevolution and describ&ow the fossil record supports. it
Explain thebasic trends in hominid evolutidny identifying the changes brainandjaw size
Explain howspecifichominidfossik provideevidence for human evolution

Describe the alidity of a scientific theory.

Identify common misconceptions aboatuman evolution

a s wbhpeE

Standards:
See table on page 11

SC.912.1.15,5C.912.1..15.16C.912.L..15.1 5C.912.N.3.1

Materials:

1 Skull castef: Homo sapiendH. habilis, H. neanderthalensid, erectus, Australopithecus
africanus and A.afarensis

1 Hip bones or hip bone casts of the hominflsstralopithecus afarensis, Ardipithecus ramidus,
YR I OKAYLIYyIi $SSQa KAL) 62yS

9 -scale skull casts of human, gorillas, chimpanz&astralopithecus africanugustralopithecus

afarensis Austalopithecus boiseklomo erectusandHomoneanderthalensis

Three laminated pictures of a gorilla skeleton, a human skeleton, adddipithecusskeleton

7 copies of the Human Evolution Phylogeny

Station labels numbered 1 through 7

True/False cards

4 bags of dry beangt least 2,000 gramaf bean$g

Four 1000 mimeasuring cup, beaker, flask, or cylinder to measure beans

4 funnelsfor the beans

Round cushions for skulls casts

A timer

1 postit note per student

= =4 =4 4 -4 -4 4 -8 -8 4



Description Source Catalog number | Price
Cranium Set, Hominids Carolina Biological Supply 281016 $617.50
(Skull casts dfl. habilis, H.| Company

neanderthalensis, H. http://www.carolina.com/

erectus, Australopithecus

africanus Australopithecus

afarensisand H. sapiens

Set of 7 Primate skulls, Half | Bone Clones, Inc. KAMSET/ $498.00
Scalgthuman, gorillas, https://boneclones.com/

chimpanzees,

Australopithecusifricanus,

Australopithecus afarensig

Australopithecus boisgi

Homo erectusandHomo

neanderthalensis

Ardipithecus ramidus Pelvis,| Bone Clones, Inc. SCO039-PD $700.00
Disarticulated https://boneclones.com/

Australopithecus afarensis, | Bone Clones, Inc. KG036PA $500.00
a[ dzOe €3 t St A ¢ https://boneclones.com/

Replica Human Pelvis Skulls Unlimited WSPR34:Replica | $70.00
(Female) http://www.skullsunlimited.com/

Feal Chimpanzee Humerus,| Skulls Unlimited WKQG205: Bone | $199.00

Femur, Pelivs, Sacrum, and

http://www.skullsunlimited.com/

Coccyx

Clone



http://www.carolina.com/
https://boneclones.com/
https://boneclones.com/
https://boneclones.com/
http://www.skullsunlimited.com/
http://www.skullsunlimited.com/

Advanced Preparation:

1. Createsevenlab statiors

Station 1 Station number 1 label
Human Evolution Phylogeny Image
Skull casfor Homo neanderthalensis
Skull casfor Homo habilis
2 1000 mL beakers
A container of beans
2 funnels
Station 2 Station number 2 label
Human Evolution Phylogeny Image
Skull cast oHomoerectus
One modern human skull
1 beaker of 1000 mL
A container of beans
1 funnel
Station 3 Station number 3 label
Human Evolution Phylogeny Image
Modern human hip model
Chimpanzee hip model
Ardipithecugamiduship model
Australopithecusfarensiship model
Station 4 Station number 4 label
Human Evolution Phylogeny Image
14 scale sized models of a human skull
14 scale sized models of a gorilla skull
14 scale sized models of a chimpanzee skull
Station 5 Station numbeb label
Human Evolution Phylogeny Imag
Sull cast ofAustralopithecusfricanus
Sull cast ofAustralopithecusfarensis
1 1000 mL beaker
A container of beans
1 funnel
Station 6 Station number 6 label
Human Evolution Phylogeny Image
14 scale sized models fAustralopithecus boisei
1 scalesized models foAustralopithecus afarensis
14 scale sized models fdomo erectus
14 scale sized models fdomoneanderthalensis
Station 7 Station number 7 label
Human Evolution Phylogeny Image
Laminated sheeof a gorilla skeleton
Laminated sheetf a tuman skeleton
Laminated sheedf Ardipithecusamidusskeleton




2. Copyof lab station directiongor each student
3. Create or preload the human evoluti®towerPoinslides
4. Provideeach student deswith a True/False card

Background information:

When fossilsare discovered by archaeologists, one of the first aspects of identification is
through sight. When looking at the evolution of the homindae species we see very similar changes in the
phenotypes as time progresses. One of the most obvious phenotypic chaageens to the cranium.

¢KS ANBIG LSa AyOfdzZRSa Kdzylhyas F2NRtflasz +y
RAFFSNBY (G FIFOAIFf adGNHzOGdZNB GKFy (K2a$S gAGKAY (K
one of the most noticeablstructure is the projection of the facial region, this is known as prognathism.
The mandible of the gorilla is the furthest forward feature of the skull. In an human skull, the mandible
and facial region are equal to the height on the nasal bone. Thaesligiht projection from the chin,
which is a feature that is unique to the homindae family. The prominence of a brow ridge is present in
the gorilla, but is recessed in homo sapiens. This thick ridge of bone is important in the support of the
large lowermanible, muscles attach to top of this When looking at the back of the skulls, we see that
the nuchal area (where neck muschgtach to the skull for balance) occupy a much larger space on apes
than they do on humans.

The zygomatic arches or the cheanes that extend from the side of the skull to connect the
temporal and zygomatic bones are also more prominent in-hominin Hominidae. Using the skulls and
hips of hominins, scientists have tracked the development of bipedalism and the various clizmges
skull has gone through to become the modern. Across the different human ancestors starting with
Ardipithecus ramidusto Australopithecus afarensiso Homo habilisto Home erectusto Homo
neanderthalensisand toHomo sapiensii KS & { dzf f Q arecededsfrork & grotridingpaditién
and the brain cavity has grown with each new hominin. Scientists measure these in labs to show the
evolution of the human ancestor.

u» A
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Brow ridges are hboy ridges above the eye socket that all Homsrppdssess, and this bony ridge
has receded over timéhroughout the evolutionary history of humangike bony ridges, all Honiisi
also have foramen magnums, which are holes at the base of the skull for ithe tspenter through.
Differences between hominins and Homisidecome evident when comparing sagittal crests. These
crests are a ridge of bone that runs lengthwise along the midline of the skull along the sagittal suture. In
non-hominins this crest is vgrclear and present, just like the nuchal crest. The nuchal crest is the bony
ridge that runs laterally around the back of the skull centered on the external occipital protuberance.
The zygomatic arches or the cheek bones that extend from the side sktiieto connect the temporal
and zygomatic bones are also more prominent in-hominin Hominidae.



http://www.savalli.us/BIO201/Labs/06-Skeleton/LabImages/SkullSideLabel.jpg
http://australianmuseum.net.au/uploads/images/9365/dsc_0008_big.jpg

Using the skulls and hips of hominirsgientists have tracked the development of bipedalism

and the various changes the skull has gone through to becomenbdern. Across the different human
ancestors starting withArdipithecus ramiduso Australopithecus afarensi® Homo habilisto Home
erectusto Homo neanderthalensisand to Homo sapiensi,'] KS a 1dz f Qa 2Fé KI &

protruding position ad the brain cavity has grown with each new hominin. Scientists measure these in

labs to show the evolution of the human ancestor.

Vocabulary
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= =A =4 =4 =

= =4 =4 =

Amino Acids The building blocks of proteins

Amino AcidSequence A particular order omino acids withira specific protein

Base Pairs Nitrogenous bases that pair up to connect the complementary strands of DNA
Bioinformatics- The use of computer programs and technology to manage biological
information

Bipedalism- Form of terrestrial locomotion utilizingvo rear limbs (legs)

Brow ridge- Bonyridgelocated above the eye sockets on a skull

at 2o
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Cladistics Builds hierarchical classification based on observable sharedeaincd

characteristics

DNA- Deoxyribonucleic acid is a molecule that carries the genetic instructions for the
development and maintenance of all organisms

Evolution- Descent with modification or change over time

Foramen magnum Hole at the base dahe skull from which the spine exists

Gene sequencesThe precise order of nucleotides within a DNA molecule

Hominid - Members of the Homindae family that include all apes, such as humans,
chimpanzees, orangutans, and gorillas

Hominin - a term exclusiviy used as a subcategory of the Hominidae family that refers to
humans and their ancestral relatives

Nuchal crest- A bony ridge that runs laterally around the back of the skull centered on the
external occipital protuberance

Opposable- Being capable ahoving thumb toward or touching other fingers on a hand
Phylogeny - Branching diagram or "evolutionary tree" showing the inferred evolutionary
relationships among@iological species based on morphological or molecular data

Prognathismg Projection of a laver jaw forward, i.e. muzzle

Quadrupedal Form of terrestrial locomotion utilizing four limbs

Sagittal crest Rdge of bone running lengthwise along the midline of the top of the skull along
the sagittal suture.

