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M ESQUITE A modular system for

evolutionary analysis

W.P. Maddison  University of British Columbia
D.R. Maddison Oregon State University

If you're looking for Mesquite Software, Inc. or its CSIM 18 toolkit for building simulation models, go here

Current version: 2.73

Mesquite is software for evolutionary biology, designed to help biologists analyze comparative data about organisms. Its emphasis is on phylogenetic analysis, but some of its modules concern

Home population genetics, while others do non-phylogenetic multivariate analysis. Because it is modular, the analyses available depend on the modules installed. Analyses include:

Features * Reconstruction of ancestral states (parsimony, likelihood)
* Tests of process of character evolution, including correlation
Manual * Analysis of speciation and extinction rates
* Simulation of character evolution (categorical, DNA, continuous)
* Parametric bootstrapping (integration with programs such as PAUP* and NONA)
* Morphometrics (PCA, CVA, geometric morphometrics)
* Coalescence (simulations, other calculations)

Developers . . y P -
P  Tree comparisons and simulations (tree similarity, Markov speciation models)

Source Code  There is a brief outline of features, which includes screenshots. Mesquite is not primarily designed to infer phylogenetic trees, but rather for diverse analyses using already inferred trees.

The Mesquite manual describes in more detail why Mesquite was made.The manual is in the download, or can be browsed here, and is also available as a printable pdf (up to date as of as of version
2.0).

The manual also has a page describing new features and bug fixes since version 1.0.

Mesquite is modular: when it starts up it surveys to find the installed modules, which then become available to be combined to perform analyses. Some modules handle graphics (charts, editors)
and user interface, others do the analytical calculations. The analyses may come from different fields such as phylogenetics, population genetics, morphometrics. By combining different graphical
and analytical modules, a large number of alternative analyses can be composed by the user, including novel analyses that bring together questions from different disciplines. Thus, not only
theoreticians, but also empirical biologists can invent new analyses as their science demands.

The manual indicates how to cite Mesquite.

Current status and system requirements

is available for download here. It is an open source project, with source available under the LGPL.

Mesquite requires a Java virtual machine (Java 1.4 or higher). It runs reasonably well on the Mac OS X, on Windows, and on Linux. On the Macintosh operating system, the Java virtual machine is
built in; in other operating systems you may have to install it (see the download page for instructions).

Mesquite discussion list
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#NEXUS
Begin taxa; —— M. yamato — M. yamato
Dimensions ntax=12;
Taxlabels —————— M hayato L M. hayato
M._YAMATO_AZ
M._japonica_T
M._HAYATO_I
M._yoshinagae_KH2
M._stylosa_var.makinoi_0di
M. stylosa_var.stylosa_KZ1
M. Kiusiana-| | . makinoi —— M. makinoi
M._pauciflora_A
M. koshiensis M L M. stylosa | L—— M. stylosa
M._furusei_var.furusei_MS
M._acerina_AS
M._furusei_var .subramosa_AS1

End; M. paucifiora M. pauciflora
:BEG IN TREES; M. koshiensis I: M. koshiensis

TRANSLATE

M. yoshinagae] M. yoshinagae|

M. japonica L————— M. japonica

M. kiusiana M. kiusiana

i "?HMHTQ'RZ’ M. furusei M. furusei
M._japonica_T,
M._HAYATO_I, _[
M._yoshinagae_KKH2, L M. subramosa M. subramosa
M. stylosa_var .makinoi_0d1,
M. stylosa_var.stylosa_KZ1, M. acerina b M. acerina
M. Kiusiana_l, Y oy
M._pauciflora_A, 0008 B
M. koshiensis_M,

18 M._furusei_var.furusei_MS, phylogram Chronogram

11 M._acerina_AS,

12 M._furusei_var .subramosa_AS1;
TREE PAUP_1 = {{{{1:0.1806189955,3:0.1006159955):0.03511267323,4:0.1357316657 ):0.83238870409,2:0.2181203728):0.6152184563, {{{5:0.

