BIG IDEAS IN BIOLOGY

Six Big ldeas that shape the way
biologists think about the world of life

(The picture here is The
Firm album cover:; see

http://www.cduniverse.com
/images.asp?pid=1076447&
cart=813421952&style=mus
ic&image=front&title=Firm+
-+Album+CD




The Six Big lIdeas In Biology*:

(1) The origin of eukaryotic cells

(2) The origin of multi-cellularity

(3) The concept of an emergent
property

(4) Earth as an organism

(5) Infection and symbiosis

(6) Irreversible change as a constant

*Not all biologists would pick these six.




What I1s a fish?

Bluegill, Lepomis macrochirus






Parasites of Lepomis macrochirus,
Reported 1973-77

Crepidostomum cornutum
Leuceruthrus micropteri
Proterometra macrostoma
Lerneaea cyprinacea
Leptorhynchoides thecatus
Pomphorhynchus bulbocollii
Acanthocephalus jacksoni
Posthodiplostomum minimum
Homalometron armatum
Neoechnorhynchus cylindratus
Proteocephalus ambloplitus
Bothriocephalus claviceps
Spinitectus carolini

Argulus flavescens

lllinobdella moorei

Myzobdella moorei
Clinostomum marginatum
Eustrongylides sp

Epistylus sp.

Actinocleidus fergusoni
Actinocleidus oculatus
Cleidodiscus nematocirrus
Cleidodiscus robustus
Urocleidus acer
Urocleidus biramosus
Urocleidus dispar
Urocleidus ferox
Urocleidus variabilis
Urocleidus furcatus
Argulus maculosus
Ergasilus arthrosis
Ergasilus caeruleus
Ergasilus centrarchidarum
Ergasilus lizae

Ergasilus tenax
Contracaecum sp.



Deer mouse, Peromyscus maniculatus



You can tell where this line of thought is headed . . .



Parasites of Peromyscus
maniculatus
(arthropods; 1973-1976)

Hystrichopsylla dippiei
Stenoponia americana
Meringis parkeri

Epitedia stanfordi
Catallagia decipiens
Anomiopsyllus nudatus
Rhadinopsylla sectilis
Peromyscopsylla hamifer
Peromyscopsylla hesperomys
Dactylopsyllaignota
Orchopeas neotomae
Orchopeas leucopus
Malaraeus sinomus
Malaraeus telchinus
Malaraeus euphorbi
Megabothris abantis
Monopsyllus wagneri
Monopsyllus eumolpi

Cuterebrafontinella
Dermacentor occidentalis
Anomiopsyllus fascicalifornicus
Opisodasys keeni

Meringis cummingi
Neotrombicula brennani
Chatia setosa
Euschoengastia velata
Euschoengastia oregonensis
Comatacarus americanus
Dermacarus jonesi
Odontacarus villosus
Xenodontacarus plumosus
Catallagia mahesoni
Catallagia sculleni
Phalacropsylla allos



Familiar and unfamiliar animals:

\

B Cnidarians
Flatworms
Nematodes

B Annelids

® Molluscs
Other invertebrates
Spiders, ticks, etc.

B Crustaceans
Myriapods

B Beetles

B Moths, butterflies

M Flies
Ants, bees, wasps
Other insects

—>  \/ertebrates



So, naturalists observe, a flea

Hath smaller fleas that on him prey;

ANc

ANC

these have smaller still to bite ‘em
S0 proceed ad Iinfinitum.
Jonathan Swift

On Poetry. A Rhapsody
(1733)



So, naturalists observe, a flea

Hath smaller fleas that on him prey;

And these have smaller still to bite ‘em

And so proceed ad infinitum.

Thus every poet, in his kind,

Is bit by him that comes be
Jonathan Swift

nind.

On Poetry. A Rhapsody

(1733)



The most familiar animals?

7 4

B Humans
Our pets
Food and fiber

animals
M Everything else

Homo (JJ’s perception of our
Saplens perception of the universe.)

What are these
organisms?




e

What Is a human being? =

D sy

(various web sources and friends’
emails)




MOUTH

Streptococci
Staphylococci
Veillonella spp.
Fusobacterium spp.

EYE

Staphylococci
Haemophilus spp.

NOSE

Staphylococci
Streptococci
Staphylococcus aureus
Neisseria spp.

