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Evolution:
morphological
differences

Can we explain the different
colour patterns?




RubisCO enzyme from C3 and C4

Evolution: forms in plants diverge by different
. kinetic parameters (affinity, specifity
catalytlc and activity)
activities A K@) B S, C Kk,
- 90 - —
60 ‘ ‘ 7
Can we explain the different 50 =2 6
Kinetic parameters?

80

40
30 |

T .

20

‘ 3
L 70 —_ _|




Evolution: Influenza A virus

host preferences

A I
I_r_‘ Mutation(s)
Can we explain the passage
form an host to another?
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Vectors of evolution

« Epigenetics (hon genome modification, i.e. DNA
methylation).

* Genetics (genome modification):
— Changes in expression pattern or level.
— Changes in non coding RNA (ncRNA).
— Changes in proteins biochemistry:
« => Change in the nucleotide sequence.
« => Change in the amino acid sequence.



From genotype to phenotype

* Genotype (nucleotides, amino acids).

|

* Phenotype.

|

« Submitted to selective pressure.



Proteins: 4 levels of organisation

* Primary structure:
— amino acids sequence.

« Secondary structure
— simple elements.

* Tertiary structure:
— folded in 3D.

* Quarternary structure:
— assembly of multiple monomeres.




Protein sequences (globins)
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GLB PSEDC/21-134 TRELCMKSLEHAKVGTSKEAKQDGIDLYKHMFEHYPAMKKY FKHRENYTPADVQKDPFFIKQGQNILLACHVLCATYDDRETFDAYVGELMARHERDHVKIPNDVWNHFWEHF I
GLBC_NIPBR/21-135 DVKKHTVESMKAVPVGRDKAQNGIDFYKFFFTHHKDLRKFFKGAENFGADDVQKSKRFEKQGTALLLAVHVLANVYDNQAVFHGFVRELMNRHEKRGVDPKLWK I FFDDVWVPFL
GLB4_LUMTE/11-120 DRREIRHIWDDVWSSSFTDRRVAIVRAVFDDLFKHYPTSKALFERVKIDEPESGEFKSHLVRVANGLDLLINLLDDTLVLQSHLGHLADQHIQRKGVTKEYFRGIGEAFA
GLBI_TYLHE/7-110 QR IKVKQQWAQVYSVGESRTDFAIDVFNNFFRTNPDRSLFNRVNGDNVYSPEFKAHMVRVFAGFDILISVLDDKPVLDQALAHYAAFHKQFGTIPFKAFGQTMF

Q20638 CAEEL/74-184 EKELLRRTWSDEFDNLYELGSAIYCY | FDHNPNCKQLFPFISKYQGDEWKESKEFRSQALKFVQTLAQVVKNIYHMERTESFLYMVGQKHVKFADRGFKHEYWDI FQDAME
Q19601_CAEEL/105-215ER | LLEQSWRKTRKTGADHIGSKIFFMVLTAQPDIKAIFGLEKIPTGRLKYDPRFRQHALVYTKTLDFVIRNLDYPGKLEVYFENLGKRHVAMQGRGFEPGYWETFAECMT
QI18311_CAEEL/32-140 TKKLVIQEWPRVLAQCPELFTEIWHKSATRSTSIKLAFGIAENESPMQNAAFLGLSSTIQAFFYKLIITYELNDDQVREACEQLGARHVDFISRGFNSHFWDIFLVCMA
GLB1_CALSO/5-105 DIKNVQDTWGKLYDQWDAVHASKFYNKLFKDSEDISEAFVKAGTGSGIAMKRQALVFGAILQEFVANLNDPTALTLKIKGLCATHKTRGITNMELFAFALA

HMP_ECOLI/6-103 TIATVKATIPLLVETGPKLTAHFYDRMFTHNPELKEI FNMSNQRNGDQREALFNAITAAYASNIENLPALLPAVEKIAQKHTSFQIKPEQYNIVGEHLL

GLB1_PARCH/17-123 QKK IVRKTWHQLMRNKTSFVTDLFIRIFAYDPAAQNKFPQMAGMSASQLRSSRQMQAHAIRVSSIMSEY | EELDSDILPELLATLARTHDLNKVGPAHYDLFAKVLM
Q9ZAX1_MYCBO/42-136 DALRVLQNAFKLDDPELVRRFYAHWFALDASVRDLFPPDMGAQRAAFGQALHWVYGELVAQRAEEPVAFLAQLGRDHRKYGVLPTQYDTLRRALY

HBP2_CASGL/13-122 QEALVVKSWSAMKPNAGELGLKFFLKIFEIAPSAQKLFSFLKDSNVPLERNPKLKSHAMSVFLMTCESAVQLRKAGKVTVRESSLKKLGASHFKHGVADEHFEVTKFALL

GLB1_GLYDI/6-111 QRQV IAATWKDI AGADNGAGVGKDCLIKFLSAHPQMAAVFGFSGASDPGVAALGAKVLAQIGVAVSHLGDEGKMVAQMKAVGVRHKGYGNKHIKAQYFEPLGASLL
GLBP1_GLYDI/7-115 QVAALKASWPEVSAGDGGAQLGLEMFTKYFHENPQMMF | FGYSGRTEALKHSSKLQHHGKV I I1DQIGKAVAEMDNAKQMAGTLHALGVRHKGFGDIRAEFFPALGMCLL
GLB_APLJU/6-113 DAGLLAQSWAPVFANSDANGASFLVALFTQFPESANFFNDFKGKSLADIQASPKLRDVSSRIFARLNEFVSNAADAGKMGSMLQQFATEHAGFGVGSAQFQNVRSMFP

GLB3_CHITH/20-120 QISTVQASFDKVKGDPVGILYAVFKADPSIMAKFTQFAGKDLESIKGTAPFEIHANRIVGFFSKI IGELPNIEADVNTFVASHKPRGVTHDQLNNFRAGFV

HBFI_URECA/7-113 QIKAIQDHWFLNIKGCLQAAADS I FFKYLTAYPGDLAFFHKFSSVPLYGLRSNPAYKAQTLTVINYLDKVVDALGGNAGALMKAKVPSHDAMGITPKHFGQLLKLVG

GLB_PAREP/8-117 QDILLKELGPHVDTPAHIVETGLGAYHALFTAHPQY I IHFSRLEGHT I ENVMQSEGIKHYARTLTEAIVHMLKEI SNDAEVKK I AAQYGKDHTSRKVTKDEFMSGEP I FT
Q18209_CAEEL/199-307Q IHLVRALWRQVYTTKGPTVIGASIYHRLCFKNVMVKEQMKQVELPPKFQNRDNFIKAHCKAVAELIDQVVENLDHLDNVTGELMRIGRVHAKVLRGELTGKLWNTVAE