END;
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M. yamato

M. hayato

M. yoshinagae
M. japonica
M. makinoi

M. stylosa

M. kiusiana

M. pauciflora

M. koshiensis

M. furusei

M. subramosa

M. acerina
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® Mesquite File Edit aracte Taxa&Trees Tree Drawing Analysis Window Hel
e 00 ‘ :
Pro
; [ Graphics | Text| - Search Features F
_ y List of Character Matrices
: [New Empty Matrix... |
Make New Matrix from > g
A @\v & New Linked Matrix... g 23
) o =]
List of Character Models = E
N W | 01 | s o
o 7 New Character Model > ] e
) epem s 7 2 -
E. = *’ y v ; 1000 New Character Matrix
o M gt New Character Submodel > s _
H g 4 Name of character matrix:
3 i . a8 Character Matrix
_ -y ® Model Settings =
HEEE A | =Y == ) Number of characters: 2
WA TR Lists b
= K AL Save Copy of Matrix b Type of Data:
- _ Save Multiple Matrices S Standard Categorical Data
::,;}_E::I ~7 DNA Data
wod = Protein Data
Y ¥ Continuous Data
k bJ 3 Geographic Data
Meristic Data
/'5 ( Cancel )( OK )
[Ex] €8] ¢ Modified from PAUP 1
@
@ | This tab will display the modules used in this window.
?
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example
- ' - - x
0 0 Character Matrix “Character Matrix"
[ Graphics | Text Parameters Modules Citations O || Search Features Fu

EILIBIE(LIF!

L
~ & Taxon \ Character _
2 @ | 1M yanato A2 | 0 N
l&v q 2 | M.japonica T \' 0 '
3 | M. HAYATO | | 0
=% "‘\v 4 | M. yoshinagae KW2 |' 0
% ¥ s Y15 | M. stylosa var.makinoi|'1
N ™ 6 | M. stylosa var.stylosa I'i' 1
7 | M. kiusiana | |' 0
8 | M. pauciflora A |' 0
9 | M. koshiensis M |'D Ia-‘z)[/ﬁ\%i&
10 | M. furusei var.furusei f 1 °
11 | M. acerina AS ll'[) &)—C/\_ZI\:BEI
12 M. furuseivarsubran 1
A
7
@
@| [t.12 c.15.1) Character 1: [in taxon "M. furusei var.subramosa AS1"]
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* Tree WindowZ B =Trace Character HistoryhMis
Stored CharacterZEiR

« Parsimony/Likelihood|= & A1HEFR BETE RS

® Mesquite File Edit Characters Taxa&Trees Tree Drawing W-ULUAM Window Help
e 00 example Chart Wizard...

New Bar & Line Chart for

—— New Scattergram for
’ Project [ Graphics | Text Parameters Modules Citations O & . New Chart for Tree

E example M
1

£
- = - o (X - »
Project of "example Character Matrix “Character Matrix" -2 |Tree Window 1 showin

» File Incorporatior

Other
Batch Architect

New...

Values for Current Tree...
Trace Character History
Trace All Characters
Trace Character Over Trees
Values for Nodes
Pairwise Comparison
Landmark Drawings
Correlation Analysis
Character-Associated Diversification
. : Diversification (Char. Indep.)
v’l T;‘::‘ from e e @] Lineages Through Time

pe— Other Analyses with Tree
. e Visual Tree Analysis

Save Window as Macro...
[Ex @8] raup 1 Macros Making Windows

DAY
A/ \*/
b ¥

M. YAMATO A2

M. HAYATO |

M. yoshinagae KW2

M. japonica T

M. stylosa var.makinoi Od1
M. stylosa var.stylosa KZ1
M. kiusiana |

M. pauciflora A
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HEREDET (HLIE)
« Current Probability ModelZ 1R
e Square Tree CIZFER AR I[ZLLVND T, Tree Form D Balls&Sticks

File Edit Characters Taxa&Trees Tree Trace WeleVLI‘l Analysis Window

Tree Form
Set Current Form as Default
Background Color
| Text Parameters Modules Citations O @ Defaglt Branch Color ?S:VZI:;m
Show Node Numbers
v Show Branch Colors Circular tree
Branch Length Labels Plot Tree 3D

v Square tree

er Matrix acter Matrix ’i Tree Window 2 sho| Diagonal tree

Drawing Size
v Float Legends Contained Gene (or Other) Trees

Legends To Default Positions Constellation

Text Extras On Trees

m M. stylosa var.makinoi Od1

O M. YAMATO A2
O M. HAYATO |
1O M. japonica T

Corners
Orientation
Line Width...
Branches Proportional to Lengths
Inhibit Stretch Tree to Fit
v Even root to tip spacing
v Centered Branches
Set Current Orientation as Default
Names
Font
Font Size
Default Font Color

Save Macro for Tree Drawing...

