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Oco6eHHOCTH MOJIEKYIIPHOM

3BOJIIOITUU

1. CKOpPOCTB 3BOJTIOIIMN J1I000T0 OeKa,
BhIpasKeHHas uepes Umcjo
AMMWHOKHCIOTHBIX 3aM€EH Ha CaUiT B
rof, IpUOIN3NTENbHO ITIOCTOSIHHA U
OJIMHAKOBa B PAa3HbBIX
punoreHeTNYECKUX JIMHUSAX, €CIIN
TOJIBKO PYHKIIUA U TPeTUUHASA
CTPYKTYypa 9TOro 6eKa OCTal0TCS B
OCHOBHOM HeN3MeHHbBIMU.
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Bri6op

[10CJIeTOBaTeIbHOCTEU

 [IociTenoBaTeIbHOCTU
,II;OH}KH bI 6BITB I‘OMOHOI‘I/IqHBI ! Selection of organisms or a gene family

[IporpaMma BBIPOBHSIET S
TI00BIE TOCTIEHOBATEIBHOCTY s st s
=> HY>KHO IIPOBEPUTH C .
ITOMOIIbIO Blast ch

+ 3aTeM HY>KHO BEIPOBHSATD .
[T0CJIeIOBATEIbHOCTH, U 110 vissoitisich
1OJIVUMBIIIEMYCS R
BbIPAaBHUBAHUIO, |
OIIPeJIeINTh, KaKUe
[10CJIeJIOBATEIbHOCTH
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«IAPPEKT ThIKBEHHOTI'0
[Ipora»

—— AF474358 Orconectes rafinesquei

— AY701245 Orconectes putnami

L— AF474363 Orconectes tricuspis Pe ]'_'|"e IIT TBIKBEHHOTIO
AY701226 Orconectes illinoiensis Cache ]___[ I/I p O I‘ a H a
AF474361 Orconectes stannardi (bI/IHOPeHeTI/IquKOM

nepeBe KPEBETOK.

AF474362 Orconectes margorectus

AF474347 Orconectes burri
100

Pumpkin Pie

AF474359 Orconectes sanbomii 1
100

AF474360 Orconectes sanbornii 2

—— AF474357 Orconectes propinquus

— AF474350 Orconectes illinoiensis Ohio
0.1 substitutions/site
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DSIEGCDESIS ASA I MEBNAKVK
DSIECDESISASA I MEGNPKVK
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DSIECNESIS ASAITMENPKVK
DSIECN SPSAILEGNPKVK

DSIBGNESISASA I MEBNPRVK
PHLSACQ ------ DATQLLS
I DBHP - - - - - SAQLR

D HH ----- SQQLR
SHL DEBIP - - - - - SSQVR

PHI D H ----- SAQVKG
~-DVBIH - - - - - SAQVKG



Oco6eHHOCTH MOJIEKYIIPHOM

3BOJIIOITUU

2. DyHKIIMOHAJIBHO MeHee Ba>KHbIe
MOJIEKVJIbl UJIU UX YaCTU
S5BOJIIOIIMOHUPVIOT (HaKaIlJIMBas
SBOJIIOIIMOHHbIE 3aM€eHBbI) ObICTpee,
yeMm 00Jiee BasKHBIE

3. MyTallMOHHbIE 3aMEHBI,
[IPUBOSIIME K MEHBIIINM
HapVIIEeHUAM CTPYKTYPhI U (DVHKIITUU
MOJIEKVJIbIl (KOHCEpBaTUBHbIE
3aMeEHBI ), B XOJI€ 3BOIIOLIUU
[IPOUCXOOAT Yallle TeX, KOTopkIe
BBLI3BIBAIOT CYII[ECTBEHHOE HapVIIIeHUe
CTDVKTVDEI Vi ODVHKIIMU 3TOU



Pa3nmnuuga Me>Kay IepeBoM
reHOB U JepeBOM BUI0B

FIGURE 1. A gene tree contained within a species
tree leading to three extant species: A, B, and C. Bold

branches of gene tree show relationships among the FIGURE 2. Discord between gene and species trees.
sampled copies of the gene (@). Sampled copies from At left is the species tree of four species, A, B, C, and
sister species B and C are sister copies. D, and at right is the tree of a gene sampled one copy

per species. Species B and C are sister spedes, but
their gene copies are not sister copies.