Q21978 CAEEL/165-283 SCEVVADSWRLVESRSSAAETSACFGLFVFQRVFSKIPMLRPLFGLSESDDVFDLPDNHPVRRHARLFTSILHISVKNVDELEAQVAPTVFKYGERHYRPDITPHMTEENVRVFCAQIV
GLBIB_ANATR/17-122 QKDLLRLSWGVLSVDMEGTGLMLMANLFKTSSAARTKFARLGDVSAGKDNSKLRGHSITLMYALQNFIDALDNVDRLKCVVEKFAVNHINRQISADEFGEIVGPLR

GLB BUSCA/6-116 QKTALKESWKVLGADGPTMMKNGSLLFGLLFKTYPDTKKHFKHFDDATFAAMDTTGVGKAHGVAVFSGLGSMICSIDDDDCVBGLAKKLSRNHLARGVSAADFKLLEAVFK
MYG_CYPCA/3-108 DAELVLKCWGGVEADFEGTGGEVLTRLFKQHPETQKLFPKFVGIASNELAGNAAVKAHGATVLKKLGELLKARGDHAA I LKP LATTHANTHKIALNNFRLITEVLV

Conservation

B o e e o Bl . . = .m B __mm
6212421141031110011111111111112000000001101110001100001002112211200110031100120120001210111221000000000000-------------

W ] [ i S . S I S e e St it —n -

Consensus

Q+KLV++SWPKV+A+G+G+G++AI+FLFLFFPE+QKAF+FFKGE++G+LAAS+K++++A+V+VA+LL+LV+LL+D+KDKAV+L+A+GHGH++FG+RGF+++F+KL+FAFME--F-----

Group of highly divergent sequences



Protein sequences (globins)

L3040 S0 € 7080 %0 00 1010
GLB_PSEDC/21-134 TRELCMKILEH—AKVGT——SKEAKQDGIDLIKHMFE ------- HYPAMKKIFKHR——ENYTPADVQKDPFFIKQGQNILLACHVLCATI——— DR ETHDAMVE ElUMARBER DHV - - KIIBIN DV NEEW £ EET
GLBC_NIPBR/21-135  DVK-- KHEVES-MKAVP-VGRDKAQNG I DF¥KFFFT------- HHKDLRKFFKGA-- ENFGADDVQKSKRFIEKQGTALLLAVHVLANVN---BNQAVFHGFVRELMNRHEKRGVDPKLWK | FEDDVWVP F L
GLB4_LUMTE/11-120 DRREJRH IWDD-VWSSS- FTDRRVANVRAVFDDILFK------- HYPTSIKALFERVK IDEP------ ESGEF SILVRVANGLDLLINLL——— DTLVLQSHLGHLADQHIQRK---GVTKEYFRGIGEAFA
GLBI_TYLHE/7-110 R 1KVKQQWAQ-VMYSV---GESRTDFAIDVENNFFR------- TNPDRS-LENRVNGDNV------ YSPEFKAHMVRVFAGFEDILISVL---BDKPVLDQALAHYAAFHKQFG----f1P--FKAFGQEMFE
Q20638 CAEEL/74-184 [EKELLRREWSD- EFD------ NLYELGSAIMCYIFD------- HNP NEKQLFP-F-1SKYQGDEWKESKEFRISQALKFVQTLAQVVKNIYHMERTESFLYMVGQKHVKFADRG----FKHEYWD I FQDAME
Q19601_CAEEL/105-215/ER | LLEQSWRK -fRK- - - - - TEADHIGSKIFFMVLT------- AQPDIKAIFG-L--EKIPTGRLKYDPRFRQHALVEMEKFLDFVIRNL---BYPGKLEVMFENLGKRHVAMQG- RGFEPGYWETFAECMTE
QI8311_CAEEL/32-140 TKKILV IQEWPR-V LA- --QCPELFTEIWHKBAT------- RSMSIKLAFG-1-AE-N--ESPMQNAAFLGLSSTIQAFFYKLIIT¥E-L-NDDQVREACEQLGARHVDFIS-RGFENSHFWDIFLVCMA
GLB1_CALSO/5-105 DI KNVQDWGK-LYD- - - - - QWDAVIASKFINKLFK ------- DSEDISEAFVKA-------- GTGsG I AMBRQALVIFGA I LQEFVANL---NDPTALTLKIKGLCATHKTRG----ITN--MELFAFALA
HMP_ECOLI/6-103 T1IABVKATIPL-LVE------ TEPKLTAHFYDRMET-- - - - - - HNP ELKELFN-M----------- SNQRNGDQREALFNAIAAIASNI———INLPALLPAVEKIAQK TSFQ----1KPEQYNIVGEHLL
GLBI_PARCH/17-123 @K K VR KEWHQ- [LMR - ~NKTSFVTDLFIRIFA------- YDPAAQNKFPQM—AGMS—ASQLRSSRQM.A.AIRVI\?/IMSE | EEL---BSD- ILPELLATLARTHDLNK----VGPAHYDLFAKVLM
Q9ZAX1_MYCBO/42-136 DALRVLQNAFK-lL-- - - - - - - DDP ELVRREMAHWFA- - - - - - - LDASVRDLEP-P---------- DMGAQRAAFGQAIL VIGELVAQAVAR«~AEEPVAFLAQLGRD RKYG----VLPTQY/DELRRALY
HBP2_CASGL/13-122 EALVVKBWSA-MKP - - - - - - NAGELGLKFFLKIFE------- I AP SAQKLES-FLKD--SNVPLUERNPK/LESHAMSVFLMTCESAVQIERKAGKVTVRESSLKKLGASHFKHG----VADEHFEVTKFALL
GLBI_GLYDI/6-111 RQV I AATWKD- I|AGA- - - - DNGAGVGKDCL IKFLS------- AHPQMAAVEG-F-SG------- ASDPGVAALGAKVLAQIGVAVSHL---GDEGKMVAQMKAVGVRHKGYGN-KHIKAQYFEPLGASLL
GLBP1_GLYDI/7-115 VAALKASWP E-VSAG----DGGAQLGLEMFTKNMFH- - - ---- ENPQMMF|I FG-NMSGR-T-- EAKHS SKILBHHGK VI 1DQI GKAVAEM- - - BNAKQMAGRLHALGVRHKGFG---DIRAEFFPALGMCLL
GLB_APLJU/6-113 DAGLLAQSWAP-VFA------ NSDANGASFLVALFT------- QFPESIANFFENDF-KG-KSLADIQASPKLRIDVSSR/I FARLNEFVSNA---ADAGKMGSMLQQFATEHAGFG----VGSAQFQNVRSMFP
GLB3_CHITH/20-120 I SMVQASFDK-VKG---------- DPVGILYAVEK------- ADP SIIMAKFTQF-AG-KDLESIKGTAPFEIHANRIVGFFSKIIGEL------PNIEADVNTFEVASHKPRG----VTHDQLNNFRAGFV
HBF1_URECA/7-113 I KATQDHWF LNIKG- - - CLQAAADSIFFKMLT------- AYPGDLAFFHKF-SS-VPLYGLR SNPAVKAQT LTV IN¥LDKVVDAL-----GGNAGAILMKAKVP SHDAMG- - - -[I TPKHFGQLLKLVG
GLB_PAREP/8-117 DILLKELGPH-V-DT-- PAHIVE.GLGAIHALFT ------- AHPQM I IHFSRIL- EG-HT I ENVMQSEG I KIHVARTILIEA I VHMLKE 1 - - - SNDAEVKKIAAQWMGKDHT SRK----MTKDEFMBGEP I Fil
Q18209 _CAEEL/199-307@ | HLVRA LWRQ-MYTT----KGPTVIGASIMHRLEFKNVMVKEQMKQV.E-LPPKF-QN-------- RDNF IKAHCKAVAEIL IIDQVVENL---BHLDNVTGELMRIGRVHAKV L----RGELTGKLWNTVAE
Q21978 CAEEL/165-283S CEMVADBWR L-VESRSSAAETSACFGLFVFQRVFS------- KIPMLRPLFG-L-SESDDVFDIEPDNHPVRIRHAR LFMS 1 LHISVKNV--DELEAQVAPEVFKNMGERHYRPD I TPHMT EENVRV.FCAQIV
GLB1B_ANATR/17-122 [@KDLLR LEWGV-LSV------ DMEGEG LMLMANLFK- - - - - - - TSSJAARTKFARL-GDVS---AGKDNSK/LRIGHS | TLMYALQNF I DAL---BNVDRLKCVVEKFAVNHINRQ----/ISADEFGEIVGP LR
GLB BUSCA/6-116 KTALKESWKVY-LGAD---GPTMMKNGS LILFGLLFK------- TYPDEKKBFKHF--DDATFAAMDTT/GVGKAHGVAVFSGLGSMICS/I---BDDDCVBGLAKKLSRNHLARG- ---VSAADFKLLEAVFK
MYG_CYPCA/3-108 DAELVLKCWGG-VEA------ DFEGRGGEVLTRLEK------- QHP EMQKILFPKEF- VG- 1ASNEILAGNAAVKAHGATVLKKLGELLKA- - - - - - RIGDHAA I LKPLATTHANTH- - -KILALNNERILITEV LV

