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Run!

Now, here, you see, it takes all the running you can do, to keep in the

same place.
— Red Queen to Alice
"The Red Queen has to run faster and faster
in order to keep still where she is. That is
exactly what you all are doing!"
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Co-Evolution and detecting natural selection
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Co-Evolution and detecting natural selection

Species - = R

1 ... AAA GGA TTG ATT AGE AGT GCE AAC CcET ACT cEC AA[M ATC AAT TAM CTT AGH ...
2 ... AAA GGA TTG ATT AGME MEeT GEC AAC HWAT ACE CHT AAA ATC AAM TAT CTT AGG ...
3 ... AAM GGA TTG ATT AGA [GT GEC AAC WAT ACT CET AAA ATC AAT TAT CTE AGG ...
4 ... AAA GGA TTG ATT AGA AGT ECC AAR CAT ACH ENCT AAA ATC AAT TAT CT[E AGG ...
5 ... AAA GGA TTG ATT AGA AGT ICC AAH CcAM ACM ECT AAA ATC AAT TAT CTT AGG ...
6 ... AAA GGA TTG HTT AGA AGM GCC AAC CAE ACM ccT AAA ATH AAT TAT CTE AGG ...
7 ... AAA FNGA TTM ATT AGA CGT GCC AAC CAT ACT HWCT AAA ATC AAT TAM CcTT AGH ...
8 ... AAA GGA MTG ATT AGA AMT ECC AAC CHET ACT ECT
9 ... AAA GGA TTG ATT AGA AMT Hcc acT BCT
10 ... AAA GGA TTG ATT [MGA AMT @WCC AA@E CHET ACT ECT
11 .. AA@ GGA TTG ATT AGA AMT ECC AAC CHT ACT ECT

AAT TAT CTT AGG ...
AAT TAT CTT AGH ...
AAT TAT CTT AGG ...
AET TAT CTE AGG ...

12 ... AAA GGE TTG ATT AGA AGH GCC AAC CA[M ACT CCT AAA ATC AMT TAT CTT AGG ...
13 ... AAA GGA TTG ATM AGA ART MCC AAC CAT ACT CCT AA[ ATC AMT TAT CTT AGG ...
14 ... AAA GGE TTE ETT AGA EGT GCC AMC EAT ACT CCT AAA ATC AAT TAM CcTT AGH ...
?pec's ‘
(o amino acid replacement) ... K GLIRSANRTRIEKTINSYTLR .
2 ... KGLIRGGNYTHEKTINSYTLR .
3 ... KGLIRGGNSTYTHTEKTINSZYTLR .
(amino acid replacement) 4 ... KGLIRSTZ KHTTIZ KTINZYTLR .
dN/dS<1 5 ... KGLIRSTNHTTIE KTINSYTLR .
(negative selection) 6 ... KGLFRSANOTTP®IKTINSTYTLR .
7 ... KRFIRRANHTSKTINYTILR ...
dN/dS~1 8 ...KEEDIRTsSNLTT N Y L R .
(netral evolution) 9 ... KGLIRTSNTELTT N Y LR ...
d\/dS>1 10 ... KG6GLIGTSNTLTT N Y L R .
(positive selection) 1 ... NGLIRTSNTLTT B B ...
12 . K G L I RRANTOTTPK S Y L R .
11C selec 13 ... KGLIRNPNHTPIKTISZYILR .
1on, 14 ... KG6GLLRGATNTT®PZ KTINZYLR .
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14 ... AAA GGE TTE ETT AGA EGT GCC AMC EAT ACT CCT AAA ATC AAT TAM CcTT AGH ...

Synonymous substitution|

(no amino acid replace! ) dS= # syn substitutions .

Non-synonymous substitution! S= # syn sites P

(amino acid replacement)

dN/dS<1

(negative selection) # non-syn substitutions PPN
[AN=" ron-syn sites .