Trace Character

1 (3
Character: floral shape
Marginal prob. recon.
with model MK1 (est.)
[rate 1.763282197 [est.)]
-loa L.:6.988257399
o
]

@ | Search Mesquite features; match all terms
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- BMEHIEDETILIF0S1E1S0DREELHEEIARLET HE
TILMkl1E ., B 5ET HET ILAsymm. 2 param. ZEARS (O
ELETELGE TER)

Graphics | Text Parameters Modules Citations O @ [ Search Features Full Interface QcEEl Drawing  Analysis  Window Help
Tree # Character History Source
(| Next Character
Previous Character
Choose Character
Store History...
v Show Legend
Trace Display Mode >
Use Grayscale

v Display Proportional to Weight
Close Trace

M. YAMATO A2

M. yoshinagae KW2

M. japonica T

M. stylosa var.makinoi Od1
M. stylosa var.stylosa KZ1

M. HAYATO |
M. furusei var.subramosa AS1

M. furusei var.furusei MS

M. pauciflora A
M. koshiensis M
M. acerina AS

p
=
3
7
3
=z
=

M. acerina AS

Reconstruction Method

Source of Characters (for Reconstruct Ancestral States)
Stored Matrix

Source of probability models
Report Likelihoods As
Likelihood Decision Threshold...
Likelihood Optimization
About the Model (for Likelihood Ancestral States)...
Probability model Asymm. 2 param. (estimate)
Show Labels for States v Mk1 (est.)

. M. furusei var.subramosa AS1

vvVvyVwvyy

..... » Use Gray for Equivocal |
X i i

F B

B

Trace Character
1 (3

Character: floral shape

Marginal prob. recon.

with model MK1 (est.)

| “loa L.-6.988257399

B

Proportional Likelihoods
1:1.0

PAUP 1
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BayesTraits A F

* http://www.evolution.rdg.ac.uk/BayesTraits.html

Reading Evolutionary Biology Group - BayesTraits

Description

BayesTraits is a computer package for performing analyses of trait evolution among groups of species for which a phylogeny or sample of phylogenies
is available. This new package incoporates our earlier and separate programes Multistate, Discrete and Continuous. BayesTraits can be applied to the
analysis of traits that adopt a finite number of discrete states, or to the analysis of continuously varying traits. Hypotheses can be tested about models
of evolution, about ancestral states and about correlations among pairs of traits.

People

Research Manual (PDF)

BayesTraits - Windows
BayesTraits - Linux

BayesTraits - OS X PPC
BayesTraits - OS X Intel

Selected
Publications

Continuous Manual (PDF)
Software

The bms_runner script uses BayesTraits to predict functional links among genes. bms_runner helps configure BayesTraits on the basis of known,
user-supplied data, and launches BayesTraits repeatedly to seek correlated gain and loss within pairs of genes.

Data Sets
bms_runner - Linux

The Bayesian-Multistate Perl scripts (Buschbom & Barker 2006, Syst Biol 55:471-484) are no longer distributed here. For information on those scripts,
please contact Daniel Barker by email: db60@st-andrews.ac.uk

Back to Software
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« UNIX7RAY S L
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M._HAYATO_I

M. _yoshinagae_KH2

>

NRATAY M._stylosa_var .makinoi_0d1

!
® E& 1__|- : T_l- — /_ : ,§‘ M._stylosa_var.stylosa_KZ1

M. kiusiana-l|

M._pauciflora_A

M. koshiensis_ M
M._furusei_var.furusei_MS
M._acerina_AS
M._furusei_var.subramosa_AS1

=000~ -0 ®
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4 —=F )l — BayesTraits — 84x36

Rand Seed 1286669581

Err: Does have a #MEXUS tag in.

tc64895 :BayesTraits 2 vudai$ ./BavesTraits example2.tre example.txt
Rand Seed 1286669632

Please Select the model of evolution to use.

