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The analysis software obtained from open sources,
please cite the relevant websites 1f you need to use
them (relevant references are at the end of the
documents).

software download address:
Image J: https://imagej.net/ij/download.html

Morpho J:
https://morphometrics.uk/MorpholJ page.html

R: https://www.r-project.org/
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»t %! 43 #%(CanoScan 5600 F 1241%)

P R A BAT R, TR, KRB R 2R 600dpi o PF
Fet W T SATH, FHRAERGT A B

— . T ARARE & (Imagel 3 4H)
1.2h % i@ i xh A A it

ITARE BARIT RN 2 @ AR PR AR AR £
RAME, RAME. AAARKE.

2. F # Mokt : https://imagej.net/ij/download.html

3.ARAE %

3.1 F A\ B4 (Import image)

# 4% “File” — “Import” — “Image Sequence”it & H 47 F —ik=t
A BERE L, 2).

4

File Edit Image Process Analyze Plugins Window Help

I_DIBICDI/I&\ IK\AIO\\@ID\DI Jalels] | |=

elections (right click to switch)

"Rectangular’ unded rectangular

|2l Open Image Sequ

=
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i * * * '
L
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E 01 :5i
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i &
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https://imagej.net/ij/download.html

{ Sequence Options >

Mumber of images:

Starting image:

117

Increment:

.

Scale images: [100 g

File name contains:

(enclose regexin parens)

[~ Convertto RGB
v Sort names numerically

[ Usevirtual stack

2480 x 3507 x 20 (663.6MB)

Ok ‘ Cancel| Help|

B2 %i-F ANERA

3.2 #7& &R % (Landmarks picking)

1T 7 “Point Picker”: i£4%*“Plugins” — “PointPicker”, & & #L#Y
T AL EEFFRAMERTG RGO T L ArT K 694824758 3)(TH
RR L ELBAERIE KR D)o 2% 25— A vt F47 5090 HE % 0L 4 FR
K—0R 5, e RPN T AR TRV RE KRB RGT A
(B 3)e YARIFIIAEZE, mFmE EREIKRTIK), REEF
“show”i&£ 1, & ¥ FrA K IE(E 46, & %KL 2] Excel 7, ©H &
=474 R T —475
d Image) — X
File Edit Image Process Analyze Plugins Window Help

(o) Bol Bl | (o) || ] [ ]|

K3IMETLR
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File Edit Font
o o119y e2a 1 11 12
1 1321 728 1 12 13
2 1901 872 1 13 14
3 18248 1138 1 14 14
4 1621 1685 1 13 16
2 15953 2033 1 16 17
6 1313 2414 1 17 18
B T 1088 2321 1 18 19
g 9Me 1893 1 19 20
9 TF28 1385 1 20 2

10 824 1040 1 21 22
11 1004 8352 1 22 23
12 1173 724 1 23 24

B 4 #7& st e R

3.3 A& & A& AR #E 4 2 (Data processing for landmark
coordinates)

BB TR, ARE R x LARMEF y LATMAS A A F 2 P A0 F
33, & x BARMEHI| G L — T AL ALM=", LB AFRE &
B (Hde: LM=13)F & x LARMEAKFNO T 7 —HMALKRID=", &
ey EBLF(A 5, tb4e: ID=LZD T TOl LOI, LZD K& ##,
T REMAF R p XA (F LR —AAv e, HEARRAEITHEK), TO1
RAEGARE, LO1 »T K £



A B

1 |LM=13

2 1260 2878
3 1276 2847
4 1232 2289
5 1283 2297
6 1346 2297
7 1511 2546
8 1487 2685
9 1458 2743
10 1207 2293
11 1188 2295
12 1052 2546
13 1140 2753

14 1176 2794
15 [ID=LZD_T_T01_LO1
B 5 A& oA ARk A e
KARET T, wFFTMERD R T LA R 05 HEAR R
AR A(E 3)e MTHRFHFAMETREAR, TAAESRE
BIAR TR AR

=. "t AR5 4 (Morpho J . 44)

1.8 : AT EXBPEER _HREGARE SRR IEHBET R

J&, TRASITIHF S 2 XA IUTH ST (geometric
morphometric analyses, GMMs) , €L4&IR 5] & 31, LRI 7H £4E
%, 34T £ 4  #7(Principal component analyses (PCA)). #A & &
4> #7(Canonical Variate Analysis (CVA)). & +J» =3 i (Two-Block
Partial Least-Square (2B-PLS))% - #73%4F, B BT AR LA 4%
25 R AR T AL B A5 (Klingenberg 2011).

2. F # Mkt . https://morphometrics.uk/Morpho) page.html

3.4 F %


https://morphometrics.uk/MorphoJ_page.html

3.1 F AL AFA4& X (Input file formats)

R T )G 827 75 A7 #4F Morpho J 89 3 F 4 A4& XA txtA& KX, BT IA
BT AT RIEZ AT F BWATE B A9 L AREIE A4 4L R Morpho J
B EA(A S).

3.2 F AL A (Import file)

¥ 477 Morpho ] &, #“File” ¥ i£ % “Create New Dataset”,
A 6 FiEHE, #HPTPS # X, REAREEHBERGLE, RE R
+ Create Dataset 5 A3,

F Select the appropriate options and the data file X

Dimensionality of the data: ® 2 dimensions Object symmetry? ) yes
() 3 dimensions @ no

Name for the new dataset ‘newDataset ‘

File type: (O text ) NTSYSpc @ TPS (O Morphologika

B0 [0k [~
[y 1365/ H-.xisx

[y ALL:xt

[y m.txt

[ sxt

[y Ttxt

) seapes Frimieaig xsx

AN [ALLx
STitSenm: Rt

[ create pataset || e
K6 LAFFA
S RBAE A FNH B 7 AR
@ Morpho) 1.06d | %

File Preliminaries Variation Covariation Comparison Genetics Help

fPro]ectTree rResnIts rGrapnics [ Reports

|»

Feading from TPS file "ALL. txt' .

[Finiched reading the file

B 7 RFFARAIRT
e REFE-FANERM, 2 AE QM IEAE, BARE &dnT
Problems with reading the file.
The number of dimensions in some entry/entries in record 1471
appears to be inconsistent with the number of dimensions.
Errors occurred in the reading process.
The new dataset could not be created.
T R AT AR IR 09 T kR A 4 i 69 4T 4K 1471%15=22065,



(F15: —AtF B3AMAREEM LM A= ID & 15 47), REH
EXCEL 477 R4543F, R 2] 22065 47, BP =T & 3| AL A5 69 3048,
PR B E# T AN

+F MorphoJ 1.06d — m} b4

File Preliminaries Variation Covariation Comparison Genetics Help

(PrOJectTree r Results rGrﬂphics If Reports

[ »

[Reading from TPS file 'ALL. txt'

[Finished reading the file.
Reading from text file *ALL. txt' .

[Problem with the text file: Line 1 contains less than two entries

[(M=13

Eute: A frequent reason for this problem is that the file contains delimiters other than commas or tsh stops.
rrrrrrrrrrr d in the reading process.

[[he new datazet could not be ereated

K 8 HBFNKKIRT
.3 Project Tree A F A, EHA4, HARB 9 xtiE
AE, X5 Rename ¥ AL FAHKIEGT L, XEKMGLH: Al
data.

F Morphol 1.06d - [} b

File Preliminaries Variation Covariation Comparison Genetics Help

l/ProjectTree rResuIts rGraphics rReports |

151 new project.
newDatasat

Rename ...

Remove item ...

“F Morphol 1.06d - [} b

File Preliminaries WVariation Covariation Comparison Genetics Help

l/ProjectTree rResuIts rGraphics rReports |
151 new project..

B Ances|

B 9 14 A 3B G AR

3.3 A7 #A %k #& & 72 (Preliminary data processing)

3.3.1 <& X 414 (Procrustes fit)

ot B ARAR EAR B EE R RE A S A E A B SR
AR B AR E, B R LIRS L FA o0 Tk Ak



£ B & K &k K% FEH KT F Morpho 1T F #,
http://www.flywings.org.uk/MorphoJ guide/frameset.htm?comparison/cv
a.htm),

TEA: 2HF— 2 EH R Project Tree” T it & F 4 7L 49 4 3%,
X JG % 4% “Preliminaries” — “New Procrustes Fit”, £ ER 10 F£4F

“Align by principal axes” & & & “Perform Procrustes Fit”.
®® Morphol 1.06d —

File Preliminaries Wariation Covariation Comparison Genetics Help

l/ Project Tree |’Resu|ts rGraphics |’Reports |

1= new project..
All data
F Procrustes fit for All data ... b4

Note: This choice of orientation will affect the presentation of data, but not the result of statistical tests efc.
(_r Mlign with first specimen (not recommended if there is object symmetry)

i@ Align by principal axes

_» Align using specific landmarks

Indicate the landmarks or landmark combinations for the alignment of the mean shape,

e.q."L5" or "0.3*L2 + 0.7*L7

Left p or first axis:
Right point for first axis:
Upper point for second axis: (3D data only!)

‘ Perform Procrustes Fit ‘ Cancel
K10 & X &PLMn
Z ) HILAT M5 4E

F Morphol 1.06d — O e

File Preliminaries Variation Covariation Comparison Genetics Help

rProJeclTree r Results ']’Graphlcs rReporls ‘

All data
Axis1vs 2

B 11 & XEFLERREET
B 11 2R AMARIBE LA, wér, BRREARKRANY



FTHAE—A,
3.3.2 & F %14 (Find Outliers)

=T /£ “Preliminaries” ¥ % ¥ £ #“Find Outliers” £ B 12 #4289 £ F
77 “Included” ¥ 2 T H NG 5 -F A9 FE, i THRIEREZ X
R B BB LR HER ARG .

F Morphol 1.06d — [} b

File Preliminaries WVariation Covariation Comparison Genetics Help

(ProjectTree rResuIts rGraphics rReports |

All data Find outliers

Cumulative frequency

Included: Excluded:
84.93 KDC_S_T06_LO1 MLP_T_T02_L04 Swap landmarks
83.95 MKZ_S_T12_L01 DCK_S_T02_L03
81.78 DCK_S_T22_L06 MXO_S_T04_L04

78.02 YJH_S_T05_L04 MXO_S_T10_L02

75.72 KDC_S_T05_L02
7436 DCK_S_T22_L04 .
72.26 XCR_S_T02_L04

71.11 MKZ_5_T03_L02

mD

4]

B 12 & FAL0H iL
3.3.3 4 & A AR A=A AR M (Separate symmetry and asymmetry)

£ % “Preliminaries”—* Select Landmarks >, 4= & 13 A ~:



&+ MorphoJﬁ - [m| x
File | Prelimin Variation Covariation Comparison Genetics Help

Pro New Procrustes Fit ... F|
150 n| Find Outliers ...

LT

Include or Exclude Observations ...

Generate Covariance Matrix ...

Extract New Classifier From ID String ...
Edit Classifiers ...

Edit Covariates ...

Select Landmarks ...
Subdivide Dataset By ...
Combine Datasets ...

Average Observations By ...

Link Datasets ...

Create or Edit Wireframe ...

Set Options for Shape Graphs ...

B 13 5 & S AR A= dE S AR 25 4
B I VA T At 15 AR

!File Preliminaries Variation Covariation Comparison Genetics Help

l’pro; Traa | Daculte | Granhice | Bannrte |
@ nel F Mew Data Set with a Subset of Landmarks ¥ OF
Enter the name for the new data set: Object symmetry? Included: Excluded:
[new data | i® Yes| (1 No =
L2
1
o? L4
Exclude
L& T
o2 o’ L
L8
L9 Duplicate
L10
L11
112
P

A 14 47& B & AR HABES &
BIMBAEERG L, £R 14 F, £3F Yes(MLEIHARIEATARZEHM),
& B IR 42 R JG % Move Down, =/ % Accept, HILE 15 3ti&
AE



&P Procrustes fit for A ... >
Note: This choice of orientation will affect the presentation of data, but not the result of statistical tests eic.

1 Align with first specimen (not recommended if there is object symmetry)
® Align by principal axes

1 Align using specific landmarks

Indicate the landmarks or landmark combinations for the alignment of the mean shape,
e.g. "L5" or "0.3*L2 + 0.7*Lv¥"
Left point for first axis:
Right point for first axis:
Upper point for second axis: (3D data only!)

‘ Perform Procrustes Fit |

B 15 X5t ArAedE st AR 224409 & X & Ep
5. Perform Procrustes Fit, 72 B 16 3 i&4E:

F Morpho) 1.06d — O b

File Preliminaries Variation Covariation Comparison Genetics Help

(Project Tree r Results [ Graphics | Reports |

( Find outliers rAII data r new data r Choose paired and median landmarks ...
Landmark
=~

1
and

o
"

el

el o4 =9 510 Accept

.
w

Cancel

B 16 PAA I E9ARE Bfe b 4 o9 E St
A &R IE &S AR E A A A ARGARE &, Z AT LB IR AT
ARZEM), B Accept, B ILAT M 1EAE, 5354 F 7T A &3 Symmlvs2
F= Asymlvs2, T AHXARE 17)AdExt4R(E 18)E ML K B A :

10



F Morphol 1.06d

File Preliminaries Variation Covariation Comparison
(PrOJectTree rResurts rGraphlcs rReports |
(Find outliers rAIIdata rnewdata |

[(Symm1vs2 | Asym1vs2 ‘

Genetics Help

«F Morpho) 1.06d

B 17 xFAr£E M6y & X &

File Preliminaries Variation Covariation Comparison Genetics Help
Project Tree Results | Graphics rRepons |
[ Find outliers [Andata [ new data |

Ff B

(Symmhmz H'Asym1v52 |

B 18 JExtARZEH) 69 L X
3.3.4 #IF 9 £ Z(Extract New Classifier)

R

S RE BRI IRDAATEHEAAY B, SEE TR 01E St
11

RS



T #o K . it 4F “Preliminaries”—* Extract New Classifier from ID
String”, 72 B 19 *F3&4E, 7&“Name for new classifier”1E ¥ 2537 49 4
Ko b, K24 Lleal”: ARAE“Identifier strings” ¥ 49 F & T B °t A
KFAH 1I3AFHK, KE1TANF 13 /0F5, BE“First character” A
1, “Last character” 4 13, & “Execute”. B £ 89 77 ik 7] vA4pr & H “tree”:
AR F&“Identifier strings” ¥ 89 F TR T~ K-FH 9 NFHK, AHF 1
AF R 8 9 ANF 4, | s “First character” 4 1, “Last character”# 9,
W

File Preliminaries WVariation Covariation Comparison Genetics Help

rProjectTree rResuIts rGraphics |/Reports |

W= new project.