Sternum- A breastbone

Zygomatic arches The cheek bones that extend from the side of the skull, connecting the
temporal and zygomatic bones



Procedure and Discussion Questions:

1. (5 min, slide2) Prompt the students to think about what organisms evolve, and have
them put their thoughts on a it note. The posit notes will be put on the board
once they have finished brainstorming. Once all post it notes are on the board, go
through the answers, and as a class make connection between the answers. Ask the
students to explain the similaritiend connections between their answers.
Whatorganismsvolve?(Answer: every organism evoljes

2. (2 min, slde 4) Now using the True or False cards, students will answer with their
cards by either showing the front side with true or the back side feilbe. Ask the
following true or false question to address common misconceptions about human
SP2tdziA2yY G¢NHzS 2NJ ClAnawWSEZTrukdzYl ya | NB &aidAa
GE¢NHzS 2NJ CFHfaSs KdzYlya Sgafs@BRIRANBLOGT & 7
G¢NHzS 2 NEARYIEYEEBO Y240 NBOSYy(d |y @Bsivar2 NI g1 &
Fals@
GENHzS 2NJ CFHfasSsy (GKS KdzYly KSIFR Kidswer I f | NE
True).

Use this as an informal formative assessment to figure out what the students
aready 2 g ® Wdza i ¢ 6OK (KS aitdzRSyidQa NBalLRya
until later.

3. (6 min,slide 5 and § Begin explaining to the students how to correctly read a
cladogram Highlight the common ancestsrand where new branches begin.
Show how the cldogram can be drawmidifferent orientations, but istill read the
same way. On slide 6 have the students explain what organisms would make up a
clade, which derived trait lead them to be related?

Using this information go back to the T/F questiongxplain that humans and
chimpanzees evolved from a common ancestor. Remind students of the true or false
guestion that asked how recent our last ancestor was around, and ask them to use
the chart to figure out how many years ago our most recent ancestistegkand to

raise their hand once they have an idea.



. (5 min, slide $ Explain how to read the human evolution phylogeny chart. Show
students that the bars next to the hominid skulls represent the length of time each
hominid existed. The chart alsoshow DA Sy i AaidaQ AYyGSNLINBGF (A2
dotted lines and question marks. Emphasize that scientists do not know everything
immediately; sometimes they have to speculate, drawing from the evidence they
have. We are constantly finding new evidencetpport human evolution. These
discoveries do not rewrite human evolution; they instead fill holes in the already
well developed working theory. That is what these dotted lines show on the
diagram.

. (Slide 9 Ask students if they can think of any examptesvidence that leads them

to believe that humans are still evolving. Remind them that scientists always have to
back their ideas and hypothesis with facts and logic. After fielding a few examples,
tell students about sickle cell disease. This diseaseesas an example of human
evolution. It is more common in geographic regions with high instances of malaria.
The sickle cell trait makes it harder to contract the malaria disease and conveys a
heterozygote advantage in the human population. Emphasizettigis not a

perfect evolution because sickle cell disease causes other consequences, like blood
clots in normal arteries and veins. If students are interested or more examples are
needed, the wisdom teeth are another example of human evolution. Théd thir

molars (wisdom teeth) are thought to be an evolutionary remnant of the days when
early humans had to eat coarse leaves, nuts, and roots.

(5 min, slide 16017) Tell the students that today they will be familiarizing
themselves with species closely relatedHomo sapienby using casts to provide
evidence for the theory of evolution. Today they will be the scientists collecting
evidence to demonstrate the evolution of the gentdema At this point divide the
students up into groups and give each studewrbay of thelab station directiongor
student group/lab station with student notebooks§tudents will have 10 minutes at
each station to carry out the activity, make observations, and answer the guiding
guestions.

. (70 min, slide 180) Each group of studestwill start at one station, spend 10
minutes at that station, and then be prompted to move to the next numerical
station. Be sure to use the timer to remind the students when it is time to move to
the next station. Give students a two minute warning befarstation switch to

remind them of where they should be.

. (20 minslide 21 Ask studentgo sit in seats again and have them answer the true or
false questions again. Write on the board skull and hips with plenty of room to write
underneath them. Ask the studentsr trends that they noticed in each of these



anatomical regions (these will include an increase in cranial capacity, a receding
brow ridge, a receding jaw, and a more upright pelvis). Write the trends on the
board under the appropriate section. Then geach group 3 minutes to determine
why our evolution could have favored a these anatomical trends.
- What could have been the benefit of a receding brow ridge? Listen to each
group, and make sure to push the students to explain their reasoning.
- (ouldthere have been any disadvantages to an increased brain/skul{‘seze
there could be. If the brain size or the skull size increased faster than the pelvis
size or more specifically the birth canal then there could be birthing troubles.)

Listen to their reponses and ideas then clarify that skull sized is limited to what
can go through the birthing canal.

- Finally ask them for evidence that supports their belief that humans are still
evolving by asking them to give examples of evolutionary trends they found
Hono. Give all the groups three to four minutes to synthesize a response, and
then listen to the groups ideas. Record their findings on the board.

After recording them all, ask the students to come up with what humans could
look like 100,000 years ihe future. Remind them to give realistic responses. For
example it is very unlikely for us to develop wings between now and then, but
maybe our eyesight will get sharper or our reflexes get better as our brain and
YSNIBSa Sg2ft 3Sd [ A PplesSanhd ds a cldSihg@éivit@asRtiuzlJQ &
students to draw what their human would look like with an accompanying
paragraph describing it.

Assessment Suggestions:

9 Students worksheets are checked for completion
1 On an upcoming assessment students can be asked:
0 In 4 to 5 sentences describe the evolutionary trend of the géthusio.
A Have students highlight specific features of the skull and pelvis
1 Brow ridge
1 Sagittal Crest
1 Zygomatic Arch
1 Cranial Capacity
0 In 2to 3 sentences use at least one piece of evidencehinmans are still
evolving.

Resources:



wLents, N. H., Cifuentes, O. E., & Carpi, A. (2010). Teaching the process of molecular phylogeny
and systematics: a mulpart inquiry-based exerciseCBELife Sciences Educatjd@(4), 513623



TeacherPages:

Lab Station Directions

Station 1: Cranial Capacity in the gendemoPart 1

At this station, the following casts are preseHt: habilis and H. neanderthalengBoth of these
species are within the genddomq which is the same genus we grart of. Using the beans

and measuring apparatus, determine which species has the largest brain capacity and which
has the smallest.

Directions for measuring brain capacity:

1. Place skull upsiddown on the cushion provided for you. This will aid in thabgity
and protection of the skull during this activity.

2. Place the funnel inside of the foramen magnum (hole at the bottom on the skull where
the spinal cord would be).

3. Using your small cup, scoop out beans and begin funneling them into the skull.

4. Make sure to move the beans around in the skull in order to ensure that all places
inside the cranium are filled with beans.

5. Once the skull is full, carefully dump the beans from the skull into a large beaker by
simply turning the skull right side up into tlggassware. Make sure to have a good grip
on the skull as it can get heavy due to the added weight of the beans.

6. Make sure all the beans are transferred from the skull into the beaker. This may take a
bit of shaking of the skull.

7. Measure the amount of beanyou have in mL, anldECORIR on your worksheet. In
the metric system, mL = cirwhich is a standard measurement for volume. Usé wm
record skull volume.

Station 2: Cranial Capacity in the gendemoPart 2

At this station, the following casts aregsent:H. erectus and H. sapiefyour species name).

Both of these species are within the gertdiemq which is the same genus we are part of. Using

the beans and measuring apparatus, determine which species has the largest brain capacity and
which has thesmallest.

Directions for measuring brain capacity:

1. Place skull upsiddown on the cushion provided for you. This will aid in the stability
and protection of the skull during this activity.