MultiState.

Discrete: Independent
Discrete: Depend

Continuous: Random Walk (Model A)
Continuous: Directional (Model B)

Please Select the analsis method to use.

1) Maximum Likelihood.

)] FCHC
1

Options:
Model : Multistates
Tree File Name: examplez.tre
Data File Name: example.txt
Log File Mame: example.txt.log.txt
Summary : False
Analsis Type: Maximum Likelihood
ML attempt per tree: 18
No of Rates: 2
Baose frequency (PI's) Nonhe
Character Symbols a,1
Using a covarion model: False
Restrictions:
qal None
qla
Tree Information
Trees:
Taxa:
Sites:
States:




Local Estimator
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M. yamato

M. hayato

M. yoshinagae
M. japonica
M. makinoi

M. stylosa
N DigE
loglL=-6.290513

M. kiusiana

. pauciflora

M. koshiensis : : 75§ 0) ig-l,_ é
logL=-6.550491

M. furusei

M. subramosa

M. acerina
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local estimator|Z&5HHY 545 a3

q10 q20 \\\

12)
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ﬁz\L*Hflﬁo) ﬁé()'u qo1 ',' 'Y, 002

’l \\
12
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Lilac aldehyde B Linalool B Methyl salicylate
Lilac aldehyde A -(Z)-Linalool oxide pyranoid Nonanal

- Lilac aldehyde C (E)-Linalool oxide pyranoid Decanal
Lilac alcohol B (E)-Linalool oxide furanoid Gerany| acetone

HsC _OH HsC __OH HsC< _OH 0
)\/\ I § P Ho—~ 4
OPP - I =) I =P I = Y 0 = H 0
OH 0

Lilac aldehyde Lilac alcohol

Okamoto et al., RXFERT—4
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* http://mesquiteproject.org/pdap_mesquite//MM 5
PDAP:PDTREEZHZ D A—L . fi#) &

* Putin Mesquite Directory77j')lz'3l:0)':|:'0)s PDAPZ#+ /)L
%%esquite@mesquite?d')b’)" [CAN T, Mesquite

\ 4Zg- ( E ) : ) E ) [E http:/ iteproject.org/pdap_| ite/ v ,‘.t’, PDAP

BE &<R3~—Y~ Fv7lL Yahoo! JAPAN Google Scholar Google Y77 Wikipedia TMIESH MMRA®Yh7—2%.. BTIHFY7F - K. NCBI .. L~—Y  Entry for Plant Geno..
B PDAP +

pr il PDA P:PDTREE

Peter E. Midford, Theodore Garland Jr., and Wayne P. Maddison

First released September 2002
Current release November 2008

Important Note

Recent versions of PDAP:PDTREE (1.05-1.14) will calculate statistics for characters that have missing values. When there are no missing values. all statistics have been tested and are, to the best of our knowledge, correct. When there are
missing values, the statistics for screens 1-8 and the bivariate statistics listed at the bottom of the text pane of 'screens’ 9-11 have been tested and are believed to be correct. Likewise, the first 5 columns of FIC files have been tested and are
believed to be correct.

Unfortunately, certain values, such as later FIC file columns and the contrast values that appear in the scatterplots of screens 9-11 are not known to be correct. We are continuing to work on correcting these issues and hope to have a complete
solution in the near future.

If these values are of concern to you, you can always prune your tree down to the number of tips for which you have complete data for two given traits, and save the file. Analyses with contrasts should then be correct for those two traits.

Documentation

Documentation in MS word format available here.

Documentation in PDF format available soon.
News

25 November 2008 Version 1.14 released. This version introduces a flag to ignore tritomies at the root, which are produced by some tree inference programs, updates the guided tour and other examples, adds character names to diagnostic chart
axes, and improves support for writing distance matrices. Thanks to Wayne Maddison suggesting and contributing to these enhancements. This release also incorporates a bug reported by David Maddison when loading a nexus file that had been|
saved with screen 9 showing.

