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BIOL 573 Rationale

The ability to analyze DNA from plants, animals, and microorganisms that have been
long since dead (or are now even extinct) opens up a tremendous potential for studying
evolution. The strength of ancient DNA (aDNA) is that it allows one to make direct
observations about the past and, thus, directly test hypotheses about where and when
particular genetic variation should have been present. However, the potential of aDNA
evidence is tempered by the challenging nature of its retrieval.

Currently there are no courses taught at Washington State University that focus on the
study of ancient DNA. This proposed course will offer graduate students the opportunity
to explore the prospects and problems of the ancient DNA field through a weekly
discussion of relevant papers from the primary literature. The students will be required
to synthesize this information and further explore an ancient DNA topic of their choice in
a 10 page paper due at the end of the semester

Including this course in the WSU catalog is particularly important for the growing number
of students in the School of Biological Sciences and Department of Anthropology that
are engaged in ancient DNA research. However, graduate students in general will also
benefit from enrolling in this course by: 1) coming to appreciate that evolution can be
directly studied with ancient DNA, and 2) becoming familiar with various laboratory
methods that can be applied to challenging DNA samples. Previous enroliment (as
BIOL 589- Advanced Topics in Biology) included zoology, botany, anthropology, and
environmental science graduate students.

Importantly, this proposed course advances the vision and mission of the newly formed
College of Arts and Sciences. First, this course promotes inquiry and broad
understanding. The problems associated with the study of degraded ancient DNA
requires creative solutions, which requires synthesizing a rich body of previous
intellectual contributions originating from numerous disciplines, many of which are found
throughout the college. This course is truly interdisciplinary, drawing from biology,
genetics, evolution, chemistry, epidemiology, forensic sciences, anthropology, and
history. Second, it addresses global conditions. Numerous readings during the course
address organismal responses through time to natural and human-mediated global
change. Information from ancient DNA studies can directly impact, for example,
conservation and management efforts for endangered species.

Creation of BIOL 573 will require no new resources.



éio&\cgy 573: Ancient DNA

_ Spring S

Seminar: \bk\dn days 2:10-5:00 pm, Fulmer 150
Credit Hours:\3

Professor: Brian'M. Kemp
Office: College Hall 363

Office Hours: By appointment
Office Phone: 335-7403 °
e-mail: bmkemp@wsu.edu

The Course:

/

The course is broken d}tm into a few central “themes”:

e Introduction to’aDNA (Week 1)

e The “Behavior” aDNA (Week 2)

ncient DNA Case Studies (Weeks 7-16)



Student Learning Outcomes:
1) Understand and explain major biological concepts in evolution and genetics
2) Use critical thinking and scientific skills to analyze and solve problems.

3) Effectively communicate biological problems and solutions to both the scientific
community and the public at large in writing and in discussion.

4) Identify central bodies of knowledge in biology refated to evolution and genetics.

5) Use scientific literacy and knowledge of biology or zoology to analyze contemporary
social, cultural, and environmental issues and contribute to informed opinion.

Your Responéibilities:

1) You are expected to attend the weekly seminar. If you need to miss class (e.g. due
to illness), you must inform me in advance over e-mail or with a phone call.

2) You are expected to complete all of the required readings for a given week prior to
class.

3) You will be assigned to lead the discussion regularly during the semester. Otherwise
you are expected to participate in the discussion of the assigned readings.

4) To facilitate discussion all students must come prepared to the seminar with at least
two questions/observations about each article assigned that week.

5) You will be responsible for assigning one week’s reading (two or three papers and
additional suggested readings, if appropriate) on a topic of your choice.

6) You will write a short research paper on the same topic.

Research Paper

You will research and write on a topic related to the seminar theme of “Ancient DNA.”
Before writing this paper you must get my approval of your half page synopsis or outline
of your proposed topic by Friday, March 9™. My office hours are a great time for you to
brainstorm your ideas with me and | have a lot of references to share. The final draft of
your paper (~10 double-spaced pages in length) must be e-mailed to me by Friday,
April 27",



Final Grade Determination:

Attendance and Participation 75%
Final Paper 25%
100%

94-100% A 77-79% C+ 67-69% D+
90-93% A- 74-76% Cc 60-66% D
87-89% B+ 70-73% C- below 60% F
84-86% B
80-83% B-

Academic Dishonesty:

The WSU handbook defines Academic Dishonesty as follows: “academic dishonesty
includes cheating, falsification, fabrication, multiple submission, plagiarism, abuse of
academic materials, complicity, or misconduct in research.” Plagiarism is the inclusion
of any material that is not your own, without adequate reference to its author. In its
simplest form, plagiarism is the direct copying or duplication of another person’s words
without quotation marks or citation (or both). Including ideas in your work that are not
your own, without adequate citation, is plagiarism. Paraphrasing can also be a form of
plagiarism if the paraphrased text is too similar to the original. If you have any doubt at
all about what constitutes plagiarism, you need to discuss immediately this matter with
your instructor. The University generally prohibits acts of academic dishonesty in order
to foster the principles of truth and academic honesty. The academic integrity
procedures used by the University are considered a part of creating an educational
environment that does not award undeserved credit. Definitions of academic dishonesty
and the University Academic Integrity Policy can be read at the following Web Site:
http://www.studentaffairs.wsu.edu/hb_standards.asp#ac160

Cheating on an exam or a writing assignment (including plagiarism) will result in a
final grade of F for the entire course, will be reported to the Office of Student
Affairs, and will result in additional disciplinary action by the University.

Students with Disabilities:

Reasonable accommodations are available for students with a documented disability. If
you have a disability and need accommodations to fully participate in this class, please
either visit or call the Access Center (Washington Building 217; 509-335-3417) to
schedule an appointment with an Access Advisor. All accommodations MUST be
approved through the Access Center.

Campus Safety and Emergencies:

Washington State University is committed to enhancing the safety of the students,
faculty, staff, and visitors to the Pullman campus. As part of this commitment, the
university has prepared a Campus Safety Plan that can be found at
http://safetyplan.wsu.edu/, and contains a listing of university policies, procedures,
statistics and information relating to campus safety, emergency management and the

~ health and welfare of the campus community. Campus emergency and travel alerts can
be found at http://alert.wsu.edu/. Please register your contact and emergency
information at your http://my.wsu.edu/ website. - Further information on emergencies can

be found at http://oem.wsu.edu/emergencies.




Course Reading Material

Readings have been chosen from a variety of sources (i.e. there is no “text book”).
Additional readings may be added to the course or some readings may be substituted as
the semester develops (based on the interests of the students). If there is significant
interest by the students to change one or more of the topics | will take these proposals
into consideration. In general, | suggest that you do the readings in chronological order,
as some of the readings may be critiques of earlier works. | will provide additional advice
during the semester as to how the papers might be compared and/or contrasted.

These readings will be distributed electronically (except the books).

Week 1: What is Ancient DNA?
This week will consist largely of lecture by Professor Kemp called “Ancient DNA 101.”
Recommended Review Papers:

Gilbert MTP (2003) Chapter 1: Introduction and scope of thesis, pgs 1-54 in “An
assessment of the use of human samples in ancient DNA studies.” Ph.D.
Dissertation, University of Oxford, Oxford. [Tom Gilbert wrote one of the best
reviews of ancient DNA in the past decade, but it was never formally published.
Some of it went into the wikipedia page on ancient DNA
(http://en.wikipedia.org/wiki/Ancient_DNA)].

Hofreiter M, Serre D, Poinar HN, Kuch M, and Paabo S (2001) Ancient DNA. Nat
Rev Genet 2:353-9.

Kaestle FA, and Horsburgh KA (2002) Ancient DNA in anthropology: Methods,
applications, and ethics. Yearbook of Physical Anthropology 45:92-130.

Montiel R, Francalacci P, and Malgosa A (2007) Ancient DNA and Biological
Anthropology: Believers vs. skeptics. In C Santos and M Lima (eds.): Recent
Advances in Molecular Biology and Evolution: Applications to Biological
Anthropolgy Trivandrum, Kerala, India: Research Signpost, pp. 209-250.

Paabo S, Poinar H, Serre D, Jaenicke-Despres V, Hebler J, Rohland .N, Kuch M,
Krause J, Vigilant L, and Hofreiter M (2004) Genetic analyses from ancient DNA.
Annu Rev Genet 38:645-79 '

Willerslev E, and Cooper A (2005) Ancient DNA. Proc Biol Sci 272:3-16.

Recommended Books:

Brown T, and Brown K (2011) Biomolecular Archaeology: An Introduction.
Chichester, West Sussex, UK: Wiley-Backwell.



Hummel S (2003) Ancient DNA Typing: Methods, Strategies and Applications.
Berlin: Springer-Verlag.

Week 2: Behavior of aDNA is Different than Modern DNA, Classic Early Papers

The unique “behaviors” of aDNA were of the earliest observations made by the
pioneering researchers of the field. Today, these behaviors are used to help
authenticate aDNA results (See Week 6).

Lindahl T (1993) Instability and decay of the primary structure of DNA. Nature
362:709-715. This paper is informative about the general principals of DNA
degradation, not just aDNA, has been cited 2693 times according to Google
Scholar (website accessed 12/26/11). Tomas Lindahl has been an authority on
the topic at least since the early 1970s.

Paabo S, Gifford JA, and Wilson AC (1988) Mitochondrial DNA sequences from
a 7000-year old brain. Nucleic Acids Research 16:9775-9788.

P&abo S (1989) Ancient DNA: extraction, characterization, molecular cloning,
and enzymatic amplification. Proc Natl Acad Sci U S A 86:1939-43. This paper,
written by the godfather of the Ancient DNA field (Svante Paéabo), is certainly a
classic, having been cited 541 times according to Google Scholar (website
accessed 12/26/11).

Week 3: Public Enemy #1: Contamination

The study of aDNA can be seriously compromised by contaminating “modern” DNA,
which can sometimes completely out compete aDNA in PCR amplification.
Contamination is particularly problematic in studies of ancient human DNA, but must too
be monitored in studies of ancient plants and animals. Research about contamination in
aDNA studies has further suggested a means by which DNA is not completely degraded
in the long-term.

Garcia-Garcera M, Gigli E, Sanchez-Quinto F, Ramirez O, Calafell F, Civit S, and
Lalueza-Fox C (2011) Fragmentation of contaminant and endogenous DNA in
ancient samples determined by shotgun sequencing; prospects for human
palaeogenomics. PLoS One 6:€24161.

Kemp BM, and Smith DG (2005) Use of Bleach to Eliminate Contaminating DNA
from t_he Surfaces of Bones and Teeth. Forensic Science International 154:53-61.

Salamon M, Tuross N, Arensburg B, and Weiner S (2005) Relatively well
preserved DNA is present in the crystal aggregates of fossil bones. Proc Natl
Acad Sci U S A 102:13783-13788.