2. Place the funnel inside of the foramen magnum (hole at the buttmn the skull where
the spinal cord would be).

3. Using your small cup, scoop out beans and begin funneling them into the skull.

4. Make sure to move the beans around in the skull in order to ensure that all places
inside the cranium are filled with beans.

5. Orce the skull is full, carefully dump the beans from the skull into a large beaker by
simply turning the skull right side up into the glassware. Make sure to have a good grip
on the skull as it can get heavy due to the added weight of the beans.

6. Make sure Hd the beans are transferred from the skull into the beaker. This may take a
bit of shaking of the skull.

7. Measure the amount of beans you have in mL, &E€CORD on your worksheet. In
the metric system, mL = cirwhich is a standard measurement for vole. Use criito
record skull volume.

Station 3: Bipedalism

At this station, you will be working with casts of hip bones of various species of hominids.
Chimpanzees walk on all four limbs (quadrupedal) and have a very distinct hip morphology.
Their hip bors are orientated along their backs and are very slender and narrow. Modern day

humans have a drastically different hip morphology due to the fact that we walk on two legs

(bipedal). Human hips are oriented benedltte body and are wider and with@ o 2 éhlaped.

Station 4: Apes and Humans

At this station, small scale casts are present for modern day humans, gorillas and chimpanzees.
The followingpicture can be used to help use the proper vocab when formulating your
answers.



; Sagittal crest
Brow Ridges P

Station 5: Cranial Capaciip the Australopithecines
At this station are members of the genisistralopithecusThe following casts are presemt:

africanusand A. afarensisUsing the beans and measuring apparatus, determine which species
has the largest brain capacity and whiws the smallest.

Directions for measuring brain capacity:

1.

Place skull upsiddown on the cushion provided for you. This will aid in the stability and
protection of the skull during this activity.

. Place the funnel inside of the foramen magnum (holehat bottom on the skull where

the spinal cord would be).

Using your small cup, scoop out beans and begin funneling them into the skull.

Make sure to move the beans around in the skull in order to ensure that all places inside
the cranium are filled with bens.

Once the skull is full, carefully dump the beans from the skull into a large beaker by
simply turning the skull right side up into the glassware. Make sure to have a good grip
on the skull as it can get heavy due to the added weight of the beans.

Make sure all the beans are transferred from the skull into the beaker. This may take a
bit of shaking of the skull.

. Measure the amount of beans you have in mL, RECORD on your worksheet. In the

metric system, mL = cinwhich is a standard measuremefur volume. Use crhto
record skull volume.



Station 6: Investigating differences betweddomoand Australopithecus

At this station, small scale casts are present from two species within the ¢ggsmsand two
species within the genugustralopithecusWithout looking at their tags what two do you

think belong in each respective genus and why? Use the numbers in front of each species in
order to discuss them on your worksheet.

Station 7:Ardipithecus ramidus

In the station are images of the skeletons A&f ramidus(Ardi), Gorilla gorilla(Gorilla), and
Homo sapiens



Student Lab Station Worksheet

Name:

Station 1:CranialCapacity irthe genusHomoPart 1

H. habilis

H. neanderthalensis

Station 2: Cranial Capacity the genusHomoPart 2

H. erectus

Based oryour results fronStation1 andthe phylogeny given to you, what bratapacity would
you expect modern day humanid, sapiensto have and why®0Only answer this question after
you have also completeStationl).

Using theH. sapienskull as your reference, what differences do you see between anatomically
modern humansand theH. erectu8



Station 3 Bipedalism

Based on thelescriptionsat the station circle the form of locomotion you think the species
below had. Use their hip morphology as an indicator.

Australopithecus afarensis
Quadrupedal Bipedal

Please exiain why you chose this answer below.

Ardipithecus ramidus
Quadrupedal Bipedal

Please explain why you chose this answer below.

Using your phylogeny as a guide, what does this tell us about the appearance of bipedalism
during the course of human elugion?



Station 4 Apes and Humans

List the physical similarities between gorillas and chimps.

List the physical differences between the group of apes and humans.

What similarities do you see in all three species?

Based on all the characistics listed abovdijll in the providedphylogeny for the three species,
denoting which two you think are more closely related to each other, with the exclusion of the
third.

What could the sagittal crests have been used for?

Station 5 CranialCapacity in theAustralopithecines

A. africanus

A. afarensis




What major similarities and differences do you see between these two species?

Station 6 Investigating differences betweerRlomoand Australopithecus

Without looking at their tagswhat two do you think belong in each respective genus and why?
Use the numbers in front of each species in order to discuss them below.

What are the major differences between the two groups?

Using your phylogeny and the namef the species on their tags, order the species from the
oldest to youngest. What features do you see change over the course of the millions of years
between these species?



Station 7 Ardipithecus ramidus Use the triple Venn diagram to compare aodntrast the
species



Which species does Ardi appear to be more similar to? Remember, many of these fossils show a
mosaic of traits that are particular to both species. This is important to keep in mind, as the
ancestors of certain lineages will also Bavmosaic of traits for the species they gave rise to.

Student LabNorksheetAnswers:

Station 1:Cranial Capacity ithe genusHomoPart 1

H. habilis smallest (~620 cni)

H. erectus middle (~880 cni)

H. neanderthalensis largest  (~1400 cr)

Station 2: Cranial Capacity in the gendemoPart 2

Based on the phylogeny given to you, what brain capacity would you expect modern day
humansH. sapiensto have and why?

H. sapiensvould be expected to have a larger brain capacity thandrize species mentioned
above. This would be because one of the trends within human evolution is that later species
have larger brains.

Using theH. sapienskull as your reference, what differences do you see between anatomically
modern humans and the ber three species in front of you?

H. habilishas a broader gave, smaller brain case, and more robust features.

H. erectudhas a sagittal keel present, very prominent brow ridges and a more protruding facial
region.

H. neanderthalensislso has prominenbrow ridges, but more gracile than H. erectus. The
features of this skull are overall more gracile and has a more protruding facial region.



Station 3: Bipedalism

Based on the above descriptions, circle the form of locomotion you think the species below
had. Use their hip morphology as an indicator.

Quadrupedal

Australopithecus afarensis

Ardipithecus ramidus

Quadrupedal

What does this tell us about the appearance of bipedalism during the course of human
evolution?

Bipedalism appeaa&d very early in human evolution. The ability to walk on two legs within our
evolution history must have evolved over 4 million years ddus differs from the time we see

increased brain capacity Homq as the genus must have evolved just over 2 onilliears ago.

2 KIG ¢S aSS KSNB Aa GKFG OKFNFYOGSNRAGAOa GKI
different times over our evolutionary history.

Station4: Apes and Humans

List the physical similarities between gorillas and chimps.

Presence of sagdl crest. Robusticity of skull. Large canines. Strong bidges. Protruding
lower face etc.

List the physical differences between the group of apes and humans.
Humans more gracile. Humans have smaller canines. They have a more gracile skull etc.
Whatsimilarities do you see in all three species?

Same number and types of teeth. Post orbital closure etc.



Based on all the characteristics listed above, draw a small level phylogeny for the three species,
denoting which two you think are more closely tteld to each other, with the exclusion of the
third.

Humans and chimps are more closely related to each other, with gorillas falling outside that
clade. The students may say that chimps and gorillas are more closely related. We will further
explore why maophological features may not always hold the key to phylogenetic relationships.

Station5: Cranial Capacity in thAustralopithecines

A. africanus largest (~320 ¢in

A. afarensis smallest (~250 cin

What major similarities and differeees do you see between these two species?

Presence of brow ridges. Small brain cases. Protrusion of the lower face.

Station 6: Investigating differences betweehRlomoand Australopithecus
What are the major differences between the two groups?

The austréopithecines have a smaller brain case than the members of the genus Homo. Their
skulls are overall more robust and they have more protrusion of the lower Tdeenuccal area
of the australopithecines is also larger and more robust.

Using your phylogengnd the names of the species on their tags, order the species from the
oldest to youngest. What features do you see change over the course of the millions of years
between these species?

Getting more gracile from oldest to youngest. Larger bcaise fronoldest to youngest.
Station 7: Ardipithecus ramidus

In the station are images of the skeletons A&f ramidus(Ardi), Gorilla gorilla(Gorilla), and
Homo sapiens

Provided for you is a triple Venn diagram for you to compare and contrast each speesshto
other.



Gorilla

Thick bones

Large canines

Tall and narrow hips

Divergent toe
Widerib cage
Presence of brow ridge

Robust cranialfeatures

. All primate

features

Thinner bones

Small canines

Human

Gracile facialfeatures

oe is not divergent

MNarrow rib cage

Large braincase

Which species does Ardi appear to be more similar to? Remember, many of these fossils show a
mosaic of traits that are particular to both species. This is important to keep in mind, as the
ancestors of certain lineages will alsaMe a mosaic of traits for the species they gave rise to.