LR
HHHHHHH

dN/dS~1
(neutral evolution)

dN/dS>1
(positive selection)

THC sele

o 14 o

WOR R Z RN RN R R
CREOANOATOAQOAA
HHEHHHBEHREHEH B
HoHHHHHHH S HHHHH
FHIHAQBADRDDD DD
QZWHHEHHHIOLOOO®N
POPOOOOPBEHEE00 >
HZZZZZZZ2Z2ZRZ22
ZEmOHHDEZO @@ KD
HHHAHEEHEEEEEEAEA
WM HHEEHOYEE D DD
ZONNZZZZZZZZZZ
R I A T R A
PEEEEHEEEEEE D
WHPAIBABADRDDD AP
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Co-Evolution and detecting natural selection

Species - = R
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Mx GTPases

(A) L4

MxA
® Myxovirus resistance protein n

v -3 EHIETI O T O

1 (A) and 2 (B), two Mx
copies in most mammals 8) Gdoman

Haller et al. "Mx GTPases: dynamin-like antiviral machines of innate immunity." Trends in microbiology (2015): 154-163.
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Mx GTPases

® Myxovirus resistance protein
1 (A) and 2 (B), two Mx
copies in most mammals

e dynamin-like GTPases
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Mx GTPases

® Myxovirus resistance protein
1 (A) and 2 (B), two Mx
copies in most mammals

e dynamin-like GTPases
e induced by IFN I/IlI

® key antiviral effector proteins
in mammals

® blocking early steps of viral
replication cycles (DNA,
RNA)

(A) 4
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(B) G domain
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Haller et al. "Mx GTPases: dynamin-like antiviral machines of innate immunity." Trends in microbiology (2015): 154-163.
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Mx GTPases

>

OWMs

Trachypithecus francoisi (Francois' leaf monkey)
Colobus guereza (colobus monkey)
Homo sapiens (human)
Pan paniscus (bonobo)
Pan troglodytes (chimpanzee)
Gorilla gorilla (gorilla)
Pongo
- Hylobates agils (agile siamang)
(island siamang)
L Nomascus leucogenys (white-cheeked gibbon)
Callithrix jacchus (common marmoset)
‘Saguinus midas (red-handed tamarin)
Aotus trivirgatus (three-striped night monkey)
Saimiri sciureus (common squirrel monkey)
Alouatta sara (Bolivian red howler monkey)
Lagothrix lagotricha (common woolly monkey)
Callicebus moloch (dusky tit)
Pithecia pithecia (white-faced saki)

Macaca fascicularis (crab-eating macaque)
Macaca mulatta (thesus macaque)
Macaca sylvanus (Barbary macaque)
atys (sooty
Chiorocebus pygerythrus (African green monkey)
Miopithecus talapoin (talapoin monkey)
—

Hominoids

NWMs

African green monkey

human
orangutan

woolly monkey
monkey

monkey

¥ posiively seleced ses

Mitchell, Patrick S., et al. "Evolution-guided identification of antiviral specificity determinants in the broadly acting
interferon-induced innate immunity factor MxA." Cell host & microbe 12.4 (2012): 598-604.
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Workflow to detect positively selected sites

GTACTGAAA..

FASTA




Workflow to detect positively selected sites

>sl
GTT ATG AAG ..

>s2
GTACTG AAA ..

NT ALN
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Workflow to detect positively selected sites
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Workflow to detect positively selected sites
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Positive selection in newly cloned bat Mx1 sequences
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Positive selection in newly cloned bat Mx1 sequences
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Positive selection in newly cloned bat Mx1 sequences
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Positive selection: more bat species

" w pop e w
i I—

-
543 544 545 546 52 563 564 565 566 567 569 569 S70 571 572 573 514 575 576 57 570 579 500 51 562 563 504

substiutionsste F61,M20 0699 0,626
q 01 F61, Mg =
Flxa, M2a 069
Fixa, M8 08080779

08130661
09670.89

CodeML
z




Positive selection: bats and other mammals

oo oo w_p

7537 538 539 540 541 542 543 544 545 546 547 549 549 550 551 552 553 559 555 55 557 598 550 560 561 62 563 564 S65 566 567 563 569 S0 S 572 S 7+ 75 576 577 578 578

Equus caballus

Canis familiaris

substitutions/site Fo1. M2a

CodeML
z

F3xa, M5




Thank you for your attention!