¢ [E) Andata
new data

F Extract new classifier from 1D strings... x

Dataset: new data

Existing classifiers: Identifier strings:

LZD_M_T01_LO1
LZD_M_T01_L02
LZD_M_TO01_L03
LZD_M_TO1_L04
LZD_M_TO01_LOS

MK

4]

Name for new classifier:

|Ieaf |

First character: Last character:

i iE |

(Positive - count from left; negative - count from right)

| Cancel | | Execute |

RBCE3:E PSS
Y IR IH 89 50 X 5 7T VAL “Preliminaries” T it 4% “Edit Classifier”
¥ & g2 (A 20),

12



F Morphol 1.06d — O %

File Preliminaries WVariation Cowvariation Comparison Genetics Help

(Project Tree r Results rGraphics r Reports |

( Find outliers [’All data [’ new data [’ Edit classifiers in 'new data’

Identifier leaf tree group population

LZD_M_T15_L05 |LZD_M_T1..[LZD_M_T15 (M LZD -
LZD_M_T16_L01 |LZD_M_T1..|LZD_M_T16 |M LZD ;
LZD_M_T16_L02 |LZD_M_T1..|LZD_M_T16 |M LZD =
LZD_M_T16_L03 |LZD_M_T1..[LZD_M_T16 (M LZD
LZD_W_T16_L04 |LZD_W_T1..|LZD_M_T16 |M LZD
LZD_M_T16_L05 |LZD_M_T1..|LZD_M_T16 |M LZD
GBX_T_TO09_L01 |GBX_T_TO.. |GBX_T_TO9 |T GBX
GBX_T_T09_L03 |GBX_T_TO.. |GBX_T_T09 [T GBX
GBX_T_TO9_L04 |GBX_T_TO.. |GBX_T_TO9 |T GBX
GBX_T_TO09_L05 |GBX_T_TO. |GBX_T_TO9 |T GBX
GBX_T_T09_L06 |GBX_T_TO.. |GBX_T_T09 [T GBX
GBX_T_T11_L01 |GBX_T_T1.. [GBX_T_T11 [T GBX
GBX_T_T11_L02 |GBX_T_T1. |GBX_T_T11 |T GBX
GBX_T_T11_L03 |GBX_T_T1. |GBX_T_T11 |T GBX
GBX_T_T11_L04 |GBX_T_T1.. |GBX_T_T11 [T GBX
GBX_T_T11_L05 |GBX_T_T1.. |GBX_T_T11 [T GBX
GBX_T_T14_L01 |GBX_T_T1.. |GBX_T_T14 |T GBX
GBX_T_T14_L02 |GBX_T_T1.. |GBX_T_T14 [T GBX
GBX_T_T14_L03 |GBX_T_T1.. |GBX_T_T14 [T GBX
GBX_T_T14_L04 |GBX_T_T1.. |GBX_T_T14 |T GBX
GBX_T_T14_L06 |GBX_T_T1. |[GBX_T_T14 |T GBX |
GBX T T15 L01 |GBX T T1..[GBX T T15 [T GBX =4

T

tree

group | Delete classifier{s) |

population

| Combine classifiers | | Cancel | | Accept |

B 20 s LS
3.3.5 4 e # 69-F A K& (Generate new subsamples)
RESAFAFTRARE EOHKEHRFH, &L LEF

“Preliminaries — Average Obsevations By...”(® 21), RG24 K 22 *F
1EAE, & “Averageby...”# € 2 X IE-F 369 K-F, &) & Execute.

13



F Morphol 1.06d - [}
File | Preliminaries | Variation Covariation Comparison Genetics Help
Pra New Procrustes Fit ... ﬂ
=] n| Find Outiiers ...
? E Include or Exclude Observations ...
Generate Covariance Matrix ...
Extract New Classifier From ID String ...
Edit Classifiers ...
Edit Covariates ...
Select Landmarks ...
Subdivide Dataset By ...
Combine Datasets ...
Average Observations By ...
Link Datasets ...
Create or Edit Wireframe ...
Set Options for Shape Graphs ...
B 21 F 3448 5 R R 69 54K
% Morpho) 1.06d
File Preliminaries WVariation Covariation Comparison Genetics Help
f Project Tree r Results |/ Graphics r Reports |
W= new project...
¢ [E] ANl data
new data
W Average observations by ...
Dataset: new data
Name for the new dataset:
|new data, averaged
Average by ... Data types:
‘|eaf ‘ - ‘ Centroid size
Symmetric component
Asymmetry component
| Cancel ‘ | Execute |

B 22 AR IR H AT
15 B “Project Tree” ¥ F#7 69 B £ 7L %, 4B 23 AT :

14
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File Preliminaries WVariation Covariation Comparison Genetics Help

I(Pr-::rjat-:‘«ct Tree rResults rGraphics rReports |

ﬁ new project...
¢ [ Al data

¢ [E new data
new data, averaged

Rename item ... o

] Please enter the new name for the item currently named

"new data, averaged"”.

leaf

iE || HUH

B 23 14 Sk 38 5 AR
3.3.6 #)3Z %&AE(Create wireframes)

BAERATE B2 692 X0 R A, T LA MM AR E &6y 22
MECE . 1 A Morpho J 2+ Al Z ARG F K T : £
“Preliminaries” — “create or edit wireframe”, ¢4 & 24 sti54E, A%
MEGBHH = F A HEARTARAERF T 6. mERAE, FARE
B A BATRIE, AR TR —A T A ERFEFH—AMRE R, A
BHARE G —AMRER L —RAELATHREEL PRBFZEZRGHAN
B ARG B “Link landmarks”. %3 “Delete link” =T #14& & o

15



F MorphoJ 1.06d - [} b

File Preliminaries Variation Covariation Comparison Genetics Help

(ProjectTree rResuIts rGraleics rReports |

( Find outliers rAII data r new data r Edit classifiers in ‘new data’ rCreate wireframe

K] Name for the wireframe:

|Ieafwireframe |

|Lmk8 |v||Lmk2 |v|

Link landmarks

LmK& - LMKS
Lmk3 — Lmk10
Lmk5 —- Lmké
Lmk10 - Lmk11 p |
Lmké - Lmk7
Lmk11 - Lmk12
Lmk7 -- Lmk8
Lmk12 —- Lmk13
Lmk2 —- Lmkg

| »

41

Delete link

Enforce symmetry

| Cancel || Accept |

B 24 )2 ZRAZH B

3.4 %% % 5 #(Multivariate analysis)

3.4.1 E A% % #7(Principal component analyses)

PCA 5 #72H S A 6AFM A HOUANE S A5 AR — A 5 Lot
AT T R M T EM T ER T HRSBIFAF Z RN # o0, LT HKR
B AEARE AR R PT R AR TS, AmA R EENIER, AT
%T% EH, &\%M%m$\ﬁ%\ﬁwﬁﬁﬁ%,w@yiﬁ

PONNEA B REPHPRARS 2T EZ—, THTEMNLEE
R T ARG £ B AR SF ST ALAL AT 4B 2 18] 89 5 K £ S (Vujic et al.,
NM)

P #HAT PCA Z AT H %4 JG 6yt 2 AR ATREG T T £
FE F$(covar1ance matrix). ,ﬁ\%“Prehmmarles — “Generate Covariance
Matrix” ; /& “data types” /B ' & 4% “Symmetric component” 2 #
“Asymmetry component” /& %5 “Execute”#41, H I E 25 X 1EA4E

16



F Morphol 1.06d
File Preliminaries Variation Covariation Comparison Genetics Help

(Projecﬂree rResuIts rGraphics rReports |

1]} new project...
¢ B Andata
¢ [ new data

¢ ezl

m CovMatrix, leaf, Symmetric component
m CovMatrix, leaf, Asymmetry component

tree

group
population

B 25 Q&7 24 1%

RGP AT RIB G Tr £ 4E 34T PCA AT A R ANF 69t

h AU =) L&y F R . & “Variation” — “Principal Components
Anaysis”, HILKE 26:

F Morpho) 1.06d

File Preliminaries Variation Covariation Comparison Genetics Help

 ProjectTree | Results | Graphics | Reports |
outliers |/AII data |/ new data |/ Edit classifiers in ‘new data’ rCreatewireframe |/ PCA: CovMatrix, leaf, Symmetric component | 4

r PC shape changes r Eigenvalues r PC scores |

.\a

PC1

B 26 PC1 b L ay=H1 T4
A & g “graphics” & 2 L & FH“PC scores”, ARG H A EE(E

27):

17



F Morphal 1.06d

File Preliminaries Variation Covariation Comparison Genetics Help

rProject Tree r Results rGraphics r Reports |

outliers rAII data r new data r Edit classifiers in ‘new data’ rCreate wireframe r PCA: CovMatrix, leaf, Symmetric component | 4
( PC shape changes r Eigenvalues r PC scores |

0.307

0.201

0.101

-0.004

-0.104

Principal component 2

-0.204

-0.30 -0.I20 -0.I10 -U.IUU 0.I10 0.I20 0.I30
Principal component 1

K 27 PCA #% & B
i BART B R, B AR 28 XfiEAE:

Choose Principal component for the Horizontal Axis...
Choose Principal component for the Vertical Axis...
¥ Use Same Scaling for Both Axes
[Z Use Same Scaling for ALL Axes ...
Color the Data Points ...
Resize Data Points ...
[0 Label Data Points ...
Confidence Ellipses ...
Print ...
Export Graph to File ...

Close Panel

B 28 k= B 493X E &0
“Label Data Points”, T xtATA & E2F 28 k; “Color the
Data Points” £ % “Use a classifier variable to determine the color for
each category”, ARG H E 29, HFWH spe tFAH L LT,

18



F Choose colors for the data points ... ™

Use a classifier variable to determine the color for each category

leaf ‘v (Warning: selecting a new classifier will remove existing color choices.)

leaf

ind [#¥5(8) | HSV(H) | HSL(L) | RGB(G) | CMYK |
L?J;LJH_H

DD_D21_12
DD_D21_13
DD_D21_14
DD_D21_15
DD_HO1_11
DD_HO1_12
DD_HO1_13
DD_HO1_14
DD_HO1_15
DD_HO02_11 iyl

DD_H02_12 BlsrE Rl
DD_H02Z_I3 a - (=] T -

DD_HO2_14 . .

DD_HO02_|5

o

B 29 i%E PCA 4 % B &2k -F
B ARG, EEMR LT AA D RHARE, 4o 8 30 PR

ME

THE TR

1]

& Morphol 1.06d — [}
File Preliminaries WVariation Covariation Comparison Genetics Help
rProjectTr I ponusa 1 inn | Donocta |
W Choose colors for the data points ... »

outliers | All

[ PC shape cl Use a classifier variable to determine the color for each category

{Warning: selecting a new classifier will remove existing color choices.)

Classes: F£(S) [ HSVE) [ HSLL) [ReB(G) | CMYK |

o B m Ao e

TS RIS .
. . TR SRR
(o

B 30 X ERMEEME
B F“Use Color’ & )& &“0OK”, BT HARNE A4 & B, R
31 BT~

19



F Morphel 1.06d

File Preliminaries WVariation Covariation Comparison Genetics Help

( Project Tree r Results |/ Graphics r Reports |

r PC shape changes |/ Eigenvalues |/ PC scores |

outliers r All data r new data r Edit classifiers in ‘new data’ r Create wireframe r PCA: CovMatrix, leaf, Symmetric component | 4

0.307

0.201

0107

-0.004

-0.104

Principal component 2

-0.204

-0.30 T T T T T |
-0.30 -0.20 -0.10 -0.00 0.10 0.20 0.30

Principal component 1

W=

B 31 %482 &4 PCA # 5 B
SLoh, A L 32 XPIEAR T AR

Choose Principal component for the Horizontal Axis...
Choose Principal component for the Vertical Axis...
¥ Use Same Scaling for Both Axes
[0 Use Same Scaling for ALL Axes ...
Color the Data Points ...
Resize Data Points ...
[J Label Data Points ...

Confidence Ellipses ...
Print ...
Export Graph to File ...

Close Panel

B 32 PCA #% & B 495X B0

% | 33, # ¥ “Drawellipse(s)”, & OK, B 34 ZXE T AR

PCA # & B

20




F Choose settings for the confidence ellipses ... >

Draw ellipse(s)

Type: i Equal frequency ellipse(s) i1 Confidence ellipse(s) for mean(s)

Probability: |D.Q | {Must be between 0.0 and 1.0.)

Use a classifier as a criterion for grouping observations

S5pe -

Use this classifier to determine the colors of ellipses and data points

(Caution: this may override earlier choices of colors.)
Clip the ellipse(s) at the margins of the graph

Show the data points

Cancel OK

P 33 PCA #% & B &9 B 43 X ] 9X &

F Morphol 1.06d

File Preliminaries WVariation Covariation Comparison Genetics Help

(ProjectTree rResuns rGraleics rReporls |

outliers rAII data r new data r Edit classifiers in 'new data’ rCreate wireframe r PCA: CovMatrix, leaf, Symmetric component | 4
( PC shape changes r Eigenvalues r PC scores |

0.307

0.201

0107

-0.00

-0.107

Principal component 2

-0.20 7

-0.30 T T T T T 1
-0.30 -0.20 -0.10 -0.00 010 0.20 0.30

Principal component 1

B 34 X E T AR PCA #% & B
W R ke Ko, EEA4 B IR 35 35 F IS

21



Choose Principal component for the Horizontal Axis...
Choose Principal component for the Vertical Axis...
¥ Use Same Scaling for Both Axes
[J Use Same Scaling for ALL Axes ...
Color the Data Points ...
Resize Data Points ...
£ Label Data Points ...