Ardi is a bipedal ape. It shares many similarities between both species and clearly shows
transitions from an ape like ancestor for chimps and humans to a more human like appearance.
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Lessor?: Molecular Evilence

Lesson 2 is adapted froments, N. H., Cifuentes, O. E., & Carpi, A. (2010). Teaching the process of
molecular phylogeny and systematics: a mpHit inquiry-based exercis€BELife Sciences
Education9(4), 513523.

Open source manuscript availaldt http://www.lifescied.org/content/9/4/513.full

Key QuestionsHow does moleculadlataserve as evidence for evolutioifdw do phylogenies
help demonstrate recent common ancestry between organishhe® do multiple lines of
evidence make for stronger stitific conclusions?

Science SubjecBiology and Life Science

Grade Level and Ability™ through 12" grade including, honors and AP classes
Science Concept&volution, Molecular Biology

Overall Time Estimate:

1 Advance Preparation:®2Minutes to orgaize molecular evidence for each of the three
activitiesand laminating the activities for future use

1 Student Procedured5 minutes (15 to 20 minutétroductionandabout20 minutes per
activity)

Learning StylesVisual, auditory, and kinesthetic
Vocabudary:

1 Amino AcidsThe building blocks of proteins
1 Base PairdNitrogenous bases that pair up to connect the complementary strands of

DNA

1 Bioinformatics Usingcomputerprograms andechnology tomanage biological
information

1 ChromosomePackaged and tkadlike structure that containan 2 NH | yrudesrQ a
DNA

1 DNA Deoxyribonucleic acid is a molecule that carries the genetic instructions for the
development and maintenance of all organisms

1 Deletion When errors in DNA replication (or meiosis) catlepermanent los®ne or
more bases which can result in the loss of part of a chromosome

1 Duplicationr When errors in DNA replication caugee or more base paisf DNA to be
repeated



1 EnzymesProtein molecules that catalyzehemical reactions

1 Euchromain- Chromatin (DNA, RNA, and protein) that are only lightly packaged because
of its role in active transcription

1 Genesequence The precise order of nucleotides within a DNA molecule

1 Heterochromatin A variety of chromatin that is tightly packaged pretieg active
transcription

1 Inversion When part of a chromosombereaksloose and reassemblebut in the
backwards orientation.

1 Meiosis Atype of cell division that causes a cell to divigdece from one cell intofour
cells thateachcontain half of the nmber of chromosomes of the origingrentcell.
This reduces the number of chromosome by half and produces gametes.

1 Protein Coding DNA Sequenréeparticular order of nucleotides within a DNA molecule
that code for a specific protein

1 PseudogeneAnonfunctional evolutionary remnant of a gene in a species or group of
related species

1 Transcription The first step of gene expression that involves the creation of mMRNA from
DNA by RNA polymerase

1 TranslocationWhen part of onechromosomebreaks loose, and isadvertentlyjoined
to the end of a differenthromosome.

Lesson Summary:

Lesson two introduces students to modern techniques in the investigation of phylogenetic relationships
and also highlights the importance of using both the fossil record and @Néraw conclusions
regarding relatedness. Studentemparestained chromosomesamino acid sequences and base pair
sequences for a variety of extant primates. They use critical thinking skills to construct small phylogenies
and determine which primates ammore closely related to humans. This lesson provides the students
with a basis in using multiple lines of evidence to come to scientific conclusions.

Student Learning Objectives:
¢tKS adGdzRSydGa gAftt 06S lofS G2X

Explain how moleculatatais used as evidex to support the scientific theory of evolution.
Create phylograms to demonstrate the evolutionary divergence of recent common ancestors.
Consider multiple linesf evidence in order to creatscientifically sound conclusien

Explain that a scientificheory, like evolution, is a conclusion built upon multiple lines of
evidence.

b

Standards:

See table on page 11:
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Materials:
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Envelope containing printed chromosome, one per group
LaminatedAmino acid sequenaeof all specieone per group
Laminated lase pair sequenceof all specieyne per group
Copies of theMolecular Phylogenetics Activitgne per student
1 fine-tip dry erase markeper group

True or false cards

Advanced Preparation:

1. Print and laminate chromosomes, amino acid sheet, and DNA base pair sheet for eight

student groups.

Cut chromosomes apart and place a chromosome pair for each species into one of eight
envelopes so that each envelop contains the chromosomes for eable species.

Repeat for the amino acid sequences and DNA sequences

Print out copies of thélolecular Phylogenetics Activityr each student to make sure

each student is accountable for their own work. Pull up the BLAST website on the
computer display bfore students come in so the website can be explored as a class
later.

Background Information:

Besides examining fossil evidence for human evolution, scientists also examine molecular

evidence. Deoxyribonucleic acid or DNA is the molecule that cartiestaé genetic instructions for the
development and maintenance of an organism. The DNA is made up of millions of nitrogenous base
pairs that connect the complementary strands of DNA.

Interphase chromatin

Euchromatin
“Active”




(http://www.stembook.org/sites/default/files/pubnode/9f82a6e695df6@&39d3197b7a575c2f
95316e9/The_chromatin_signature/Sha01)pg

DNA, itself, is packaged into threadlike structures known as chromosomes that are considered
heterochromatin if the chromosome is too tightly packaged for any active transcription or gene
expres#on to occur. Chromosomes are considered Euchromatin when it becomes lightly packaged
enough to allow different enzymes to transcribe the DNA. This transcription is the first step of gene
expression, and it involves the creation of mMRNA from DNA by RMAgralse. In order to create a

protein this RNA polymerase will read the protein coding DNA sequences to code for a specific protein.
These mRNA will code for different amino acids, which are the building blocks of proteins.

DNA or genes are passed on thgh reproduction, and sex cells that are used for the purpose of
reproduction are created through meiosis. Scientists studying bioinformatics use computer programs to
manage and analyze this biological information. They have found that chromosomes carreee
mistakes when being recreated. Deletions occur when parts of the chromosome are lost during meiosis,
while duplication occurs when parts of the chromosome are inadvertently repeated. Chromosomes can
also be fixed incorrectly by the cell by gluingack together in a backwards orientation known as an
inversion or by gluing it at the end of a different chromosome, known as translocation.

. S0l dzaS 5b! adG2NBa Fft 2F Iy 2NHlIyAayYQa RS@St 2
DNA between species discover similarities. Even pseudogenes, nonfunctional remnant genes, are
used to show the relationship between different species. Scientists compare base pairs, amino acids,
and chromosomes to help create phylogenies, which are evolutionary trees gitivénnferred
evolutionary relationships among biological species based on molecular data. By comparing Hominidae
molecular data, scientists have found the close ancestral link humans share with chimpanzees. Gorillas,
orangutans, and macaques are als@tetl to humans, but more closely related to each other than to
humans and chimps.

Procedure and Discussion Questions:

1 (5minslide 23 Begin byhandingout the true or false cards. Pose the following
guestion to the students and assess their knowledge.

True or &lse: The casts we examined yesterday demonstrated a common ancestry
between us and our hominid ancesto(énswer:True

True or false: the bonesyhichthe casts are made from, look the way they do because
of genes and DNAAnswer:True)

True or false: Molecular datike DNA, can also show how organisms are related.
(Answer:True

True or false: Amino acids, the building blocks of proteins, can also show how
organisms are relatedAnswer:True

True or FalseScientists only use one piece of evidence to reach a conclusion on a



guesion (Answer:Falsd.€
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comment on the varying responses received for certain questions, but be sure to

reassure the students that they will discover the answers to all of these qusstio

throughout the activity.

(8 to 10min, slide24) Ask the students if anyw remembered what cladistics were

from yesterday. A practice that builds hierarchical classification based on observable

shared and derived characteristics). The students imgh be able to give an exact

definition, but help them along to define cladistics as a practice that focuses on

classifying observable traits of an organism.

After helping the students discover this definitionge them the following question:

Could we goup organisms based on unobservable traitg2swe can with molecular

evidence and the practice is called phylogenetias)2 € £ | O2dz2LJX S 2F G(KS
answers to give them a chance to respond, and then give the whole class an opportunity

to respond.Have thengive athumbs upif they think we can group organisms based on
observable traits anthumbs downrA ¥ G KSe& GKAY]l 6S OlFlyQiod ¢KSy
can in fact group organisms based of molecular data, like Bsture at the slide, and

remnRR dddzRSyida (KIFId gAGK G2RIFe&Qa GSOKyz2f238
past scientists did not have the opportunity to analyze. Scientists can compare

chromosome through chromosomal stainin@y comparing chromosome bands

scientists can look for similarities between the chromosomes of different organisms.