Thanks to all my group members!

Manja Marz
Konrad Sachse
Holger Bierhoff
Franziska Hufsky
Markus Fricke
Konstantin Riege
Emanuel Barth
Nelly F. M. Berrospi
Bertram Vogel

Michael Gaspar
Akash Srivastava

... and Georg and Jonas (Mx-guys from Universitatsklinikum Freiburg)
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Calculating selective pressure, Ky/Ks

* K,/K; ratio is an indicator of selective pressure acting on
protein-coding genes
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Calculating selective pressure, Ky/Ks

K3/ K; ratio is an indicator of selective pressure acting on
protein-coding genes

o Kj,: number of non-synonymous substitutions per non-synonymous site
o Ks: number of synonymous substitutions per synonymous site

e homologous genes with a K,/K; ratio above 1 are evolving under
positive selection

o at least some of the mutations concerned must be advantageous

¢ if all the mutations are neutral or disadvantageous, the ratio will be in
the range 0 to 1

e however, if some of the mutations are advantageous and some
disadvantageous, the ratio could be less than 1

® Ki/Ks—dN/dS —w Kk —=Ts/Tv
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Example: calculating K,/Ks

Val Met Arg Thr
G T T A T G A A G A C C Total
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Example: calculating K,/Ks

Val Met Arg Thr
G T T A T G A A G A C C Total
degeneracy (4) (2) (4)
#nonsynstes 11 0 11 1 11 2 1 1 0 92

3
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Example: calculating K,/Ks

Val Met Arg Thr
G T T A T G A A G A C C Total
degeneracy (4) (2) (4)
#ronsynses 1 1 0 111 11 2 11 0 92
# syn sites 0 0 1 0 0 0 0 0 3 0 0 1 27
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Example: calculating K,/Ks

Val Met Arg Thr

G T T A T G A A G A C C Total
degeneracy (4) (2) (4)
#nonsynstes 1 10 11 11 2 11 0 92
#syn sies 0 0 1 0 0 0 0o o0 0 0 2]

® nucleotide sites give 9% non-synonymous sites and 2% synonymous sites in this
peptide
Val Leu Arg Thr
G T A C T G A A A A C C Total
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# non-syn 0 0 0 1 0 0 0 0
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Example: calculating K,/Ks

Val Met Arg Thr
G T T A T G A A G A C C Total
degeneracy (4) (2) (4)
#nonsynstes 1 10 111 1 1 ¢ 11 0 92
#syn sies 0 0 1 0 0 0 0o o0 0 0 2]
® nucleotide sites give 9% non-synonymous sites and 2% synonymous sites in this
peptide
Val Leu Arg Thr
G T A C T G A A A A C C Total
# substitutions
# non-syn 0 0 0 1 0 0 0 0 0 0 0 0 1
#syn 0o 0 1 0 0 O 0o 0 1 0 0 O 2
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Example: calculating K,/Ks

Now,
nonsyn_substitutions 1
K, = 7nonsyn_subst — — =0.103
#nonsyn_sites 935
and # bstituti 2
Syn_substitutions
K, = TS = 5 =0857
#syn_sites 23
Thus,
Ky dN 0.103 0.12
_—= e =Y = = .
Ks as 0.857
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CodeML: Output

e CodonFreq=F3x4 (estimation of codon frequency distribution)
e NSsites=M2a (positive selection)

Model NSsites P Parameters

MO (one ratio) 0 1 ®

Mla (neutral) 1 2 Po(pr = 1= po),
<1, 0 =1

M2a (selection) 2 4 Po» P1 (P2 =1 =po—py),
oo <lo=1ao>1

M3 (discrete) 3 5 Pos P (P2 =1 =po—p1)
@, O, 02

M7 (beta) 7 2 P

M8 (beta&) 8 4 Po (1 =1 -po),
Pogoog > 1

Note.—The site models are implemented using the control variable NSsites in
copemL, and p is the number of free parameters in the  distribution.

— [codeml.variable.mic]
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