Conservation T =
62101211510-300------ 000013216711462------- 1124120360-1--0------- 025002213323621251147211---000021001621421171111----30000520410160
Qualityl .- n I.Il -. l *_l IIH I._. h -l I
Consensus
Q+KLVK+SWPK-VKA+S--GDN+AELGLD+FHKLFT------- ++PDIK+LF++F-+GN+TLEDLKSSP+FKAHAL+VFAAL+ELV+NL---DDDGVL+A+LK+LGARHKKRGV-+++TPE+FDLFGEALL

Multiple aligner: ClustalW, MUSCLE, MAFFT, PROBCONS, PRANK



Protein sequences (globins)

10 . g0 . 70 . g0 . 90 \
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GLB PSEDC/21-134 TRELCMKILEH—AKVGT——SKEAK DG | DLYKHMFE & - - - - -
GLBC_NIPBR/21-135 DVK--KHEVES-MKAVP-VGRDKAGNG I DF¥KFFFT & - - - - -

GLB4_LUMTE/11-120 DRREIRHIWDD-VWSSS-FTDRRVAIVRAVEDDLFK & ----- DEP------ ESGEF SILVRVANGLDLLINLL——— DTLVILQ K---GVTKEYFRGIGEAFA
GLBI_TYLHE/7-110 IRIKVKQQWAQ—VYSV———GESRT ————— DNV------ YSPEFKAHMVRVFAGEDILISVIL---DBDKPVLD( G————.IP——FKAFGQ.MF
Q20638 CAEEL/74-184 [EKELLRR SD-EFD------NLYBLGSAIMCYI|IFD®----- SKYQGDEWKESKEFRISQALKFVQIELAQVVKNIYHMERTESFL G----FKHEYWD/I FQDAME
Q19601_CAEEL/105-215[ER | |LL EQ] RK-RK-----TGADBIGSKIFFMVLT§----- EKIPTGRLKYDPRIF Q.ALV.K LDFVIRNL---BYPGKLE QG- RGFEPGYWERFAECMT