30 July 2008 Version 1.13 released as bug fix. This fixes some problems with scaling in screens 9A and 9B.

3 July 2008 Version 1.12 released. This version supports Mesquite 2.5. Most screens support the "Step Through Trees..." command. Any remaining chart scaling issues with screens 9A and 9B (the root reconstruction and regression screens)
should be resolved.
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o F®/\—hH5Characters>New Empty Matrixz 13
iR

e Continuous DataZxZE IR

T e [ Graphics | Text Parameters Modules Citations O &

Name of character matrix: o

Character Matrix2 I

Taxon \ Character

M. YAMATO A2

M. japonica T
. HAYATO |
. yoshinagae KW2
. stylosa var.making 79.17 | 10.28
. stylosa var.stylosa| 100.0 | 35.48
. kiusiana | 36.36 | 0.34
. pauciflora A 0.0 | 0.0
. koshiensis M 5.0 | 5.72
. furusei var.furusei] 100.0 | 12.83

11 | M. acerina AS 12,5 | 0.07

E‘ M. furusei var.subry 91.3 |22.52

Number of characters: 2

o

|

Type of Data:

Ll

Standard Categorical Data
DNA Data

Protein Data

Continuous Data
Geographic Data

Meristic Data

i~ wvnbelw|iN| =
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Diagonistic Chartz1E 1R

Mesquite File

Edit Characters Taxa&Trees Tree Trace Drawing RLGEWHEM Window Help

0 00

RIFAIIRIL LR D EAT

 Tree windowh b New Chart for Tree>PDAP

Select

Source of characters (for PDAP chart)

Stored Characters
Simulated Characters
Simulated Characters on Trees
Reshuffle Character

, Calculated value for taxon
ACGT Compositional Bias
Characters from Ordinations

example_| Chart Wizard...
— . New Bar & Line Chart for >
New Scattergram for >
Graphics | Text Parameters Modules _Citations O @ B e a 0 ee Nodes Scattergram
Tree # PDAP Diagno a
1 ) =
3 B Other > ?ﬁ
N . “
S 2 Batch Architect > 2
oy o H 3 g
| N R o g g z Values for Current Tree... 3
C N7 pi s g b 3 3 Trace Character History 3 2
g 3 z
g < £ H 3 H Trace All Characters C 2
v ES ES S 5 z Z | Trace Character Over Trees 5 g
Yo = = = = = = Values for Nodes > = =
Pairwise Comparison
24 Landmark Drawings
6] Correlation Analysis
I~ Character-Associated Diversification
. Diversification (Char. Indep.)
& Lineages Through Time
g Other Analyses with Tree >
2
vy oA Visual Tree Analysis >
X 4
R i Save Window as Macro... for example).
o = Macros Making Windows >
-G
-
k bj Trace Character
% 1
Character: floral shape
Marginal prob. recon. with model
Asymm. 2 param. (estimate)
[forward rate:
1.2667449370749013 backward
rate: 2.9371584234019923 root:
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example_mes
Graphics | Text Parameters Modules Citations O@ B ESnrch Features Full Interface

‘* Graphics | Text | Parameters Modules _Citations. 0@ [ seard]

\? Plot of absolute value values (X: ¥)
60.0 | of contrast vs. . .
standard deviation Individual Points
o 1.09279737: 5.10743324 (2)
l‘ﬂ:g(s';":a'r‘e:"""“w 0.59408447: 18.70104439 (3)
regression. 0.47026996: 0.0 (4)
50 0.44859558: 0.0 (5)
J o 0.88896117: 7.97770312 (10)
0.47388979: 47.56380183 (11)
0.42420593: 59.40510966 (12)
0.68047688: 15.32204596 (16)
0.61398771: 24.12914753 (17)
0.360145396: 15.88247430 (18)
0.41985766: 23.07925024 (21)

s
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40.0

\)

(el [SENLIF!

30.0

Summary statistics for regression on scatterplot.