Treponema spp. Staphylococcus aureus Haemophilus spp.
Bacteroides spp. Streptococcei (various) Streptococcus pneumoniae
Neisseria spp. —— B T
Branhamella catarrhalis
Streptococcus pneumoniae
B-hemolytic streptococci
Candida spp. (yeast) | OUTER EAR
Haemophilus spp.
Diphtheroids
Actinomyces spp
Eikenella corrodens
Staphylococcus aureus

Staphylococci
Diphtheroids
Pseudomonas spp.
Enterobacteriaceae (occas.)

URETHRA

Staphylococci
Diphtheroids
Streptococci (various)
Mycobacterium spp.
Bacteroides spp.

SMALL INTESTINE

Lactobacillus spp.
Bacteroides spp.
Clostridium spp.
Mycobacterium spp.

Fusobacterium spp.
Peptostreptococcus spp.

VAGINA | % B L Enterococci

Enterobacteriaceae
Lactobacillus spp.
Peptostreptococcus spp.
1_‘}|piuhcmin{~ _ & N il LARGE INTESTINE
."atrci!lm'm'u (various) ] 4

Clostridium spp.
Bacteroides spp.
Candida spp. (yeast)
Gardnerella vaginalis

Bacteroides spp.
Fusobacterium spp.
Clostridium spp.
Peptostreptococcus spp.
3 ) . Escherichia coli
SKIN RS i Klebsiella spp.
i | 3 Proteus spp.

Staphylococci

Diptheroids (including
Propionibacterium acnes)

S!(!,‘Jir\hnm'(us aureus

Streptococcus (various)

Bacillus spp.

Malassezia furfur

Candida 5]!.11. t:)'i':m)

Lactobacillus spp.
Enterococci
Streptococci (various)
Pseudomonas spp.
Acinetobacter spp.
Staphylococcus
Staphylococcus aureus
Mycobacterium spp.

Mycobacterium spp. (occas.) > A Py ; Actinomyces spp.

from Tobin and Dusheck - Asking Ab




The notorious fingerprint plate exercise:

Day 4 @ room
temp
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= Acanthamoeba keratitis
= 7 . =
f——————Cutaneous leishmaniasis

Trichomonas tenax

Entamoeba
gingivalis /
4 3 o Trypanosomiasis
. 2 . -. .
Body lice

¢ [ Trichinosis
§ Toxoplasmosis
‘ Ve Schistosomiasis
Visceral ' 4

Paragonimus

leishmaniasis Ascariasis

Malaria Hookworm

Tapeworms 1 505 Amebiasis

iardie
Giarda —— Whipworms

Trichomoniasis i Pinworms

i

Swimmer's itch Mosquito bite

“~—Filariasis

Chigger bites

Dracunculiasis

Congo floor
maggots

I Chigoe fleas

Q: How do you
communicate
an ideato
college
students?

A:ldon’'t know,
but maybe try
connecting
them with the
Idea In some
new way.



“Disease usually results from
Inconclusive negotiations for
symbiosis, an overstepping of the line
by one side or the other, a biologic
misinterpretation of borders.”

Lewis Thomas
Lives of a Cell (1974)



Interactions between parasites and
cultural phenomena: the case of
Cryptosporidium (C. parvum)

http://www.modares.ac.ir/

http://www.ksu.edu/parasitology/



Milwaukee, WI — 403,000 cases of crypto (out of
~1.6 million people) in 1993 epidemic

—_— % .ﬂ .._;
-
' ; ’ "._*T“

http://www.virtualtourist.com
MacKenzie et al., 1994, NEJM, 331:161-167.



Costs assoclated with outbreak:

Severity Medical $ Productivity
loss

Mild 790,760 40,212,000

(354,600)

Moderate 2,710,800 18,176,000

(44,000)

Severe 28,153,000 6,201,400

(4,400)

Total 31,655,000 64,589,000

Corso et al., 2003, EID 9:426-431 \\Cf

Total $

41,020,000

20,887,000

43,355,000

96,244,000



T G
o =

World population in billions

9
8
T
6
=
4
3
2
1
0

1900

World total

Developed countries
I

1950 1990 2000 2050
Time

2100

Fig. 2.27, p. 38;
Johnson, The
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You are  Your life

about
here

expectancy

Q: What is the
cultural cost
of disease In
this segment
of humanity,
and what will
be the
expression of
that cost?