Additional Recommended Reading:



Leonard JA, Shanks O, Hofreiter M, Kreuz E, Hodges L, Ream W, Wayne RK,
and Fleischer RC (2007) Animal DNA in PCR reagents plagues ancient DNA
research. Journal of Archaeological Science 34:1361-1366.

Malmstrom H, Stora J, Dalen L, Holmiund G, and Gotherstrom A (2005)
Extensive human DNA contamination in extracts from ancient dog bones and
teeth. Mol Biol Evol 22:2040-7.

Sampietro ML, Gilbert MT, Lao O, Caramelli D, Lari M, Bertranpetit J, and
Lalueza-Fox C (2006) Tracking down human contamination in ancient human
teeth. Mol Biol Evol 23:1801-7.

Yang DY, Eng B, and Saunders SR (2003) Hypersensitive PCR, ancient human
mtDNA, and contamination. Human Biology 75:355-364.

Week 4: Public Enemy #2: PCR Inhibitors

Just about everything on earth will inhibit PCR, particularly substance found in the
ground from where ancient specimens are discovered. More problematic is that PCR
inhibitors can even be present within the specimens themselves! When co-extracted
with aDNA, these substances make its study difficult, if not impossible, in some cases.

Alaeddini R (2011) Forensic implications of PCR inhibition-A review. Forensic Sci
Int Genet.

Kemp BM, Monroe C, and Smith DG (2006) Repeat silica extraction: a simple
technique for the removal of PCR inhibitors from DNA extracts. Journal of
Archaeological Science 33:1680-1689.

King C, Debruyne R, Kuch M, Schwarz C, and Poinar H (2009) A quantitative
approach to detect and overcome PCR inhibition in ancient DNA extracts.
Biotechniques 47:941-9.

Additional Recommended Reading:

Hanni C, Brousseau T, Laudet V, and Stehelin D (1995) Isopropanol Precipitation
Removes PCR Inhibitors from Ancient Bone Extracts. Nucleic Acids Research
23:881-882.

Wilson IG (1997) Inhibition and Facilitation of Nucleic Acid Amplification. Applied
& Environmental Microbiology 63:3741-3751.

Yang DY, Eng B, Waye JS, Dudar JC, and Saunders SR (1998) Technical note:
Improved DNA extraction from ancient bones using silica-based spin columns.
American Journal of Physical Anthropology 105:539-543




Week 5: Public Enemy #3: Post-mortem DNA Damage

While much damage to DNA occurs shortly after an organism’s death, oxidation and
hydrolysis (among other forces) continue to damage genetic material long afterwards. It
has been suggested that DNA damage “hotspots” are synonymous with mutational
“hotspots”. If this is true, is the Ancient DNA field doomed?

Dissing J, Kristinsdottir M, and Friis C (2008) On the elimination of extraneous
DNA in fossil human teeth with hypochlorite. Journal of Archaeological Science
doi:10.1016/j.jas.2007.10.009:1445-1452. While this paper is concerned largely
with removing contaminants, it is one of a few published accounts that damage
‘hotspots” may not, in fact, correlate with mutational “hotspots.”

Gilbert MT, Willerslev E, Hansen AJ, Barnes |, Rudbeck L, Lynnerup N, and
Cooper A (2003) Distribution patterns of postmortem damage in human
mitochondrial DNA. Am J Hum Genet 72:32-47.

Gilbert MTP, Shapiro B, Drummond AJ, and Cooper A (2005) Post mortem DNA
damage hotspots in Bison (Bison bison) provide evidence for both damage and
mutational hotspots in human mitochondrial DNA. Journal of Archaeological
Science 32:1053-1060.

Additional Recommended Reading:

Gilbert MTP (2006) Postmortem Damage of Mitochondrial DNA In H-Jr Bandelt,
V Macaulay and M Richards (eds.): Human Mitochondrial DNA and the Evolution
of Homo sapiens. Beriin Springer-Verlag.

Gilbert MT, Hansen AJ, Willerslev E, Rudbeck L, Barnes I, Lynnerup N, and
Cooper A (2003a) Characterization of genetic miscoding lesions caused by
postmortem damage. Am J Hum Genet 72:48-61.

Gilbert MT, Binladen J, Miller W, Wiuf C, Willerslev E, Poinar H, Carlson JE,
Leebens-Mack JH, and Schuster SC (2006) Recharacterization of ancient DNA
miscoding lesions: insights in the era of sequencing-by-synthesis. Nucleic Acids
Res 35:1-10. -

. Poinar HN (2002) The genetic secrets some fossils hold. Acc Chem Res 35:676-
84.



Week 6: Granted that Ancient DNA is
Notoriously Difficult to Work With, Is All
Hope Lost?

“Volume1 Number 2

Backed with entirely good intentions and the
theoretical promise of aDNA, the field ended
up taking a major detour in the early 1990s
into what appears now to be a realm of
impossibility....including DNA from dinosaurs,
hundred million year old insects (and their gut
flora), and Miocene aged chloroplasts (from
the Clarkia fossil beds just around the corner
in Idaho) (Figure 1). This is not a topic we
have covered in any depth in this course, but it
has had a lasting effect on the field in general.
For instance, some hold the belief that
authenticating aDNA is just not possible,
especially in the cases of ancient human DNA
studies.

Fay
!

In reaction of the mischievous 1990s, a very Figure 1. Cover image from the
important opinion piece was published in “Ancient DNA Newsletter,” a publication
Science that was intentioned to ground those that was informally circulated among
working with ancient DNA (Cooper and Poinar ~ ancient DNA researchers in the early
2000). The piece outlined nine criteria that 1990s. The saying “a picture is worth a

need to be met in order to authenticate ancient ~ thousand words” could not be more
DNA results, many of which take advantage of ~ Televant here. Many researchers at that
detecting “behavioral” differences of aDNA g::zs:t::ag‘:l AOf(o(:mian dtz)i,s s::s‘::“:a"\:g
from that of modern DNA. Are these “gold - ) ,
standards” worth their weight in gold? dinosaurs help out with lab workl).

Cooper A, and Poinar HN (2000) Ancient DNA: do it right or not at all. Science
289:1139. This was not the first or only list of recommendations, however
according to Google Scholar this opinion piece has been cited 482 times, making
it a classic for the ancient DNA field (web site accessed 12/27/11 ).

Gilbert MTP, Bandelt H-J, Hofreiter M, and Barnes | (2005) Assessing ancient
DNA studies. TRENDS in Ecology and Evolution 20:541-544.

Kemp BM, and Smith DG (2010) Ancient DNA Methodology: "Thoughts from
Brian M. Kemp and David Glenn Smith on "Mitochondrial DNA of Protohistoric
Remains of an Arikara Population from South Dakota”. Human Biology 82:227-
238.

Winters M, Barta JL, Monroe C, and Kemp BM (201 1) To clone or not to clone:
Method analysis for retrieving consensus sequences in ancient DNA samples.
PLoS One 6:€21247.



Additional Recommended Reading:

Collins MJ, Penkman KE, Rohland N, Shapiro B, Dobberstein RC, Ritz-Timme S,
and Hofreiter M (2009) Is amino acid racemization a useful tool for screening for
ancient DNA in bone? Proc Biol Sci 276:2971-7.

Week 7: Tom Gilbert’s Picks.

Over the winter break | contacted Tom Gilbert about his favorite ancient DNA papers
published since the last time | taught this graduate seminar. Here they are:

de Bruyn M, Hall BL, Chauke LF, Baroni C, Koch PL, and Hoelzel AR (2009)
Rapid response of a marine mammal species to holocene climate and habitat
change. PLoS Genet 5:e1000554.

Haensch S, Bianucci R, Signoli M, Rajerison M, Schultz M, Kacki S, Vermunt M,
Weston DA, Hurst D, Achtman M, Carniel E, and Bramanti B (2010) Distinct
clones of Yersinia pestis caused the black death. PLoS Pathog 6:1001134.

Hekkala E, Shirley MH, Amato G, Austin JD, Charter S, Thorbjarnarson J, Viiet
KA, Houck ML, Desalie R, and Blum MJ (2011) An ancient icon reveals new
mysteries: mummy DNA resurrects a cryptic species within the Nile crocodile.
Mol Ecol.

Week 8: Human Evolution

In the past few years ancient DNA has provided some very exciting clues about our
evolution and movement across the world.

Green RE, Krause J, Briggs AW, Maricic T, Stenzel U, Kircher M, Patterson N, Li
H, Zhai W, Fritz MH, Hansen NF, Durand EY, Malaspinas AS, Jensen JD,
Marques-Bonet T, Alkan C, Prufer K, Meyer M, Burbano HA, Good JM, Schultz
R, Aximu-Petri A, Butthof A, Hober B, Hoffner B, Siegemund M, Weihmann A,
Nusbaum C, Lander ES, Russ C, Novod N, Affourtit. J, Egholm M, Verna C,
Rudan P, Brajkovic D, Kucan Z, Gusic I, Doronichev VB, Golovanova LV,
Lalueza-Fox C, de la Rasilla M, Fortea J, Rosas A, Schmitz RW, Johnson PL,
Eichler EE, Falush D, Birney E, Mullikin JC, Slatkin M, Nielsen R, Kelso J,
Lachmann M, Reich D, and Paabo S (2010) A draft sequence of the Neandertal
genome. Science 328:710-22.

Krause J, Fu Q, Good JM, Viola B, Shunkov MV, Derevianko AP, and Paabo S
(2010) The complete mitochondrial DNA genome of an unknown hominin from
southern Siberia. Nature 464:894-7.

Rasmussen M, Guo X, Wang Y, Lohmueller KE, Rasmussen S, Albrechtsen A,
Skotte L, Lindgreen S, Metspalu M, Jombart T, Kivisild T, Zhai W, Eriksson A,



Manica A, Orlando L, De La Vega FM, Tridico S, Metspalu E, Nielsen K, Avila-
Arcos MC, Moreno-Mayar JV, Muller C, Dortch J, Gilbert MT, Lund O,
Wesolowska A, Karmin M, Weinert LA, Wang B, Li J, Tai S, Xiao F, Hanihara T,
van Driem G, Jha AR, Ricaut FX, de Knijff P, Migliano AB, Gallego Romero |,
Kristiansen K, Lambert DM, Brunak S, Forster P, Brinkmann B, Nehlich O, Bunce
M, Richards M, Gupta R, Bustamante CD, Krogh A, Foley RA, Lahr MM, Balloux
F, Sicheritz-Ponten T, Villems R, Nielsen R, Wang J, and Willerslev E (2011) An
Aboriginal Australian genome reveals separate human dispersals into Asia.
Science 334:94-8.