Explain that the darker stained regions ard Aase pairs from DNA and that the lighter

regions are the & base pairs. Scientists can also examine and compare amino acids

between organims, and they can compare the base paigsencesof DNA itselto gain

a better understanding of how related certain organisms are to each other.

(3 min) Tell the students that today, like scientists, theyl be examining real

molecular data to look for similarities and differences. Be sure to study your evidence

Of 2asStex AGQfft GF1S I aKFNLW Ses G2 OF Gd§OK |
chromosomesand KS& Qf f g2 NJ (rkigerdodslbase phimfa eng (2 YA
Have them assemble in their groups from yesterday

(7 mins)Before beginning activity 3, tell the students that besides examining base pair
sequences and protein sequences, scientists also compare chromosomes to one

another. Like we discussed earlier in the slide show, stained chromosomes can be

compared because different base pair sequences stain differe@tynpare your shirt

orblold SQa 02t 2NJ (2 | & dzRASkihie Qtddendsif théd\diudedtt G KS
and youare wearing the same thingt (K S&e Q206 BE® WKSY AT (KS&QNEB
the colors are the sam& (K S & Qf f )} AsR theyhavhylthdy afie yiot wearing the



same shirt if the colors are the same. (The shirts need to match on all things to be
consicered homologous or the same. Matching the color alone does not make them the
same.) Congratulate the students on their reasoning, and tell them scientists think
about that as well when comparing chromosomes. One tiny part of the arm cannot be
the only thirg to match for the chromosome pairs to be considered almost homologous.
A significant portion of the chromosomes need to share similarities in order for them to
be labeled homologous.

1 (1 mins)Have a student pass otite third activity.
1 (30 mins)Studens complete activity 3.

o This activity iprobably the most difficult of thethree | YR A G Q& Y2NB f

they will have a hartime making the big separations. Help studes¢® the
changes as a gradual transition from one to the other.

0 When searchingdr the homologous chromosomes (shdrey all four), there
will be a common tendency to match up and then stick wébions of only
partial homology. You will have to constantly remind students that for
chromosomes to be considered true homologues, theystahare significant
homology throughout the length of the chromosome, and for this exercise, we
are only interested in homologues shared by all four species.

o Once the students have found the three homologous chromosomes shared by all
four species, they ecaproceed with theattempt to dissect the ancestry of the
four species. This will not be a trivial task for thememind them to consider
the entire length of the chromosomes. But if they take each chromosome set
one at a time, they point to the same réilanship:#1 and #4 are considerably
closer to each other than either is to #2 and #3.

1 (7 min)Have studentseturn to their seats, and hav&udents examine their

phylograms from the previous activities. Oreeeryoneis seated break the code for

the students by revealing what species name each of the species nurstoedfor. Ask

the student to write underneath each of their numbered phylograms the actual name
the species number representdave students make a predictiaboutif further

molecular datawill support their conclusionraf there is a chace that it could change
(Students could vote either way!) It is important to remind students that either way, it is
always a better idea to gather more evidence to support your conclusion.

(5 mins)Before beginningactivity 2 ask the students if there is a difference between

5b! FTYR LINRPGSAYyDd 6,Sa GKSNBE Aade 5b! O2RS

product of those genesPassut activity2 to each student. Have a student help pass it
out to each student.

1 (20 mins)Students complete activity two.

~

a



o Once again, the goal is to get them to see how certain pairs are closer than other
pairs. Counting up all the individual differences will be very laborious (but still
get them to the right answer)This one is a bit harder for them to see, but let
them search for it for a while.

o0 Again, the trick to make it easier isigmore all of the cases where there is a
change only in ONE specisfce it likely occurred aftetr diverged from all the
others. The trick is to look for patterns, which is much faster thataded
numerical calculations. Where are differences that are shared in some organisms
and not others?

0 Where to put #3? There are three instances where #3 is similar-#2#ind only
two instances where #3 is similar to#%, so there is slightly more evidence that
#3 is more closely related to #£2 than with #4#5. However, students will likely
be divided on the issue. This is totally okayo not try to correct thig; the
students can dbate this!

1 (5 mins)Have students examine the tree they drew. Break the code for the students by
revealing what species name each of the species numbers stood for. Ask the student to
write underneath each of their numbered phylograms the actual namespezies
number represents. Ask the students if their newfound data has corroborated their
previous data? Does it match? Are they creating multiple sources of evidence? (Yes) Tell
GKS aiGdRSyia GKFG ySEG 6SQff oSopledick YAYAY 3
again if the next task will further support or refute their gathered evidence.

1 (10min) Before letting them begimactivity #1introduceit with a small discussion on
pseudogenes. Write pseudogenes on the board and underline the different (datis o
word (pseudo and gene). Ask the students what they think the word means. (A
nonfunctional evolutionary remnant of a gene in a species or group of related species).

If they have trouble, ask them to examine the different parts of the word, and tethth

that pseudo means rtaeal. Once they are able to define the term, ask the students

how a gene could become broken (through random mutations). The genes could

0S02YS d&ooNghlaRight mistakesi KI G K| LIISY 6KSy (GKS 02R
copied,and these nistakes are known as mutations. How could pseudogenes tell us

about our human ancestry though? WéllS 1 Q& S E| YA TASGULY gelselsl Y LI S
needed for the synthesis of Vitamin C, which is important to life, why would natural

selection have eliminated @eed for this gene in humans? (If the mutation occurred in

an individual or population that already had an abundance of citrus fruit in theiy diet
likeinAfrica2z NJ 2 0 KSNJ GNRLIAOFf NBIA2Ya>X GKSNB ¢ 2 dz
/3 9 ¥f@erpdlling for a few answers, remind the students that by studying
pseudogensscientists learned that our human ancestors must have had an abundance




of citrus or Vitamin C in their diet for a long period of time for this gene to fall out of
use.

1 (20 mins)Students complete activity number one.

o A way to simpfy this activity: telstudentsto ignore all mutationghat exist in
just one speciebecausehis occurred after it diverged from the otheendare
not helpful for retracing shared ancestry with otheregpes.Thisis an
2L NldzyAaAte (G2 RAaAaOdzaa GKS ayvYz2ft SOdz I NJ O
useful for determining theéime that has passed since the divergence of two
species.

1 (5mins)Have studentgxaminethe tree they drew. Ask the students if theyere able
to determine some relatedness even with such a short stretch of BIRér. polling
students tell them that scientists normally analyze millions of these base pairs to
determine common ancestrythenbreak the code for the students by revealing wha
species name each of the species numbers stood for. Ask the student to write
underneath each of their numbered phylograms the actual name the species number
represents. Ask the students if their newfound data has corroborated their previous
data? Does imatch?Does all of their evidence point to a similar conclusion? Does
having multiple pieces of evidence make for a better conclusion? (Yes! If different pieces
of evidence are all reinforcing the same point in their own way, then the conclusion is
more ikely to be true.)

1 (5mins)Once the students have done this remind them that some scientists study
anatomical features to create cladograms based of observational characteristics, while
other sciantists work with DNA sequencés build phylogams. Ask the class if they
think one way is more right than the other. Try to lead students to the answer that both
ways are valid and just different approaches to the same problem. These scientists are
creating multiple lines of evidence (Slide 13) toateesa more scientifically sound
conclusion. By proving things are related through cladograms and phylograrasew
supporting a conclusiomitwo separate ways, making it more believable. Sometimes
scientists will not have matching results when pursuingdtiple lines of evidence, and
GKIFIaQa 21Fé& 0SOFdzaS AdG SyO2dz2N) 3Sa (GKSY (2
researching something.

1 (6 mins)Take a moment to discuss that in exercise tiwe molecular evidence made it
hard to figure out where to place the gorilla. Ask students to raise their hands if they
placed the gorilla with the human and chimp and then ask them to raise their hands if
they placed the gorilla with the orangutan andetinacaque. Tell them this is scientific
controversy, and it happens! In situations like this where scientists are unsure they
would gather more data.uckily they already have, so they can reexamine their other
data. Based off the evidence in activity 3 w&n more safely conclude, thanks to



multiple lines of evidence, that the gorilla is more closely related to orangutans and
macaques.

