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Outline

Wood Anatomy
DNA Barcodes
Computer Vision
Chemical Fingerprint
Future Works
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1. Wood anatomy tool

1) Macrostructure Aliform Paratracheal o
Parenchyma (APP) anded Parenchyma
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Gonystylus bancanus Dalbergia retusa
(Ramin, CITES II) (CITES 1)




1. Wood anatomy tool
2) Micro—/Macrostructure

Dalbergia cochinchinensis |
CITES I ’

-- 15-20pm Section (Transverse/tangential/radial)
-- Staining/dehydrated
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Wood |Collection of
Chinese Academy of Forestry,-China

Since 1928, the largest one in China
» 25,000 specimens, about 7,070 species /1100 genera / 180 families
» Between IAWA, FPL of US, Germany, Brazil, ......
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How does Wood Anatomy tool for Wood Identification?

Wood anatomy,

Zoom out to Genus

Chinese Academy of Forestry

Generally to
Genus Level

Origin /Under-
Species level

Genetic
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Wood Selection
DNA of DNA
extraction barcode

Wood DNA
database

Challenges and Limitations of Wood DNA Barcodes
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2. DNA barcodes tool - Wood DNA extraction

Main obstacles
-- Physical (hard tissue)
-- Chemical compounds (PCR inhibition)
-- Biological decomposition
-- Heating treatment
-- Age

Improving measures
» Tissue selection
» Fine grinding
» Extending incubation time
» Effective chemicals (PVP)
» Settling agent

Inese Academy of Forestry




2. DNA barcodes tool - Selection of DNA barcode
Aquilaria sinensis (CITES 1)

Nuclear DNA ITS1
€ Taxonomic discrimination power

-- Universal DNA barcode Phylogenetic tree

(rbcL, matK, psbA-trnH...)

A.rugosa (AY920328)
A.rugosa (AY920330)
A.rugosa (AY920329)
AERER lé'fl | Iilcl(E‘Lgl893l92l EEEEEEEEEEN
Fresh sapwood/heartwood L
st Dried sapwood/heartwood (80 °C for 3 d);
100 94 Dried sapwood (120 °C for 10 d) !
- Xylarium sapwood s
*}ﬁavleilIllllllllllllllllll:
100 A.sinensis (EF645836)
—_— A.sinensis (EF645833)
93 A.sinensis (GQ891956)
:A.sinensis (EF645834)
G.walla (F1605462)
G.ledermannii (AY920331)

98

-- Single barcode

-- Combination barcodes

-- Specific barcode (genus/group)

-- High-resolution barcode

€ Success rate of DNA recovery

(Jiao and Yin et al., Holzforschung, 2013)
-
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2. DNA barcodes tool - Wood DNA database

Wood DNA database Xylaria (wood collections)

Fresh tissue,
widely-distributed individuals Typical DNA quality Possible barcodes

leaves :
B _ flowers excellent g boc
K" okt

%* buds
NATIONAL DNA
Dried fis;ug. _ DATA BAS E S
many individuals at one location
gy oave good many loci
af pomer ot (1)
twigs

s

Xylarium

fewer loci
fair

pmy s ot ] ]
fi t loci
. —_
5 o 1T

Schematic of potential strengths and weaknesses of source
tissue developing DNA barcoding reference libraries.




0.01 substitutions/site

D._hupeana 6 O D. hupeana

D. cochinchinensis|

9 Dalbergia species
(Yu et al., Planta, 2017)
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ITS2+trnH-psbA




2. DNA barcodes tool

Underline = vouchered specimen

1 Africa
1 India
I Southeast Asia Plerocarpus santalinus 100
© Heartwood Plerocarpus santalinus 110
[¢) f inus 9 @
¥ Twig 99 pr, inus 8 @
2 Leaf Pterocarpus santalinus 6 ©
61 Pterocarpus santalinus 4 ®
Pterocarpus santalinus 1©®

| Plerocarpus soyauxii2 ©
100l Pterocarpus soyauxii 3 ®
77| Pterocarpus angolensis 5 ® |