Confidence Ellipses ...
Print ...
Export Graph to File ...

Close Panel

B 35 PCA # & B 49X B L7
E@%?,%&}ﬂ@jﬂ&ﬁﬁﬁbh

Resize data points ... -

Diameter of points, in screen pixels
5.0 |

WE || HUH

B 36 52U R B b R K
X )G F B 37 F 49“Export Graph to File”, X & T m 693 & B

F
Choose Principal component for the Horizontal Axis...
Choose Principal component for the Vertical Axis...

¥ Use Same Scaling for Both Axes

[J Use Same Scaling for ALL Axes ...

Color the Data Points ...
Resize Data Points ...

[ Label Data Points ...
Confidence Ellipses ...
Print ...

Export Graph to File ...

Close Panel

K 37 4R B
Hob, BH38ETT AT a9 A4 X

22



pra b ==} E |F'rin|::ipal component 1vs Principal component 2.5vg

{EFRNT): |*.svo, Scalable Vector Graphics
*.eps, Encapsulated PostScript

*.swf, Macromedia Flash

*.pdf, Portable Document Format
*.ps, PostScript

*.emf, Windows Enhanced Metafile

-0.30 *.0if, Graphics Interchange Format
-0.30 *.bmp, BMP image file

*.png, PNG image file

K 38 i Wag LA
% M 7T vAid i & & PC shape changes, & & A~ PC #h et K #4
69T, B 39 & PCL b bet it i bt B

F Morphol 1.06d - O

File Preliminaries Wariation Covariation Comparison Genetics Help

(Project Tree r Results r Graphics r Reports |

outliers |’AII data rnewdata rEdithassiﬂers in ‘'new data’ rCreatewireframe rPCA:CwMatﬁx,leaf,Symmetricoomponent

l’ PC shape changes r Eigenvalues r PC scores |

PC1

B 39 PC1 4 Ert A T AL a9 b I
w AR, AHFRAR, AL PC4H, REPCHAMNK D, ATH
AR, UGB REAE ARG .
% #F“Change the type of Graph” —“Wireframe Graph” (& 40),5¢ &

Select a wireframe ... X

Choose a wireframe from those in the project tree.

|u-ien-n= vi

W

A , KRG wFHe”, BN ERHRT R, HIAL

23



ER (B 41), ST B | WampedOutine Drawing i‘ﬁr%#ﬁzﬁm%mm

“F Morphol 1.06d — O *

File Preliminaries WVariation Covariation Comparison Genetics Help

f Project Tree r Results r Graphics r Reports |

new data r Edit classifiers in 'new data’ r PCA: CovMatrix, leaf, Symmetric component r Create wireframe .

l/ PC shape changes r Eigenvalues r PC scores |

® 3
» 1 i 9 1 4 ‘5
Choose PC to Display ...
» 11
Set Scale Factor ...
Flip diagram... ]
Rotate diagram... ]
Resize Landmark Points ...
\ 12 Change the Type of Graph ... »| Transformation Grid
Print ... Warped Outline Drawing
~e 13 Export Graph to File ... Wireframe Graph
° 2 Close Panel
.1
4 St ~
B 40 P& #3698 B 2R
F Morphol 1.06d - [} b

File Preliminaries Variation Covariation Comparison Genetics Help

fProject Tree r Results rGraphics rReports |

new data rEdilclassiﬁers in ‘new data’ rPCA:CwMatrix, leaf, Sy tric component I’Create i 7

PC shape changes | Eigenvalues r PC scores |

PC1

B 41 PCI1 % _Erti8 T A6y &RAE B

24




F Morphol 1.06d - [} b
File Preliminaries WVariation Covariation Comparison Genetics Help
(ProjeclTree rResuIts rGraleics rReports |

new data r Edit classifiers in 'new data’ r PCA: CovMatrix, leaf, Symmetric component rCreate wireframe LI_

PC1

[]’ PC shape changes r Eigenvalues r PC scores |

i o

K 42 PC1 % L=t T 469 KA B

HAV Ll A & RAT =+ Export to File FH XER 5 RNAA R :

Clear Window

Export to File ...

, K5 AR B AR P B oAt R (15 B S A A, Bl B 43,

R F R T RS 6 T,

-PCI1 + -PC2 +

B 43 mAemayZaR

BT ERAet AR, Eresult” PR T T 0L R(A 44), &
FHFIRFMBER, TTEANPC &ETFA:

25



F Morpho) 1.06d — O >

File Preliminaries Variation Covariation Comparison Genetics Help

[ Project Tree [ Resuits |’Grapmcs [’Repons |

Frincipal Component dnalvsis: FCA: CovMatriz, leaf, Symmetrie component

Eigenvalues % Variance Cumulative %
1. 0.00667139 42,581 42 591
2. 0.00321160 20.503 63,094
3. 0.00243967 15.573 78. 663
4. 0. 00152800 9.755 55. 424
a. 0. 00057340 3. 661 92.084
. 0. 00040910 2.612 94, 698
7. 0.00033209 2,120 96. 816
3. 0.00016292 1.040 97,858
9. 0.00013187 0.841 93. 897
0. 0.00011857 0. 757 99,454
11. 0. 00003557 0. 546 100. 000

Total variance: 0.01566397

Variance of the eigenvalues: 0.0000037704407

[Eigenvalus variance scaled by total variance: 001337

[Eigenvalue variance scaled by total variance and number of variables: 0O.18584

Mote: throughout all caleulations of eigenvalue variasnces, the dimensionality used wasz 11.

Pleaze double—check because thiz dimensionality may not be appropriate for all situations.

Principal Component Coefficients

PC1 FC2 FC3 PC4 FC3 PCo PCT PC3

B 44PCA R ET
3.4.2 1A 5 5 #7(Canonical variate analysis )

CVA 572 B T A2 B A8 B S AR MAAFAE 69 3k — R AF S0 SR Z 7]
£ —H S A% Tk, NMUTUUHMBEIELT S 069/ K,
AT AMETE A FMANE (A, 1992) . CVA AR ERA,
By a9 48 B T Al 52 Morpho J s Am 48 [B) 37 F 4 [# (Equal frequency
ellipses) 2 # ##4 7 & 1z X 4] (Confidence ellipses for means).

1A P 3R . & #F“Comparison” — “Canonical Variate Analysis”, &
i B89 xt 15 A2 P 89 “Classifier variables” £ 3 Z AT G FH 69 £ £ T
group(4L) Al T 4~ &, “Classifier variable(s) to use for grouping” it #%
“oroup”ff A K E T, A4 EIAT 10000 K (B 45).
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% Morphol 1.06d

File Preliminaries Variation Covariation Comparison

(Projem Tree |’Re5u|15 rGraleics r

o |

Genetics

Help

"= new project...
o [F andata
¢ [ new data
¢ [ reaf
9 E CovMatrix, leaf, Symmetri
¢ B PCA CovMatrix, leaf,
PC scores, Covl
& CovMatrix, leaf, Asymmet
2y leaf wireframe
tree
group
population

oF Canonical Variate Analysis ...

Name: |CV.J‘-‘~ |
Dataset:

|1ree | - |
Data type:

new data, symmetric component -

Classifier variable(s) to use for grouping:

tree
group
population

Permutation test for pairwise distances

Number of iterations:

10000

Cancel

Execute

K] 45 CVA #3815 &
PAT G & ALt A4S B B () 46):

27




F Morphol 1.06d

File Preliminaries WVariation Covariation Comparison Genetics Help

(ProjectTree r Results IrGraphics r Reports |

new data r Edit classifiers in 'new data’ r PCA: CovMatrix, leaf, Symmetric component r Create wireframe r CVA .. r CVA ..

l’ CV shape changes I’ CV scores |

Ll

ol of

CV1

B 46 CVI1 *17 T4k

B3 “CV scores” 7 A& 2| CVA #9402 B (A 47):

& 47 CVA #% 5 B

F Morphol 1.06d
File Preliminaries Variation Covariation Comparison Genetics Help
(ProjectTree rResuIts IrGraphics rReports |
new data rEdithassiﬂers in 'new data' rPCA: CovMatrix, leaf, Symmetric component rCreatewireframe rCVA... rCVA - | =
CV shape changes CV scores |
47
.
- .
N 21 . ® .
.'g ] ’. :'.’00 o !
1] .-y g ,
= . i) "..a‘..% ': .
I e Bt a-z .a g N
> G .
Z N h e
H .
8 B D AL R
.E L . ‘. . : -. . .l .
o - .o. ...‘. c.-. ..-.' .
c feae
1] (] . . -
O 24 ] ¢ .
-
. . .
.
L]
-4 T T T
4 -2 0 2
Canonical variate 1

Z JGHr PCA — B2 E4L43 AR #TME . #5K). HEM

28



E oy HVE BAL 7L, B Fi8 i$ CV shape changes  CV #h Eet | #
AEIE R
W e A2 “Results”E ¥+ T L2 7 CVA 474 Ko

3.4.3 H5] 5 #7(Discriminant analysis)

DA 5 #7i8 iL 32 = — /AN EANFIRH R, B S OEIEHEF A S
PR AR, Rt AR B AR(R R4, 1998) 0 FELRP T 2 3k —
it THR—X, EBSFHLFY—MATHATHA L 2ZE(Viscosi
and Cardini, 2011; Vieira et al., 2014) B 89 % . DA 5478 id + F 2 X
& % (Cross-validated scores)#=#] 7] & £ (Discriminant scores)® A 7 &
o R AT 7 (T2 P-value for tests with 1000 permutations < 0.0001), #2
BT OB REE, MBOERAETE,

T K : DA AR Rt A et AR 484, & £ 4 “Project Tree”
P R 45K AE(AN data)Z K “select landmarks”(BE 14), #&#F No(Al 4
BFArFedE 2T ARZEA), 2376952 E (9 % A “no data”), #TEIE R
HEZRETH)EARMEFH, RERIT DA 247, EXEEAH
“Comparision”it #%“Discriminant Fanction”(& 48).

F Morpho) 1.06d

File Preliminaries WVariation Covariation Canparison|Genetics Help

l/ProjectTree |’ Results rGraphics Rep Canonical Variate Analysis ...

1= new project... Discriminant Function ...
? ' dnaéfv ok Map Onto Phylogeny ...
I leaf Collect Statistics on Tree Set ..

L H CU"J'Matrix, |Eaf, S}'mmetric CO {:ompare Vector Directions ...
b ’& PCA: CU’IJ'MEItl'iX. |E!Elf. 5}' TTTETTC COTTTEIOTTETTT

PC scores, CoviMatrix, leaf, Symmetric component
H CovMatrix, leaf, Asymmetry component
Y leaf wireframe
o [F tree
o s Cva
CVA .. scores
group
% [ no data
no data, averaged leaf
no data, averaged tree
no data, averaged group

K 48 DA £}
RBIFHIEE, KIEEA KES)EKFUAB I LEGE, &
2 $4T 1000 2k, B “Execute”(& 49).
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¥ Morphol 1.06d
File Preliminaries WVariation Covariation Comparison Genetics Help

l’ProjeclTree r Results rﬁraphircs rReports |

ﬁ new project o Discriminant function analysis x
¢ ) Al data
¥ nw Name for the discriminat function analysis: |Discriminantfunl:tion
¢ e
?
Dataset: |no data, averaged tree | - |
Data lype: |no data, Procrustes coordinates |v|
¢ Bt
?
Classifier(s) to be used as grouping criterion Pairs of groups to be included:
o ltree M5

¢ nodal |orsis
n 5T
ng
n

M--T

Include all pairs of groups

Permutation test

Permutation runs: |1UUU | | Cancel | | Execute

K 49 DA #3E% &
R 24 B 50, I VARIE DA sh09EKR T A B A,

F Morpho) 1.06d

File Preliminaries WVariation Covariation Comparison Genetics Help

(Project Tree r Results IrGraphics r Reports |

data’ r PCA: CovMatrix, leaf, Symmetric component rCreate wireframe rCVA rCVA r no data r Discriminant function ...
M-S [M-T | ST

Shape difference r Discriminant scores r Cross-validation scores |

o3 -’

ST

B 50 DA #9445 B
& “Cross-validation scores” 2 R4 51 BT, B HA4, AT &

30



HEME, EELEWT, M-S, M-T, S-T 4 5% 7~ 48 18] 7 7 tb 4%
LR

& MorphoJ 1.06d — O

File Preliminaries Variation Covariation Comparison Genetics Help

fProjectTree rResuIts [ Graphics | Reports |

data’ r PCA: CovMatrix, leaf, Symmetric component rCreate wireframe rCVA rCVA rno data r Discriminant function ...

[M-s "M--T r 5T

|/ Shape difference r Discriminant scores I’ Cross-validation scores |

207 o

Frequency
|
|

-8 -6 -4 -2 0 2 4 [i}

S-T
B 51 DA 89 &R

3.4.4 1k ) =9k (Two-Block Partial Least-Square analysis, 2B-PLS)

2B-PLS AT R JLFTH &M 2 5 F B T XAAE 2 KA RZ 1
@7 £ 69 % % 2 % T A (Marugan-Lobon, 2010), % 7 &+ A k%
Mg R A K, FRAKBWARA KD TRAMFB RS AL
4 79 T L (Klingenberg and Mclntyre, 1998; Viscosi 2015). »t A & K /)»
Fafth AT VA TAE R AR B vkt , Mkt BT LB 2 vt B K
D8 T R A K BN A et R R 69 3T ARFe AR AT AR 2
TR LM ZRRIERALERTF EREANIEZNHEFE R,
83T ©) )3 AT 2B-PLS 5 A PR e At 2] K a9 bk B R AIA TR 69
HETRAGH TR KD TRIAR, FHERFL S Pvalue 114
R RVAIERAZERRET R F.