Reich D, Green RE, Kircher M, Krause J, Patterson N, Durand EY, Viola B,
Briggs AW, Stenzel U, Johnson PL, Maricic T, Good JM, Marques-Bonet T,
Alkan C, Fu Q, Mallick S, Li H, Meyer M, Eichler EE, Stoneking M, Richards M,
Talamo S, Shunkov MV, Derevianko AP, Hublin JJ, Kelso J, Slatkin M, and
Paabo S (2010) Genetic history of an archaic hominin group from Denisova Cave
in Siberia. Nature 468:1053-60.

Reich D, Patterson N, Kircher M, Delfin F, Nandineni MR, Pugach I, Ko AM, Ko
YC, Jinam TA, Phipps ME, Saitou N, Wollstein A, Kayser M, Paabo S, and
Stoneking M (2011) Denisova admixture and the first modern human dispersals
into Southeast Asia and Oceania. Am J Hum Genet 89:516-28.

Week 9: Students’ Choice

Week 10: NO CLASS- Spring Break!

UV radiation can cause further damage to aDNA. Make sure to wear sunscreen!

Week 11: Students’ Choice
Week 12: Students’ Choice
Week 13: Students’ Choice
Week 14: Students’ Choice
Week 15: Students’ Choice

Week 16: Students’ Choice
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The following is a list (but not exhaustive) of possible topics for weeks 9 & 10-16

A Whiff of a Scientific Revolution: Coprolites

Ancient feces represent treasure troves of data from the creatures that made them to the
plants and animals around at the time that the feces were produced. :

Poinar HN, Hofreiter M, Spaulding WG, Martin PS, Stankiewicz BA, Bland H,
Evershed RP, Possnert G, and Paabo S (1998) Molecular coproscopy: Dung and
diet of the extinct ground sloth Nothrotheriops shastensis. Science (Washington
D C) 281:402-406. :

Tito RY, Macmil S, Wiley G, Najar F, Cleeland L, Qu C, Wang P, Romagne F,
Leonard S, Ruiz AJ, Reinhard K, Roe BA, and Lewis CM, Jr. (2008) Phylotyping
and functional analysis of two ancient human microbiomes. PLoS One 3:e3703.

Additional Recommended Reading:

Iniguez AM, Araujo A, Ferreira LF, and Vicente AC (2003) Analysis of ancient
DNA from coprolites: a perspective with random amplified polymorphic DNA-
polymerase chain reaction approach. Mem Inst Oswaldo Cruz 98 Suppl 1:63-5.

Poinar HN, Kuch M, Sobolik KD, Barnes |, Stankiewicz AB, Kuder T, Spaulding
WG, Bryant VM, Cooper A, and Paabo S (2001) A molecular analysis of dietary
diversity for three archaic Native Americans. Proceedings of the National
Academy of Sciences of the United States of America 98:4317-4322.

The Paisley Cave Coprolite Debate

For more than 70 years since its discovery, the Clovis cultural complex (spanning in age
from ~12,800-13,250 YBP) has been argued to be the first sign of humans in the
Americas. The oldest human remains found in the Americas are Clovis in age, however
there is evidence for archaeological sites in North and South America that predate the
cultural complex. Recently, ancient mitochondrial DNA has been recovered from human
coprolites that date to 14,000-14,270 YBP discovered in Paisley Caves in south-central
Oregon. While we haven'’t found the pre-Clovis humans, we have found their poop.
Needless to say this report was not without a host of critical evaluations.

Gilbert MTP, Jenkins DL, Gotherstrom A, Naveran N, Sanchez JJ, Hofreiter M,
Thomsen PF, Binladen J, Higham TFG, Yohe RM, Il, Parr R, Cummings LS, and
Willerslev E (2008) DNA from pre-Clovis human coprolites in Oregon, North
America. Science 320:786-9.

Gilbert MTP, Jenkins DL, Higham TFG, Rasmussen M, Malmstrom H, Svensson
EM, Sanchez JJ, Cummings LS, Yohe RM, I, Hofreiter M, Gotherstrom A, and
Willerslev E (2009a) Response to Comment by Poinar et al. on "DNA from Pre-
Clovis Human Coprolites in Oregon, North America". Science 325:148-b.
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Goldberg P, Berna F, and Macphail Rl (2009) Comment on "DNA from pre-Clovis
human coprolites in Oregon, North America". Science 325:148-c

Poinar H, Fiedel S, King CE, Devault AM, Bos K, Kuch M, and Debruyne R
(2009) Comment on "DNA from pre-Clovis human coprolites in Oregon, North
America". Science 325:148-a. :

Rasmussen M, Cummings LS, Gilbert MTP, Bryant V, Smith C, Jenkins DL, and
Willerslev E (2009) Response to Comment by Goldberg et al. on "DNA from Pre-
Clovis Human Coprolites in Oregon, North America". Science 325:148-d.

Der Neanderthalers

Since the discovery of the Neanderthal type specimen in 1856, anthropologists and
other scientists have debated about our relationship to this extinct hominin. Did we
evolve directly from them? If not, did we interbreed with them? Or did we simply replace
them and the other Archaic Homo species. What we know now is that there are
seemingly no Neanderthals on earth (despite you think about some frat boys). Ancient
DNA analyses have provided direct assessment of our genetic relationship to these
fascinating creatures.

Krings M, Stone A, Schmitz RW, Krainitzki H, Stoneking M, and Paabo S (1997)
Neandertal DNA sequences and the origin of modern humans. Cell 90:19-30.

Briggs AW, Good JM, Green RE, Krause J, Maricic T, Stenzel U, Lalueza-Fox C,
Rudan P, Brajkovic D, Kucan Z, Gusic |, Schmitz R, Doronichev VB, Golovanova
LV, de la Rasilla M, Fortea J, Rosas A, and Paabo S (2009) Targeted retrieval
and analysis of five Neandertal mtDNA genomes. Science 325:318-21.

Additional Recommended Reading (there are many more papers on this topic if you are
interested):

Green RE, Krause J, Ptak SE, Briggs AW, Ronan MT, Simons JF, Du L, Egholm
M, Rothberg JM, Paunovic M, and Paabo S (2006) Analysis of one million base
pairs of Neanderthal DNA. Nature 444:330-6.

Krause J, Orlando L, Serre D, Viola B, Prufer K, Richards MP, Hublin JJ, Hanni
C, Derevianko AP, and Paabo S (2007) Neanderthals in central Asia and Siberia.
Nature 449:902-4.

Noonan JP, Coop G, Kudaravalli S, Smith D, Krause J, Alessi J, Chen F, Platt D,
Paabo S, Pritchard JK, and Rubin EM (2006) Sequencing and analysis of
Neanderthal genomic DNA. Science 314:1113-8.

Wall JD, and Kim SK (2007) Inconsistencies in Neanderthal genomic DNA
sequences. PLoS Genet 3:1862-6.
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Mammoths/Mastodons

This is a classic topic in the aDNA field, but one that | have not kept up with closely.
Here is a list of possible papers we could read:

Cooper A (2006) The year of the mammoth. PLoS Biol 4:e78.

Debruyne R, Chu G, King CE, Bos K, Kuch M, Schwarz C, Szpak P, Grocke DR,
Matheus P, Zazula G, Guthrie D, Froese D, Buigues B, de Marliave C, Flemming
C, Poinar D, Fisher D, Southon J, Tikhonov AN, MacPhee RD, and Poinar HN
(2008) Out of America: ancient DNA evidence for a new world origin of late
quaternary woolly mammoths. Curr Biol 18:1320-6.

Gilbert MT, Drautz DI, Lesk AM, Ho SY, Qi J, Ratan A, Hsu CH, Sher A, Dalen L,
Gotherstrom A, Tomsho LP, Rendulic S, Packard M, Campos PF, Kuznetsova
TV, Shidlovskiy F, Tikhonov A, Willerslev E, lacumin P, Buigues B, Ericson PG,
Germonpre M, Kosintsev P, Nikolaev V, Nowak-Kemp M, Knight JR, Irzyk GP,
Perbost CS, Fredrikson KM, Harkins TT, Sheridan S, Miller W, and Schuster SC
(2008) Intraspecific phylogenetic analysis of Siberian woolly mammoths using
complete mitochondrial genomes. Proc Natl Acad Sci U S A 105:8327-32.

Krause J, Dear PH, Pollack JL, Slatkin M, Spriggs H, Barnes |, Lister AM,
Ebersberger |, Paabo S, and Hofreiter M (2006) Multiplex amplification of the
mammoth mitochondrial genome and the evolution of Elephantidae. Nature
439:724-7.

Miller W, Drautz DI, Ratan A, Pusey B, Qi J, Lesk AM, Tomsho LP, Packard MD,
Zhao F, Sher A, Tikhonov A, Raney B, Patterson N, Lindblad-Toh K, Lander ES,
Knight JR, Irzyk GP, Fredrikson KM, Harkins TT, Sheridan S, Pringle T, and
Schuster SC (2008) Sequencing the nuclear genome of the extinct woolly
mammoth. Nature 456:387-90.

Poinar HN, Schwarz C, Qi J, Shapiro B, Macphee RD, Buigues B, Tikhonov A,
Huson DH, Tomsho LP, Auch A, Rampp M, Miller W, and Schuster SC (2006)
Metagenomics to paleogenomics: large-scale sequencing of mammoth DNA.
Science 311:392-4.

Roca AL (2008) The mastodon mitochondrial genome: a mammoth
accomplishment. Trends Genet 24:49-52.

Rogaev El, Moliaka YK, Malyarchuk BA, Kondrashov FA, Derenko MV,
Chumakov |, and Grigorenko AP (2006) Complete mitochondrial genome and
phylogeny of Pleistocene mammoth Mammuthus primigenius. PLoS Biol 4:73.

Rohland N, Malaspinas AS, Pollack JL, Slatkin M, Matheus P, and Hofreiter M

"(2007) Proboscidean mitogenomics: chronology and mode of elephant evolution
using mastodon as outgroup. PLoS Biol 5:€207.
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Ancient DNA from Hair

Yes, it's true, but in most cases you seem to need wads of it. We could read some of
the following:

Gilbert MT, Djurhuus D, Melchior L, Lynnerup N, Worobey M, Wilson AS,
Andreasen C, and Dissing J (2007a) mtDNA from hair and nail clarifies the
genetic relationship of the 15th century Qilakitsoq Inuit mummies. Am J Phys
Anthropol 133:847-53.

Gilbert MT, Menez L, Janaway RC, Tobin DJ, Cooper A, and Wilson AS (2006)
Resistance of degraded hair shafts to contaminant DNA. Forensic Sci Int
156:208-12.