Number of data points: 11
Minimum of X,Y coordinates: 0.3601453962221369, 0.0
Maximum of X,Y coordinates: 1.0927973691712396, 59.405109660876526
Mean of X,Y coordinates: 0.587933809865314, 19.74254638835864
Variance of X,Y coordinates: 0.05079954728462012, 354.5177098612505
Covariance: -1.550585980234168
Pearson Product-Moment Correlation Coefficient: -0.3653818449522763
Reduced Major Axis.
EES! Slope: -83.53895659355658

* Y Intercept: 68.85792341058145

=3 Major Axis.

Slope: -228.60628021448832

0.0 L &= Y Intercept: 154.14790767400032
Least Squares Regression.

Slope: -30.52361808554175

20.0

o\

Absolute value of standardized contrast (Lilac aldehyde B)

Character >4 o 3 = g 2 2 ! Intercept: 37.688413460265

2 R Squared: 0.1335038926207293

S S =
Square root of sum of corrected branch lengths t 17 2 -1.1775650600535543
v o F: 1.386659470658931

d.f.: 9
59
-value:
/=, @| This tab will display a text view of the contents of this window. P 2-tailed: 0.2691701535730463
l-tailed: 0.13458507678652315
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o @M /\—H5Y Contrast vs. X Contrast (positivized) %
ER

® Mesquite File Edit Characters Taxa&Trees Tree Mzv-\Aei-ia&l Analysis Window Help

| ®00 Show Tree Window

Project of "example_mes" = Character Matrix "Character Matrix f It / Abs. Contrast vs. Standard Deviation (1,2) X2 f PDAP Diagnostic Chart =

Project [Graphics | Text Parameters Modules Citations O @ Abs. Contrast vs. Est. Node Value (3,4)
|

. i : Abs. Contrast vs. Node Height (5,6)
| example_mes | X l PDAP: PDTREE module Est, Node Value vs. Node Height (7.8)

‘ ? File Incorporatior R_? — Y Contrasts vs. X Contrasts (positivized) (9)

Plot of absolute value :
of contrast vs. - Root Node Reconstructions (9A) L

standard deviation Conf. & Pred. Intervals (9B)
Black line is ordinary Residual vs. Contrast (10)
least squares Abs. Residual vs. Node Height (11)

regression.

' v Show Legend
Marker size...
Select
Analysis
Close Analysis

el

QOGERGE

Special Effects
Source of Characters (for PDAP Diagnostic Chart)
Stored Matrix

QOGENGE ™~
a

% TTrees from e
1Trees
f3i4
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f

Absolute value of standardized contrast (Lilac aldehyde B)

Character

Square root of sum of corrected branch lengths

7his tab will display the parameters of the contents of this window.
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Plot of contrasts vs. positivized
contrasts oL

Number of contrasts: 11
Pearson Product-Moment
Correlation Coefficient:

A 40273937997
Two tailed p-value:
0.007395400895143256
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Regression lines through origin:
Black is ordinary least squares
oLs) -
Green is major axis (MA) .
Red is reduced major axis
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HowTo/Phylogenetic Independent Contrasts

Article Liscussion View source History

Contents [hide)
1 Phylogenetic Independent Contrasts
1.1 Calculating Contrasts
1.2 Displaying Contrasts
1.3 Correlated Trait Evolution
2 References

Phylogenetic Independent Contrasts

This example assumes you have installed R and the package ape (if not start here) and downloaded the Geospiza tree and tip data.
Upload the tree and data file into your R workspace as a phylo Class for the tree (read.nexus) and a dataframe for the data
(read.table).

library(ape)
geodata<-read.table("geospiza.txt")
geotree<-read.nexus("gecspiza.nex")
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Quartz 2 [*]

M. acerina AS

M. furusei var.subramosa AS1

o M D

M. furusei var.furusei MS : w @ M X‘

——M. koshiensis M || (" ~/Desktop/Yudai's data/R
115.882 I

-23.079

. (
L—M. pauciflora A > zy <- Im (yl~zl1l-1)
f > summary(zy)

M. kiusiana |
Call:

A7.564 Im(formula = y1l ~ z1 - 1
M. stylosa var.stylosa KZ1 ¢ y )

r59.405

Residuals:
L———M. stylosa var.makinoi Od1 Min 1Q Median 30 Max
-63.50 -7.78 19.20 25.80 106.98