Distribution of deaths in children less
than 5 years old in developing countries

Malaria

Others (tetanus,

diphtheria, Measles +/-
pertussis, poli ARI/Diarrhea
meningitis, et

ARI

Diarr“

R. Guerrant, 1998, Am. J. Trop.
Med. Hyg. 59:3-16.



Correlations of early childhood (0-2) diarrhea (#
days) with cognitive dysfunction @ 6-9 years:

Cognitive test R (n) P
McCarthy Draw-A-  -0.49(26) 0.012
Design

Backward WISC-IIl  -0.64(10) 0.049
Digit Span

WISC-IIl Scaled -0.68(10) 0.031
Coding

Forward WISC-III -0.17(26) 0.419
Digit Span

WPPSI-R Mazes 5- 0.05(26) 0.802
11

D. Guerrant et al., 1999, Am. J. Trop. Med. Hyg., 61:707-713.



(® NYC, 1900)
= Mozambique

Nigeria ® = Bangladesh

= India

Infant
mortality
rate s Brazil

(per 1000 » @ .
live births) Guatemala Thailand
7]

Costa Rica ™

500 400 300
Total fertility rate

(# children/100 women)

Correlation of infant mortality and total fertility in
selected areas in 1995

(World Bank, 1997, World Development Report, Oxford Univ. Press)




Some interesting quotes (cont'd):

“The national interest Is evermore intimately
associated with the process of development of
stable and healthy societies in the tropical areas.
Indeed. . . Prospects for the very survival of
western civilization as we know it are in large part
dependent on our ability to share the material
benefits of our social system with some 2.5 billion
human beings who now exist in mass misery in the
poorly sanitated areas of the world.”

--Thomas Weller, 1964



Some interesting quotes (cont'd):

“...We may now see the dawning of an era when,
perhaps for the first time in human evolution, we
can begin to perceive the survival advantage of
caring about the other person, the poor in the
tropics.”

--Richard Guerrant, 1998



Some interesting guotes (finally):

“I know no safe depository of the ultimate powers
of the society but the people themselves; and it we
think them not enlightened enough to exercise their
control with a wholesome discretion, the remedy Is
not to take it from them, but to inform their
discretion by education.”

--Thomas Jefferson, 1820 (letter to
William C. Jarvis)



Cultural Transmission and Evolution
— A Parasitological Analogy

(The picture here is The
Firm album cover:; see

http://www.cduniverse.com

/images.asp?pid=1076447&
cart=813421952&style=mus
ic&image=front&title=Firm+
-+Album+CD
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Cultural Transmission
and Evolution:

A QUANTiTATIVE APPROACH

T CAVALLI-SFORZA
M. W, FELDMAN

L

MONOGRAPHS IN POPULATION BIOLOGY . 16 -
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METAMAGICAL
THEMAS:

Questing for the Essence
of Mind and Pattern

DOUGLAS R. HOFSTADTER

An Interlocked Collection of
Literary, Scientific, and Artistic Studies




Q: What do the following items have
In common?

e SUV  Powerball
« “. . .weapons of e Super Bowl
mass destruction .. « Talk radio

” | » CNN
* Rap music e CD
e “O/11"

e Digital camera

* Duct iEfels « An understanding of
* No Smoking the role disease
e Amazon.com plays in politics and

war



A: They are entities that originate
In the human brain, and In some
cases have taken on material
substance, but in other cases
have remained only ideas or
words, but in all cases have the

power to move through human
populations in a manner
analogous to infectious disease.

JJ — define “meme”




The Infectivity of Ideas (memes):

“The first process, growth of
awareness, depends on ... asource--
for instance, the makers of a new
product, salespeople, or evangelistic
users--and transmitters--for example . .
. hewspapers, journals, radio, or TV.
The second step involves . .. decision .
.. which may be motivated by
economic, emotional, or other types of
factors ...”