Pterocarpus angolensis 6 @
Pterocarpus angolensis 2 ©
Pterocarpus indicus 1 ©
Pterocarpus indicus 4 ®

P indicus 50

65,

100 Pterocarpus tinctorius 4 O
58]

0.005 substitutions/site

P. santalinus

P. soyauxii

P. angolensis

P. indicus

P. macrocarpus

P. tinctorius

ITS2+matK+ndhF-rpl32
(Jiao et al., Scientific Reports, 2018)
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P. angolensis P. indicus P. macrocarpus

P. santalinus P. soyauxii P. tinctorius

6 Pterocarpus species



> Species

Santalum album
S. spicatum

S. Acuminatum
S. lanceolatum
S. murrayanum

» Objectives

Sandalwood (Santalum spp.)

Barcodes
Microsatellite/SSR
SNP

Wood ID

—

Species
Populations
Individuals

(Jiao et al., Holzforschung, 2018)

inese Academy of Forestry
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Successful Application: with Chinese Customs, Pterocarpus erinaceus (CITES II), Africa, 2017-2018




3. Computer Vision Tool (via Machine Learning
Approaches, MLAs) for Wood ID

Xylaria worldwide provide plentiful of specimens for images collection

8] Index Xylariorum 4.1 [
s % s
,/ \\ //
<’ A Canada ’:
. (\ B, g
North O United States - L ? O rkey T 4 B - North
Pacific A s a7 3 Pacific
Ocean L S Ocean
(4) s (4)
4 2
TRy oy
\ A
S \
\\ N _— \\
s 1 - ol
|
|
|
South a | S¢
Pacific Atlantic c Q/ Pa
+ Ocean Ocean g \—( ‘Q O¢
ew £ New. Q |
Ity S Zeslsggy™ |
g bt 7 Google My Maps b
]
Map data ©2018 Terms 1.000mi____ & £

Inese Academy of Forestry



3. Computer Vision Tool (via Machine Learning
Approaches, MLAs) for Wood ID

Standard protocols to collect fine images for training the model
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XyloTron Field-deployable Automated Wood ID




3. Computer Vision Tool (via Machine Learning
Approaches, MLAs) for Wood ID

Automated feature representation with deep convolutional networks

Input Corv 1

Convolution

Subsample




3. Computer Vision Tool (via Machine Learning
Approaches, MLAs) for Wood ID

Deep learning model training and testing for wood images classification

2048*2048

* B

TensorFlow
P.santalinus
P.tinctorius
P.soyauxii
P.erinaceus
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3. Computer Vision Tool (via Machine Learning

Approaches, MLAs) for Wood ID

Species discrimination via confusion matrix and wood anatomical variability
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O. hupeana
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0
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3. Computer Vision Tool (via Machine Learning
Approaches, MLAs) for Wood ID

Species discrimination via confusion matrix and wood anatomical variability
11 Pterocarpus species

S P. soyauxii (1.000)

‘ P, officinalis (0.967) ‘ P, rohrii (0.067)

crocarpus (0.867) P marsupium (0.743) P, dalbergioides (0.700) F. erinaceus|(0.684)

saloads aniy

AFEB, P angolensis (0.900) e P indicus (0.367
B, P santalinus (0.577) @ P. tinctorius (0.657)

Relative wood anatomical variability within class

MO7  SSSUIDUISIP [EJIWIOJBUE POOM SAIBIRY  ySiH

0.900
%
2 4
S R
3 Sl B
iy "
i |

Predicted species




3. Computer Vision Tool (via Machine Learning
Approaches, MLAs) for Wood ID

AlexNet (99.34% ) outperforms VGG16

(85.44%)

1.5

0.5

Accuracy
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12300
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33900
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—e—Accuracy
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3. Computer Vision Tool (via Machine Learning
Approaches, MLAs) for Wood ID

RS
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RITH : Pterocarpus soyauxii Taub
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WEE, AL —TF F2 : S8 (Leguminosae )

[B& : %128 (Pterocarpus )
BSE : 5(0.9993)
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Web/App Application of computer vision for field
screening of wood (e.g. Pterocarpus spp.)