Q18311 CAEEL/32-140 TKKILVIQEWPR-VLA- E—N——ESPMQNAAFLGLSSTIQAFFYKLIIT.E—L—NDDQVR | S-RGENSHFWD[I FLVCMA

GLB1_CALSO/5-105 DI KNVQDEWGK-LYD-----QWDAWHA SKFYNKLFKM -----OBED/I SEAFVKA-B - - - - - - GTGsG I AMBRQALVIFGA I LQEFVANL---NDPTALT G----ITN--MELFAFALA
HMP_ECOLI/6-103 TIABVKATIPL-LVE------TGPMLTAHFYDRMFT M - - - - - HNP ELKEILEN-Mf - - - - - - - - SNQRNGDQREALFNAIAAIASNI———INLPALL Q----/IKPEQ¥NIVGEHLL
GLBI_PARCH/17-123  @KKIVRKEWHQ-LMR------NKTS®FVTDLF IRIFAQ{ - ---- GMS—ASQLRSSRQM.A.AIRVI\?/IMSE | EEL---BSD-ILP K----VGPAHYDLFAKVLM
Q9ZAX1_MYCBO/42-136 DALRV.LQNAFK-L--------DDP BLVRR F¥MAHWFA S - - - - - IDASVRDLFP-P - - - - - - - - DMGAQRAAFGQALHWVYGELVAQ---R--AEEPV G----VLPTQY/DFLRRALY
HBP2_CASGL/13-122 EALVVKBWSA-MKP------NAGBLGLKFFELKIFER ----- D--SNVPUERNPK/LESHAMSVELMTCESAVQLRKAGKVTVRE G----VADEHFEVEKFALL
GLBI_GLYDI/6-111 RQV I AATWKD- I|/AGA -DNGABVGKDCLIKFLS - ---- bG- - - ---- ASDPGVAALGAKVLAQIGVAVSHL---GDEGKMV GN- KHIKAQY[FEPLGASILL
GLBP1_GLYDI/7-115 VAALKASWP E-VSAG----DGGAGLGLEMFTKNMFHE - - - - - : R-T--EAKHS SKILEHHGK VI 11DQ/I GKAVAEM- - - BINAKQMA G- --DIRAEFFPALGMCLL
GLB_APLJU/6-113 DAGL LAQSWAP-VFA------ NSDANGASFLVALFT® - ---- G-KSLADIQASPKILRIDVSSRII FARLNEFVSNA---ADAGKMG G- ---VGSAQFQNVRSMFP
GLB3_CHITH/20-120 | SMVQASFDK-VKG- ----MDPVGILYAVFEKS -----A G-KDLESIKGTAPFEIHANRIVGFFSKIIGEL------PNIE G- ---VTHDQLNNFRAGFV
HBF1_URECA/7-113 I KATQDHWF LNIKG- --CLQMAADSIFFKMLTH ----- 5S-VP/LYGLR SNPAYKAQT LTV IN¥LDKVVDAL- - G----ITPKHFGQLLKLVG
GLB_PAREP/8-117 DILLKELGPH-V-DT---PAHIV GLGAIHALFT ----- G-HT I ENVMQSEG I KHV¥ARTILIEA I VHMLKE - - - SNDAEVK K----MTKDEFMBGEP I FTl
Q18209 _CAEEL/199-307@ | HLVRALWRQ-MYTT----KGPTWIGASIMHRILCFHENVMVK EQ No---om - RDNF IKAHCKAVAEIL IDQVVENL---BHLDNVT L----RGELTGKLWNTVAE
Q21978 CAEEL/165-283S CEMVADBWR L-VESRSSAAETSA@FGLFVFQRVFES - - - - - 5 ESDDV FD/LPDNHPVRRHAR LEMS/I LHI[SVKNV- - DELEAQVA DITPHMTEENVRVFCAQ/IV
GLB1B_ANATR/17-122 [@KDLLR LEWGV-LSV------ DME@TG LMLMANLFK - - - - - DVS---AGKDNSKLRIGHS | TLMYALQNF IIDALL---BNVDRILK Q----/ISADEFGEIVGP LR
GLB BUSCA/6-116 KTALKESWKV-LGAD---GPTMMBNGS LILFGLLFK® - - - -- DDATFAAMDTT/GVGKAHGVAVESGLGSMICS/I---BDDDCVE G- ---VSAADFK[LLEAVFK
MYG_CYPCA/3-108 DAELVLKCWGG-VEA------ DFEMHGGEVLTRLEK B - ---- G- IASNELAGNAAVKIAHGATVLKKLGELLKA- - ---- I LKPLATTHANBH- - -K[LALNNERILITEV LV

Conservation

Q+KLVK+SWPK-VKA+S--GDN+ABLGLD+FHKLFT# ----- PDIK+LF++F- GN+TLEDLKSSP+FKAHAL+VFAAL+ELV+NL---DDDGVL+8+LK+LGARHKK

62101211510-300----~-- 000 1----30000520410160

Quality (

Consensus

GV-+++TPE+FDLFGEALL

Tools to select blocks: Gblocks, Guidance, M-coffee, Pagan
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Amino acids have different physicochemical properties

Charged:
Acid (-)

Polar

Hydrophobic
small

A.  Amino Acids with Electrically Charged Side Chains
Positive Negative
Al A

Charged:

- ~

Arginine Histidine Lysine Aspartic Acid Glutamic Acid

lr\rq)0 LHisim (Lys)e (Asp) Q (Glu) e Basic (+)
&O pKa2.03 6lO pKa 1.70 A/Ouxaz 15 A/O pKa2.16
O O (@]
NH, NH,
4 o~
NH
H2N © NH3 pKa4.15
@ NH2 pKa 1067

B.  Amino Acids with Polar Uncharged Side Chains C. Special Cases

Serine Threonine Asparagine Glutamine Cysteine Selenocysteine  Glycine Proline S 1 I
(Serle (Thr) o (Asn) m (Gln)@ :(ys;re (Sec) m (Gly) @ (Pro) Q peCIa Cases
oKans uKaz DKBZ" ohl‘!‘ pKa 1l 4'/70 pKa 1.9 A/O ""‘"‘/yo pKa1 :SA/O
O
K 9.05 pK 2896 rx 2876 pK.\‘)I)I) NHz
Z pKa 10
SeH
agl
H,

D.  Amino Acids with Hydrophobic Side Chain H d ro h O b i C
Alanine Valine Isoleucine Leucine Methionine Phenylalanine Tyrosine Tryptophan y p

{Ala,‘o EValjo (lle) o (Leu) o (Met) m (Phe) e (Tyr) 0 (Trp) m

big

pKa 10.10
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Schematic representations of amino acid replacement matrices.

Day hoff JTT
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y D c} | D c\r\ '\ |
c B CroRF
SMNDE 406, ‘ J
(Dayhoff, o[ 2D 1B anren (Jones,
LRI ARAAL | DAL D
Sch e | H DR D: Taylor WR
chwartz, HIFRIRS | HESER aylor and
L1 P o P (} | = Fr AC)
LD Dd-oo-8 | 4 Y N4 D
Orcutt e gaiie. JEa8es: Thornt
rcutt, rsiiarioar s DT ornton,
': 9 : Q\J\q/ (\ }_ a Ve, D a
p DO e} 1 3 P02 2O D4
s I D060 410000 s DD 64 450D
MK ‘SO ® Dedd gD RO & & &8 DS AADLH D)
HNZNaf i IO APRN TAY T AL TITT AT
w4 i T w D 3
P o-la ra\ V- o-a . oo Do a o
Y EARE ST b ¢ Y S A ANra s 7 g @
v () P 8- ;(l>v rzO % \‘.C’}A.,(?r‘- @ PC// D3
ARNDCQEGHILKMFPSTWYV ARNDCQEGHILKMFPSTWYV
WAG WAG#*
A p I A 1
Jisee 1 WAG
N D f \‘ i Ve, f \
D [@ D[4
c (>[Y 1 C C}“\(
SN0 A ha Wh I d
Whelan and i34 250 £[223 (Whelan an
('. 51-1{\::, f\l‘ fe (f \}fe’é$l d
; 5
a P y S D-g -
Goldman T TSI ‘ T TR GOId“Ian,
L) L o-a o-g r\f\ ! 1 o-a o-O) r\f\
- H DD -O% « FeID4 r")r> &% 2 1
2001 RS aoN: 4 NP S8 L
o p! S(s A o p P oY
F2 S AR 4 F PP
P f'\(\ e, Or;\ -0 o-c P g y. -0 o o-a
s [ D000 600040600 s [ DDO60D6 990060
T >"C$:'C 300300 OD+AD T barb e b O P OB : D-OD4-D
o \JO F 14 & o o¢ o4 . \/C\\‘J S34-2 S TSN
Y 3-0-D9-0-2 f‘\« a ref> N e, W 4 N 344 r\.—()
NI TIALL N MeZs 4N o TAITIALL N Mads & M e
VI < A d } A AN A2 O 4 VIO TTe gy b
ARNDCQEGHILKMFPSTWYV ARNDCQEGHILKMFPSTWYV

LG (Le and Gascuel, Mol Biol Evol 2008)
LG4M and LG4X (Le, Dang, Gascuel, Mol Biol Evol 2012)

Whelan S, Goldman N
©2001 by Oxford University Press Mol Biol Evol 2001;18:691-699



How to choose the best matrix?