[Ipo6semMa: OpTOJIOTU U IIapaIoTU
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Species X

O. arles
S. scrofa
S. acanthias

D. plexippus
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C. auratus A
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—
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O. fasciatus B
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O. faclatus C
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C. lectularius
A nerll

A. pisum

B. tabaci
D.citri
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SpeciesY  SpeciesZ Gene tree Species tree
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seesBicaans Bo.o.s.0.0 000880 [+ .F Pig
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Swallowtail butterfly

ickor

Silkworm moth

bane tiger moth
Hickoey tuss

Dogbane beetle A

bane beetle B
Milkweed leaf beetle
Willow leaf beetle
Red milkweed beetle
Locust borer beetle
Milkweed stem weevil A
Milkweed stem weevil B
Aslatic oak weevil
Red flour beetle
Ground beeti:d

e milkweed bug A
'éﬁgll milkweed bug A
Large milkweed bug B
Small milkweed bug B
Large milkweed bug C
Small milkweed bug C
Boxelder bug
Common bed bug
Oleander aphid
Pea aphid
Cotton whitefly
Asian citrus psyllid

tussock moth

ATP1A1

Lepidoptera

ATPal

Coleoptera

Hemiptera
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MapKepr
CBOMCTBaA;:

-I'eHbI, KOTOPBIE IPeACTaBIeHbI OJHOM
KOIMeN B TeHOMEe JIydIlie, UeM Te,
KOTOPBIX MHO>KECTBO KOIIH.

«[JJIMHA I'eHa He NOJI’KHA BapbUPOBATh
YV Pa3HbIX OPraH13MOB

*CKOPOCTHh U3MEHEHU S I'eHa JOJI’KHA
COOTBETCTBOBATH CKOPOCTHU 3BOJIIOIIUU
TAaKCOHOB 33/IaHHOT'0 YPOBHSA

»JIOJI>KHBI JIETKO MOJI0MPATHCS
crieliryecKye IIpariMephl
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Figure 2: Regions of phenotypic distance comresponding to different estimates

of evolutionary distance. R: *Parsimony zone”, region where evolutionary

distance is accurately approxamated by phenotypic distance d. G: "Probabilistic

zone”, region where the p-distance under-estimates evolutionary distance. N:

“Mutational saturation zone", region where the evolutionary distance cannot be
estimated because of loss of phylogenetic information.
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MapKEepEkI

Description

« PubocomasibHbIe I'eHbI
- MUTOXOHAPUANIbHBIE — =~ somssio=

dnaA involved in DNA synthesis initiaion

redsl (COI/IL, 12s RNA, = o

groEL Encodes bactenial heat shock protein.

gltA Encoding ditrate synthase |
‘ ! ’ t ITS Piece of non-functional RNA stuated between structural

ribosomal RNAs precursor transcript.
lux Gene encode proteins involved in luminescence
PEPCK Codes for phosphoenolpyruvate carboxykinase

» XJIOPOIJIACTHBIE T'@HBI e s it

Role in recombination
U2 snRNA Component of the spliceosome
Wspgene  Encodes a major cell surface coat protein
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Non-coding intergenic spacer region located in plastid '
trnH-psbA genome
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Br1i6op Mogeny 3aMeH

A. Jukes-Cantor model

Qa-»

C. Kimura 2-parameter model

QO->

« and B are the rates of transitional and transversional substitution, respectively.

E. Hasegawa er al. model

QO

F. Tamura-Nei model

QO >

Pe3ynbTaThl BIUMCIIEHNS 9BOTIOMOHHBIX JUCTAHIINN

" A A A
A - A A
A A - A
A A A -
A is the rate of substitution.
E B B (o4
B o B
B @ B B
o B B -

- grB gcB 8%
gaB - Bc&x gob
gaB g e gh
PPN grb gch 2

« and B are the rates of transitional and transversional substitution, respectively,
and g; denotes the nucleotide frequencies (i=A,T,C,G).

- g8 gch 8%
ga8 - gc g6h
gab g1 . g6h
EAQ) grd gcB =

«) and a; are the rates of transitional substitution between purines and between
pyrimidines, respectively; B is the rate of transversional substitution; and g
denotes the nucleotide frequencies (i=A,T,C,G).