Gilbert MT, Tomsho LP, Rendulic S, Packard M, Drautz DI, Sher A, Tikhonov A,
Dalen L, Kuznetsova T, Kosintsev P, Campos PF, Higham T, Collins MJ, Wilson
AS, Shidlovskiy F, Buigues B, Ericson PG, Germonpre M, Gotherstrom A,
lacumin P, Nikolaev V, Nowak-Kemp M, Willerslev E, Knight JR, Irzyk GP,
Perbost CS, Fredrikson KM, Harkins TT, Sheridan S, Miller W, and Schuster SC
(2007b) Whole-genome shotgun sequencing of mitochondria from ancient hair
shafts. Science 317:1927-30.

Gilbert MT, Wilson AS, Bunce M, Hansen AJ, Willerslev E, Shapiro B, Higham
TF, Richards MP, O'Connell TC, Tobin DJ, Janaway RC, and Cooper A (2004)
Ancient mitochondrial DNA from hair. Curr Biol 14:R463-4.

Gilbert MTP, Kivisild T, Grennow B, Andersen PK, Metspalu E, Reidla M, Tamm
E, Axelsson E, Gotherstrom A, Campos PF, Rasmussen M, Metspalu M, Higham
TFG, Schwenninger J-L, Nathan R, Hoog C-JD, Koch A, Mgaller LN, Andreasen
C, Meldgaard M, Villems R, Bendixen C, and Willerslev E (2008) Paleo-Eskimo
mtDNA genome reveals matrilineal discontinuity in Greenland. Science
320:1787-9.

Ancient DNA from Sediments

The oldest DNA recovered to date has been obtained from ice cores and permafrost
sediments. This is really exciting research!

Haile J, Froese DG, Macphee RD, Roberts RG, Arnold LJ, Reyes AV,
Rasmussen M, Nielsen R, Brook BW, Robinson S, Demuro M, Gilbert MT,
Munch K, Austin JJ, Cooper A, Barnes |, Moller P, and Willerslev E (2009)
Ancient DNA reveals late survival of mammoth and horse in interior Alaska. Proc
Natl Acad Sci U S A. Or should this go under Mammoths/Mastodons?

Hebsgaard MB, Phillips MJ, and Willerslev E (2005) Geologically ancient DNA:
fact or artefact? Trends Microbiol 13:212-20.
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Hebsgaard MB, Gilbert MTP, Arneborg J, Heyn P, Allentoft ME, Bunce M, Munch
K, Schweger C, and Willerslev E (2009) "The Farm Beneath the Sand"- and
archaeological case study on ancient "dirt" DNA. Antiquity 83:430-444.

Hofreiter M, Mead JI, Martin P, and Poinar HN (2003) Molecular caving. Curr Biol
13:R693-5.

Lydolph MC, Jacobsen J, Arctander P, Gilbert MT, Gilichinsky DA, Hansen AJ,
Willerslev E, and Lange L (2005) Beringian paleoecology inferred from
permafrost-preserved fungal DNA. Appl Environ Microbiol 71:1012-7.

Willerslev E, Cappellini E, Boomsma W, Nielsen R, Hebsgaard MB, Brand TB,
Hofreiter M, Bunce M, Poinar HN, Dahl-Jensen D, Johnsen S, Steffensen JP,
Bennike O, Schwenninger JL, Nathan R, Armitage S, de Hoog CJ, Alfimov V,
Christl M, Beer J, Muscheler R, Barker J, Sharp M, Penkman KE, Haile J,
Taberlet P, Gilbert MT, Casoli A, Campani E, and Collins MJ (2007) Ancient
biomolecules from deep ice cores reveal a forested southern Greenland. Science
317:111-4.

Willerslev E, Hansen AJ, Binladen J, Brand TB, Gilbert MT, Shapiro B, Bunce M,
Wiuf C, Gilichinsky DA, and Cooper A (2003) Diverse plant and animal genetic
records from Holocene and Pleistocene sediments. Science 300:791-5.

Willerslev E, Hansen AJ, and Poinar HN (2004) Isolation of nucleic acids and
cultures from fossil ice and permafrost. Trends Ecol Evol 19:141-7.

Bayesian Inference about Changes in Past Population Sizes

Bayesian coalescent analyses can now be supplemented with aDNA data to provide
powerful estimations of effective population size fluctuation over time. The combination
can provide novel insights into a population or species history.

Gilbert MT, Rambaut A, Wiasiuk G, Spira TJ, Pitchenik AE, and Worobey M
(2007) The emergence of HIV/AIDS in the Americas and beyond. Proc Natl Acad
Sci U S A 104:18566-70. While not aDNA per se, some of the data collected in
this study was from archived samples. Modeling population history of viruses
over the short period is akin to estimating plant or animal evolution over longer
periods of time.

Shapiro B, Drummond AJ, Rambaut A, Wilson MC, Matheus PE, Sher AV, Pybus
OG, Gilbert MT, Barnes |, Binladen J, Willersiev E, Hansen AJ, Baryshnikov GF,
Burns JA, Davydov S, Driver JC, Froese DG, Harington CR, Keddie G, Kosintsev
P, Kunz ML, Martin LD, Stephenson RO, Storer J, Tedford R, Zimov S, and
Cooper A (2004) Rise and fall of the Beringian steppe bison. Science 306:1561-
5.

Drummond AJ, Rambaut A, Shapiro B, and Pybus OG (2005) Bayesian
coalescent inference of past population dynamics from molecular sequences.
Molecular Biology & Evolution 22:1185-92.
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Behavior of aDNA is Different than Modern DNA, More Recent Papers

Adier CJ, Haak W, Donlon D, A. Cooper, and The Genographic Consortium
(2010) Survival and recovery of DNA from ancient teeth and bones. Journal of
Archaeological Science 38:956-964.

Maimstrom H, Svensson EM, Gilbert MT, Willerslev E, Gotherstrom A, and
Holmlund G (2007) More on contamination: the use of asymmetric molecular
behavior to identify authentic ancient human DNA. Mol Biol Evol 24:998-1004.

Schwarz C, Debruyne R, Kuch M, McNally E, Schwarcz H, Aubrey AD, Bada J,
and Poinar H (2009) New insights from old bones: DNA preservation and
degradation in permafrost preserved mammoth remains. Nucleic Acids Res
37:3215-29.

Single Primer Extension (SPEX)
A potentially interesting method that I'd like to learn about.

Brotherton P, Endicott P, Beaumont M, Barnett R, Austin J, Cooper A, and
Sanchez JJ (2008) Single primer extension (SPEX) amplification to accurately
genotype highly damaged DNA templates. Forensic Science International:
Genetics Supplement Series 1:19-21.

Brotherton P, Sanchez JJ, Cooper A, and Endicott P (2010) Preferential access
“to genetic information from endogenous hominin ancient DNA and accurate
quantitative SNP-typing via SPEX. Nucleic Acids Res 38:e7.

Estimating the Rate of Molecular Evolution with aDNA

Ancient DNA literally allows one to watch molecular evolution occur through time. While
estimating rates of evolution with aDNA evidence.is not without assumptions, it doesn’t
hinge on large uncertainties associated with fossil calibration dates. Ancient DNA and
radiometric dating give us the two most important variables: a haplotype and an age.
Ancient DNA studies have shown, in general, that phylogenetic-based rates of molecular
evolution (based on the fossil record) are not useful for dating more “recent” events.

Ho SY, Kolokotronis SO, and Allaby RG (2007) Elevated substitution rates
estimated from ancient DNA sequences. Biol Lett 3:702-5.

Kemp BM, Malhi RS, McDonough J, Bolnick DA, Eshleman JA, Rickards O,
Martinez-Labarga C, Johnson JR, Lorenz JG, Dixon EJ, Fifield TE, Heaton TH, .
Worl R, and Smith DG (2007) Genetic analysis of early Holocene skeletal
remains from Alaska and its implication for the timing of the peopling of the
Americas. American Journal of Physical Anthropology 132:605-621. This is
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Ho SY, and Gilbert MT (2010) Ancient mitogenomics. Mitochondrion 10:1-11.

Molak M, and Ho SY (2011) Evaluating the Impact of Post-Mortem Damage in
Ancient DNA: A Theoretical Approach. J Mol Evol 73:244-55.

O'Donoghue K, Clapham A, Evershed RP, and Brown TA (1996) Remarkable
preservation of biomolecules in ancient radish seeds. Proc Biol Sci 263:541-7.

Orlando L, Ginolhac A, Raghavan M, Vilstrup J, Rasmussen M, Magnussen K,
Steinmann KE, Kapranov P, Thompson JF, Zazula G, Froese D, Moltke |,
Shapiro B, Hofreiter M, Al-Rasheid KA, Gilbert MT, and Willersiev E (2011) True
single-molecule DNA sequencing of a pleistocene horse bone. Genome Res
21:1705-19.

Preus HR, Marvik OJ, Selvig KA, and Bennike P (2011) Ancient bacterial DNA
(aDNA) in dental calculus from archaeological human remains. Journal of
Archaeological Science 38:1827-1831.

Pruvost M, Schwarz R, Correia VB, Champlot S, Braguier S, Morel N,
Fernandez-Jalvo Y, Grange T, and Geigl EM (2007) Freshly excavated fossil
bones are best for amplification of ancient DNA. Proc Natl Acad Sci U S A
104:739-44.

Pruvost M, Bellone R, Benecke N, Sandoval-Castellanos E, Cieslak M,
Kuznetsova T, Morales-Muniz A, O'Connor T, Reissmann M, Hofreiter M, and
Ludwig A (2011) Genotypes of predomestic horses match phenotypes painted in
Paleolithic works of cave art. Proc Natl Acad Sci U S A 108:18626-30.

Rasmussen M, Li Y, Lindgreen S, Pedersen JS, Albrechtsen A, Moltke I,
Metspalu M, Metspalu E, Kivisild T, Gupta R, Bertalan M, Nielsen K, Gilbert MT,
Wang Y, Raghavan M, Campos PF, Kamp HM, Wilson AS, Gledhill A, Tridico S,
Bunce M, Lorenzen ED, Binladen J, Guo X, Zhao J, Zhang X, Zhang H, Li Z,
Chen M, Orlando L, Kristiansen K, Bak M, Tommerup N, Bendixen C, Pierre TL,
Gronnow B, Meldgaard M, Andreasen C, Fedorova SA, Osipova LP, Higham TF,
Ramsey CB, Hansen TV, Nielsen FC, Crawford MH, Brunak S, Sicheritz-Ponten
T, Villems R, Nielsen R, Krogh A, Wang J, and Willerslev E (2010) Ancient
human genome sequence of an extinct Palaeo-Eskimo. Nature 463:757-62.