* By experience (i.e. JTT/WAG for Vertebrates,
MtREV24 for mitochondrial gene).

* Using tools: ProtTest, ReplacementMatrix



Positions don’t evolve at the same rate

10 20

1 I 1 1
GLB PSEDC/21-134 TRELCMKILEH—AKVGT—— SKEAK(
GLBC_NIPBR/21-135 DVK--KHEVES-MKAVP-VIGRDKA(
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Positions don’t evolve at the same rate

Evolutionary rate
(number of mutation

per site)
Slow: ﬁ Fast:
* Presence of structural/  Absence of structural/
functional constraints functional constraints

« Change in structural/
functional constraints

« Can be described by a gamma distribution.

— Need to cluster sites into different categories of
evolutionary rates (generally, 4 or 8 categories).



Positions don’t evolve at the same rate

2=

Alpha parameter:

a < 1 => distribution shaped in L form,
with a lot of sites evolving slowly

and a few sites evolving fast.

o

% of
sites

a -> => Al| sites evolve at the same rate

o Proportion of sites, f(r) |

o

0 0?5 1 1?5 é 25 3
Substitution rate

The among-site rate variation and its impact on
phylogenetic analyses, Trends Ecol.Evol, Yang 1996



L_18

Phylogenetic tree building

- Data: Multiple alignment of sequence. %g;
« Matrix of replacment rate (i.e. JTT, WAG, LG). =

« Use of gamma distribution. => Estimate alpha parameter
and categorise sites.

* Method to build the tree:
— Unweighted Pair Group Method with Arithmetic Mean (UPGMA)
— Neighbour-Joinging (BioNJ)*
— Maximum parsimony **
— Minimum Evolution (ME) (FastME) **
— Maximum likelihood (ML) (PhyML, RAXML) ***
— Bayesian (MrBayes) ***



Results:

multiple alignment and tree
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Ancestral Sequence Reconstruction

* Multiple Sequence Alignment

* Phylogenetic tree

» Substitution parameters (Matrix, Gamma distribution)
=> |nfer each amino acid at each node.

=> Reconstruct ancestral sequences.



Ancestral Sequence Reconstruction

Seq01
Seq02
Seq03
Seq04
Seq05
Seq06
Seq07
Seq08
Seq09
Seql0
Seqll
Seqgl2
Seql3
Seql4
Seql5
Seqlé6
Seql7
Seql8
Seql?9
Seq20

(Simulated alignment)

20
1

30

WWOQOW

WG SW
FWGNW

I

LWNNW
LWPTW

B

VWLOWTOCFHL

CF
LEPNWNTCFSV
FWFSWQOQCFYL
IFWSWSNCENVETAA
CFHV
CFECETLC
LWENWSSCELC
CFFA
CFLM

KC

IFHVC T
VFLC AN
WCLLOQ
WCLAQ
IFTC AN
WDCW S
AWNM AN
FFMFAS
AFPM IT
FFVFLTR

FFCW

LFDM
IFCV
FFVA
VFEFYM
AFK I
FFDV
VFTW

FD WV

Amino acid at site 7

L_18

—A 4

¢ 17

R_7

—W_3

N5
C_16
W_20

——M_15

M 6

110

——Y 12

1 13

——N_19

FGC

v 8
I2
c_14

—C_9

—R_11




Ancestral Sequence Reconstruction

Seq01
Seq02
Seq03
Seq04
Seq05
Seq06
Seq07
Seq08
Seq09
Seql0
Seqll
Seqgl2
Seql3
Seql4
Seql5
Seqlé6
Seql7
Seql8
Seql?9
Seq20

20
1

30

WWOQOW

WG SW
FWGNW

I

LWNNW
LWPTW

B

VWLOWTOCFHL

CF
LEPNWNTCFSV
FWFSWQOCFYL
IFWSWSNCENVETAA
CFHV
CFECETLC
LWENWSSCELC
CFFA
CFLM

IFHVC T
VFLC AN
WCLLO
WCLAQ
IFTC AN
WDCW S
AWNM AN
FFMFAS
AFPM IT
FFVFLTR

Control quality with Posterior Probalities

(Simulated alignment)

FFCW

LFDM
IFCV
FFVA
VFEFYM
AFK I
FFDV
VFTW

FD WV

Amino acid at site 7

L_18

—A 4

¢ 17

R_7

—W_3

N5
Cc_16
W_20

——M_15

M 6

110

——Y 12

1 13

——N_19

FGC

v 8
12
c_14

—C_9

—R_11




Ancestral Sequence Reconstruction
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Ortlund et al., Science 2007



Ancestral Sequence Reconstruction

A
Passerines
M120
5 73 Falcons
Qo8 o
A118 g N
(hidden) ] il e
E100 ey Owls DAB1
V116 i o
(hidden) £7 0 g i 8=
T112 — & Shorebirds DAB1
§ A0S
@ :
" e Birds of Prey
\ o
G121 g
- e €« Owls DAB2
S
V116 Y118 | i
(hidden) T Gl
R100 | (oot
S102 V101 5 )
> L Shorebirds DAB2
T112 "k

Penguins

Wildfowl

Burri et al., Mol Biol Evol 2010



Why detecting events of adaptation in
protein?

» Lot of mutations in proteins. Some are important,
other are not.

« => How to find those that are important?