P Z AT RAET LB id Morpho J # it L, AR EAZEF
“Covariation” /X J& i % “Partial Least Squares” # it 4% “Two Seqarate
Blocks”(& 52).
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W Morphol 1.06d

File Preliminaries Variation Covariation Comparison Genetics Help

I{ij&ct Tree | Resuits | Graphics | Reports

= new project...
¢ [E] newDataset
# [ sym
sym, averaged Isaﬁ
2 sym, averaged tred
¢ I CovMatrix, sym
o M PCA Cou
PC scol
Modularity H
8 Modularity H
38 Modularity
38 Modularity
38 Modularity i
¢ & Cowatrix, sym
o 2 PCA CoMi
PC scof
v & Cva ..
CVA .., 560
¢ [MpLs
PLS scoreg
¢ [MpLs
PLS scoreg
¢ [MeLs
PLS scores
¢ [MeLs
PLS scoreq
sym, averaged spd
2y symwireframe
sym, averaged pogl
¢t B rLs
PLS scores
* B no
¢ [E no, averaged leat
¢ [} Discriminant ful
Scores: Dig
no, averaged tree
no, averaged spe

% PLS analysis: two separate blocks

Name for the analysis: |PLS

Block 1
(Please choose Block 1 before Block 2.)

Datasets:

no

sym, averaged leaf

"T““"’mli|v|

sym, averaged leaf

Data matrices:

Syim, centroid size
SYm, symmetric component
sym, asymmetry component

Variables:

Centroid Size
Log Centrobd Size

Sym, centroid size
Sym, symmetric component

Sym, asymmetry component

Symmetric component

Perform permutation test

¥] Pooled analysis within subgroups

leal
trea
spe

Humber of rounds: (10000

| Cancel | | Execube

W®AFet B89 KAE A Block2, sE4TEZ 047,

K 52 2B-PLS ##i% &
Blockl #= Block2 ¢4 XA 46/% . T SARIE A TR R A R IX R,
A o FAVAAARK T 45 @ Fet R GRTARE S AE R Blockl

000 K% K R AT 415 & 5L

R4 53 B, TR ELH,

32

A A k448,
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F Morpho) 1.06d - [}

File Preliminaries WVariation Covariation Comparison Genetics Help

(Project Tree r Results IrGraphics r Reports |

PCA: CovMatrix, leaf, Symmetric component rCreatewireframe rCVA‘.. rCVA... rnodata I’Discriminantfunction rPLS |

new data, symmetric component r Amounts of covariance r PLS scores, block 1vs 2 rGroup-oentered PLS scores Score...

0.87

0.6

0.4

0.29

0.0

Block 2 PLS1

-0.29

-0.44

-0.6 T |
-0.3 0.0 03

Block 1 PLS1
K 53 2B-PLS # % B

¥ Use Same Scaling for Both Axes

A% , RIATE R Bt A s a9 K
B, AR ALEXEZWA, ZEHKRET RGHE:

F Morpho) 1.06d - O k4

File Preliminaries Variation Covariation Comparison Genetics Help

Project Tree Results || Graphics rReports |

PCA: CovMatrix, leaf, Symmetric component rCreate wireframe rCVA rCVA..‘ r no data r Discriminant function ... PLS | 4

new data, symmetric component r Amounts of covariance r PLS scores, block 1vs 2 I’Group-oemered PLS scores Score... )

T
0.8 5

0.6

0.4

0.2

0.0 .

Block 2 PLS1

-0.21

-0.41

-0.6 T 1
-03 0o 0.3

Block 1 PLS1
K 54 2B-PLS 1) 694 & K
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B 54 R3tAReEM Gt 5 K ESTER, 2 )6 FIAET A
M et B KON IS, TR B A AR, R AR SRR
AT AR LEM

3.4.5 & X 7 £ 5 #7(Procrustes ANOVA)

Procrustes ANOVA £ —#t 2 TE K-Faymt L F=ay 7 &k, &
f AU AR R TR 2 W E Ao X R 3 AR F 69 AE 3T =
(Klingenberg and Mclntyre, 1998; Klingenberg et al., 2002; Klingenberg,
2003; Viscosi and Cardini, 2011). & £ %1% F & T Procrustes $E # 69 7
ERIEE R ey At Koy, JRE A MANOVA 77 & #E 4T %o it 4 B
(Morpho J F#1).

ANOVA 5 E ZF NG IB(F LA

LM=13
“ANOVA data”), ANt B & & E ZARITH K, 1219 2134
B Ko B, FAT A & L(ID=FT 25 _ Egg ilg;
= J
O S B 'ﬁ ;i‘ ) o P 1244 1585
ID=MXO S T01 L0l 1,&7#2 MXO ¥ S 1265 1573
YAt 8 o —RA Y B — A vt T B —RARITAY ﬂé; iggi
5 ¥ T2 & A AR
n_]—%/ﬂi%}%(#j. AN\ /n\_:l’_#T)o 13?1 1998
& Morphol 1.06d 1156 16':':
File Preliminaries Wﬁcﬂ Covariation Comparison Genetics Help llEG 1588
Project Tree | Re| Principal Component Analysis 1[33? lald
ﬁ]w project... PC Scores From Other PCA ... — lCES 1929
| All data - B
? now gt {h:ﬂat;m{:to;relatfon . 1081 2024
leaf ontrast Covariance Matrices ...
! H Co| Convert Covariance Matrix to Landmark Coordinates ”:] :MKD_S_TCI_LCl_l
v X Procrustes ANOVA ... LM=13
m Congtrix. leaf, Asymmetry component 1221 2135
J @I:f;wweframe 1232 2102
_ PLS scores 1210 1576
o [E] tree =
& 185 CVA . 1246 1587
E] CVA .., scores —
grou 1267 1571
¢ [ no data 1415 1807
no data, averaged leaf
¢ no data, averaged tree lf-123 19':3
! m SCSricTri;]::nE)fiir;rcitr:ir;éﬁtfunl:tion 13?4 1996
_ ANOAr:jotdata. averaged group 1155 16':'3
. 1121 1589
K 55 ANOVA £ 1035 1815
N : ., 1067 1929
e ¥3% # 3 F N (“File—Create New Dataset”), 1081 2024

R EHRITMAEE, BPE K 4L ID=MXOST0LL01L2
(Preliminaries”—*“New Procrustes Fit);

34



# 30 % 2£48(“Preliminaries” —“Find Outliers™);

5 & 3t AR Fa N2t AR (“Preliminaries”—* Select Landmarks ”);

£ A& 7~ £ (“Preliminaries”—* Extract New Classifier from ID String);

F 2 & 45 -F 39 (“Preliminaries”—“Average observations by”).

FF45 ANOVA 947, & (“Variation”—“Procrustes ANOVA”)(E 55),
I 56 xFEHE, Individual(— AL A2 45157 89 B )ik et B K-F, Side £
F A EE, Brror AR, —ANAAREGEAMIRE, 5 —NEERE
R EATILAYIRE, BT RMER T RE/MT —K, TAH/KRLTH
K, BTV R AeAeIeARitik £, Additional main effects #tit % T 49 JL
N KK Ar, 2, M), KRB .&F Executeo

o Procrustes AMOWVA

Hame: |F'm|::ru5tes AMOVA |

Dataset: |ANOVA -

Classifiers for the effects:
Additional main effects:

Individual; LEF - — none --
CLADE
Side: POP
IND
Error 1: REP -
Error 2 -- none -- -
Cancel Execute

K 56 ANOVA # X &
ANOVA % R4l 57, »t A KD Faf KT FAL R 5 2| 40 AF, #22E, 4,
rtFeig £ JUANKFo 7 AN AR T F B4k 9 3 2 & @) A 3F AR (Side) A= ik
) I3 Ax(Ind * Side), A& =t b £ 4 AN Z 186 & % £ S fiko )
B FAIR £ o B A KT et Ko Faft) K69 %ok KD A ARIE F b F
Fa B AP 2 R 69 7 £ 8 5 b (F 2R 89 -F 77 #=(SS)I YA E: SS %
b E R A 100) kM 89 o
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F Morphol 1.06d — O

File Preliminaries Variation Covariation Comparison Genetics Help

Project Tree Results rGraphics I’Reports

TIIE WMEIyEIT C[EEES L[ILU SCCUUND LI UOJECL M= Tr 7 IIT CIIE UHCE.

Classifiers used for the Procrustes ANOVA:
[Extra main effectis):

— Extra 1: CLADE

— Extra 2: POF

— Extra 3: IND

Individuals: LEF

[Error 1: REP

KCentroid size:

ffect S8 MS df F P (param )
xtra 1 1316138, 286326 203089 143163 2 31.64 <.0001
xtra 2 4719649 051126  168555. 894683 28 .87 <. 0001
xtra 3 2150643, 436780 37730. 286610 a7 1.31 0.0870
Individual 5796334 699343 25693, T16333 202 T724.51 <. 0001
rror 1 1077.318013 3. 714390 280

hape, Procrustes ANOVA:

ffect 33 M3 df F P (param. )
xtra 1 0.30989572 0. 0140361691 22 T.45 <. 0001
xtra 2 2. 77835461 0. 0020206319 308 4.77 <. 0001
xtra 3 1. 403063861 0.0022377410 627 1.18 0.0036

Individual 4. 20229310 0.0018912210 2222 2.21 <. 0001
ide 0.00801947 0. 0003199520 11 0.95 10,4337

Ind * Side 2. 72297172 0. 0003265493 3178 183. 73 <. 0001
rror 1 0.02974303 0. 0000046619 6330

K 57 ANOVA 4 R 230
3.5 & % 3% (Export data)

FIt Ay 09 AT #R e A2 Project Tree L (B 58), =t A 538 7T A
53R B R RF RAE RAB AR R AT, FTARNE ZRFTAHBS
%, Morpho J 4T A PCA ST Z B 69 rt A K5 B . X3
8K 9 Hld RDA A& 8363 5k

Y H : PCA » # B , 4 B & + PCA # I

E CovMatrix, leaf, Symmetric component
e ﬁ PCA: CovMatrix, leaf, Symmetric component .
E] IPC scores, CovMatrix, leaf, Symmetric component| y Ji;}é“ Flle”)é “EXPOI’t Dataset”( ]E

59)e
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F Morphol 1.06d

File Preliminaries Wariation Covariation Comparison Genetics Help

l’ Project Tree |’Resu|ts |/Grapllics rﬁepons |

1= lnew project..
¢ [ Anldata
¢ [E] new data
¢ [ leaf
¢ H CovMatrix, leaf, Symmetric component
¢ ﬁ PCA: CovMatrix, leaf, Symmetric component
PC scores, CovMatrix, leaf, Symmetric component
H CovMatrix, leaf, Asymmetry component
2 leaf wireframe
¢+ B PLs
PLS scores
¢ [E tree
o 18 CVA
CVA .., scores
group
¢ [E] no data
no data, averaged leaf
? no data, averaged tree
¢ [¥§ Discriminant function ...
Scores: Discriminant function .
no data, averaged group
ANOVA data

B 58 A GMETPITA G AT

F Morpho) 1.06d
ﬁﬁiminaries Variation Covariation Comparison Genetics Help

Create New Project ... ICS Reports

Create New Dataset ...

Open Project ...

Open Recent Project ... b

Save Project nmetric component

Save Project As ... , leaf, Symmetric component
CovMatrix, leaf, Symmetric component

Export Dataset ...

mmetry component
Export Covariance Matrix ...

Import Classifier Variables ...
Import Covariates ...

Import Covariance Matrix ...
Import Phylogeny File ...

Import Phylogeny Tree Set...
Import Outline File ...

Import Shape Change Vectors ...

on ...
inant function ..
Hp

Close Project

Exit

ANDVA data

B 59 3 &Kk
E: FHEHEN, TESFHORBINETT 5E, WITAFHR
B 69 7 E# B (A 60):
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F Export PC scores, CovMatrix, A-D-H, Procrustes coordinates as ... K

Data types: Classifiers:
PC scores leaf

ind

spe

Include variable names as first line of the file

1277: |J Documents |v| E
[ Autodesk Application Manager 3 MEGAT

[ Downloads [ My eBooks
3 Fax 3 My Music

3 Inventor Server SDK ACAD 2016 3 My Pictures

4 el IC

prak =105 |F'C scores, CovMatrix, A-D-H, Procrustes coordinates td |

St st I~

[ ] wn

K 60 38 £ 1%

9., et E R L BF

FAA Morpho I §ih T 3 AR 4040 Ao E 1§ FR41 969 PCA 438
Boet B Ko #AE, SEAIA R EF 69 agricolae 3T T S T L& S
M, RAAM SR AR et AT AR s, dExTARA AR B KT
FALRE, TITRGT:

>library(agricolae)

>data=read.table("clipboard" header=T,sep="\t") #-F N4k &

>model = aov(syPCl1 ~ species, data)

>summary(model)

>out =scheffe.test (model,"species")

>out #EHE LR
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A, HIL, WA Fe R AR e 69 RS e

LR, E, RERLERT

HATH A Morpho T 5 T xtAréa s, JEstfhsapdect A K
DR EAE, AERT AR, AT 2 5T (Simple Sequence Repeats,
nSSRs) #RITAEY PCA S ATAI AT =/ E o (PCs)E A P R F L 2,
AT KRB A& T &, &A1& WorldClim # # &
(http://www.worldclim.org) ¥ 3R B 7 1970-2000 ¥ 30 &9 A 4% £ 3%,
4 103 N AIERE T, 1% A ArcMAP (Environmental Systems Research
Institute, 2014) ¥ K £ &89 GPS M AR(LZ BE A= 45 £ )B4t 2] 30 arc-
second #) ESRI® A& MAE F, KA 19 SR LG AEET. #
&, HAVEE R iEFF 69“usdm” ek £ & (Naimi ef al., 2014) ¥ &9 7 £ 1%
K B ¥ 2 #7(Variance Inflation Factor, VIF), MAiX 19 N IET =+ &
R3pMREEGROE T, RAKRE 3 5AUERT. KRG 0IER
T\ SSR % FARITEI AT =4~ PCs Aok 2 K B KA IBAE ot S 69
METF, MATELEGTREI.