Cavalli-Sforza and Feldman, 1981



Terminology (there is a LOT of math to go with
the vocabulary, If you want it)

e Vertical transmission

e Horizontal transmission

e ODblique transmission

* Host capture (~ “crossover”)

* Phylogenetic congruence (and topology)
e Mutation (innovation)

* Virulence and infectivity

* Replication with descent

o Self-referential properties



Ll

Vertical transmission —
parent to offspring




}

Vertical and horizontal
transmission — parent to
offspring and between
members of the same
generation




Vertically-transmitted items (some

cultural):

Religious beliefs

Voting patterns

Wealth

Attitudes (Iin part) about art, music, etc.
Reading skills and habits

Use of technology

Pinworms, body lice, Giardia
duodenalis



Horizontally-transmitted cultural
items:

 Clothing styles

 Peer-group language (slang; verbal
short-hand)

e Music

 Old exams (un-infective when
transmitted vertically?)

 Use of technology



A very simplified family “phylogeny”:

(Your neighbors) (You and your sister or
Og (Your aunt or uncle) brother)

Par C Par B

Par

(Your parent)

(Your grandparent)

(Hypothetical patterns
of descent, over the
long term constrained

by transmission) (This phylogeny could be based on

anything — structure, molecules, life
cycles, etc.)



Cultural items transmitted via
descent:

e Silver and jewelry
 Pottery and glassware
 Books (including Bibles)
 Photographs

e Letters, deeds, etc.

o Stories*

 Furniture*

*May be maodified in transmission, i.e., may evolve.



Hst C

Og \
Par C

AN

Hst B Hst A

Par

\

e

B Pa%

%

(Co-evolution
and/or co-
speciation)

(Vertical transmission over extended
time.)

A parasite
phylogeny that
IS congruent
with host

phylogeny




Og

(Host switching and host
capture; parasites that
are most closely related
are not in the hosts that
are most closely related.)

Hst A

Par C

Hst B Hst C
Pa\r B Pa%
A parasite
phylogeny that
IS not congruent
with host
phylogeny




Infectivity and virulence of ideas (memes):

System X
Begin
S(1): Blah.
S(2): Blah, blah.
S(3): Blah, blah, blah.

Q

S(n): Blah, blah, blah, . .....
S(n+1): It is your duty to convince others that
System X Is true
End

(The Hofstadter example)



Infectivity and virulence of ideas (memes):

System X
Begin
S(1): Anyone who does not believe In
System X will burn in Hell.

S(2): It is your duty to save others from
suffering.
End

(The Hofstadter example of viral and self-
replicating texts)



Infectivity and virulence of ideas (memes):

System X
Begin
S(1): Anyone who does not go to Cedar
Point Biological Station will burn in
Hell.

S(2): It is your duty to save others from
suffering.
End

(The Hofstadter example of viral and self-
replicating texts)



Self-replicating viral memes:

 The whales are in danger of extinction.

 The bourgeolsie Is oppressing the
proletariat.

* The villain iIs wronging the victim.

o Self-replicating ideas are conspiring to
enslave our minds.

e If | don't make a 4.0 GPA at UNL | am a
big time failure with no future whatsoever.




Self-replicating viral memes:

The whales are in danger of extinction.

The bourgeoisie is oppressing the proletariat.

The villain is wronging the victim.

Self-replicating ideas are conspiring to enslave our minds.

If | don’t make a 4.0 GPA at UNL | am a big time failure with no
future whatsoever.

 If | do make a 4.0 GPA at UNL then | will
live a long, healthy, and successful life,
find a wonderful significant other, stay
married* for 60 years, and have well
behaved children.

*to the same person



“The performance value of an idea depends upon
the change it brings to the behavior of the person or
group that adopts it. The human group upon which
a given idea confers greater cohesiveness, greater
ambition, and greater self-confidence thereby
receives from it an added power to expand which
will insure the promotion of the idea itself. Its
capacity to ‘take,’ the extent to which it can be ‘put
over’ has little to do with the amount of objective
truth the idea may contain.”

Jacques Monod
Chance and Necessity (1970)



Take home messages:

e |deas, iInnovations, etc., can behave in a
manner analogous to parasites.

 These memes can have infectivity and
virulence, and can occur in endemic and
epidemic forms.

« Memes can, in a manner analogous to
parasites, alter the socio-economic
situations of individuals and populations.



@'ﬁ Mﬂ “ FI IHe(t)tfeSrtf?)CrI:ﬁrl:’)Sroblems:
H “ aﬂ g 65:74 What feature(s) of

the letter “A”
A EA A E éﬁ make(s) it

recognizable as an
“A” In SO many
fonts?

What feature(s) of
the human brain
allow the design to
“Infect” the brain
with the concept of
“A"?
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