Amino acids: detecting sites with different evolutionary pattern

10 20 30
Seq01 VFEWC WWOWQOCF M
Seq02 ADWC LEFPNWNTC FSV Y
Seq03 IWEFC FWFSWQOCFYLETKC
Seq04 RLDWC IFWSWSNCFENVETAA
Seq05 MW G swlwc FHVETPL
Seq06 A FWGNWQSCFECETLC
Seq07 I LWENWSSCFELC I
Seq08 PW LWNNWIQCFFA
Seq09 II LWPTWQ|TC FLM
Seql0 M VWLOWTOC FHL I
Seqll A IFEHVC TRFFCW W
Seql2 L VFLCANRWFDYV L
Seql3 L WCLLORLFDM C
Seql4 AW WCLAQR IFCV L
Seql5 M IFTCANRFFVA M
Seqlé LW WDCWSRIVE YM !
Seql7 R|T AWNMANRAFK I C
Seqls8 vV Kl FFMFASRFFDYV L
Seql9 W AFPM ITRVFETW F
Seq20 W FFVFLTRMFGC L




Amino acids: detecting sites with different evolutionary pattern

I_18

I_4

I_17

I_3

I 5

I I_16

I ————1I_20

I_15
I_6 Strictly conserved

I_10 for Isoleucine
I I_12

I_13

I I_19

I8

I_2

I_14

I_9

I_11

I_1



Amino acids: detecting sites with different evolutionary pattern

R 18

E_4

K_17

T s_3 Highly divergent

T 5

K K_16

K ————————N_20
K ——M_15 * Type | of functional divergence

Y6 — | Heterotachy

R0 « Covarion-like

R R_12

R_13

R R_19

Highly conserved

R_8

R 2

R 14

R_9

R 11

R_1



Amino acids: detecting sites with different evolutionary pattern

R 18

R _4

R 17

R 3 Conserved for basic
" R_5 residues

R R _16

R ——R_20

R 15 * Type Il of functional divergence
r 6 1 |° Constant-but-different

E_10 "

E E_12

E_13

E E_19
E 8 Conserved for acidic

E 2 residues
E 14

E_9

E_11

E_1



Amino acids: detecting sites with different evolutionary pattern

o 18

K_4

vV_17

o v_17

R_3

L 5

v A_16

T ———————N_20

Highly divergent

G_15

K_6

H_10

H I_12

H_ 13

H H_19

L w_8

Y 2

K_14

E_9

D_11

Y 1



Amino acids: detecting sites with different evolutionary pattern

w_18

—W_4

Trp

L w_17

F_3 =

F 5

W F_16

F —————F_20

Conserved for big
Phe hydrophobic residues

F_15

F_6 —

—

w_10

W ——W_12

L w_13

L w_8

w_2

W_14

F? Phe

F_11

LI

w_1

Trp




Summary of changes

Slow evolution
(highly conserved)

Fast evolution
(highly divergent)

Slow evolution
(highly conserved)

Fast evolution
(highly divergent)

Slow evolution
(highly conserved)

Slow evolution
(highly conserved)

Fast evolution
(highly divergent)

Fast evolution
(highly divergent)

Slow evolution
(highly conserved)

Slow evolution, but
another type
(highly conserved)

Type 0

Type 0

Type |

Type |

Type |l

Conserved for structural and/or
biochemical properties

Either not important, or adapted
in each species.

Change in evolutionary rate.
Either a residue is recruited for a
new function, or a position
presents relaxation in selection
pressures.

A residue is recruited for a new
function.



Fixation of mutations in the genome

* Have a deleterious effect on the fitness:

— Not likely to bo fixed.

=> Negative (purifying) selection (Darwin theory)
* Have a positive effect on the fithess:

— Likely to be fixed.

=> Positive selection (Darwin theory)
* Have no effect on the fitness:

— May or may not be fixed (random process)

= Neutral evolution (Kimura theory, early 70s)




Fixation of mutation in the genome
« Difficulty:

Differentiate between

NEUTRAL EVOLUTION (Most cases)

and

POSITIVE SELECTION (A few cases)



Statistical measure of selection / adaptation

* Null hypothesis:

— All amino acids / nucleotides are fixed under neutral
evolution.

« Alternative hypothesis:

— A subset of amino acids / nucleotides are fixed under
positive selection.

* Test: Do we have more amino acids under
positive selection than expected?



Amino acids: detecting sites with different evolutionary pattern

* Various tools exist:

— DIVERGE (Gu et al., Bioinformatics 2002): Graphical User
Interface. Works only in Windows.

— BADASP (Edwards and Shields, Bioinformatics 2005): Easy to
use. Doesn’t provide stastitical measure.

— TDGO09 (Tamuri et al. Plos Comp Biol 2009): Provide likelihood
inference per site. Can be used on convergent data.

— FUNDI (Gaston et al., Bioinformatics. 2011): Mix Type | and Type
ll. Use phylogenetic tool to estimate parameters.

Other tools:

— SPEER (Chakrabarti et al., Mol Biol. 2007)

— CHECKCOQV (Pupko and Galtier, Proc Biol Sci. 2002)
— SHIFT-FINDER (Pontarotti’s lab, unpublished)



Parameters to be estimated

* Alpha shape parameter of the gamma distribution
 Amino acid frequencies
* Branch size



Asymmetric Evolution in Two Fish-Specifically Duplicated Receptor
Tyrosine Kinase Paralogons Involved in Teleost Coloration

B Pdgfr3
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- DIVERGE, used to detect Type |

—E of functional divergence
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Braasch et al., Mol Biol Evol 2006



TDGO09 Algorithm: Amino Acids

» |dentifying changes in selective constraints: host shifts in influenza.
Tamuri AU, Dos Reis M, Hay AJ, Goldstein RA.
PLoS Comput Biol. 2009 Nov;5(11):e1000564.

« Sitewise non-homogeneous phylogenetic model that explicitly takes into
account differences in the equilibrium frequencies of amino acids in

different hosts and locations.

Homogeneous Non-homogeneous
assumption assumption

Y Y
Avian Avian

Human Human



TDGO09 Algorithm: Amino Acids
A l | B l | R1

q [.F“ ml b
. #

Avian Avian R2
e ——
Human Human
Substitution rate Substitution rate

identical throughout the tree different throughout the tree



Practical:

http://beta.cathdb.info

=About

=>Tutorials

=>Detecting sites under functional divergence
=Part | on amino acids dataset






 Protein: nucleotide to amino acid

» Measuring positive selection using the dN/dS
ratio.



!

* Type l
* Type ll

OSTMmMIDID
momimJoJxn 0

* dN/dS helps to identify the constraints.