27t HEHE, ARAEQTTROMN

AT IAERIE, T AERETLAEBRET — et BT F A
4. AEIARDL S At B KD), &AVE R R EF3F 69K %6
“usdm”(Oksanen et al., 2017)# /T — & 7| & T 36 % 49 T & 5 47
(distance-based redundancy analyses, dbRDAs), &, 453 R iX (Marginal
tests)A= 45 44 M) X, (Conditional tests) (Legendre and Anderson, 1999), 4
4% B 75 2 X1 9T LB AT — AN FERIE | i Fe LR L S 4934 IR
BRI GLIEARAE+ AR F T LB 42 F) 7 Sh A ) & i 4T = A
T 69 Z 4 dbRDAs A2 257 B R iX 40 69 3 L 500 | 4h 693 4 3K
R Fa b b9 A AR . (D)2 5] @ AFFo AR 09 A KL T 69 K4
12 A (Ao +Condition( £ +A4%)); ()32 %) 33 Fo ME RO 69 H K 1L
& % & 0 & A AL (3R 45+ Condition LI+ A1) (3)4% H] W32 Fo it
LB H K ANk T 2 69 K442 R (R 4%+ Condition (3 32+1E %)) /G,
i@ 13 7 £ 5 A7 4 (anova function)t H dbRDA & F &, BT 769
B o tofe p ABRIPAE AN R 2 B & 5 et S & 5369 %5 vf(Oksanen et al.,
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2017),

BAT AL T

1. Af&E, #32FeiF 43t 69757
HitF NAHE
R BT 23R
>library(vegan)

>data=read.table ("clipboard", header=F) #-F A\ SSR )2 — 4 4%
> p=prcomp (data, retx = TRUE, center = TRUE, scale. =T, tol =NULL)
> summary(p) #PCA % RAF A G L0 M 69 i 45 %
>predict(p) #it HAREE TR F o
> gene = read.table ("clipboard", header=T) #- \i& % £ 4%
#itF Nt R
> sy= read.table ("clipboard", header=T) #-+ A Morpho J ¥ F i 49
3+ AR285 PCA %% 3%
> asy= read.table ("clipboard", header=T) #-F A M Morpho J F F i
a9 3E 3T A48 5 PCA £ 4%
> size= read.table ("clipboard", header=T) #- A\ Morpho J F F i
et R KRB
#Hi I 1 AR R
>library(usdm)
>data=read.table ("'clipboard", header=F) #-F N\ A 4% B T % 4%
>x=vifcor(data,th=0.5) #if if 1% & £ (th=0.%) % 8 7 5 G 69 B T N4k
>X #EF KRG T R AR BT
-7 AR A I IR
> envo = read.table ("clipboard", header=T)
HHHA B AT R AL
> syl=decostand (sy, "max"
> asyl= decostand (asy, "max")
> sizel= decostand (size, "max")
> envol= decostand(envo, "max")
> genel= decostand(gene, "max")
HE s A% A
> modl=varpart (syl,~ BIO03 + PREC12 + WINDO3 + BIO17, ~ long +
lat + alt, genel, data = envol)
>mml = model.matrix (~ BIO03 + PREC12+ WINDO3 + BIO17, envol)

[, -1]
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> mm?2 = model.matrix (~ long + lat + alt, envol) [, -1]
>mod2 = varpart (syl, mml, mm2, genel)
HHHIZ AT AR
> sy dbrda = capscale (syl ~ mml + mm2 + as.matrix (genel), dist =
"euclidean")
> summary (sy_dbrda) #& & £
> sy anova = anova (sy_dbrda, by = "term",permutations = 999) #7 £
S HT
>sy anova #HER T ENMER
>gy dbrda #4% total & X
HHEE H) 3o 32 Ao iR A5 09 Fvh
> sy dbrdal = capscale (syl ~ mml + Condition(mm2) + Condition
(as.matrix (genel)), dist = "euclidean")
>sy anoval = anova (sy_dbrda, by = "term",permutations = 999)
> sy anoval
> gy dbrdal #4¥ total £
HHE ) AME A AR YRS vR
> sy dbrda2 = capscale (syl ~ mm2 + Condition(mml) + Condition
(as.matrix (genel)), dist = "euclidean")
> sy anova2 = anova (sy_dbrda, by = "term",permutations = 999)
> sy anova2
>gy dbrda2 #4% total £ %
HHIE ) ANE A3 IR 69 %S 7R
> sy dbrda3 = capscale (syl ~ Condition (mml) + Condition(mm?2) +
as.matrix (genel), dist = "euclidean")
> sy anova3 = anova (sy _dbrda, by = "term",permutations = 999)
> sy anova3
> sy dbrda3 #4F total &%
#E . A LR A FaARa ey R, K FIEstArmofert b K69
Jv?%, REBARPITIE ZAo B TR G BAR K A5 BP T o A% 89
DAt &R, X 2R VA syl: A MorphoJ ¥ i 649 3F #2845 PCA
%%%w
2. BARBg MR, WAl 4 R Tt agRsvh
Hith 7 NI
> sy= read.table ("clipboard", header=T) #-+ A A Morpho J ¥ F i 49
st AR 484 PCA # 4B
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> asy= read.table ("clipboard", header=T) #-F A A Morpho J ¥ F i
8y AE 3 F A48 PCA # 3%

> size= read.table ("clipboard", header=T) #<+ A A Morpho J # F %
aret B KON IR
> factors =read.table ("clipboard", header=T) #FANMFHEHT, LIFE
&, #.32F= SSR #97T 3 /> PC {4
HHHIZ AT AR
> sy dbrda = capscale (syl ~BIO03 + PREC12+ WINDO3 + BIO17 + long
+ lat + alt + PC1 +PC2 +PC3, factors, dist = "euclidean")
> summary (sy dbrda) #& & % X
> sy _anova = anova (sy_dbrda, by = "term",permutations = 999) #7 £
T
>y anova #ER T EpMER
>gy dbrda #4% total £k
HHAE 5] W3 Fo 3 A% 09 7 of
> sy dbrdal = capscale (syl ~ BIO03 + PREC12+ WINDO3 + BIO17 +
Condition (long + lat + alt) + Condition (PC1 +PC2 +PC3), factors, dist =
"euclidean")
> sy anoval = anova (sy dbrda, by = "term",permutations = 999)
> sy anoval
>gy dbrdal #4¥ total &%
HHAE B ANE A A% 09 7 oh
> sy dbrda2 = capscale (syl ~ long + lat + alt + Condition (BIO03 +
PREC12+ WINDO3 + BIO17) + Condition (PC1 +PC2 +PC3), factors, dist
= "euclidean")
> sy anova2 = anova (sy_dbrda, by = "term", permutations = 999)
> sy anova2
>gsy dbrda2 #4F total &%
#HIZE ) ANE e33R 09 %57
> sy dbrda3 = capscale (syl ~ PC1 +PC2 +PC3 + Condition (BIO03 +
PREC12+ WINDO3 + BIO17) + Condition (long + lat + alt), factors, dist
= "euclidean")
> sy anova3 = anova (sy_dbrda, by = "term", permutations = 999)
> sy anova3
>gy dbrda3 #4¥ total £
#iE . A LR K FTaARasegRag, K FIEstirmnyfert b K89
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RAL REPEFATIE 2 AB TEA ) BEARKOIDE T, /2870
N E AT HIE, XEZR W syl: A Morpho] ¥ F
8 3 AR 28 5 PCA 338 H 1) o

<+ F+ AW ZE = ({mport Covariates)

1.+ A X A4 X (Input file formats)

A F et 7 4 84+ MorphoJ 893 ABM AAS XA txt A& KX, AT IA
BEFAME EZAE RS S0 LATSEIE LA A Morpho T %
FoG AR A, % AT VAR Excel B S, R A AN AR R REE
FTHolaeg LA, L& X4 B 61:

| popspe2SEEinEER. txt - IBFEA
SHE) #E(E) BX(0) EE(N) FEIH)
t[D Longitude Latitude
BYS.S 105.61 33.33
DLT_ A 112.69 33.87
DSH.M 12449 41.11
FHS_F 106.92 27.7
HPS_A 107.71 34.09
HQL .S 111.81 33.81
JES_S 105.68 33.69
JGS_F 114.09 31.86
JLP_D 113.33 35.71
JYS_F 106.39 29.84
LSS_F 115.97 29.59
MSS.D 11797 35.55
NNY_ M 111.32 37.09
QPS_.M 123.67 41.93
QSS_M  123.14 41
SBP_.A 112.83 35.22
SBY A 10896 35.02
SPS.D 119.52 40.06
SYB.D 107.14 33.7
TBB_S 105.37 32.23

B 61 th &= 44860 %2
F—ATO M EZN LR F—AFA(L@OF T+ “ID”)
Fk 2wk, 1B RF T o5& BHERRNEDT EW L. BAMTEEHRE
A —NTRE T, LRERATH, LEH SR KNS FE, KT
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T AR FER O AR PR Bl “347, “30.57 ), LT ARAAFITH
FE () He: “1.753 €-097 )o

2LEAWEE
#T‘ﬂ; Morpho J’ Eid—i%*gééjﬁglg’ ;ﬁ"-/]\*"‘éég'f]': 6¢%§éﬁ—§i#}%
%o fyy‘gi"l%/‘:(%)\ﬁljﬁ/]\é}ié)%%o E_ “ProjectTree” ﬁjﬁ%qjli{fli

¥AEE, ARG A “File” P &3 “Import Covariates”, FA#KIE, 4K
62:

¥ Morphol 1.06d

File | Preliminaries WVariation Co

Create New Project ...
Create New Dataset ...

Open Project ...
Open Recent Project ... ]

Save Project
Save Project As ..
Export Dataset ...

Export Covariance Matrix ...

Import Classifier Variables ...
Import Covariates ...

Import Covariance Matrix ...
Import Phylogeny File ...

Import Phylogeny Tree Set ...
Import Outline File ...

Import Shape Change Vectors ...

Close Project

Exit

K62 thZEFA
A AT 3 B AR
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Data set: y5
Match by ) ldentifier

B = —

The first line of the file contains the names of the new variables.

B [ SHRANT [~ EBE
[} popspeszéfiEth 3@ [ Y.par

[ s.par [y EdFtxt

[} swml23.nexus [ AiF4AiE Sz doc

[} swni123.nexus [ atfeies 3r.pdf

[ wxCvA.ai [ B#§4Ri¢ 37_20201215(1).doc

[} wxcvaasym.ai [ etiRie 3_20201215_1(1).doc

4 ] 1 [ [»

G  [popspelaHREInGEE b |
SitREm: [siasdt =

B 63 FAMEEECLLHBIFHN»LRETP

HEP FANHBASELLEF, 9 A £ Identifier 4= Classifier variable,
A TR LT Z T 5K IEE T ORRAAT A, 4o R4 T Identifier,
W) Identifier T & 0984 A F B, 4o &4 T Classifier variable, 1)
TURTEEEFABRMTE R LT a5 £, e AL LT
Blo FAMEER, BLEMTRETERNRBEDLEERBALESE
£ o FARI G HF1Z 4 AEE /£ Preliminaries F & “Edit Covariates”
TEMENLT .

& Morpho)J 1.06d

File | Preliminaries | Variation Covariation Comparison Genetic

Pro Mew Procrustes Fit ... ﬂ

Find Outliers ...

n
? E Include or Exclude Observations ...
]

Generate Covariance Matrix ...

Extract New Classifier From ID String ...

Edit Classifiers ...

- . metric component
Edit Covariates . d ind, Symmetric com
Select Landmarks ... caveraged ind, Symrr
Subdivide Dataset By ...

ohted: PC scores, Co
Combine Datasets ...

scores, CoviMatrix, yE

Average Observations By ...

Link Datasets ...

Create or Edit Wireframe ...