Ctenotus, 128 gene
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Simulated models
Figure 3 Precision of the four criteria corresponding to 24 simulated models. Categories along the x-axis represent the 24 simulated
models. For the sake of clar ty onl) seven models are labelled, and each one is followed by three similar ones (e.g, JC is followed by JC + 1, JC
+ I, and JC |+ [’) The y-axis represents the means and sta ndard deviations of predsion values for each simulated model across the 14
simu lat ions, which are different statistical results fom lh n Additional file 2. The markers denote the means, while lengths of error bars
denote the stanuard deviation values.

AIC — Akaike’s Information Criterion. bricTpee

BIC — Bayesian information criteria. He «1r06uT» 6011ee
CJIO>KHBIE MOeU

DT — decision theory

LRT — TecT COOTHOIIIEHNS BEpOSITHOCTEMN. «JIF0OUT»
6oJIee CJIO>KHbIEe MOIeIIH.




Types of data used in phylogenetic inference:

Characters

Species
Species
Species
Species
Species

mMOoOOw»

ATGGCTATTCTTATAGTACG
ATCGCTAGTCTTATATTACA
TTCACTAGACCTGTGGTCCA
TTGACCAGACCTGTGGTCCG
TTGACCAGTTCTCTAGTTCG

Distances

C D E

Species A| ---- 0.20 0.50 0.45 0.40

Species B| 0.23 ~---- 0.40 0.55 0.50

Species C| 0.87 0.59 ~---- 0.15 0.40

Species D| 0.73 1.12 0.17 =---- 0.25

Species E| 0.59 0.89 0.61 0.31 ----
4

Example 2: Kimura 2-parameter distance

(estimate of the true number of substitutions between taxa)

UW

“p" distance
(=observed percent
sequence difference)



MeTOdbl DPEKOHCTPVYRKIINMNA

JuCcTaHIIMOHHbIE 1 ﬁaKcnmaanon MaRrcHMaIbHON

3KOHOMUU BEepOATHOCTHU

VCrOIb3VIOT TONMBKO | MICIIOIB3VIOT VCcnionb3yIOT BCE
IIOIIapHbIe TOJIBKO IaHHbIE
OUCTAHIIUU CHMMBOJIbHEIE

IaHHbIE
MuUHMUMU3AIUSA MuHMUMM3AIIUA MaRrcuMu3anus
OUCTAHIIUU MEKIOY 0O11Ie¥ OIVHBI BEepPOSATHOCTU
ONM>KaNIIINMU oepeBa 3aJaHHOTO JjepeBa C
cocegsaiMu (MMHMMM3ALIUS YUETOM 33[JaHHBIX

YKC/Ia MyTalluM [TapaMeTpPOB
OueHb OBICTPEHIE MeneHHbIe OyeHb MeIJIeHHbIE

Iy T TOKAIbHBIN
OIITMYM BMECTO
r71002/TBHOTO

HeBepHEI ITpU
OBICTPOM CKOPOCTHU
3BOJTIOIN U

CUJIBPHO 3aBUCAT OT
[IPaBUJIbHOCTU
BBIOpaHHOM MofeIu

Xopouiu gig
YEepHOBOT'0 UNTU

1 TTNAOTTRAANIAMAOTTLLELIN T D

JIyuIy Be100p
VI TIOOXOOSIIIE N

prLiAANZ Al 90

XOpoI1u Ijid OUeHb
MaJIeHbKUX HabopoB

TTALTLI.TV IA IT71TTO ODTTODOLLIYY7A 1




JIIMCTAHIIMOHHEIE METOIEB]
Neghbor-joining
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JIIMCTAHIIMOHHEIE METOIEB]
Neghbor-joining

Table 2
Sy Matrices for Two Cycles of the NJ Method for the Data in Table 1

A. Cycle 1: Neighbors = [1, 2)

S10T "ST yup uohisond |Aq Aip sjrumno

OTU
OTU I 2 3 4 5 6 7
2 . 36.67
3. 3833 3833
4 . 39.00 39.00 38.67
5 4an i3 4n 33 40.00 19 67
6 . 40.33 40.33 40.00 39.67 37.00
7 4017 4017 39 83 39 .50 IR R13 3R R13
8 . 40.17 40.17 39.83 39.50 38.83 38.83 37.67