1 (5mins)Remind students that they have been using actual molecular data for all of
these activities, nothing was fabrieal, so they examineckal DNA information just like
professional scientist$n actualityscientists studying molecular information use tens of
thousands of DNA bagmairs to conduct their research. It can take years to reach a
conclusion, but the more da scientists examine the more likely they are of getting it
right. Ask the students if they think newer technology has the power of changing the
way some phylograms look. (They dalimew technology comes out, allowing us to
examine DNA in new ways, sdists might discover ancestral relationships we have not
considered before or they could paint a clearer picture of already established ancestral
links.)Go ahead and show students the final slide which contains the phylogenetic tree
from page 27 from théents article. This tree encompasses all the data the students
have seen today, and like them scientists have used multiple lines of evidence to
construct this family tree.

1 (7 mins)As a postassessment use the true or false cards to reexamine the questio
a0FGSR 4G GKS 06S3AYyyAy3a 2F GKS fSaazyd dac¢ N
demonstrated a common ancestry between us and our hominid ancestors. (True, this
time talk about how the students used multiple lines of evidence yesterday to phise t
very fact) True or false: the bones, the casts are made from, look the way they do
0SOldzaS 2F 3SySa IFyR 5b! ® 6¢NHzSSE 5b! OF NNR
development and maintenance) True or false: Molecular data, like DNA, can algo sho
how organisms are related. (True, the students showed that they can organize species
according to their DNA in three separate activities) True or false: Amino acids, the
building blocks of proteins, can also show how organisms are related. (True, the
students physically did this in activity number 2) True or False: Scientists only use one
piece of evidence to reach a certain conclusion on a question (False, scientists use
multiple lines of evidence to reach a conclusion, just like the students did téday).

Assessment:

1 As awarm up activity the next day, have students respond to the following
paragraph prompt: In 4 to 5 sentences discuss one piece of evidence that supports
the scientific theory of evolution

1 Check the phylograms the students created durimg activity for understanding.

Any student whose phylogram is wrong can be asked to correct it with help.

9 During their next exam give them a scientific article in which scientists demonstrate
using multiple lines of evidence to support their argument. Tk for the students
will be to identify the different pieces of evidence that the scientist is utilizing.
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Molecular Phylogenetics Activity
Lents, et. al. John Jay College, C.UN.Y.

Molecular Phylogenetics Activity

Activity #1 - Molecular phylogenetics using a pseudogene
¢ Below are four gene sequences. These are taken from four animals that are believed to have “recent shared ancestry” (are closely
related).

o The gene sequences are from a so-called “broken gene” or pseudogene, the evolutionary remnant of a gene, which is now
nonfunctional, in a given species or group of related species. In this case, the gene is called GULO (L-gulonolactone oxidase), which
codes for the enzyme which catalyzes a key step in the synthesis of ascorbic acid (vitamin C). Along the way, some animals have lost
the function of this gene (by random mutation) and must consume vitamin C in their diet.

1. Examine the four gene sequences below and mark any differences among the sequences that you can find.

#1 GGAGCTGAAGGCCATGCTGGAGGCCCACCCCGAGGTGGTGTCCCACTACCTGGTGGGGCTACGCTTCACCTGGAGG
#2 GGAGCTGAAGGCCATGCTGGAGGCCCACCCTGAGGTGGTGTCCCACTACCCGGTGGGGGTGCGCTTCACCCAGAGG
#3 GGAGCTGAAGGCCGTGCTGGAGGCCCACCCTGAGGTGGTGTCCCACTACCTGGTGGGGGTACGCTTCACCTGGAGG
#4 GGAGATGAAGGCCATGCTGGAGGCCCACCCTGAGGTGGTGTCCCACTAACCGGTGGGGGTGCGCTTCACCCARGGG

2. Discuss the following questions with your lab partner: Do you notice any specific pattern? What could this pattern mean regarding
the ancestry/relatedness of the four species?

3. Together with your lab partner, make an hypothesis about the ancestry of these four species in the form of a phylogenetic tree.
Draw this tree on a separate sheet of paper and make a few notes explaining why you drew it this way.
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Molecular Phylogenetics Activity
Lents, et. al. John Jay College, C.UN.Y.

Activity #2 - Molecular phylogenetics using a coding sequence (protein]

While noncoding DNA sequences are extremely useful in analyzing the shared ancestry of different species, protein-coding DNA
sequences are also useful.

However, the mutation and evolution of protein-coding sequences of DNAis more “constrained.” Why might this be?

Below is the amino acid sequence for a protein called SCML1, an enzyme necessary for male embryonic development and male fertility
in mammals. Itis encoded by a gene on the X-chromosome.

The amino acid sequence is only slightly different amongst five mammals, as shown below: ( “../.." represents a stretch of identical
amino acids, and is this omitted.)

$1 MSNS../.VIKT../..DDNTI../..EQLKTVDD../ ..DALQN.../..RFHARSLWINHKRYG..,/.. KKHSYRLVL.../ .. YETF..

$2 MSDS../..VVKT../..DDNTL../..EQLRTVND.../..DALQN.../..REYARSLWTNRKRSG..,/ .. KKHSYRPVL.../ .. YETF..

$4 MSNS../.VVKT../..DDDTI../..EQLKTVND.../ ..DAMQN.../..RFHARSLWTNRKRYG../..KKYSYRLVA.../ .. YESF..

#5 MSSS../..VVKT../..DDDTL.../..EQQKTVND.../.. DAMON. /.. RFRARSLWINRKRYG../ . KKYSYRLVA.../.. YESE...

1. Examine the five amino acid sequences above and mark any differences among the sequences that you can find.
2. Asin activity #1, use the differences in amino acid sequence to retrace the ancestry of these five mammals. Make an hypothesis in
the form of a phylogenetic tree. Draw this tree on a separate piece of paper, along with your notes explaining it.
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Molecular Phylogenetics Activity
Lents, et. al. John Jay College, CUNY.

Activity #3 - Evolution of Gross Chromosomal Structure

Not all genetic changes are as subtle as single base-pair changes in DNA. Sometimes, large chromosomal rearrangements occur.

These large rearrangements occur as errors in meiosis, often in the form of chromosomal breakage, followed by imperfect repair.

Imperfect repair introduces a major structural change to the chromosome. Some examples include:

+ Translocation - when part of one chromosomes breaks loose, and is inadvertently glued back on to the end of a different
chromosome.

+ Inversion - when part of a chromosome breaks loose and is glued back in place, but in the backwards orientation.

+ Duplication - When errorsin DNA replication cause a certain region of a chromosome to be inadvertently repeated.

+ Deletion - When errors in DNA replication (or meiosis) cause the permanent loss of part of a chromosome.

It may seem difficult to imagine how such a drastic change in chromosomal structure, resulting in large alterations to genes and

genetic material, could possibly tolerated. However, such changes would not always be lethal for the cell or individual in which this

eIror oCeurs.

Consider a simple hypothetical example:

o Suppose a small region of chromosome #14 i a certain animal breaks off during the formation of gametes (meiosis).

o This small region contains many crucial genes.

o The exact point of chromosomal breakage is just upstream of a certain gene involved with cellular metabolism and energy
consumption. Let's call this gene METABL. The coding region of METABI is intact, but it is now separated from most of its
“regulatory sequences” (promoters, enhancers, etc.).

o The cell detects this error and acts to fix the error by “gluing” the small chromosome piece back in place. However, it commits an
error and glues the piece back onto a different chromosome.

o The chunk of DNA is rescued and intact, but now in a new location. With the exception of METABI, all genes on the small
“breakaway” piece of chromosome are still surrounded by their normal regulatory sequences and everything would work normally
with these genes.

o The coding region of METABI, however, is now found in a new genomic “neighborhood” with different DNA sequence upstream,
meaning a different promoter and regulatory sequences.

Perhaps the new upstream sequences of METABI cause this gene to he expressed at twice the level as before.

o Inall cells of this organism, there would now be twice the amount of the product of the METABT gene.

o With twice the expression of METAB1, perhaps organisms with this chromosomal rearrangement are able to run faster for a longer
length of time, generate more body heat during cold winters, or other beneficial effects of a faster metabolism. (This hypothetical
example assumes that the animals have plentiful access to food, which would be required by a faster metabolism.)

o In this case, natural selection would favor those individuals with the new chromosomal arrangement and over time, the species
would evolve as this new chromosomal arrangement took over in the population.
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Molecular Phylogenetics Activity
Lents, et. al. John Jay College, CUNY.

o On the attached sheet are drawings of the gross chromosomal structure of some chromosomes of four related animals. These are
called cytogenetic ideograms and the patterns of bands on the chromosome represent alternating degrees of electron density.
Inactive regions of a chromosome (heterochromatin) are packed more densely than active areas (euchromatin), giving the banding
pattern shown.