Set Options for Shape Graphs ...
Bl P THE STOTES
o ™ PLS asvm oeo

B 64 4h#HE ¥
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FANRA LT BHTT, A Fdm T AT RS, MR R4,
¥ & Accept:

& Morpho) 1.06d = O X
File Preliminaries Variation Covariation Comparison Genefics Help

Project Tree | Resulls | Graphics | Reports |

PLSy5sym | PLSasymgeo | Edit covariates in'y5, averaged ind'
| L

Identifier Longitude Latitude
BYS_ S 101 10561 3323 | -
BYS_S_T02 10561 3333
BYS_S_T02 10561 3333
BYS_S_T04 |105.61 3333
BYS_S_T05 |105.61 3333
BYS_S_T06 |105.61 3333
BYS_S_T0O7 |105.61 3333
BYS_S_T08 |105.61 [3233
OLT_A_T01 |11268  |3387
DLT_A_T0Z |11269 [3387

DLT_A_T03 [112.69 [3387
DLT_A_T04 [11269 [3387
DLT_A T05 [112.69 [3387
DLT_A T06 |112.69 3387

DLT_A_TO07 |11269 3387
DLT_A_TOB 11269 [33.87
DLT_A_T08 | 11269 [3387
DSH_M_T01 |124.49 [41.11
DSH_M_T02 |124.49 [4141
DSH_M_T03 |124.49 [4111
DSH_M_T04 |124.49 [4111
DSH M T05 |124.48 [a1.11

4

Longitude Add covarnate
Latitude )

Delete ccovariate(s)

Cancel Accept

B 65 bEELNEE
3. 304 B (Biplot)

# Morpho J ¥, SR I —R(2B-PLS)AFIAE A T Ak T
= 8] Yr 77 £ 4E % 69 4 518 % #%(e.g. Rohlf and Corti, 2000). Biplot (&
*T@) A MEBETHX, RIFRCAAT ER—EF SN

T e 25 K 6912 &, {2/ Morpho J FARX A THL AT e VARSI T
ey KR TG T =,

¥ 3% : & F“Covariation” — “Partial Least Squares” —*“Two separate
blocks”, HILE 66 *iEHE: £k Blockl AT =, Hit Block2 A
SEARLA o H AR AR5, BFH AT
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¥ PLS analysis: two separate blocks x
Name for the lysi: |F'LS |
Block 1 Block 2
{Please choose Block 1 before Block 2.)
Datasets:
y5, averaged pop el y5, averaged ind ||
y5, averaged ind = PC scores, CovMatrix, y5, averaged i—|
= | CAA = |
[ i D il i | [¥]
Data matrices:
¥5, symmetric component = ¥5, centroid size =
¥5, asymmetry component = ¥5, symmetric component 1=
y5, averaged ind, Covariates = ¥5, asymmetry component |
Variables:
Longitude Symmetric component
Latitude
Perform permutation test Number of rounds: |10000
Pooled analysis within subgroups
pop
ind
| Cancel | | Execute |
— . ik ~ ;%5<_
K 66 AT B (Biplot) A4k it 4%
R E 67:
& Morphol 1.06d - m} %
File P Variation Ci C Genetics  Help

Project Tree ‘ Resuits | Graphics | Reports ‘
PLS y5 sym [ PLS asym geo | Edit covariates in 'y5, averaged ind" |
¥5, asymmeiry component | Block2 | Amounts of covaniance | PLS scofes, block 1vs 2 | Group-centered PLS scores | 5. |3

10 Latitude

Longitude

Block 2 PLS2

-0 08 05 -03 0.0 03 05 08 1.0

Block 2 PLS1

K 67 AR E (Biplot)4 %
ZE 27T W% PLS #h(K-F 7 @49 PLS1 A= & 7 ) 49 PLS2).
TTEd, PLSI 3 22T % “4F”7, PLS2#I 2R “HE7,
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L. B4+ 2] £ 4 X F A (Map Onto Phylogeny)

IR DL &-F

Morpho J =T A& B -F 7 & 4L ] £ ik (squared-change parsimony)-F
R IERAHF] R %R F A LE (Maddison, 1991). & %K F XA VA
NEXUS L #4& X A Morpho J, H-FA#KAEZATHK PCA 5472
2L NP

NEXUS S # 2§ Mesquite. PAUP*. MacClade 5425 24 & 49,
A& XA T B

WHHE) SRE) 1SN0 =/ WEH)
#NEXUS

BEGIN TREES;

Tree tree = ((F:0.00029610,M:0.00014854)1.0000:0.00026224,5:0.00014932,
(A:0.00053028,D:0.00018217)0.9910:0.00008139);

END;

K 68 T A X
£ “File” F#&#F “Import Phylogeny File” F N\ 4#4F:
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& Morphol 1.06d

Fle| Preliminaries Variation Cao

Create New Project ... A
Create New Dataset ...

Open Project ...
Open Recent Project ... 3

Save Project

Save Project As ...

Export Dataset ...

Export Covariance Matrix ...

Import Classifier Variables ...
Import Covariates ...

Import Covariance Matrix ... .

Import Phylogeny File ...
Import Phylogeny Tree Set ... f
Import Outline File ...

Import Shape Change Vectors ...

Close Project

Exit

K69 FANL—%

QBRI EEARGRE LAt

% /'u/ml

FRABERMAIZAAKE KL,

“Map Onto Phylogeny”s - #LIA T 315 4E:

49

NEXUS X #

& “Comparison” ¥ 49



¥ Map data onto phylogeny ... X

Phylogeny: ‘tree ‘v‘
Name: |tree1| |
Data:
Dataset: ‘ys,averagedind ‘v‘
Data type: |Covariate5 |v|
Classifier for taxa: |spe ‘v‘

@ Weighting by branch lengths (if available)
@) Mapping with rooted tree. (This is the usual option.)

@ Permutation test for phylogenetic signal

Number of iterations: 10000 |

@70%&l£2%%@?%ﬁ A L
B4 “Excute” 33 T4£E:

& Morpho) 1.06d - O x*

File Preliminaries Variation Covariation Comparison Genetics Help

ProjectTree | Results '-Gmnhics ”Reoorls

treed

[Tree | values |

106 108 110 112 114 116 118 120 122

Longitude

B71 RAKFHER
HahRE T ZOMA(E EARR S R, ME BT @ 2T AH
AR T8 69 AR K B (B R WS & 8 i A AR S 7 R AR AR R
é’a) Jm R 5 F KT AR A st et ], AR A XN B sEAR R T B
«% mﬁ'gifﬁblﬁ/} ZH] .
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RO ERT EFEAR, B — AN XEE, 58 g
ERTRTFATAMG TG, WHRT, PC 427, & EMIH
FHG o

i \ \
Choose the Variable to Display ...
=i < Choose the variable for the ... X

Color the Terminal Taxa Points ...
Resize Data Points ... Please choose a variable

¥ Display Labels of Taxa Longitude ‘v
Print ... Longitude

Export Graph to File ... /

Close Panel

\ /S \m)//

K72 2#-ETE

I REFE QDS L E AT S, Morpho J F 2 773X 235569
S RFET-FHAG SR
HRiEEE 73 PC scores X4 :

{;ﬁ. vh, averaged ind wireframe
e H CovMatrix, v5, averaged ind, Symmetric component
e ﬁ PCA: CovMatrix, yv5, averaged ind, Symmetric component
¢ PC scores, CoviMatrix, v5, averaged ind, Symmetric component el
¢ tree cova
BranchDiffs, weighted: PC scores, CoviMatrix, 5, averaged ind, Symmetric component
IndContrasts: PC scores, CovMatrix, v5, averaged ind, Symmetric component
o |88 CVA .sym
CVA .., scores

& 73 4 PC scores X (e #ik)

B3 AT RS, 4ROK B “ Comparison” = “Map Onto Phylogeny”,
M T P R4
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F Map data onto phylogeny ... X

Phylogeny: ‘tree | - ‘
Name: |tree |
Data:

Dataset: ‘PC scores, CovMatrix, y5, averaged ind, S... |v‘

Data type: |PC5oores |v‘

Classifier for taxa: |5pe | - ‘

® Weighting by branch lengths (if available)
® Mapping with rooted tree. (This is the usual option.)

@ Permutation test for phylogenetic signal

Number of iterations: 10000 |

e

q
"

q

N

K 74 PC scores 42| & 40 &L A #

0.097
s
0.06
0.037 oot
oo
N
@] F
o
0.00
0.03 1 A
-0.06 . . . : .
-0.09 -0.06 -0.03 0.00 0.03 0.06

& 75 PC scores X4t & 4 K B A4
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AL B R HAL I 4E (Modularity: Evaluate
Hypothesis)

A W% A A by & B AR T, 12 X 4ax ik T H 4k
X A 69 ¥ 7L(Klingenberg, 2008) . /£ &M E 541 F , 1 S8 AZ A5
FEIRE SR Z W 6985 T AedR R N30 LT, 28 BRI ES
T — it

AT IR AERRIAARAR, TR S ] 69 £ T AR 5 AN
a9 7T 1% 4 X 3t 17 Hb 3%, Klingenberg %(2009)%&51 RV %%k, RV % *y’:
R -F 75 # k89 % 7T K tb(Escoufier, 1973), CHBAETEEA MR 0 (2
X)) 21 (ThtX), @ik 5 TR, EFEZ M RV & *fcztx
BrERNREAMRE BT EZ AKX 4o R —AMBRIXR] 5 HAERZ
&g A R —2, IRATFTHRZ G948 KR IZA R,

12BREELETE

1= Project Tree & 91 F & B — AN 7 £ 46 15 GR T XA A B &
;B AT IR A, £ “Covariation” ¥ &3 “Modularity: Evaluate
Hypothesis”, 4= F 76:

i <F Morpho) 1.06d =

g File Preliminaries Variation|cmﬁaﬁm Comparison Genetics Help

Project Tree | Results | -Gri Partial Least Squares b
I'E new project.. Regression ...
¥ ' B Residuals/Predicted Values From Other Regression
¢ ¥5 J

B 15, averaged pop | Modularity: Evaluate Hypothesis
o [ v5. averagedind
é /5, averaged ind wireframe
¢ S CovMatrix, y5, averaged ind, Symmetric component
[ ﬁ PCA: CovMatrix, v5, averaged ind, Symmetric component
e g PC scores, CovMatrix, y5, averaged ind, Symmetric component
¢ % tree cova
BranchDiffs, weighted: PC scores, CovMatny, ¥5, averaged ind, Symmetric component
Ei IndConlrasts: PC scores, CovMatrix, y5, averaged ind, Symmetric component

O o L L

B 76 4% Covariation 3 ¥ T #9 Modularity: Evaluate Hypothesis
Rg B ILT B A EAE:
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& MorphoJ 1.06d - O b4
File Preliminaries WVariation Covariation Comparison Genetics Help

Project Tree | Results | Graphics f Reports

[ Evaluate hypothesis on modularity |

Start analysis | Select subsets of landmarks | Modily adjacency graph
Name for the analysis: |Modularity hypothesis
| Contiguous partitions only

Evaluate by: Full enumeration of partitions
= Random partitions

Number of random partitions: 10000

.11
1 2
i3
& !
[ [ == ]
3
Problem with the
o »
partition of landmarks
.T
[ Cancel Accept

P 77 Modularity: Evaluate Hypothesis

F—NAEA—NRATHREZSH LA AT HE (Name for the
analysis), T BATR X &AR. A€ T @A —ANE&E, ATHEAEL
BYROSITERNTRELS)RLEZOESTA SR, £HFRFZXN
BRI T A 5069 £ 45 F & (Klingenberg, 2009). T —ANi£ 35 £ 547
RAZAE R T A TR, RN ZERELAREZMNSKE; e REHFT
Full enumeration of partitions Z£ 3, W [RF]| A = ] E 42695 X, 4= R ik
# Random partitions Z£ 3 , K- & B T AL R #0269 LR F B
Klingenberg 32 20 AR E & A R T AR LR HEAE, TRILZ MRS
10, 000 2 R A AL K H#AT LA, R4 RV R £ 09 5 32 K 42

245 B AT B
B “Accept” 2 )5, EAVEFH =/ %A Modify adjacency graphs
T, FATARE S P A AR B EANA T CTURA B4R HiRE A

HHATERE, LT AEEMREER @ s FARE R G ARG I R B
Jt & & “Accept”:

54



& Morpho) 1.06d - a X

File Preliminaries Variation Covariation Comparison Genetics Help

Project Tree | Resuits | Graphics | Reports
Modularity hypothesis... I Evaluate hypothesis on modularily

Startanalysis | Select subsets of landmarks | Modify adjacency graph

Lmk 1 : Lmk1 |w

Link landmarks

|
LMK —LmMKTT =]
|LmK10 - Lmk11 n
11 [Lmk11 - Lmk12
ILMKT -- Lmk12
[Lmk11 - Lmk13
|Lmk12 - Lmk13
[Lmk1 - Lmk13
13 |LmK7 .. Lmka
|Lmks — Lmk12 =l

i Delete link

| Cancel || Accept |

B 78 B ARER
&E “Accept” B AAVEBE W+ A& LA (Number of subsets)
RESRERE, BAPREV Q22 MRE R, AMEZ—MRE S
REGE, TTRTHEARRLBEBCOIREERTEFHEC AT
# R R RAARE B (IR T 1 FrE A
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& Morpho) 1.06d

File Preliminaries Variation Covariation Comparison Genelics Help

meiectTree I Resuits erphics rRenorts |

PLS | Modularity hypothesis... r hypothesis on ity

[ start

lysi [ Select sub: of rks rmmlrymjacsncyurapn |

ol

el

@3

lLmk 1 -
Lmk 2
Lmk 3
LmkK 4 --
Lmk 5 -

Lmk &

Lmk 7

Lmk 8 -
Lmk 9 -

Setd
Setd
Set1
Set1
Set1
Set2
Set2
Setd
Set1

Lmk 10 - Set 1

Lmk 11 Set2

1 Lmk 12 . Set 2
Lmk 13 - Set3

o] s

[«1]

b

B 79 &&FHnKX
BF “Accept” EHkEED| e T &

@ Morphol 1.06d = m] X
File Preliminaries Variation Covariation Comparison Genelics Help
Project Tree | Results | Graphics | Reports |

PLS hypothesis on |

[ Startanalysis r Select subsets of landmarks r Modify adjacency graph |

[_] Contiguous partitions only

Name for the

Evaluate by: @ Full enumeration of partitions

) Random partitions

Number of random partitions:

o3

L

L4 cancel Accept

K80 &HS»RKXT5%
3.1 4k %~ X (Comparing partitions)

Bd “Accept” L GHILRV ZH 0P AT A :
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2500

2000

Frequency

=
=
[=]

500

T T 1
0.6 [IX:) 1.0

Multi-set RV coefficient

B 81 RV Z &9 % 457 A 7 B
WARERARE SBCE R 9 A AN ABIR A R A0 7 XA 1T
HTATRAOXI S AES K DTEGS XA RV ZR e RAZRMAR
WAz, WARFEIZBEIRX S X6 RV FREZARKE, XRHEEV BZ
FFTAH R RV ZEHD AT R,
LI AT K AEEANG REL AM KRN, X—2ZRE5X 56T
FARIR AL SRR —Bo B AT KA A B BAR S 49X A8 R
REARRF S XA RV ZHSTE, TARB LG NK PIEAE 549
T8. B RV AR DTRFTIRHEMNS XA RV AL KL, T
fE# % P {& &9 4 44 (The proportion of partitions for which the RV
coefficient is less than or equal to the RV value for the partition of interest,
which can be interpreted as the analog of such a P-value, is one piece of
information that can be obtained. Klingenberg, 2009)

s KB 5 3] (Deep Learning)

PUES 5 3] 48 — R 7T A AR 3 a9 X B 3 A R TR AR AL 49
H i&(Olden et al., 2008). KZ 5 3] (Deep Learning) 1 AME 5 3] 49
A, AT HEAKME BT — 29I %G T EFROEEZANEERN
R 4 2 M B AL S & 5] 142 (Hinton, 2006). 4l —A& 4957 5] id 42,
R 2 FR RS B AR F AR M Ao R BUAFAE , XA B B 3]
B TR R R Z AN ERF I, BAEARH T F 64 2 A,
R H R 5] R T A 69 B 42 4% 42 (Christin et al., 2019).,
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1L.EFERRLEH

ASFPHESEROF BT RESEERLOKIESE, BT
¥R, REFIALL AT, £FEERT, ERATRGEES ]
RMTAFRRXIEER, AF, AR ZHLZERITER L%
(convolutional neural network, CNN), & T HERBG S X P ey,
%R A A BT & BOR B % 5] (Krizhevsky et al., 2017). CNN 2 BH & 5
TG A RIFe 2 I MBI RS XE, RF—ANAEELLER
ZEEMGREFIBA RETRETI TR RO EZE, F
T HIE A FH RIS E K(LeCun et al., 2014)o CNN £ KM A #Hy
NE, BARE, LR, g EfmE E. P EAREAZIFILR
BUE, BT 64 69 B AL N AP 22 R &) 094503 .