B. Cycle 2: Neighbors = (5, 6]
OTU

OTU i-2 3 4 S 6 7
- 31.50
4 . 32.20 32.30
3 3 33.90 33.90 33.70
6 . 33.90 33.90 33.70 31.30
7. 33.70 33.70 33.50 33.10 33.10
8 . 33.70 33.70 33.50 33.10 33.10 3190




JIIMCTAHIIMOHHEIE METOIEB]

Neghbor-joining




3aueM HY>KHa ayTIpyIIIia
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(KOHTpOIIS),
OVCTAHIIVS OT
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yeM OT APYIUX.
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oepeBo
«YKOpeHsIeTCsI», a

TaK)Ke BHYTPU
mTenerRa VOUIDACTCT



NTUCTAHIIMOHHbIE METOIbI
Neghbor-joining
A C G A
A AN
A G A G A A A G
‘He yunThIBalOTCSI 00paTHBIE U ITapaJyIe/IbHble 3aMeHbI
=> MbI CUMTaeM He HaCTOAIIYIO JUCTAHIINIO
(paccTosiHMe), a peJaKIIMOHHOE PaCcCTOsSTHUE.
‘BeIuKiCcIUTENILHO 6051ee ObICTPHIE.
B 60/IBIIMHCTBE C/Iy4YaeB OlleHUBAIOT TOJIBKO

TOIIOJIOTHIO JIepeBa, He BOCIIPOM3BO/S MCXOIHVIO

I10CI1e10BaTEJIbHOCTD.

-Ecitn y Hac 6yaeT 6ecKkoHeuHas MOC/IeJoBAaTeIbHOCTD,
O METI C ROADOATEHOCTERIO 1009~ TTOTTVUIANM TACTIALIETNO O



MeTonbl MaKCUMAaJIbHOU
3KOHOMUU

‘MUHUMM3AIIMLG UMC/Ia 3aMeH CMMMBOJIOB
‘Bcerzia peKOHCTPYUPVIOT IIpeJKOBEbIE

10CJIeJOBATEeIbHOCTHU
-JIyuririe paboTaeT Ha
HeOOoIbININX Habopax
I10CIeNOBaTeIbHOCTEY
BO MHOTUX CITYUasIX
Ha 00IbIIINX 00 BbEMAX
OaHHBIX paboTaeT XYk

Let S be a set of n sequences, each of length n, over a
fixed alphabet . Let T" be a tree leaf-labelled by the set S
and with internal nodes labelled by sequences of length n
over X. The length (or parsimony score) of T with this la-
belling is the sum, over all the edges, of the Hamming dis-
tances between the labels at the endpoints of the edge. (The
Hamming distance between two strings of equal length is
just the number of positions in which the two strings differ.)
Thus the length of a tree 1s also the total number of point
mutations along the edges of the tree. The Maximum Parsi-
mony (MP) problem seeks the tree T leaf-labelled by S with
the minimum length. While MP is NP-hard [4], construct-
ing the optimal labeling of the internal nodes of a fixed tree
T can be done in polynomial time [3].
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Figure 2: Regions of phenotypic distance comresponding to different estimates

of evolutionary distance. R: *Parsimony zone”, region where evolutionary

distance is accurately approxamated by phenotypic distance d. G: "Probabilistic

zone”, region where the p-distance under-estimates evolutionary distance. N:

“Mutational saturation zone", region where the evolutionary distance cannot be
estimated because of loss of phylogenetic information.




MeTOOEl MaKCHMMAJIbLHOU
BEPOSATHOCTU

‘TaK >Ke, KaK M B CJIydae C MeTOJaMM1 MaKCHMMaJlbHOM
5KOHOMMU, TeHEePUPYET BCe BO3MO>KHbBIE TOIOJIOTUHU
IepeBbeB

[IpeamnosnoskeHyre 0co00M MOJIeIn B0

B oTiIuMe oT MeTola MaKCHUMA/JIbHOY SKOHOMUU
MO>KeT MIpeaIioaaraTh Pa3Hyi CKOPOCTh 3BOTIOINU U
CKOPOCTH 3aMeH B pa3HbIX BETBSIX JiepeBa