Waters MR, Stafford TW, Jr., McDonald HG, Gustafson C, Rasmussen M,
Cappellini E, Olsen JV, Szklarczyk D, Jensen LJ, Gilbert MT, and Willerslev E
(2011) Pre-Clovis mastodon hunting 13,800 years ago at the Manis site,
Washington. Science 334:351-3.
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Biology 573: Ancient DNA

Spring Semester 2014

Seminar: Wednesdays 2:10-5:00 pm, Fulmer 150
Credit Hours: 3

Professor: Brian M. Kemp
Office: College Hall 363
Office Hours: By appointment
Office Phone: 335-7403
e-mail: bmkemp@wsu.edu

The Course:

The ability to analyze DNA from plants, animals, and microorganisms that have been
long since dead (or are now even extinct) opens up a tremendous potential for studying
evolution. The strength of ancient DNA (aDNA) is that it allows one to make direct
observations about the past and, thus, directly test hypotheses about where and when
particular genetic variation should have been present. However, the potential of aDNA
evidence is tempered by the challenging nature of its retrieval.

This seminar offers graduate students the opportunity to explore the prospects and
problems of the Ancient DNA field through a weekly discussion of relevant papers.

The course is broken down into a few central “themes”:
¢ Introduction to aDNA (Week 1)
e The “Behavior” aDNA (Week 2)
e Problems Associated with the Study of aDNA (Weeks 3-6)

¢ Ancient DNA Case Studies (Weeks 7-16)



Student Learning Outcomes:
1) Understand and explain major biological concepts in evolution and genetics
2) Use critical thinking and scientific skills to analyze and solve problems.

3) Effectively communicate biological problems and solutions to both the scientific -
community and the public at large in writing and in discussion.

4) ldentify central bodies of knowledge in biology related to evolution and genetics.

5) Use scientific literacy and knowledge of biology or zoology to analyze contemporary
~ social, cultural, and environmental issues and contribute to informed opinion.

Your Responsibilities:

1) You are expected to attend the weekly seminar. If you need to miss class (e.g. due
to illness), you must inform me in advance over e-mail or with a phone call. Each
unexcused absence will result in 5% reduction in attendance points and 10% reduction
in participation points.

2) You are expected to complete all of the required readings for a given week prior to
class.

3) You will be assigned to lead the discussion regularly during the semester. When you
are not leading the discussion you are expected to participate in the discussion of the
assigned readings. "

4) To facilitate discussion all students must come prepared to the seminar with at Jeast
two questions/observations about each article assigned that week.

5) You will be responsible for assigning one week's reading (two or three papers and
additional suggested readings, if appropriate) on a topic of your choice.

6) You will write a short research paper on the same topic.

Research Paper

You will research and write on a topic related to the seminar theme of “Ancient. DNA.”
Before writing this paper you must get my approval of your half page synopsis or outline
of your proposed topic by Friday, March 9™. My office hours are a great time for you to
brainstorm your ideas with me and | have a lot of references to share. The final draft of
your paper (~10 double-spaced pages in length) must be e-mailed to me by Friday,
April 27",



Final Grade Determination:

Attendance 25%
Participation ' . 50%
Final Paper 25%

100%
94-100% A 77-79% C+ 67-69% D+
90-93% A- - T74-76% Cc . 60-66% D
87-89% B+ 70-73% C- below 60% F
84-86% B
80-83% B-

Academic Dishonesty:

The WSU handbook defines Academic Dishonesty as follows: “academic dishonesty
includes cheating, falsification, fabrication, multiple submission, plagiarism, abuse of
academic materials, complicity, or misconduct in research.” Plagiarism is the inclusion
of any material that is not your own, without adequate reference to its author. In its
simplest form, plagiarism is the direct copying or duplication of another person’s words
without quotation marks or citation (or both). Including ideas in your work that are not
your own, without adequate citation, is plagiarism. Paraphrasing can also be a form of
plagiarism if the paraphrased text is too similar to the original. If you have any doubt at
all about what constitutes plagiarism, you need to discuss immediately this matter with
your instructor. The University generally prohibits acts of academic dishonesty in order
to foster the principles of truth and academic honesty. The academic integrity
procedures used by the University are considered a part of creating an educational
environment that does not award undeserved credit. Definitions of academic dishonesty
and the University Academic Integrity Policy can be read at the following Web Site:
http://www.studentaffairs.wsu.edu/hb_standards.asp#ac160

Cheating on an exam or a writing assignment (including plagiarism) will result in a
final grade of F for the entire course, will be reported to the Office of Student
Affairs, and will result in additional disciplinary action by the University.

Students with Disabilities:

Reasonable accommodations are available for students with a documented disability. If
you have a disability and need accommodations to fully participate in this class, please
either visit or call the Access Center (Washington Building 217; 509-335-341 7) to
schedule an appointment with an Access Advisor. All accommodations MUST be
approved through the Access Center.

Campus Safety and Emergencies: -

Washington State University is committed to enhancing the safety of the students,
faculty, staff, and visitors to the Pullman campus. As part of this commitment, the
university has prepared a Campus Safety Plan that can be found at
http://safetyplan.wsu.edu/, and contains a listing of university policies, procedures,
statistics and information relating to campus safety, emergency management and the
health and welfare of the campus community. Campus emergency and travel alerts can
be found at http://alert.wsu.edu/. Please register your contact and emergency




information at your http://rﬁy.wsu.edu/ website. Further information on emergencies can
be found at http://oem.wsu.edu/emergencies.

Course Reading Material

Readings have been chosen from a variety of sources (i.e. there is no “text book”).
Additional readings may be added to the course or some readings may be substituted as
the semester develops (based on the interests of the students). If there is significant
interest by the students to change one or more of the topics | will take these proposals
into consideration. In general, | suggest that you do the readings in chronological order,
as some of the readings may be critiques of earlier works. 1 will provide additional advice
during the semester as to how the papers might be compared and/or contrasted.

These readings will be distributed electronically (except the books).

Week 1: What is Ancient DNA?
This week will consist largely of lecture by Professor Kemp cal/éd “Ancient DNA 101.”
Recommended Review Papers: |

Gilbert MTP (2003) Chapter 1: Introduction and scope of thesis, pgs 1-54 in “An
assessment of the use of human samples in ancient DNA studies.” Ph.D.
Dissertation, University of Oxford, Oxford. [Tom Gilbert wrote one of the best
reviews of ancient DNA in the past decade, but it was never formally published.
Some of it went into the wikipedia page on ancient DNA
(http.//en.wikipedia.org/wiki/Ancient_DNA)].

Hofreiter M, Serre D, Poinar HN, Kuch M, and Paabo S (2001) Ancient DNA. Nat
Rev Genet 2:353-9.

Kaestle FA, and Horsburgh KA (2002) Ancient DNA in anthropology: Methods,
applications, and ethics. Yearbook of Physical Anthropology 45:92-130.

Montiel R, Francalacci P, and Malgosa A (2007) Ancient DNA and Biological
Anthropology: Believers vs. skeptics. In C Santos and M Lima (eds.): Recent
Advances in Molecular Biology and Evolution: Applications to Biological
Anthropolgy Trivandrum, Kerala, India: Research Signpost, pp. 209-250.

P&&bo S, Poinar H, Serre D, Jaenicke-Despres V, Hebler J, Rohland N, Kuch M,
Krause J, Vigilant L, and Hofreiter M (2004) Genetic analyses from ancient DNA.
Annu Rev Genet 38:645-79

Willerslev E, and Cooper A (2005) Ancient DNA. Proc Biol Sci 272:3-16.

Recommended Books:

Brown T, and Brown K (2011) Biomolecular Archaeology: An Introduction.
Chichester, West Sussex, UK: Wiley-Backwell.



Hummel S (2003) Ancient DNA Typing: Methods, Strategies and Applications.
Berlin: Springer-Verlag.

Week 2: Behavior of aDNA is Different than Modern DNA, Classic Early Papers

The unique "behaviors” of aDNA were of the earliest observations made by the
pioneering researchers of the field. Today, these behaviors are used to help
authenticate aDNA results (See Week 6).

Lindahl T (1993) Instability and decay of the primary structure of DNA. Nature
362:709-715. This paper is informative about the general principals of DNA
degradation, not just aDNA, has been cited 2693 times according to Google
Scholar (website accessed 12/26/11). Tomas Lindahl has been an authority on
the topic at least since the early 1970s.

Paabo S, Gifford JA, and Wilson AC (1988) Mitochondrial DNA sequences from
a 7000-year old brain. Nucleic Acids Research 16:9775-9788.

Paabo S (1989) Ancient DNA: extraction, characterization, molecular cloning,
and enzymatic amplification. Proc Natl Acad Sci U S A 86:1939-43. This paper,
written by the godfather of the Ancient DNA field (Svante Pé&ébo), is certainly a
classic, having been cited 541 times according to Google Scholar (website
accessed 12/26/11).

Week 3: Public Enemy #1: Contamination

The study of aDNA can be seriously compromised by contaminating “modern” DNA,
which can sometimes completely out compete aDNA in PCR amplification.
Contamination is particularly problematic in studies of ancient human DNA, but must too
be monitored in studies of ancient plants and animals. Research about contamination in

aDNA studies has further suggested a means by which DNA is not completely degraded
in the long-term.

Garcia-Garcera M, Gigli E, Sanchez-Quinto F, Ramirez O, Calafell F, Civit S, and
Lalueza-Fox C (2011) Fragmentation of contaminant and endogenous DNA in
ancient samples determined by shotgun sequencing; prospects for human
palaeogenomics. PLoS One 6:€24161.

Kemp BM, and Smith DG (2005) Use of Bleach to Eliminate Contaminating DNA
from the Surfaces of Bones and Teeth. Forensic Science International 154:53-61.

Salamon M, Tuross N, Arensburg B, and Weiner S (2005) Relatively well
preserved DNA is present in the crystal aggregates of fossil bones. Proc Natl
Acad Sci U S A 102:13783-13788.

Additional Recommended Reading:



Leonard JA, Shanks O, Hofreiter M, Kreuz E, Hodges L, Ream W, Wayne RK,
and Fleischer RC (2007) Animal DNA in PCR reagents plagues ancient DNA
research. Journal of Archaeological Science 34:1361-1366.

Malmstrom H, Stora J, Dalen L, Holmlund G, and Gotherstrom A (2005)
- Extensive human DNA contamination in extracts from ancient dog bones and
* teeth. Mol Biol Evol 22:2040-7.

Sampietro ML, Gilbert MT, Lao O, Caramelli D, Lari M, Bertranpetit J, and
Lalueza-Fox C (2008) Tracking down human contamination in ancient human
teeth. Mol Biol Evol 23:1801-7.

Yang DY, Eng B, and Saunders SR (2003) Hypersensitive PCR, ancieht human
mtDNA, and contamination. Human Biology 75:355-364.

Week 4: Public Enemy #2: PCR Inhibitors

Just about everything on earth will inhibit PCR, particularly substance found in the
ground from where ancient specimens are discovered. More problematic is that PCR
inhibitors can even be present within the specimens themselves! When co-extracted
with aDNA, these substances make its study difficult, if not impossible, in some cases.

Alaeddini R (2011) Forensic impliéatiohs of PCR inhibition-A review. Forensic Sci
Int Genet.