2IEFAER

MAEREFINRRAE, 12T XKEER, AER (T
B) &5 R, TRATR. RUEIH. TLFHERL LT BR
H# T B &9 7 % (Christin ef al., 2019),

Implementation of  Pre-trained
Framewiark Language OMNX Support popular networks models available  URL
Tensarflow Python, C/C++, B, Java, Meeds conversion s Yis https: e tenso
Go, Julia fram external tool rflow.org!
PyTarch Python Yes h(5] Yes https:/fpytor
ch.org!
Keras® Python, R Meads conversion Yes Yes https:/fkeras.io’
fram external tool
Microsoft Cognitive C#, C++, Python Yes (5] Yes https:/fdocs.micra
Toolkit (CHTK) soft.com/en-us/
cognitive-toolkit/
Deeplearning4) Java, Scala Basic support fes Yes https:/fdeeplearni
ngdj.org/
MATLAB + Deep Learning MATLAB Yes Yes Yes https:/fwww.
Toolbox mathworks.cam/
products/decp-
learning.html
Apache MXMET C++, Python, Julia, Matl  Yes (5] Yes http:mxnetincub
ab, JavaScript. Go, R, 5 ator.apache.org/
cala, Perl
PlaidhL Python Yes Yes (via keras) Yes [via keras) https:/fgithub.com/

K 82 FRIER LR
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3. FARR

#£ ILSVRC (imagenet large scale visual recognition challenge)tt &
L, AR ERE T 69 CNN A, K 2014 F49 & £ GoogLeNet
A BT Inception £5#) (R — /&4 R AE K89 B A7), AR
m KR, I B Inception Z /G X 3w T — 22 # | Xception X A
Inception #9 M IR i& A, £ ImageNet %48 2 LMK 69 5 £ top-5 4 F
=ik 94.5%, Ao RARA PR d & ey,
Xception #5442 — /N IR LT 5 3 69 B ARJE Ao 5% B A2 R A
ZMER. ZMEFRMIETFTEH 2 L A5 2, 1E A% Keras
(https://github.com/fchollet/keras) 2k TensorFlow-Slim iX 4% 9 = 48 &,
CREE 30 ] 40 KRB, X5 VGG-16 AW RME A+ ATRR,
1% Inception V2 & V3 X Fa§ 24, M2 L ELRF 5,

4 KB GHE

WA IEEBF OSSR AT Z BT, ERETHES AR
Bl 49 4= F= 27 2 49 1% 4% (Pondenkandath et al., 2018). E &9k, V%
HBEBK, P REREHRAAT, Ain, TEHOREHREN DT LE
AAR R A% 69K, VAR &R AR £ (Weamn et al., 2019), £ &£E &,
NGB EBFPARNTE, —ANATABZENGEERER, F—/F
FipfE Lt Hb, BNFELMOSEG0PFREFTAD»ELX
A, VMER RGN,

S.EARBET %:

5.1 B& A4

AMTE2ERFE, WA S FHRAE, T &N U:

9
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https://xshell.en.softonic.com/

n F Er # = FH L #H , T & H i
https://www.pcsoft.com.cn/soft/13932.html

PC

B T % # # & python XL # , T #H x# i
https://www.jetbrains.com/pycharm/

S2EBEAZ AL

521 B&RATHXNBA

BEB R K, BINGE: ek WXESH L T70: 15: 15 89
FeBlE SR, B R MALHER FE e % (BJFU 001594), &4 —7K
BAA B TSRS, sitde T EFT0942 8 485 4 input A%

« bjfu > datasets > ISIC2018 > data >
~ e=E

BJFU Test GroundTruth
BJFU Test Input
BJFU Training_GroundTruth
BJFU Training_Input
BJFU Validation_GroundTruth
BJFU Validation_Input

K 83 Lfrka b
# 7 GroundTruth F (csv B X) MEANBFTHE A #H T T B
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https://www.pcsoft.com.cn/soft/13932.html
https://www.jetbrains.com/pycharm/

2 L (VA=%4£ 41 DEN. ALI. HYB), 1 KEE#H, 0 K£ T <,
2% input 89 B B ¥ &A= groundtruth 89 £ F——3F 8 (E—% 5T
Bk, BRI g AL)

A B C D
image DEN ALl HYB
BJFU_001926
BJFU_001927
BJFU_001931
BJFU_001933
BIFU_001934
BJFU_001935
BJFU_001936
BJFU_001937
BJFU_001938
BIFU_001940
BJFU_001941
BIFU_001944
BJFU_001945
BJFU_001946
BIFU_001947
BJFU_001949
BJFU_001950
19 |BJFU_001953
20 |BIFU_001954
21 |BJFU_001955
22 |BJFU_001957

B 84 GroundTruth =17

e el e e e e e e

oo [~ 1| A W[N] = || (N L1 & I =
L= L= = Y SR U U VU P U U P T PR
O D O D O O = OO D OO D= OO
o D O O O O o oo o o000 oo oo 0o o0

5.2.2 BT A4

REZE » bjfu * bjfu * runs *

N B

__pycache
__init_.py
cls_eval.py

cls_predict.py

) W

train_new.py

K 85 it S i E A
% LB 4z B &9 python LA (__init__ . train_new), A& &&X
(EPSA SRS E SR A
£ init _py P T A
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task3_img =

task3_validation_img =
task3_test_1img =

K 86 ¥ 7 fz H 1)
AR IR EAEFLLE R
SR LHARE A AR IT R, W TEAIT (UA=5R
#1%] DEN. ALI. HYB)

DEN
ALI

[DEN, ALI, HYB]

class_names = [

B 87 74z E 1)
F£ train_new ¥ 4= F £

SYS

sys.path.append(

K 88 # 74z & =1
XA AR FH BT A Ak R
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5.3 I LA REAT

5.3.1 #3E E4E

i Xftp LB K . groundtruth, init .py. train new.py %48 &
28 (—FTKEALHT D)

5.3.2 RABEAT

& Xshell F 32| runs LAF& A 4EM N train_new.py #17THE A
NG5 (—FKE /R D 10 00D, BHGEmbE4ERx (U=
£ 41 DEN. ALI. HYB) 4= F:

S0/50 - 225 447ms/step - loss: 9.9094 - accuracy: B.8796
val_loss: : val_accuracy: 0.4355 - wval_sensitivity_at_specificity: £.8395

| True\Pred]| DEN| A HYE | TOTAL |

DEN|
ALT|

I
I
| HYB|
| TOTAL |

| precision]|
| recall]

K 89 iz 4T é#%&%
Ik )G Hr N cls predict.py 3TN, M4 R4 T

_;]_El 1':| [============================== EE. a'nE.l.lr::.'tE-p
[5.7973313331604, 0.44516128301620483

DEN | : HYE | MEAN |

I
I
| precision]| B.335
| recall]

B 90 BT MRELER
EF HBER T @4z E cache LR A BFE
« bjfu > bjfu * datasets » ISIC2018 * cache
B 91 ARHIELE
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T, ME A A RERBAR

1. X akIgAr

X E AT R K AP, sk iki& B T2t K (lamina length) (v+ TR
% B e A 3R), et 5L (lobe width) (Pt H T, £ 5L (sinus width) (&
eeth FiLay g &), »H4mK(petiole length), =+ 382 et 5% 58 4 49
K & (wp: length of the lamina base to the widest part)% (B 92),

b Intercalary veins

I Petiole
ength

K 92 Pt IKAEAR
B BR

1.1 #kEFABR

% #“File” — “Import” — “Image Sequence”it & 547 =+ A B 1%
(B 93, 94),
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Edit Image Process Analyze Plugins Window He I DGS./ 3 & g( v

N e T e —
Open Cirl+q | Oor amows (right click to switch) | '
Open Next Ctrl+Shift+O | . ’ ' ’ \

New

Open Samples b i
Open Recent D | mm—— i
DGS D _T01 LO1 DGS D_T01_L02 DGS_D_T01_L03 DGS_D_T01_L0O4
Close Ctswy | RaW-
Close All Ctrl+Shift+W Wb~
Save Ctrl+S exinau= 1 ' ’ . '
Srafs » TextFile
Revert Cier | Results..
Table... DGS_D_TO1_L0S DGS_D_T02 01 DGS_D_T02102 DGS_D_T02L03
Page Setup... URL..
Pk Ctrt+F Stack From List... XfFEm: l L] lﬂl
Quit TIFF Virtual Stack._. | XHRED:  [HEXHE ¢ ~1 BUH
B 93 @®HFESFANNT A BR
¢ Sequence Options =

Mumber of images: ’r
Staing image: |1
Increment: ’17

Scale images: ’W o

File name contains:

(enclose regex in parens)

[T Convertto RGB
¥ Sort names numerically

[ Use virtual stack

2480 x 3507 x 20 (B63.6MB)

OK | Cancel| Help|

B 94 it NERHE

1.2 A==tk

et R KB A& E, SFLAL A, TIN5
Blet AR agE RN ET h 9K ERF = (B 95), LT A
J& 3 ctrl+M T K B 69 &, #4524 dot. 45 B2 B 318 T AE“Results”
B2 (H 9), Mz —#E &F “Results”d 2 2 a9“File”—“Save as”
RERGIZE P L

-~

-
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| Fie Edt ocess Analyze Plugins Window Help
]l Al o e 218 ] | 1=
| =)
“rorE ST

ixals; RGB. 59MB

B 95 #HE A& T EMZ K

4 Results — O o

File Edit Font Results
area |Perim. |angle |Feret |Feretx |Ferety |Feretangle [MinFeret [Length | []
11599 1598 -90 1598 1644 1216 90 0 1598

K 96 #kiFLR
1.3 %%
B2 B EHEERKER G HE, VIE 97 A1), 400 dpi(dot per
inch) & T4+ KA NA 400 MEFE E&K(dot), #-F—T, —/MEFE

& (dot) = (1/400) inch, 2 # 1inch=2.54 cm, R 1 dot=(2.54/400) cm,
RIFetK = MG RERE 4 X Q540 #HE)
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& DLT A TO2 LOS Bt

= e FEEEE gmkEE

=3 =]
EaE )

EFEE 1) Scan Utility

SHEER 3307 x 4677
nE 3307 &F
== 4677 &5
HTESEEE 400 dpi
EESHE 400 dpi
{rFE 24

E2E

nHEESNg 2

e el Vil o}

K97 Bk &M%

1.4 A etk B4R

H & 45 A7 4= 2 ot # £ (lobe number), % & Fk # £ (number of
intercalary veins) (an intercalary vein was a secondary vein irrigating a
sinus and extending at least half way from the midrib to the base of the
sinus), =3 3(A 4k (basal shape of the lamina) B4+ # BP 7T . L P et A&
HBRITFEA 1-9 (B 98):
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[

1 2 3
4 5 6
7 8 9
B 98 =t A A4k (Kremer et al., 2002)

2. »t Bk 5% B (Leaf Vein Density)

Rk 2 B (mm mm2) 2 48 4z @ ARG rH IR K R .

R vt T R B RERBITRBRAR A — & £ Ak (1° vein), LA
% FATH) =Rk (2°vein) 2 3o £ BATRIAF L F, — A= =R T Ak,
AR A £ F ot Bk(major vein), A 2R Ptk F et kA g XA =%t
Fk (3°vein)o ARG AT F, =B A A LTIk ki #30IX 5,
PR = B A A B et Rk 8 ot R R AR )N B B (Minor vein
density).

MF et bR B, OLAE— RIS B (1° vein density). =R PR E
J%(2° vein density)#= ] bk % B (Minor vein density).
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Minor vein i

. \ ,f".

"

J AN
a 3 ) "i\ ¥
k \L-— I ‘\\ ’ g
\\ S g '&_ r { ‘~ ® "."