[TOoNCK JepeBa ¢ MaKCMMAJIbHOW BEPOSITHOCTBIO
CYIIleCTBOBAHMS, COOTBETCTBYVIOIIEI0 JaHHBIM

‘UeM 60J1bIIIE ITOCTIEN0BATENbHOCTD, TEM BEpPOsSITHEE
HAWTH UCTUHHOE JIepeBO

«CaMble MeJIeHHbIe



MeTonbl MaKCUMAaJIbHOU
BEpPOSITHOCTU

(A) 1
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(D) € G.AaQ CCAG
A N/
Lj=Prob| A // ) + Prob C\ / )

A

(
(

(E) N
L=Lay*Lig=-...» Lon=T1 l,(!)
j=1

(F) N
InL=1In Lﬂ) + In L(z) + ...+ In L(N) = Z In L(j)
j=1

« B rio3uimu j ojisi KaskKmoro

BHYTPEHHETr0 y3JIa JONYCTHUMbI BCe
yeThIpe HYKJI€OTH/IA, 3HAUUT BCETO
4.*14,=16 BO3MO>KHBIX [J€PEBHEB.
Kaykmoe 13 epeBbeB 3TO
IIpoM3BeeHre BePOSITHOCTU
BO3HUKHOBEHMS KaKoro-iubo
OCHOBAHMS B KOPHeE JlepeBa U
BEPOSITHOCTH €ro 3aMeHbI Ha TOT,
KOTOPBIU B ciiefyioIiem y3ie. T.e.
YaCcTOTa HYKIEOTHIa YMHOKeHHas Ha
BEepOSITHOCTD €r0 MyTallH, eCIIU
rpy6o.

A = 0.25 or cpegHdAd yacToTa A B

10C/Ie0BATEILHOCTH 3aBUCUT OT
mogenu) f A->C TpaHcBepcus = 107°
and A->G TpaH3UIUU = 2X107° f

BepodaTHOCTB T1 = 0.25 X 2X10-6 X 10-6 =

5X10-13



O1leHKa nogaep>KKU JIepeBa

Bootstrap

0123456789

rat GAGGCTTATC
human GTGGCTTATC
turtle GTGCCCTATG
fruitfly CTCGCCTTTG
oak ATCGCTCTTG
duckweed ATCCCTCCGG

rat

human
turtle
fruit fly

oak

duckweed

Inferred tree

001122234556667
rat GGAAGGGGCTTTTTA
human GGTTGGGGCTTTTTA
turtle GGTTGGGCCCCTTTA
fruitfly CCTTCCCGCCCTTTT
oak AATTCCCGCTTCCCT
duckweed AATTCCCCCTTCCCC

445556777888899
rat CCTTTTAAATTTTCC

human
turtle

CCTTTTAAATTTTCC
CCCCCTAAATTTTGG

fruitfly CCCCCTTTTTTTTGG
ocoak CCTTTCTTTTTTTGG
duckweed CCTTTCCCCGGGGGG

MoBTOPUTL

nepecTaHoOBKY

100 — 1000 pas

65

human

turtle

fruit fly
S5 pr—— 02k

e duckweed



OlleHKa nogaep>KKu JIepeBa

-Bayes inference

AT C: BB € A

. > a The prior probability of a tree represents —_
PriTree | D e P[[ Data | Tﬂ.el X P[[TYL‘(.] the probability of the tree before the ;
r[ rec a[a] 0l PrIData observations have been made. Typically, 2]
l‘[ 4 ] all trees are considered equally probable, —_
a priori. However, other information can =y
be used to give some trees more prior 2
probability (c.g., the taxonomy of the
group).
Tree 1 Tree 2 Tree 3
L at : L
The likelihood is proportional to the o
probability of the observations (often =~
an alignment of DNA sequences) =
conditional on the tree. This probability s
requires making specific assumptions S
about the processes generating the = _-
observations. o |
Tree 1 I'ree 2 Tree 3
=
The posterior probability of a tree is the e
probability of the tree conditional on the —
observations. It i1s obtained by combining o
the prior and likelihood for each tree 2
using Bayes' formula. B _-
a —
Tree | Tree 2 Tree 3
BAYES MLBOOT
Correct model Incorrect model Correct model Incorrect model
Support category (%) N % wrong N % wrong N % wrong N % wrong
70.1-80.0 418 17.3 262 54.6 612 10.8 634 153
80.1-90.0 542 10.2 337 374 713 45 622 85
90.1-95.0 409 6.2 292 404 399 20 30 47
95.1-100.0 1216 1.7 2,622 15.6 505 0.2 293 20