Protein: nucleotide to amino acid

Inverse table (compressed using [UPAC notation)

AA Codons AA Codons

Ala/A GCU, GCC, GCA, GCG Leu/L UUA, UUG, CUU, CUC, CUA, CUG
Arg/R CGU, CGC, CGA, CGG, AGA, AGG Lys/K AAA, AAG

Asn/N AAU, AAC Met/M AUG

Asp/D GAU, GAC Phe/F UuUuU, UuC

Cys/C UGU, UGC Pro/P CCU, CCC, CCA, CCG

GIn/Q CAA, CAG Ser/S UCU, UCC, UCA, UCG, AGU, AGC
GIu/E GAA, GAG Thr/T ACU, ACC, ACA, ACG

Gly/G GGU, GGC, GGA, GGG Trp/W UGG

His/H CAU, CAC TyrlY UAU, UAC

lle/l AUU, AUC, AUA Val/lV GUU, GUC, GUA, GUG

START  AUG STOP UAA, UGA, UAG



How to detect Positive Selection?

- Make use of the degenerate genetic code.

- Assume that dS (synonymous) substitutions are
neutral.

- Assume that dN (non-synonymous) substitution
are either neutral (fixed under random drift) or
fixed under positive selection.



How to detect Positive Selection?

Species 1 A L P H Y
GCC | CTT |[CCT |CAT | TA
Species 2 A R P H Y
GCC |CGT [CCT |CAT | TA




How to detect Positive Selection?

Species 1 A L P H Y
GCC | CTT |[CCT |CAT | TA

Species 2 A R P H Y
GCC |CGT [CCT |CAT | TA

15 nucleotides: 11 non-synonymous sites and 4 synonymous sites
1 synonymous substitutions (S) and 1 non-synonymous substitution (N)

dN = number of nhon-synonymous substitutions =1/11 = 0.09
non-synonymous sites
dS = number of synonymous substitutions =1/4 =0.25

synonymous sites
dN/dS (o) = 0.09 / 0.25 = 0.36
dN/dS < 1 -> purifying selection

dN/dS =1 -> neutral evolution
dN/dS > 1 -> positive selection !



Branch models

(Yang 1998; Yang and Nielsen 1998)

* One ratio model: estimate different dN and different dS, but keep the same ratio
on all branches: null model

« All branches on the tree are under the same degree of selective
pressure (i.e. same constraints).

Mmu_rhesus 0.8066
0.8066
Pne langur 0.8066
0.8066
0.8066 — Cguw/Can_colobus 0.8066
Hla_gibbon 0.8066
0.8066

Hsa Human 0.8066

Ssc_squirrellV 0.8066

Cja_marmoset 0.8066



Branch models

(Yang 1998; Yang and Nielsen 1998)

« Estimate all dN/dS ratio for each branch on the phylogeny

IMmu_rhesus 292.0000
1.5041
— Pne_langur 0.8725
3.5119
04917 — Cgu/Can_colobus 0.6511
— Hla_gibbon 02519
992.0000

—— Hsa_Huwmnan 0.7183

Ssc_squirrelM 0.5605

Cja_marmoset 0.0001



Branch models

(Yang 1998; Yang and Nielsen 1998)

 Estimate different dN/dS ratio on one or more branches

IMmu rhesus 0.6858
0.6858

Pne langur 0.6858

3.5057
0.6858 Cegw/Can_colobus 0.6858

—Hla_gibbon 0.6858

0.6858

—— Hsa_Human 0.6858

Ssc_squirrellv 0.6858

Cja_marmoset 0.6858



Site models

(Nielsen and Yang 1998; Yang et al. 2000, Yang et al. 2005)

« Estimate all dN/dS (w) at each site (codons) into three categories (or more):

w0 (yellow) = negative selection
w1 (grey) = neutral evolution (or nearly-neutral)

w2 (rouge) = positive selection

v
Il
o
N
—
-

[ ] @, =0.034 D w,=0.74 . @

0.8
0.6

0.4

0.2
0 Ty r Y —L‘—“va—""

1 11 21 31 41 51 61 71 81
Amino acid sites in the HIV-2 nef gene

91 101 111 121 131 141 151 161 171 181 191 201 211 221 231 241 251



Site models

(Nielsen and Yang 1998; Yang et al. 2000, Yang et al. 2005)

Posterior probabilities of site classes for sites along the MHC class | gene under the
random-sites model M8

O 8 I
1. I
pEE P M e SAEE Ll L I B ey LR R OPEN 1L WP B A N B W RS
MK IA D] 'RE EQEGPEYWDGET JTHRVDLGTLRGY JRMYGC 'EDLRSWTAADMA EQ \YLEGTCVEWL ENGKETLQRTDA! DHEATLRCWALSFYPAEI TLTWORDGEDQTODTELVETRPAGDGTFQKWAAVVVPSGQEQR
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mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
PSR S R

Yang Z , Swanson W J Mol Biol Evol 2002;19:49-57




Branch-site models

(Yang and Nielsen 2002, Zhang et al. 2005)

» Detect positive selection that affects only a few sites on pre-specified lineages.

« foreground branches = branches under test for positive selection.

 background branches = all other branches.

» LRT: branch-site model A is the alternative model (w2 > 1), while the simpler null model is

model A but with w2 = 1 fixed.

Branch leading
to Mammals

RATNO13_77_PE2/1-501
MOUSE]_165_PE1/1-901

PT1_162_PE4/1-901
#1 HUMAN]_180_PES/1-901
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MONDO2_71_PE3/1-901
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EPIVGSITTCRLDSSVVPN
MACMUI1_ 212 PE4/1-901 EPIVCSITTGRLDSSVNMPNT
EPIVCGSITTCRLDSSVVEN
EPIVCSITTGRLDSSVNMPN
EPIVCGSITTCRLDSSVVPN
EPIVCSITTGKLDSSVNMPN

TVTEFTITRLYPATEYEISLNSVRGREES
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We can estimate ancient dN/dS.

e Analyses done on 884 genes families (2’673 branches).
e Percentages of branches with sites under positive selection:

o KAv @2

n=4 Danlo Euteleostel Xenopus Gallus Mammalia
n=4
46%
(2.9%)
26%
(0.9% sites)
36%
\ i .

fish specific genome fﬁ
duplication (FSGD) |
(3.0% of sites)

59% (4.7% sites)

Studer RA et al. Genome Res 2008



Example of positive selection in enzyme

Lipase / feruloyl esterase A

E dbj[BAA92937.2| / Aspergillus awamori S I T E S I N 3 D ? ? ?

emb|CAATOS11.1|/ Aspergillus tubingensis [

Lo SP|O42807| / Aspergilius niger

eb|ABAS4275.1|/ Yarrowia lipolytica | |

% pdb|1TIA| / Penicillium camembertii

& gb|AAB26004.1| / Penicillium camembertii 1
D R
—e emb|CAC19602.1 / Nectria haematococca 7 /\' )wm
. ) 7S
) » e A\
Lo g2b|AAB34680.1| / Fusarium heterosporum 2
. {
Le {
2 . i 9
o £blAAQ23I81.1| / Gibberella zea [ ] J
' G ‘
V.
o splO59952|/ Thermomyces lanuginosus ]
y
y