Kemp BM, Monroe C, and Smith DG (2006) Repeat silica extraction: a simple
technique for the removal of PCR inhibitors from DNA extracts. Journal of
Archaeological Science 33:1680-1689.

King C, Debruyne R, Kuch M, Schwarz C, and Poinar H (2009) A quantitative
approach to detect and overcome PCR inhibition in ancient DNA extracts.
Biotechniques 47:941-9. , ,

Additional Recommended Reading:

Hénni C, Brousseau T, Laudet V, and Stehelin D (1995) Isopropanol Precipitation
Removes PCR Inhibitors from Ancient Bone Extracts. Nucleic Acids Research
23:881-882.

Wilson IG (1997) Inhibition and Facilitation of Nucleic Acid Ampilification. Applied
& Environmental Microbiology 63:3741-3751.

Yang DY, Eng B, Waye JS, Dudar JC, and Saunders SR (1998) Technical note:
Improved DNA extraction from ancient bones using silica-based spin columns.
American Journal of Physical Anthropology 105:539-543




Week 5: Public Enemy #3: Post-mortem DNA Damage

While much damage to DNA occurs shortly after an organism’s death, oxidation and
hydrolysis (among other forces) continue to damage genetic material long afterwards. It
has been suggested that DNA damage ‘hotspots” are synonymous with mutational
‘hotspots”. If this is true, is the Ancient DNA field doomed?

Dissing J, Kristinsdottir M, and Friis C (2008) On the elimination of extraneous
DNA in fossil human teeth with hypochlorite. Journal of Archaeological Science
doi:10.1016/j.jas.2007.10.009: 1445-1452. While this paper is concerned largely
with removing contaminants, it is one of a few published accounts that damage
“hotspots” may not, in fact, correlate with mutational ‘hotspots.”

Gilbert MT, Willerslev E, Hansen AJ, Barnes |, Rudbeck L, Lynnerup N, and
Cooper A (2003) Distribution patterns of postmortem damage in human
mitochondrial DNA. Am J Hum Genet 72:32-47.

Gilbert MTP, Shapiro B, Drummond AJ, and Cooper A (2005) Post mortem DNA
damage hotspots in Bison (Bison bison) provide evidence for both damage and
mutational hotspots in human mitochondrial DNA. Journal of Archaeological
Science 32:1053-1060. i

Additional Recommended Reading:

Gilbert MTP (2006) Postmortem Damage of Mitochondrial DNA In H-Jr Bandelt, -
V Macaulay and M Richards (eds.): Human Mitochondrial DNA and the Evolution
of Homo sapiens. Berlin Springer-Verlag. '

Gilbert MT, Hansen AJ, Willerslev E, Rudbeck L, Barnes I, Lynnerup N, and
Cooper A (2003a) Characterization of genetic miscoding lesions caused by
* postmortem damage. Am J Hum Genet 72:48-61.

Gilbert MT, Binladen J, Miller W, Wiuf C, Willerslev E, Poinar H, Carlson JE,
Leebens-Mack JH, and Schuster SC (2006) Recharacterization of ancient DNA
miscoding lesions: insights in the era of sequencing-by-synthesis. Nucleic Acids
Res 35:1-10.

Poinar HN (2002) The genetic secrets some fossils hold. Acc Chem Res 35.676-
84. '



Week 6: Granted that Ancient DNA is
Notoriously Difficult to Work With, Is All
Hope Lost? :

Backed with entirely good intentions and the
theoretical promise of aDNA, the field ended
up taking a major detour in the early 1990s
into what appears now to be a realm of
impossibility .. .including DNA from dinosaurs,
hundred million year old insects (and their gut
flora), and Miocene aged chloroplasts (from
the Clarkia fossil beds just around the corner
in Idaho) (Figure 1). This is not a topic we
have covered in any depth in this course, but it
has had a lasting effect on the field in general.
For instance, some hold the belief that
authenticating aDNA is just not possible,
especially in the cases of ancient human DNA
studies.

In reaction of the mischievous 1990s, a very
important opinion piece was published in
Science that was intentioned to ground those
working with ancient DNA (Cooper and Poinar
2000). The piece outlined nine criteria that
need to be met in order to authenticate ancient
DNA results, many of which take advantage of
detecting “behavioral” differences of aDNA
from that of modern DNA. Are these “gold
standards” worth their weight in gold?

" Volume1 Number 2

December 1992 i

Figure 1. Cover image from the

“Ancient DNA Newsletter,” a publication
that was informally circulated among
ancient DNA researchers in the early
1990s. The saying “a picture is worth a
thousand words” could not be more
relevant here. Many researchers at that
time dreamt of one day sequencing
dinosaur DNA (or in this case have
dinosaurs help out with lab work!).

Cooper A, and Poinar HN (2000) Ancient DNA: do it right or not at all. Science
289:1139. This was not the first or only list of recommendations, however
according to Google Scholar this opinion piece has been cited 482 times, making
it a classic for the ancient DNA field (web site accessed 12/27/11 ).

Gilbert MTP, Bandelt H-J, Hofreiter M, and Barnes | (2005) Assessing ancient
DNA studies. TRENDS in Ecology and Evolution 20:541-544.

Kemp BM, and Smith DG (2010) Ancient DNA Methodology: "Thoughts from
Brian M. Kemp and David Glenn Smith on "Mitochondrial DNA of Protohistoric
Remains of an Arikara Population from South Dakota". Human Biology 82:227-

238.

Winters M, Barta JL, Monroe C, and Kemp BM (201 1) To clone or not to clone:
Method analysis for retrieving consensus sequences in ancient DNA samples.

PLoS One 6:e21247.



Additional Recommended Reading:

Collins MJ, Penkman KE, Rohland N, Shapiro B, Dobberstein RC, Ritz-Timme S,
and Hofreiter M (2009) Is amino acid racemization a useful tool for screening for
ancient DNA in bone? Proc Biol Sci 276:2971-7. '

Week 7: Tom Gilbert’s Picks.

Over the winter break | contacted Tom Gilbert about his favorite ancient DNA papers
published since the last time | taught this graduate seminar. Here they are:

de Bruyn M, Hall BL, Chauke LF, Baroni C, Koch PL, and Hoelzel AR (2009)
Rapid response of a marine mammal species to holocene climate and habitat
change. PLoS Genet 5:1000554.

Haensch S, Bianucci R, Signoli M, Rajerison M, Schultz M, Kacki S, Vermunt M,
Weston DA, Hurst D, Achtman M, Carniel E, and Bramanti B (2010) Distinct
clones of Yersinia pestis caused the black death. PLoS Pathog 6:61001134.

Hekkala E, Shirley MH, Amato G, Austin JD, Charter S, Thorbjarnarson J, Vliet
KA, Houck ML, Desalle R, and Blum MJ (2011) An ancient icon reveals new

mysteries: mummy DNA resurrects a cryptic species within the Nile crocodile.
Mol Ecol.

Week 8: Human Evolution

In the past few years ancient DNA has provided some very exciting clues about our
evolution and movement across the world.

Green RE, Krause J, Briggs AW, Maricic T, Stenzel U, Kircher M, Patterson N, Li
H, Zhai W, Fritz MH, Hansen NF, Durand EY, Malaspinas AS, Jensen JD, -
Marques-Bonet T, Alkan C, Prufer K, Meyer M, Burbano HA, Good JM, Schultz
R, Aximu-Petri A, Butthof A, Hober B, Hoffner B, Siegemund M, Weihmann A,
Nusbaum C, Lander ES, Russ C, Novod N, Affourtit J, Egholm M, Verna C,
Rudan P, Brajkovic D, Kucan Z, Gusic |, Doronichev VB, Golovanova Lv,
Lalueza-Fox C, de la Rasilla M, Fortea J, Rosas A, Schmitz RW, Johnson PL,
Eichler EE, Falush D, Birney E, Mullikin JC, Slatkin M, Nielsen R, Kelso J,
Lachmann M, Reich D, and Paabo S (2010) A draft sequence of the Neandertal
genome. Science 328:710-22. '

Krause J, Fu Q, Good JM, Viola B, Shunkov MV, Derevianko AP, and Paabo S
(2010) The complete mitochondrial DNA genome of an unknown hominin from
southern Siberia. Nature 464:894-7. ,

Rasmussen M, Guo X, Wang Y, Lohmueller KE, Rasmussen S, Albrechtsen A,
Skotte L, Lindgreen S, Metspalu M, Jombart T, Kivisild T, Zhai W, Eriksson A,



Manica A, Orlando L, De La Vega FM, Tridico S, Metspalu E, Nielsen K, Avila-
Arcos MC, Moreno-Mayar JV, Muller C, Dortch J, Gilbert MT, Lund 0O,
Wesolowska A, Karmin M, Weinert LA, Wang B, Li J, Tai S, Xiao F, Hanihara T,
van Driem G, Jha AR, Ricaut FX, de Knijff P, Migliano AB, Gallego Romero |,
Kristiansen K, Lambert DM, Brunak S, Forster P, Brinkmann B, Nehlich O, Bunce
M, Richards M, Gupta R, Bustamante CD, Krogh A, Foley RA, Lahr MM, Balloux
F, Sicheritz-Ponten T, Villems R, Nielsen R, Wang J, and Willerslev E (2011) An
Aboriginal Australian genome reveals separate human dispersals into Asia.
Science 334:94-8.

Reich D, Green RE, Kircher M, Krause J, Patterson N, Durand EY, Viola B,
Briggs AW, Stenzel U, Johnson PL, Maricic T, Good JM, Marques-Bonet T,
Alkan C, Fu Q, Mallick S, Li H, Meyer M, Eichler EE, Stoneking M, Richards M,
Talamo S, Shunkov MV, Derevianko AP, Hublin JJ, Kelso J, Slatkin M, and
Paabo S (2010) Genetic history of an archaic hominin group from Denisova Cave
in Siberia. Nature 468:1053-60.

Reich D, Patterson N, Kircher M, Delfin F, Nandineni MR, Pugach |, Ko AM, Ko
YC, Jinam TA, Phipps ME, Saitou N, Wollstein A, Kayser M, Paabo S, and
Stoneking M (2011) Denisova admixture and the first modern human dispersals
into Southeast Asia and Oceania. Am J Hum Genet 89:516-28.

Week 9: Students’ Choice

Week 10: NO CLASS- Spring Break!

UV radiation can cause further damage to aDNA. Make sure to wear sunscreen!

Week 11: Students’ Choice
Week 12: Students’ Choice
Week 13: Students’ Choice
Week 14: Students’ Choice
- Week 15: Students’ Choice

Week 16: Students’ Choice
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The following is a list (but not exhaustive) of possible topics for weeks 9 & 10-16

A Whiff of a Scientific Revolution: Coprolites

Ancient feces represent treasure troves of data from the creatures that made them to the
plants and animals around at the time that the feces were produced.