L

Examine the chromosomes on the attached handout. Keep in mind that you are looking only at a few of the larger chromosomes
for the four species, and although all of these species are diploid, we are only looking at one chromosome of each pair.

Using scissors, cut out all of the chromosomes, but be sure to label each one as to which species it comes from.

Now, match up the chromosomes that very obviously are “homologous.” Once you have the homologue from all four of the
species, place those homologous chromosomes in separate piles.

Some chromosomes may be leftover, meaning you cannot identify a clear homologue for all four species. Set these asidein a
separate pile, and your instructor will discuss those later.

For those chromosomes that have an obvious homologue in all four species, as in the previous exercises, use the differences you
see in the chromosomal structure to retrace the ancestry of these four animals.

The best strategy is to first consider each chromosome separately. Looking only at the first chromosome, which two or three
species look the most similar, etc.? Then after you have completed each chromosome individually, see how each of your analyses
compare, and then draw a larger conclusion, if you can.

As before, make your hypothesis about the relatedness of these animals in the form of a phylogenetic tree.

Your instructor will discuss the other chromosomes, those you could not identify a clear homologue for all species, at the end of
the period. But if you have time, look closely at these and see if you can identify similarities between species.
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Molecular Phylogenetics Activity
Lents, et. al. John Jay College, CUN.Y.

Species #1

Species 72

Species 23

Species #4
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Molecular Phylogenetics Activity
Lents, et. al. Jonn Jay College, C.UNY.

Il.  Post-lab discussion of the Phylogenetic Trees

Discussion/Homework questions:

1) Why are psuedogenes and other noncoding DNA sequences so commonly used by evolutionary biologists to determine relatedness
between species?

2) While the GULO gene shows significant differences between these four species, the B-globin gene (used to make hemoglobin)
shows only very rare differences that are “silent” {the hemoglobin protein is identical) among these four species. Why do you
suppose this is?

3) Discuss what is meant by “molecular clock” in terms of DNA sequences and how this “clock” is different amongst coding and
noncoding DNA sequences.

4) Give one example of how a “neutral” genetic variant (allele) could become fixed in a population.

5) Give a purely hypothetical, but detailed example of how an error in meiosis could lead to a beneficial genetic change in a species.

6) Which kinds of scientific methodologies (as you learned about them in the recitation session) were present in the four activities
completed in this lab? Refer to the hand out on scientific practice if necessary.
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Molecular Phylogenetics Activity
Lents, ¢t. al. Jonn Jay College, CUN.Y.

Instructor Guide and Heuristics: Molecular Phylogenetics

Before the Exercise Begins:

¢ [f the students have already had lectures on systematics, cladistics, and phylogeny, you can keep your introduction very
brief. But even if so, be sure to review how a phylogram is drawn and what it means. The practice of cladistics builds
hierarchical classification based on observable shared and derived characteristics, while phylogenetics explores
evolutionary relationships based on molecular data. Both have the goal of revealing shared ancestry. It's very important
that the multiple approaches to evolutionary biology not result in confusion for the students. The multiple approaches
complement each other and scientists in different fields learn from one another.

Activity #1:

o Before setting the students loose on the activity, lead a small discussion of what a “pseudogene” is and how a gene could
become ‘broken” through random mutations. Here are some good questions to pose to students, either as pre-iab
homework; or to ponder right now.

Q: If the GULO gene is needed for the synthesis of Vitamin C, and Vitamin C is so important to life, how would the mutation
destroying this gene have been tolerated? In other words, why would it not have been quickly eliminated from the
population by natural selection?

A: If the mutation occurred in an individual or population that already had an abundance of citrus fruit in their diet (say, in
Africa, or other tropical regions), there would be no real disadvantage of a “broken allele” for the “vitamin C gene.” With
no selection against this allele, the DNA would persist in the population as a pseudogene.

Q: Can you name a species with a functional GULO gene and some with a nonfunctional version? How can you tell?

A: Species that require Vitamin C in their diet might have a broken GULO gene. Humans are an example - Vitamin C is
called “essential’ because we must get it from our diet. Dogs and cats, however, do not need fruit or any other vitamin C
supplement in their diet. Thisis because their GULO gene works and they produce their own Vitamin C in their cells.

Q: Why are pseudogenes so useful to biologists in examining ancestry of closely related species?

A: A DNA sequence that is not expressed can suffer changes over time, often without any negative effects. Thus,
pseudogenes have much higher mutation rates in a species over time. (More on this at the end.)
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Molecular Phylogenetics Activity
Lents, et. al. John Jay College, CUN.Y.

o Asthe students begin the activity, here are the differences that the students are going to find:

1 GGAGCTGAAGGCCATGCTGGAGGCCCACCCCGAGGTGGTGTCCCACTACCTGETGGGGCTACGCTTCACCTGGAGG
2 GGAGCTGAAGGCCATGCTGGAGGCCCACCCTGAGGTGGTGTCCCACTACCCGETGEGGETGCGCTTCACCCAGAGG
3 GGAGCTGAAGGCCGTGCTGGAGGCCCACCCTGAGGTGGTGTCCCACTACCTGGTGEGGETACGCTTCACCTGGAGG
4 GGAGATGAAGGCCATGCTGGAGGCCCACCCTGAGGTGGTGTCCCACTAACCGETGEGGGTGCGCTTCACCCAAGGG

i i Ad

They will like start doing “counts” of the differences hetween species. Although there is an easier way, let them do this,
because it can be helpful. The counts of difference between two species are as follows:

2= 5 1:3=3 1:4= 10 2:3= 1§ 2:4= 4 3id= 9

But what does this mean? It may not jump out at students, but the point is that, the fewer the difference between two
species, the more closely related they likely are. This, #2 and #4 are and #1 and #3 are the most closely related pairs.

In addition to the laborious math above, you might also point out there are three examples (or four bases) where #1 and #3

W on

have one thing, but #2 and #4 have something else ( shown as “." above).

Thus, if they were to build a phylogentic tree, the rule of parsimony (without doing the full calculations) would dictate that the
divergence between the ancestor of #1 and #3 and the ancestor of #2 and #4 occurred before the further divergence of
these species. And the hypothetical tree that they draw should reflect that.

Another way to simply this activity for them - tell them to ignore all mutations that exist in just one species. This is because
this one obviously occurred after it diverged from the others are not helpful for retracing shared ancestry with other species.
However, this is an opportunity to discuss the “‘molecular clock;” the number of mutations being useful for determining the
time that has passed since the divergence of two species.

| could not find the gorila GULO pseudogene (perhaps it isn't sequenced to date), but that's okay. They will build other

trees that include Gorilla, and they will assemble a final tree that combines the results of all three activities. This mimics
how the science of systematics actually works, so point this out to them. Also, at the end, after the species identities are
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Molecular Phylogenefics Activity
Lents, et. al. John Jay College, CUN.Y.

revealed, you can tell them why Gorilla wasn't included in activity #1: the sequence hasn't been reported yet. You could
then also challenge the students to use the trees to predict what the Gorilla GULO gene might look like.

o Thus, the phylogenetic tree that they draw should look like this:

——

l
#1

|

l
# 4

|
#

BEFORE MOVING ON TO Activity #2 - have them hand in the tree that they draw, with whatever essential math or

explanation is necessary to defend why they drew it that way.

The major point to discuss here is that this is just a short stretch of DNA, less than 100bp, and stil, the relatedness of the
four species can be deduced. Molecular evolutionary biologists generally analyze millions of basepairs of DNA sequence to

help them retrace ancestry.

It might even be worth telling them (and this is no lie or exaggeration) that this particular stretch of sequence was picked
pretty much at random. The gene was chosen on purpose (a pseudogene), but the person who designed this activity (Prof.
Lents) did not try out a bunch of sequences and then choose the stretch that ‘worked best’ for this activity. This stretch was
the first one he selected and although perhaps others might work even better and show the ancestry in an even more
obvious way, he decided to keep this “first attempt,” as a demonstration that the molecular evidence for shared ancestry is

not hard to find!

Code: But do not break this until the very end!!!

#1 = Pan troglodytes (chimpanzee)
#3 = Homo sapiens (humans)

#2 = Pongo pygmaeus (orangutan)

#4 = Macaca mulatta (macaque or Rhesus monkey)
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o One idea for the final wrap-up discussion, if there is time, is to do a BLAST search, or genome browser search for the
human sequence and show how the human genome sequence is now fully available and searchable online. Just a short
demo of bioinformatics can really “wow” them.