B 1 "HRER
2.1 — &A% B (1° vein density)
Fl Image] 3469 A& T A M= — etk K&, % uket@Ar,
BP A%t BB — Rt R B

1 insge) = %
File agEdit Image Process Analyze Plugins Window Help
glojc|of 4[::[\|Ala|o|0] cofs|s]|8]2] | |»

x=1884, y=1353, z=20, value=249,249,241 (#919f1)

M2 AEXTHEMNE —RThiKE
2.2 =R Tk E(2° vein density)
B Image] 324469 B & T B & AT A R et ko9 K B EAr, &L
st @AR, B R iZCT R 8 B AR .
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{ Images - X
File gEdit Image Process Analyze Plugins Window Help
Oojx|ofl 4|12\ Ala|o|0] s/ 4]0 7] | |»

x=1840, y=1617, z=20, value=246,246,238 (#f6f6ee)

B3 ALRITAENE ZHthkKE

2.3 VR % (Minor vein density)

AT REVIRE B, &MNE &R FAEESG (R RAE
) BT ARG R D R B, B 454 Imagel 3 AFBEAT
=z,

FARIBAE D B
231 TR ES

HFALAKRSF. BAREEN TR, REFKIETA ZEALR
REHMG. BT EMRT T — PR TAABEMA £ CCTHAL), £
PR LiBmEEayEK, 2 EEHA,
232 2HEAREHEBRE
(1) ATFE, M ADORA->QEMB-Q M, XHURF 48R
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K 4 BLEFF XA T
Q) HH) BAFR T B b B E SR B S L, A LTI LAS

p s AX

(3) & “Live” 7? 45 16 P2

(4) #&#FH P “TL-BF”. “color mode”, B id 8% 24509 & FEF= 2K
e o9 E, £ 10 1544 T 87 Exposure[ms]. Gain. Intensity.
Aperture 55K ELHE T, 1E TR D AREW R 2 LA F
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<yVER @@ Y

¢

v Image | Bxposure 29954 ms.

tmage Format T ERTRT (102001440) €
Uve Format ™ i (ABGOE0)

BS5 A%KE
(5)#EE &4, &% “Export Image”, TP A4 JPEG. TIFF %4

X, BF “save” G
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Export Image

A6 A EA
2.3.3 Image] ##40=
(S FANE %
#HF “File” — “Import” — “Image Sequence” ¥ & 477+t h B
%o
(2)i% E i Ao o] R
DA AL ELILLE R 3%
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¢ Image) — X
File Edit Image Process Analyze Plugins Window Help

Oo|x|ofE & s A|a|o|C]| ofsw]4 |8~ | |

>

{4 FZHQDH (G) (150%) - O X
1/33 (QDH-F-T01-L01); 1152.00x864.00 um (1920x1440); RGB; 348MB

» o] | 2l
7 e Rom 4,
@X B R, #®#F “Analyze” — “Set Scale”, £ “Known
distance” #= “Unit of length” X EZ A KXW LK EAE{s, 4k
“Global” 3t FrA R R & A iX— ],

¢ Set Scale X

Distance in pixels: |[32.3333

Known distance: |20

Pixel aspect ratio: |1

1L

Unit of length:

Click to Remove Scale |

Scale: 1.6167 pixelsium
0K | Cancell He|p|

K 8 X EF R KA

()& kK E
AAEEITENZAA DIRKE
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B9 kKM=

(4) 7 S ok 35
oA DR KE KA, RARFT@AR, B DIRE B (FHFE{as
HAMAK, lum=0.00lmm)

B 10 /N ARALET d AR

3. tbet @ AR (Specific Leaf Area)

tbet mARR I E et @ AR S T Z Ak (em? g), Rtk
#Ar, Bt h ASERAFF 248 K.
AT RFT@AR, RAVE R 2FHLAL 300 dpi W9 PRI E 12
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woet A R A M KR % oet R, JF & A Imagel #% f
(https://imagej.nih.gov/ij/download.html) 4% H =t @ 42,
BARIENE %

3.1 F+ A B/ Import image)

Pz FANEM: B®FEFile”—“Import”—“Image Sequence”it & 7
77tk BAR

3.2 243X & (Parameter Setting)

(1) Rk #E#F “Image” — “Type” — “8bit” (K 99), %/ RGB K
BARBEE, FIRFERRAMFHA,

Process Analyze Pluglns Window Help

mg i

P Adjust 16-bit
. Show Info... Cti+) | 32Dt
Properties. . Ctrl+Shift+P 8-bit Color
) Color ,, RGB Color
Stacks *| RGB Stack
Hyperstacks *| HSB Stack

B 99 %% RGB B 1% A4 & & B
(2) #£4F “Image” — “Adjust” — “Threshold” I A8 & 45 2t %
# Red (B 100), = Applyo
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https://imagej.nih.gov/ij/download.html

d ™
3307x4677 pixels; 8-bit, 15MB

o e 8

| 0
i | 77

[Defaun :J IRed _v_l

I Dark background [~ Stack histogram

Auto | Apply | Reset ﬁj

I

pth...

B 100 & FU 2 & AR
(3) Bt “Analyze” — “SetScale” ZEIWFIAHK (B 101).
_é Set Scale >

Distance in pixels; |REME
Known distance; |1.00

Pixel aspect ratio: |1.0

LInit of length: | &m

Click to Remave Scale
V¥ Global

Scale: 118.11 pixelsicm

] | Dancell Helpl

B 101 % E bt 4
Distance in pixels: 2~ #% % ¥4 dpi 4549 2 &= TATATE 89 5%, B A
1 £ (in)=2.54 /2 K(cm), B B &A11469 5% F 300dpi =300 pix per
in, M{% % 3B % (Distance in pixels) = 300 pix / 2.54cm = 118.11
pix/emo XEA—EEREE: Nt @ARZANEE—THAR G
HEALKZS Y (AFRAERSEMESEME L),
Known distance: X/ ™MEFRFIXE, AahERA 1
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Unit of length: %X & ¥4z % cm

Global: *FTHAITHF IR R B A ZPI X R . 420 F A B IR R 4%k
MIE LKA, TR BIER, —REFTA B R PIREPT
X6 K IR IE B B ATIRE .

HTEHGXREZE, &AAH Image ] 34z B LAME & A 4238 470
TRATHOGTE, AEFFRRKREKEALKRT .

(4) &% “Analyze” — “ Analyze particles”, §H =t @A4E (B 102).

Size (pixelr2): |TNEEREYITYERY

Circularity: ||1 00-1.00

Show: [Outiines -

[v Display results [v Exclude on edges
v Clear results [ Include holes

[~ Summarize ™ Record starts

| Addto Manager | Insitu Show

OK | Cancell Helpl

B 102 TIEHF B ARGG AR
Size T VAIX E 10 RFH £ KA, ATIRIE B4R N RF; &
fi189et F R AR A5, Circularity 93 KAEL™T VAIX B 69—k,
Exclude on edges T WA-EX& 4 R 693E B AR, (228 E ZE A S
AR £k, show ¥T KA 4% Outlines A — T HE R & E#, BT 4K
1'1'] 89 12 ket B i (count) 2 JEF B, BT AR AMRIK kb & B A&
L EH, Result Rd 7T AES E KA, RE¥KITAER%—
“Save as” + i #% Excel & 4%

3.3 *t i F £ (Dry Leaf Weight)
#Hétet b £ QOCI RN AP E 3d G, ARFHE,
3.4 1kt | AR (Specific Leaf Area)

ARt @mAR: 4-5 het A a9 S mAR/A4-5 Rt A E T E,
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35 EAHELBA B A KD (ftER, TR XER)

(1) T #k imge] /m# 425 & RosetteTracker (F 103);
https://telin.ugent.be/~jdvylder/Rosette Tracker/

E LRTEITIT
Gl

K 103 RosetteTracker T #&,
(2) 477F imgeJ, & Plugins #2#k RosetteTracker, & & import images,
#4F good contrast (BAR*T hH HEHFME £ FR KB R ), FAHE
R
(3) =k settings, £ #F diameter/are (& K B f2/7T @ 42), asingle image
¥ segmentation 32 B M R & A5 4L ;
4) BAFRRGBA: LAAMRWEAR LALXTAMAIRR, it
# Anysis P 89 setscale #H 1plex="mm, &5 5 694 JE3E N\ setscale
¥ 49 set manual ;
(5) &+ Day&night W&, H/H holes, #HIREZIRAGTH HE,
clutter &£ 4% 3 A, & OK, FF45 run!

T—. RERBEFTETHERGLEX R

1. ZREet K 38

K Morpho J &7t i KvFert B 4R PC 8944 (S L=,
3.5), HEATHMmAKIE,

2. RERAIESHIE

KA E AR RIRAE S AT P WorldClim £ 3% & + 3%
BAMRR T 7 &, HAET VLR T ZBIKET 5247 (VIF) L% 35
AR MGG BT, AR A AR BAR AR B T Ok X AT

ATER R EF 695/ & “vegan” (Oksanen et al., 2017) ¥ 19
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ANAMERE T @47 PCA 24547, 4% A PC1 4089 538 R KR HAN R
B AR (ATFE A cli PCLo
PCA 7 #1K45 :
Hi# A 3  RK @
>library(vegan)
it 5 NI
>envo=read.table("clipboard",header=T)
it 3E ST A2 R
>pca_princomp <- princomp(envo[,-19],cor=T)
HH#19 A R 09 R ARGy £ TR %
>summary(pca_princomp)
HIFHERT AN % 5 09 B AT A
>predict(pca princomp,loadings=TRUE)
>pca_princomp$loadings[,1:2]
HHIHEE AN R AR B 19 DN 2R 09159
>x=predict(pca_princomp)
>write.table(x,"output.txt")

3. *HiRE KR T 8948 X547

AT RELRR GRS AERTOMXX AR, &AL F R 3E
= A9 R R 0 “ggplot2”, “ggpubr”, “lme4”, “car’F=“ImerTest” (Fox et al.,
2013; Wickham, 2016), #4721 547 4= B 25 M 5 #7 o
BAT ARG 4 T
#3005 35 @

>library(ggplot2)
HHHR B Xy 009 54

>windowsFonts(RMN=windowsFont("Times New Roman"))

>theme updatek=theme (

>plot.title=element_text(family="RMN", size=18, face="bold",
colour="black", hjust = 0.5),

>axis.title.x=element_text(family="RMN", size=14, face="bold",
colour="black"),

>axis.title.y=element_text(family="RMN", size=14, face="bold",
colour="black"),

>axis.text.x=element text(family="RMN", size=10, face="bold",
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colour="black"),
>axis.text.y=element_text(family="RMN", size=10, face="bold",
colour="black"),
>axis.line = element_line(size=1,colour = "black"))
theme legend=theme (
>legend.text = element_text(colour = 'black’, size = 10,face = 'bold"),
>legend.title =element text (colour = 'purple', size = 10,face =
'bold',angle = 0, hjust = 1, vjust =1),
>legend.background = element_blank(),legend.key = element_blank()
)
HHHF N IE(AR KT, —7) clipel % 3%,— 7]t & PC1 43, —7
pop ¥ (F 1,2,3... k%), —F|##t(species)Z %)
>data=read.table("clipboard" ,header=T)
HitHE S A% R
>p = ggplot (data, aes (x=cli pcl, y=leaf shape PC1, colour = species))
+ geom_point () + scale x continuous (limits = ¢ (-10,10)) + stat smooth
(method = Im,se = FALSE) + theme bw () + theme updatek +
theme legend
HIHHT T 78
~Pp
HHHHEA A TR T et R e @ 3 A 4
#3005 35 @,
>library(ggpubr)
HHHE )3 R B R {A A= PR
>ptstat cor ()
>ggsave ("tmp4.pdf”, width = 8, height = 8,units = "cm"
HHHH D Pk
>library(lme4)
>library(car)
>library(ImerTest)
HittH3E A2 R
>ml<-lmer (leaf shape PC1~ cli PC1*species + (1|pop), data)
HittH T 5 P 5T
>anova (ml, type="1")
#iE: A ERE Tt R RGRD, LFet A KD RALAME KRG K
i, A ERFTPATE A B TR,
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+=. RiETFRAYERFT &

1. A5 H

e.g., =/ A, D, H #°tA& PCI 4% 4% (Du et al., 2022)

)]
=]
1]

count
|
|
|
|
(1T ]
I O =

ol

01 0.0 01
pct

ul

Hit#n 3 LI T N AR

>library(ggplot2)

>data=read.table("clipboard",header=T)

AR BT R E &

>goplot (data, aes (x =pcl, fill = spe)) + geom_histogram (position =
"identity", binwidth = 0.5, alpha = 0.4, colour = "black")

HHHHER AT BRAE &

>goplot (data, aes (x = pcl, fill =spe)) + geom_histogram (position =
'dodge', binwidth = 0.1, alpha = 0.4, colour = "black")

2. AR

e.g., WA Aallo, Asym, Dallo, Dsym #J°t % (Du et al., 2022)
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Hi## 0 B QLI T N AR

>library(ggplot2)

>library(ggpubr)

>data=read.table("clipboard",header=T)

HHHHAE B

>ggplot (data, aes (x = spe, y = mass, color = spe)) + geom_boxplot () +
theme bw ()

B o 7R 7R 18] 69 25 PEAS T

>stat compare means (aes (label = .. p. signif ..), comparisons = list (c
('Asym', 'Aallo'), c('Asym', 'Dsym'), c('Aallo', 'Dallo'), c('Dsym',
'Dallo") ) )

3. BB LA

e.g., =/~ A, D,H &t pcl 4= pc2 &g £ 4% (Du et al., 2022)
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0.11 . .o
:D m cer
&ﬂ: 00%001 . N
o :-o% * Duguo:o 2 °:
-0.14
0.1 0.0 01
shapepci
Hi## o B 8 T N AR
>library(cowplot)
>datal=read.table("clipboard",header=T)

HHHHE B
>ggscatterhist (
datal, x ="shapepcl", y = "shapepc2",
color = "species", size = 1, alpha = 0.6,
palette = "jco",
margin. params = list(fill =" species ", color = "black", size =
0.2)
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