M. japonica T o
Coefficients:
) i Estimate Std. Error t value Pr(>Itl)
M. yoshinagae KW2 z1  1.8538 0.5538  3.348  0.0074 **

M. HAYATO | | Signif. codes: @ “***' 9.001 ‘**’ 9.01 ‘*' 0.05 ‘.7 0.1 ¢ ' 1

Residual standard error: 49.01 on 10 degrees of freedom
| Multiple R-squared: 9.5284, Adjusted R-squared: 0.4813
F-statistic: 11.21 on 1 and 18 DF, p-value: 9.007395

M. YAMATO A2
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M. stylosa M.f. M.f. M. furusei
stylosa subramosa subramosa furusei

M. s. makinoi M. s. makinoi M. japonica M. kiushiana M. acerina M. acerina M. paucifiora M. yoshinagae M.y. hayato M. j. yamato

Tag sequence
CATGTAATAAAATTACCTACCCATCT 1141 4875 0 3 10 1329 999 1131 14 1303
CATGACAACTCGCGGTGGAAGACCCA 3 0 251 55 0 690 1135 904 233
CATGTATCTGCTTCAGAGAAATACAG 472 703 262 508 448 473 224 269 1000 322
CATGGAACTGTTAAATAAATGCTTTC 233 493 485 227 608 0 0 833 1
CATGTAGGGGTAACTCCCCCATTTTC 95 72 246 356 7 114 18 44 723
CATGACAACTCGTGGTGGAAGACCCA 860 358 2 0 0 1 3 2 0
CATGTCAAGTCCTGTTTCTTGGGTTG 359 527 83 80 41 80 48 48 60 341
CATGGGCATATGCCACCAACTTTGTC 604 2 227 ez
CATGTCCTCCGAGGTATTTTCCCGTG 306 7 2 257 il
CATGTGTGCGAGTCAACGGGCTAGTA 65 96 247 71
CATGACAACGTGGGTGCTGAAGTTGC 81 227 37
CATGGACCCGGTGAAATTGAATTCTC 254 43

CATGTATCTTTTTTTTTATCAGCAAA 520 46

X
EDYRK

M. japonica M. kiushiana M. acerina M. acerina M. pauciflora M.yoshinagae M.y. hayato M. j. yamato

T
=
o
o
o
)
L
X
=
S
H_,
15
)

M. stylosa M.f. M.f. M. furusei
stylosa subramosa  subramosa  furusei

N=7 N=7 N=9 N=20 N=20 N=3 N=18 N=8 N=9 N=9 N=13 N=8 N=9 N=12

M. s. makinoi M. s. makinoi

a-Pinene® 040 0.40 0.16 292 292 0.61 0.75 324 022 1.26 0.00 0.90 3.07
6-methyl-5-hepten-2-one® 8.63 8.63 093 4.78 4.78 495 6.33 5.16 15.05 12.66 6.38 15.30 12.08
Phellandrene 0.77 0.77 0.82 1.07 1.07 198 0.34 0.00 0.00 0.00 0.00 0.00 0.00
(E)-B-ocimene 1.60 1.60 4.34 Sll3) BlE 322 0.89 0.28 0.00 0.09 0.00 1.05 0.33
(E)-Linalool oxide (furanoid)® 1.86 1.86 095 1.77 1.77 0.56 0.00 1.02 0.61 0.39 0.72 0.00 0.78
(Z)-Linalool oxide (furanoid)® 1.04 1.04 0.28 0.92 0.92 0.16 0.00 1.22 0.14 0.07 0.00 0.00 0.12
Linalool® 19.45 19.45 11.83 771 771 5.05 37.06 63.95 4044 48.86 81.73 13.48 848
Hotrienol 0.00 0.00 0.00 0.00 0.00 0.00 0.37 0.00 0.80 0.00 0.19 4.83 0.19
Lilac aldehyde B 10.28 10.28 3548 2252 2252 12.83 11.11 0.34 0.07 0.00 0.00 0.00 0.00
Lilac aldehyde A 924 924 1542 18.08 18.08 9.75 7.89 0.20 § 0.94 0.00 0.00 0.00 0.00

MEB D) Ak (32F8%F)
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