Activity #2:

o Before setting the students loose on the activity, lead a small discussion of how using a protein sequence is different from
using a DNA sequence. Protein is the expressed product of a gene. There could be lots of silent mutations lurking in this
gene, which do not result in a change to the protein. Here are some possible discussion questions.

Q: Why is a protein sequence more evolutionarily “constrained?”

A: All mutations are random and thus, most mutations in a functioning gene would diminish or disrupt the function of the
gene product. In most cases, a gene product with diminished function would reduce the viability or health of the
organism. Thus, most of these mutations would be quickly removed from the population through the death of the
organism. However, silent or conservative mutations would be tolerated.

Q: Can mutations ever actually improve the function of the gene and help the organism survive?
A: Yes! While this is rare, occasional advantageous mutations are the basis of adaptation! Such are often called “gain of
function” mutations because they enhance the function of a gene, or even give a new function or property to a gene.

Q: So wait, if many mutations are silent or neutral, how do they result in a permanent change in all members of a certain
species? How do neutral alleles take over an entire population?

A: Remember that, during speciation, the “founders” of a new species are generally a very small group of individuals. In a
phenomenon called “genetic drift,” these individuals might have combinations of “neutral” alleles that are not necessarily
reflective of the larger population. Thus, some neutral alleles, even rare ones, could become fixed in the new population
only because it happened to be present in the founders, not because they give any adaptive advantage to the
population.

o Below the differences that they are going to find are highlighted:
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$2 MSDS../.VVKT../..DDNTI../ ...EQLETVND.../ ..DALQN.../..RFYARSLWINRKRSG.../ .. KKHSYRPVL.../ .. YETF..
#3 MSNS../.VVKT../..DDDTL.../ ...EQL!TVND.../ ..DAMON.../ . RFHARFLWANRKRYG.../ .. KKHSYRLVL.../..YETF..

o Once again, the goal is to get them to see how certain pairs are closer than other pairs. Counting up all the individual
differences will be very laborious (but still get them to the right answer). This one is a bit harder for them to see, but let
them search for it for a while.

o Again, the trick to make it easier is to ignore all of the cases where there is a change only in ONE species, since it likely
occurred after it diverged from all the others (and is thus, recent, and not helpful in tracing backward.) The trick is to look for
patterns, which is much faster than detailed numerical calculations. (Although in reality, a subjective analysis is never a
complete substitute for quantitative analysis.)

[(E3

¢ The ones that are the most helpful are marked with “" but only give them this hint if it looks like no one is getting anywhere.
o The pattem that they should hopefully discover is that species #1-#2 and #4-#5 are the most similar pairs to each other.
This should be relatively easy for them to see.
o The problem will be - where to put #3? Likely some will put it with #1-#2, others will put it with #4-#5.

o There are three instances where #3 is similar to #1-#2 and only two instances where #3 is similar to #4-#5, so there is
slightly more evidence that #3 is more closely related to #1-#2 than with #4-#5. However, students will likely be divided on
the issue. This s totally okay - do not try to correct this - the students can debate this!

o Putting all these together, the students will get one of the phylogenies below:
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123 (45 OR 12,345
l \ l \

| OR |

— | LT

# #2O# # M 2 B #

Once again, remind them that this is just a short stretch of protein sequence, but biologists would analyze the sequence of
hundreds of proteins, as more data becomes available.

Once again, you can tell them that this protein was picked pretty much at random, as one whose protein sequence was
easy to find online for all these species. We did not try out a bunch of proteins and then choose the one that “worked best’
or gave us the result we wanted for this activity.

Code: But do not break this until the very end - when you are doing the final wrap-up!
#1 = Homo sapiens (humans) #2 = Pan troglodytes (chimpanzee) ~ #3 = Gorilla gorilla (Gorilla)
#4 = Pongo pygmaeus (orangutan) #5 = Macaca mulatta (macaque or Rhesus monkey)

Again, you could do a protein BLAST search with one of the stretches that is long enough, to show them the databases.

You could even use one of the nonhuman sequences and search against the human proteome. The search result will be
the “best hit" (human SCLM1) but it will mark the differences, that should match up with what is seen here.
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Activity #3:

In this activity, much more “content” in the form of background information is included in the handout. However, if preferred,
this could be deleted from the student handout and the information could be given as a lecture or a student-driven
discussion.

Students will also notice that one species has one fewer chromosome, to which we respond that a) this is not important for
building the phylograms, and b) it is true that species #4 indeed has one fewer chromosome than the other three species
(atthough all four have many more chromosomes than are shown here).

Once the students have found the three homologous chromosomes shared by all four species, they can proceed with the
attempt to dissect the ancestry of the four species.

Bl EAGRIONENCHOMOSOMES! Bt if they take each chromosome set one at a time, they point to the same relationship:

#1 and #4 are considerably closer to each other than either is to #2 and #3.

However, before simply branching the two sides into symmetrical final branches, give a new challenge:
o Which of the two pairs is more similar, which are more different? How could this be communicated in the phylogram?
o The conclusion of this is that #2 and #3 have been evolving separately from each other for a longer period of time
than #1 and #4. Thus, they should get something like this for their phylogenetic tree:

23 | 14

23 | 14

|

—
R B #H #
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+ There will almost certainly be some in the class that will notice what is going with the “leftover chromosomes.” The second-
to-largest chromosome in species #4 (humans!) has no true homologue in the other species.

+ However, if you take the smallest two chromosomes of the other three species (this works best with #1, chimps, but you can
see it with any of them), and fuse them together (one upside down compared to the other), the resulting fused
chromosome... viola!! It looks almost identical to that lone second chromosome #2 of species #4.

o | would only reveal the following points if some student has already heard about this and begins to speak openly
about it... (otherwise, do it at the end)

o The reality here is that humans have 23 pairs of chromosomes, while all other great apes have 24. Where did this
missing chromosome go in the Homo sapiens lineage? Nowhere! Our chromosome #2 is the result of the fusion
between two other chromosomes in a human ancestor some time after the divergence from our most recent common
ancestor with chimpanzees, our closest relatives.

v Explain that this theory is strongly supported by extensive DNA evidence, such as the presence of two telomere-
like stretches arranged end-to-end within chromosome #2 and the remnants of an additional centromere.

v nterestingly, some anthropologists propose that this chromosomal fusion event contributed to the reproductive
isolation of the human ancestor population from the ancestor population of the modern chimpanzee, solidifying
the unique genetic divergence of our ancestors

o Ifthis discussion happens now, rather than after the end, go ahead and break the code for activity #3:
 #1 = Chimpanzees, #2 = Orangutan;  #3 = Gorilla; #4 = Humans,

Final Discussion

+ You should have collected the students' phylograms and notes for each exercise as they go. Hand the papers back to the
students, but tell them NOT to correct or change anything (they need not be graded on getting them “correct.”). Now you
can “break the code” and have the students re-write the three phylograms on these sheets, but instead of the unnamed
species numbers, have them write the actual species names on the three phylograms from the three exercises. Now they
can compare the results from the three exercises to see if they agree.
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This mimics the multi-disciplinary nature of biology. Some scientists work with DNA sequences and build phylograms.
Others study anatomical structures and build cladograms. Scientists all over the world study the biochemistry, nutrition,
lifestyle, behavior, and physiology of all the biodiversity on the planet, past and present. These “multiple lines of evidence’
all cooperate to help scientists retrace the ancestry of species.

Students' phylograms will look something like this:

Exercise 1 1 Exercise 3
f_j 1 ——

chimp human \
orangutan macaque gorilla  orangutan human  chimp

Exercise 2 1
| Or

!——\"_FL_\‘H“\

1 human chimp gorilla orangutan macaque
human chimp gorila  orangufan macaque

+ One neat thing to point out to them - the results of exercise #3 help to clarify the dispute in exercise #2. Even though there
was, perhaps, slightly more data supporting gorillas being closer to humans and chimps, the chromosomal maps argue the
opposite. This is scientific controversy! Conflicting results tell a slightly different story, but the more data that is gathered, a
clearer picture emerges and the scientific community incremental advances toward a more complete and correct

understanding of the natural world.

More Discussion Points:

+ The exercises above involve REAL data, real DNA sequence, etc. Nothing was fabricated or exagerated. These
examples were chosen largely at random, NOT because they happen to uphold current scientific dogma.
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