Poinar HN, Hofreiter M, Spaulding WG, Martin PS, Stankiewicz BA, Bland H,
Evershed RP, Possnert G, and Paabo S (1998) Molecular coproscopy: Dung and
diet of the extinct ground sloth Nothrotheriops shastensis. Science (Washington
D C) 281:402-406.

Tito RY, Macmil S, Wiley G, Najar F, Cleeland L, Qu C, Wang P, Romagne F,
Leonard S, Ruiz AJ, Reinhard K, Roe BA, and Lewis CM, Jr. (2008) Phylotyping
and functional analysis of two ancient human microbiomes. PLoS One 3:e3703. ,

Addiﬁonal Recommended Reading:

Iniguez AM, Araujo A, Ferreira LF, and Vicente AC (2003) Analysis of ancient
DNA from coprolites: a perspective with random amplified polymorphic DNA-
polymerase chain reaction approach. Mem Inst Oswaldo Cruz 98 Suppl 1:63-5.

Poinar HN, Kuch M, Sobolik KD, Barnes |, Stankiewicz AB, Kuder T, Spaulding
WG, Bryant VM, Cooper A, and Paabo S (2001) A molecular analysis of dietary
diversity for three archaic Native Americans. Proceedings of the National
Academy of Sciences of the United States of America 98:4317-4322.

The Paisley Cave Coprolite Debate

For more than 70 years since its discovery, the Clovis cultural complex (spanning in age
from ~12,800-13,250 YBP) has been argued to be the first sign of humans in the
Americas. The oldest human remains found in the Americas are Clovis in age, however
there is evidence for archaeological sites in North and South America that predate the
cultural complex. Recently, ancient mitochondrial DNA has been recovered from human
coprolites that date to 14,000-14,270 YBP discovered in Paisley Caves in south-central
Oregon. While we haven't found the pre-Clovis humans, we have found their poop.
Needless to say this report was not without a host of critical evaluations.

Gilbert MTP, Jenkins DL, Gotherstrom A, Naveran N, Sanchez JJ, Hofreiter M,
Thomsen PF, Binladen J, Higham TFG, Yohe RM, II, Parr R, Cummings LS, and
Willerslev E (2008) DNA from pre-Clovis human coprolites in Oregon, North
America. Science 320:786-9.

Gilbert MTP, Jenkins DL, Higham TFG, Rasmussen M, Malmstrom H, Svensson
EM, Sanchez JJ, Cummings LS, Yohe RM, II, Hofreiter M, Gotherstrom A, and
Willerslev E (2009a) Response to Comment by Poinar et al. on "DNA from Pre-
Clovis Human Coprolites in Oregon, North America". Science 325:148-b.
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Goldberg P, Berna F, and Macphail Rl (2009) Comment on "DNA from pre-Clovis
human coprolites in Oregon, North America". Science 325:148-c

Poinar H, Fiedel S, King CE, Devault AM, Bos K, Kuch M, and Debruyne R
(2009) Comment on "DNA from pre-Clovis human coprolites in Oregon, North
America". Science 325:148-a.

Rasmussen M, Cummings LS, Gilbert MTP, Bryant V, Smith C, Jenkins DL, and
Willerslev E (2009) Response to Comment by Goldberg et al. on "DNA from Pre-
Clovis Human Coprolites in Oregon, North America". Science 325:148-d.

Der Neanderthalers

Since the discovery of the Neanderthal type specimen in 1856, anthropologists and
other scientists have debated about our relationship to this extinct hominin. Did we
evolve directly from them? If not, did we interbreed with them? Or did we simply replace -
them and the other Archaic Homo species. What we know now is that there are
seemingly no Neanderthals on earth (despite you think about some frat boys). Ancient
DNA analyses have provided direct assessment of our genetic relationship to these -
fascinating creatures.

Krings M, Stone A, Schmitz RW, Krainitzki H, Stoneking M, and Paabo S (1997)
Neandertal DNA sequences and the origin of modern humans. Cell 90:19-30.

Briggs AW, Good JM, Green RE, Krause J, Maricic T, Stenzel U, Lalueza-Fox C,
Rudan P, Brajkovic D, Kucan Z, Gusic I, Schmitz R, Doronichev VB, Golovanova
LV, de la Rasilla M, Fortea J, Rosas A, and Paabo S (2009) Targeted retrieval
and analysis of five Neandertal mtDNA genomes. Science 325:318-21.

Additional Recommended Reading (there are many more papers on this topic if you are
interested):

Green RE, Krause J, Ptak SE, Briggs AW, Ronan MT, Simons JF, DuL, Egholm
M, Rothberg JM, Paunovic M, and Paabo S (2006) Analysis of one million base
pairs of Neanderthal DNA. Nature 444:330-6.

Krause J, Orlando L, Serre D, Viola B, Prufer K, Richards MP, Hublin JJ, Hanni
C, Derevianko AP, and Paabo S (2007) Neanderthals in central Asia and Siberia.
Nature 449:902-4.

Noonan JP, Coop G, Kudaravalli S, Smith D, Krause J, Alessi J, Chen F, Platt D,
Paabo S, Pritchard JK, and Rubin EM (2006) Sequencing and analysis of
Neanderthal genomic DNA. Science 314:1113-8.

Wall JD, and Kim SK (2007) Inconsistencies in Neanderthal genomic DNA
sequences. PLoS Genet 3:1862-6.
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MammothslMastodo'ns

This is a classic topic in the aDNA field, but one that | have not kept up with closely.
Here is a list of possible papers we could read:

Cooper A (2006) The year of the mammoth. PLoS Biol 4:e78.

Debruyne R, Chu G, King CE, Bos K, Kuch M, Schwarz C, Szpak P, Grocke DR,
Matheus P, Zazula G, Guthrie D, Froese D, Buigues B, de Marliave C, Flemming
C, Poinar D, Fisher D, Southon J, Tikhonov AN, MacPhee RD, and Poinar HN
(2008) Out of America: ancient DNA evidence for a new world origin of late
quaternary woolly mammoths. Curr Biol 18:1320-6.

Gilbert-MT, Drautz DI, Lesk AM, Ho SY, Qi J, Ratan A, Hsu CH, Sher A, Dalen L,
Gotherstrom A, Tomsho LP, Rendulic S, Packard M, Campos PF, Kuznetsova
TV, Shidlovskiy F, Tikhonov A, Willerslev E, lacumin P, Buigues B, Ericson PG,
Germonpre M, Kosintsev P, Nikolaev V, Nowak-Kemp M, Knight JR, Irzyk GP,
Perbost CS, Fredrikson KM, Harkins TT, Sheridan S, Miller W, and Schuster SC
(2008) Intraspecific phylogenetic analysis of Siberian woolly mammoths using
complete mitochondrial genomes. Proc Natl Acad Sci U S A 105:8327-32.

Krause J, Dear PH, Pollack JL, Slatkin M, Spriggs H, Barnes |, Lister AM,
Ebersberger I, Paabo S, and Hofreiter M (2006) Multiplex amplification of the
mammoth mitochondrial genome and the evolution of Elephantidae. Nature
439:724-7.

Miller W, Drautz DI, Ratan A, Pusey B, Qi J, Lesk AM, Tomsho LP, Packard MD,
Zhao F, Sher A, Tikhonov A, Raney B, Patterson N, Lindblad-Toh K, Lander ES,
Knight JR, Irzyk GP, Fredrikson KM, Harkins TT, Sheridan S, Pringle T, and
Schuster SC (2008) Sequencing the nuclear genome of the extinct woolly
mammoth. Nature 456:387-90.

Poinar HN, Schwarz C, Qi J, Shapiro B, Macphee RD, Buigues B, Tikhonov A,
Huson DH, Tomsho LP, Auch A, Rampp M, Miller W, and Schuster SC (2006)
Metagenomics to paleogenomics: large-scale sequencing of mammoth DNA.
Science 311:392-4.

Roca AL (2008) The mastodon mitochondrial genome: a mammoth
accomplishment. Trends Genet 24:49-52.

Rogaev El, Moliaka YK, Malyarchuk BA, Kondrashov FA, Derenko MV,
Chumakov I, and Grigorenko AP (2006) Complete mitochondrial genome and
phylogeny pf Pleistocene mammoth Mammuthus primigenius. PLoS Biol 4:e73.

Rohland N, Malaspinas AS, Pollack JL, Slatkin M, Matheus P, and Hofreiter M

(2007) Proboscidean mitogenomics: chronology and mode of elephant evolution
using mastodon as outgroup. PLoS Biol 5:e207.
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Ancient DNA from Hair

Yes, it’s true, but in most cases you seem to need wads of it. We could read some of
the following: .

Gilbert MT, Djurhuus D, Melchior L, Lynnerup N, Worobey M, Wilson AS,
Andreasen C, and Dissing J (2007a) mtDNA from hair and nail clarifies the
genetic relationship of the 15th century Qilakitsoq Inuit mummies. Am J Phys
Anthropol 133:847-53.

Gilbert MT, Menez L, Janaway RC, Tobin DJ, Cooper A, and Wilson AS (2006)
Resistance of degraded hair shafts to contaminant DNA. Forensic Sci Int
156:208-12.

Gilbert MT, Tomsho LP, Rendulic S, Packard M, Drautz DI, Sher A, Tikhonov A,
Dalen L, Kuznetsova T, Kosintsev P, Campos PF, Higham T, Collins MJ, Wilson
AS, Shidlovskiy F, Buigues B, Ericson PG, Germonpre M, Gotherstrom A,
lacumin P, Nikolaev V, Nowak-Kemp M, Willerslev E, Knight JR, Irzyk GP,
Perbost CS, Fredrikson KM, Harkins TT, Sheridan S, Miller W, and Schuster SC
(2007b) Whole-genome shotgun sequencing of mitochondria from ancient hair
shafts. Science 317:1927-30.

. Gilbert MT, Wilson AS, Bunce M, Hansen AJ, Willerslev E, Shapiro B, Higham
TF, Richards MP, O'Connell TC, Tobin DJ, Janaway RC, and Cooper A (2004)
Ancient mitochondrial DNA from hair. Curr Biol 14:R463-4. .

‘Gilbert MTP, Kivisild T, Grennow B, Andersen PK, Metspalu E, Reidla M, Tamm
E, Axelsson E, Gétherstrém A, Campos PF, Rasmussen M, Metspalu M, Higham
TFG, Schwenninger J-L, Nathan R, Hoog C-JD, Koch A, Mgller LN, Andreasen
C, Meldgaard M, Villems R, Bendixen C, and Willerslev E (2008) Paleo-Eskimo
mtDNA genome reveals matrilineal discontinuity in Greenland. Science -
320:1787-9.

Ancient DNA from Sediments

The oldest DNA recovered to date has been obtained from ice cores and permafrost
sediments. This is really exciting research!