'} £b|AAC60540.2|/ Rhizopus niveus

dbj|BAA02493.1|/ Rhizopus niveus

o Positively selected sites in blue

Levasseur A et al. BMC Evol Biol 2006



Positive selection detected in RubisCO

C, adaptive changes

lineage 101 142 145 258 270 281309 328
all C, (206) o

w

L17 (3
L16 (1
L15 (1
L13 (5)
L12 (18)
L11 (3
L10 (1
19 (1
L8 (1
L7 (19)
L6 (2
L5 (1

L3 (1
L?l 33) C4 HAS A HIGHER

sabeaul| ' sseub

L2 (2 TURN-OVER

u L1 (4

THAN C3.
L18 (2
L19 (3
L20 (4
L21 (1
L22 (1
123 (20)

CAM (2)

rm il Mmfmtlﬂl

sabpos "9

MIWFMI

Christin PA et al. Mol Biol Evol 2008




Databases of positive selection
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Selectome: database of positive selection
http://selectome.unil.ch/

N EXTA

cdecieme  BETA Selectome: a Database of Positive Selection M
Ni:E:MIA UNIL | Université de Lausanne
N RETA

Selectome © 2008/2012 selectome [AT] unil.ch
Search Welcome on BETA Selectome home page

example

Selectome is a database of positive selection based on a rigorous branch-site specific likelihood test. Positive selection is
Basic search: detected using CODEML on all branches of animal gene trees. The web interface of Selectome enables queries according both to
the results of positive selection tests, and to gene related criteria. Test results including positively selected sites can be
visualized on the tree, and on the protein sequence alignment.

Co! Clear
We are currently improving our source data selection as well as the filtering steps on multiple sequence alignments in order to
Advanced search get more reliable results.
The interface uses the multiple alignment viewer applet Jalview.
About The current data are built from the Ensembl database version 61.
Quick guide
Methods Last News
% . [2012-02-15 || Add extra annotations in trees; Add new xrefs; various bug fixes
ow to cite ?
Contact I 2011-10-24 ISeIectome release 05, based on Ensembl 61, Primates taxa

I 2010-08-18 I Full Selectome release, based on TreeFam7 A & B
| See all news
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Selectome: database of positive selection

http://selectome.unil.ch/
NOPTRLTA

Selectome © 2008/2012

selectome [AT] unil.ch

Search Advanced search
example I Search by terms ] | Search by branch I I Tips I

Basic search:

Search for a branch
Go! Cl
- e —Choose a branch
Advanced search Taxon | Primates
Selected taxon : Catarrhini
About ,
Homo sapiens
Quick guide EPan troglodytes
Methods Gorilla gorilla
Downloads | ——a Pongo pygmaeus
How to cite ? + I aMacaca mulatta
Contact * #Callithrix jacchus
" ®Tarsius syrichta
aMicrocebus murinus
# 0tolemur garnetti
Positive selection : (+) With Without I don't care
Submit

Not sure about the taxonomy? Visit the NCBI Entrez Taxonomy website.
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Selectome: database of positive selection
http://selectome.unil.ch/

File Edit Select View Format Colour Calculate Help
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The Adaptive Evolution Database (TAED)

http://lwww.wyomingbioinformatics.org/TAED/

ii UNIVERSITY OF WYOMING UW Home |Ab:-_‘: uw |App|\,f |A-Z Directory |Phoruc~,"E-n'|a'l Search UW

— —

TAED Introduction Tree Thrasher TAED Search Tree of Life Alphabetical gene Search

The Adaptive Evolution Database

TAED is a database of phylogenetically indexed gene families. It contains multiple
sequence alignments from MAFFI'I, maximum likelihood phylogenetic trees from PhyMLZ,
bootstrap values for each node, dN/dS ratios for each lineage from the free ratios model in
PAML3, and labels for each node of speciation or duplication from gene tree/species tree
reconciliation using SoftParsMap4. The phylogenetic indexing enables simultaneous viewing
of lineages with high dN/dS that occurred along the same species tree branches.

The current status of the database includes 8,060 gene families. In addition to
making the complete resource available, future updates will also include cross referencing
with PDB and with KEGG>.

The database can be entered through the species tree, where the species tree branch
links to underlying gene families, either all gene families where that species tree lineage is
represented, or the subset with dN/dS>1. It can alsoc be entered by searching for genes of
interest, or through an alphabetical list of gene family annotations. It is ultimately useful in
identifying candidates to answer the question, "What makes this species unique?" or which

genes show signals for diversification under which lineages?
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The Adaptive Evolution Database (TAED)

http://www.wyomingbioinformatics.org/TAED/

branch lengths DN/DS species collapse beyond depth S| * = e T e ]
@ theRoot juplicat « eciation
Branches
show ——Oesesv.as
DN/DS: 1
PREDICTED_hypothetical _protein

PREDICTED_cytochrome_c_oxida

5_homolog__cytochrome

[~ PREDICTED _C(
4
| I

)

>0X15_homolog__cytochrome_c_oxidase_a:

p=

BRAFLDRAFT _1:

hypothetica

COX15_homolog_isoform_1

Click on the inner nodes to collapse or expand the tree one level at a time, double click (fast) to expand entire branches. Clicking on a leaf node will load the NCBI record (if any). Trees will not be visible in
Internet Explorer 8 and earlier, if you do not see a tree in IE9 - try refreshing the page. Internet Explorer 9, Firefox, Safari, and Chrome should all render trees correctly.

O
o
@
2
5]
o

This page ¢ oped by Benjamin Oswald at the University of Wyoming, using the D3 jz nding code by Jason Davies and kueda.




Some advices

« Garbage in / garbage out

=> Sequences of good quality !
* Multiple alignment with best methods
 Remove badly aligned blocks

« Select most appropriate model of substitution (ie
WAG or LG).

« Build trees with Maximum Likelihood / Bayesian.



Some advices

* Prior biological hypothesis:
=> Apply test on the branch of interest.

* No prior hypothesis:
= Apply tests on different branches.
= Apply a False Discovery Rate (FDR) a posteriori.

* Always visualise your result!



Recommended books

* Ancestral Sequence Reconstruction,
by David A. Liberles

Computational

« Computational Molecular Evolution, Molecular Evolution
by Ziheng Yang

Oxford Series in Ecology and Evolution



Practical:

http://beta.cathdb.info

=About

= Tutorials

=>Detecting sites under functional divergence
=Part Il on nucleotides dataset