4. Chemical fingerprint tool

ey TYT> B > | o

DART ion source samples

Extracts DART-FTICR-MS

10237 * 1]

Wood specimen

— - Multivariate «
statistical analysis Mass spectra

Flow chart of analytical methods in this study
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4. Chemical fingerprint tool

Pterocarpus santalinus
Pterocarpus tinctorius

P ..

Direct Analysis in Real Time Mass
Spectrometry (DART-FTICR-MS)

473.37
100 Pterocarpus santalinus

50
47730
25712 303.12 /
254,21 1 i /. /489,36|
0 o 'f/T i it ol

255.19

-50 Pterocarpus tinctorius

-100
257.12

L L . . L L L L L
100 200 300 400 500 600 700 800 900 1000
miz

Solid wood samples
air-dried, low-temperature dried (70 °C)
and high-temperature dried (120 °C)

Solid
wood

Powder

Wood Wood extracts

extracts water,1:1 EtOH: H20,
ethyl acetate, and
benzene-ethanol

(Zhang et al., IAWA Journal, 2018)
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4. Chemical fingerprint tool

t[1]

Score plot of PCA

|W Pterocarpus santalinus;
[l Pterocarpus tinctorius

t[1]

1.08249 * to(2]

. )

1*+t1)

3
g

[ Pterocarpus santalinus;
[l Pterocarpus tinctorius

1.195 * to[1]

Score plot of OPLS-DA

Color Key

[T

-1 0 1
Column 2-Score ‘ Five ions
—

254.21311

heatmap(DART-FTICR-MS data, ward.D)

258.24438

Peaks

272.22366

477.39705

473.36474

Woos.12.
Woos. 10,
Woog.11.
WaTE21H.
W3TB19H.
W3TE22H.

Species

Heatmap and HCA analysis results based on five marker ions in the air-dried (AD) wood chips
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4. Chemical fingerprint tool

> 254.21, 258.24, and 272.22 m/z have
higher levels in the P. santalinus (>50%)
than in the P. tinctorius (<10%).

» Larger difference in peak intensity of
473.36 and 477.39 m/z between two
species.

B P santalinus
B F tinctorius

g 1.5 254.21 miz E 1.5+ 258.24 miz
é o . E 101 .
2 o0 = E
T Py 0.5 T
C 1.59 27222 miz d 1.59 473.36 miz
Z Z
E 1.0 . g 1.0 *®
.'é 0.5 {t_._- é 0.5 o Jo
% 0.04 Banione” % 0.0 ° —
2 &
0.5 - T -0.5 T
S A )
€ s 477.39 miz . . . .
z Relative peak intensity of five
g 10 ) marker ions in the air-dried
% os —— (AD) wood chips. a: 254.213
h . m/z; b: 258.244 m/z; c: 272.224
3 1 m/z; d: 473.365 m/z; e: 477.397
05 z 7 m/z.
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4. Chemical fingerprint tool
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GC-MS Tool for Application
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5. Wood ID Future Works

Reconciling Wood Identification tools with New Concepts for Practices
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5. Wood ID Future Works

1) Global efforts to improve the methods for wood
anatomy/DNA/....from dried and aged wood.

2) Global works for win-win cooperation on sampling
and database development, technique transformation.

3) Wood ID technology to match the implementation of
policy/regulation/law.
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O
IFPANATZA ‘\:))) Home Organizors Program  Registration Venue and Accommodation

20-22 May, 2019

IAWA-IUFRO International Symposium

Challenges and Opportunities for Updating Wood Identification

Register Now

http://lawa-iufro-symposium.intoom.com/
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