Haile J, Froese DG, Macphee RD, Roberts RG, Arnold LJ, Reyes AV,
Rasmussen M, Nielsen R, Brook BW, Robinson S, Demuro M, Gilbert MT,
Munch K, Austin JJ, Cooper A, Barnes I, Moller P, and Willerslev E (2009)
Ancient DNA reveals late survival of mammoth and horse in interior Alaska. Proc
Natl Acad Sci U S A. Or should this go under Mammoths/Mastodons?

Hebsgaard MB, Phillips MJ, and Willerslev E (2005) Geologically ancient DNA:
fact or artefact? Trends Microbiol 13:212-20.
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Hebsgaard MB, Gilbert MTP, Arneborg J, Heyn P, Allentoft ME, Bunce M, Munch
K, Schweger C, and Willerslev E (2009) "The Farm Beneath the Sand"- and
archaeological case study on ancient "dirt" DNA. Antiquity 83:430-444.

Hofreiter M, Mead JI, Martin P, and Poinar HN (2003) Molecular caving. Curr Biol
13:R693-5. "

Lydolph MC, Jacobsen J, Arctander P, Gilbert MT, Gilichinsky DA, Hansen AJ,
Willerslev E, and Lange L (2005) Beringian paleoecology inferred from
permafrost-preserved fungal DNA. Appl Environ Microbiol 71:1012-7.

Willerslev E, Cappellini E, Boomsma W, Nielsen R, Hebsgaard MB, Brand TB,
Hofreiter M, Bunce M, Poinar HN, Dahl-Jensen D, Johnsen S, Steffensen JP,
Bennike O, Schwenninger JL, Nathan R, Armitage S, de Hoog CJ, Alfimov V,
Christl M, Beer J, Muscheler R, Barker J, Sharp M, Penkman KE, Haile J,
Taberlet P, Gilbert MT, Casoli A, Campani E, and Collins MJ (2007) Ancient
biomolecules from deep ice cores reveal a forested southern Greenland. Science
317:111-4.

Willerslev E, Hansen AJ, Binladen J, Brand TB, Gilbert MT, Shapiro B, Bunce M,
Wiuf C, Gilichinsky DA, and Cooper A (2003) Diverse plant and animal genetic
records from Holocene and Pleistocene sediments. Science 300:791-5.

‘Willerslev E, Hansen AJ, ahd Poinar HN (2004) Isolation of nucleic acids and
cultures from fossil ice and permafrost. Trends Ecol Evol 19:141-7.

Bayesian Inference about Changes in Past Populatidn Sizes

Bayesian coalescent analyses can now be supplemented with aDNA data to provide
powerful estimations of effective population size fluctuation over time. The combination
can provide novel insights into a population or species history.

Gilbert MT, Rambaut A, Wiasiuk G, Spira TJ, Pitchenik AE, and Worobey M
(2007) The emergence of HIV/AIDS in the Americas and beyond. Proc Natl Acad

~Sci U S A 104:18566-70. While not aDNA per se, some of the data collected in
this study was from archived samples. Modeling population history of viruses
over the short period is akin to estimating plant or animal evolution over longer
periods of time. ‘

Shapiro B, Drummond AJ, Rambaut A, Wilson MC, Matheus PE, Sher AV, Pybus
OG, Gilbert MT, Barnes 1, Binladen J, Willerslev E, Hansen AJ, Baryshnikov GF,
Burns JA, Davydov S, Driver JC, Froese DG, Harington CR, Keddie G, Kosintsev
P, Kunz ML, Martin LD, Stephenson RO, Storer J, Tedford R, Zimov S, and
Cooper A (2004) Rise and fall of the Beringian steppe bison. Science 306:1561-
5. : ,

Drummond AJ, Rambaut A, Shapiro B, and Pybus OG (2005) Bayesian
coalescent inference of past population dynamics from molecular sequences.
Molecular Biology & Evolution 22:1185-92.
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Behavior of aDNA is Different than Modern DNA, More Recent Papers

Adler CJ, Haak W, Donlon D, A. Cooper, and The Genographic Consortium
(2010) Survival and recovery of DNA from ancient teeth and bones. Journal of
Archaeological Science 38:956-964.

Malmstrom H, Svehsson EM, Gilbert MT, Willerslev E, Gotherstrom A, and
Holmlund G (2007) More on contamination: the use of asymmetric molecular
behavior to identify authentic ancient human DNA. Mol Biol Evol 24:998-1004.

Schwarz C, Debruyne R, Kuch M, McNally E, Schwarcz H, Aubrey AD, Bada J,
and Poinar H (2009) New insights from old bones: DNA preservation and
degradation in permafrost preserved mammoth remains. Nucleic Acids Res
37:3215-29. '

Single Primer Extension (SPEX)
A potentially interesting method that I'd like to learn about.

Brotherton P, Endicott P, Beaumont M, Barnett R, Austin J, Cooper A, and
Sanchez JJ (2008) Single primer extension (SPEX) amplification to accurately
genotype highly damaged DNA templates. Forensic Science International:
Genetics Supplement Series 1:19-21. '

Brotherton P, Sanchez JJ, Cooper A, and Endicott P (2010) Preferential access
to genetic information from endogenous hominin ancient DNA and accurate
quantitative SNP-typing via SPEX. Nucleic Acids Res 38:e7.

Estimating the Rate of Molecular Evolution with aDNA

Ancient DNA literally allows one to watch molecular evolution occur through time. While
estimating rates of evolution with aDNA evidence is not without assumptions, it doesn’t
hinge on large uncertainties associated with fossil calibration dates. Ancient DNA and
radiometric dating give us the two most important variables: a haplotype and an age.
Ancient DNA studies have shown, in general, that phylogenetic-based rates of molecular
evolution (based on the fossil record) are not useful for dating more “recent” events.

Ho SY, Kolokotronis SO, and Allaby RG (2007) Elevated substitution rates
estimated from ancient DNA sequences. Biol Lett 3:702-5.

Kemp BM, Malhi RS, McDonough J, Bolnick DA, Eshleman JA, Rickards O,
Martinez-Labarga C, Johnson JR, Lorenz JG, Dixon EJ, Fifield TE, Heaton TH,
Worl R, and Smith DG (2007) Genetic analysis of early Holocene skeletal
remains from Alaska and its implication for the timing of the peopling of the
Americas. American Journal of Physical Anthropology 132:605-621. This is
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largely a peopling of the Americas paper, so pay most attention to the importance
of these skeletal remains to estimating the rate of evolution.

Additional Recommended Reading:

Lambert DM, Ritchie PA, Millar CD, Holland B, Drummond AJ, and Baroni
C (2002) Rates of evolution in ancient DNA from Adelie penguins. Science
(Washington D C) 295:2270-2273.

Ho SY, and Larson G (2006) Molecular clocks: when times are a-changin'.
Trends Genet 22:79-83.

Ho SYW, Phillips MJ, Cooper A, and Drummond AJ (2005) Time
dependency of molecular rate estimates and systematic overestimation of
recent divergence times. Molecular Biology & Evolution 22:1561-1568.

Ho SYW, Shapiro B, Phillips MJ, Cooper A, and Drummond AJ (2007)
Evidence for time dependency of molecular rate estimates. Systematic
Biology 56:515-22.

Recent Papers on Yersina pestis

Bos KI, Schuenemann VJ, Golding GB, Burbano HA, Waglechner N, Coombes BK,
McPhee JB, DeWitte SN, Meyer M, Schmedes S, Wood J, Earn DJ, Herring DA,
Bauer P, Poinar HN, and Krause J (2011) A draft genome of Yersinia pestis from
victims of the Black Death. Nature 478:506-10.

Schuenemann VJ, Bos K, DeWitte S, Schmedes S, Jamieson J, Mittnik A, Forrest S,
Coombes BK, Wood JW, Earn DJ, White W, Krause J. and Poinar HN (2011)
Targeted enrichment of ancient pathogens yielding the pPCP1 plasmid of
Yersinia pestis from victims of the Black Death. Proc Natl Acad Sci U S A
108:E746-52. -

Miscellaneous
Some additional studies that have caught rhy eye.

D'Costa VM, King CE, Kalan L, Morar M, Sung WW, Schwarz C, Froese D,
Zazula G, Calmels F, Debruyne R, Golding GB, Poinar HN, and Wright GD
(2011) Antibiotic resistance is ancient. Nature 477:457-61.

Edwards CJ, Suchard MA, Lemey P, Welch JJ, Barnes I, Fulton TL, Barnett R,
O'Connell TC, Coxon P, Monaghan N, Valdiosera CE, Lorenzen ED, Willerslev
E, Baryshnikov GF, Rambaut A, Thomas MG, Bradley DG, and Shapiro B (2011)
Ancient hybridization and an Irish origin for the modern polar bear matriline. Curr
Biol 21:1251-8. :
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Ho SY, and Gilbert MT (2010) Ancient mitogenomics. Mitochondrion 10:1-11.

Molak M, and Ho SY (2011) Evaluating the Impact of Post-Mortem Damage in
Ancient DNA: A Theoretical Approach. J Mol Evol 73:244-55. '
O'Donoghue K, Clapham A, Evershed RP, and Brown TA (1996) Remarkable
preservation of biomolecules in ancient radish seeds. Proc Biol Sci 263:541-7.

Orlando L, Ginolhac A, Raghavan M, Vilstrup J, Rasmussen M, Magnussen K,
Steinmann KE, Kapranov P, Thompson JF, Zazula G, Froese D, Moltke I,
Shapiro B, Hofreiter M, Al-Rasheid KA, Gilbert MT, and Willerslev E (2011) True
single-molecule DNA sequencing of a pleistocene horse bone. Genome Res
21:1705-19.

Preus HR, Marvik OJ, Selvig KA, and Bennike P (201 1) Ancient bacterial DNA
(aDNA) in dental calculus from archaeological human remains. Journal of
Archaeological Science 38:1827-1831.

Pruvost M, Schwarz R, Correia VB, Champlot S, Braguier S, Morel N,
Fernandez-Jalvo Y, Grange T, and Geigl EM (2007) Freshly excavated fossil
bones are best for amplification of ancient DNA. Proc Natl Acad Sci USA
104:739-44.

Pruvost M, Bellone R, Benecke N, Sandoval-Castellanos E, Cieslak M,
Kuznetsova T, Morales-Muniz A, O'Connor T, Reissmann M, Hofreiter M, and
Ludwig A (2011) Genotypes of predomestic horses match phenotypes painted in
Paleolithic works of cave art. Proc Natl Acad SciU S A 108:18626-30.

Rasmussen M, Li Y, Lindgreen S, Pedersen JS, Albrechtsen A, Moltke I,
Metspalu M, Metspalu E, Kivisild T, Gupta R, Bertalan M, Nielsen K, Gilbert MT,
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