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1. Background 
 
1.1 Origin 

   D.odorifera is produced in 
Hainan, China, commonly known 
as Hainan huanghuali, belonging 
to  national standard GB/T18107-
2000 rosewood wood. 

   D. tonkinensis is produced in 
Vietnam and is commonly known 
as Vietnam huanghuali. 



1. Background 
 
1.2 Difference and connection    
Two kinds of wood, which have been 
debated since ancient times, are roughly 
divided into three periods: the “confusion” 
period (1990-2012): in the 1990s, a wood 
which similar to D. odorifera in wood 
color, smell, texture and anatomical 
structure appeared on the market. Since it 
originated in Vietnam, it is called 
"Vietnam huanghuali" 



1. Background 
 
1.2 Difference and connection 
   
"Unveiled" period: Around 2012, 
the specimens of Vietnamese 
huanghuali was found by some 
scholars in the French Museum, 
which called Dalbergia 
tonkinensis. However, the Latin 
name of specimens which was  
found in Vietnamese is different 
from the above. 



1. Background 
 
1.2 Difference and connection 

   
   "New Dispute" Period: although the two Latin names are different, many people 
still think that they are the same species, and they are still arguing.     
      There are two views on timber merchants, producers and markets: some 
consider that both kinds of wood belong to the same species, and others  consider 
that both belong to the different species. 



1. Background 
 
1.2 Difference and connection 

   
     Botany and wood experts have a variety of viewpoints: from the perspective of 
wood structure and anatomical features, the first is that there is a difference 
between the two, but the characteristics of the repetitive test with obvious 
differences are not summarized; the other is that the difference is not obvious. 
From the DNA level, one believes that there is no difference in DNA level, the 
two are the same tree species; the other is that there are stable differential sites at 
the DNA level, which are different tree species. 



1. Background 
 
1.2 Difference and connection 
The results from the team of professor Shiliang Zhou    

  
      Both D. odorifera and D. tonkinensis are 
the same species, in terms of morphology and 
genetic differentiation. From the naming point 
of view, the Vietnamese Dalbergia is published 
early, and the combination of the two should 
use D. tonkinensis as the only correct name. 



1. Background 
 
1.2 Difference and connection 
The results from the team of professor Shengquan Liu    

  
       There are 7 stable different loci in the 
chloroplast trnH-psbA sequence, which can 
distinguish the D. odorifera from the D. 
tonkinensis. The constructed phylogenetic tree 
can also accurately distinguish these two 
spices. 



1. Background 
 
1.3 Research thinking 
 
   

  
  It still have different opinions on whether Dalbergia 
odorifera T.chen and Dalbergia tonkinensis are the same 
tree species. In order to find the differences and 
connections between these two kinds of wood, we mainly 
compared the Morphology of  leaves, seeds and flowers, 
Anatomical structure, DNA barcodes and Chemical 
composition. 



2.Morphology 
 

   
  

  Professor Fu went to Vietnam,  Hainan,  Pingxiang,  
Dongxing and other places to investigate the 
morphology of flowers, seeds and leaves of D. 
odorifera and D.tonkinensis. 



2.Morphology 
 

D. odorifera 

D.tonkinensis 



2.Morphology 
 

   
  

    From the morphological characteristic of flowers, 
fruits, and leaves, the difference between D. odorifera 
T.chen and D. tonkinensis is not obvious. 



3. Anatomical characteristics of D. odorifera  
 

3.1. Material: Each samples from different habitats was divided into heartwood, 
transition and sapwood. Slices were performed separately to analyze the differences of 
xylem ray. 

Haikou Forestry Bureau  Hanlin Middle School Guangxi Academy of Forestry 

Eight Radio Stations Port Middle School   Nanning Arboretum 



3. Anatomical characteristics of D. odorifera  
 

3.2 Differences of wood structure 

D. odorifera 

D.tonkinensis 



3. Anatomical characteristics of D. odorifera  
 
3.3 Types of xylem ray 
（1）The type of xylem ray 

percentage 
Type 

uniseriate biseriate 对列 
More than three 

seriate 

sapwood 
min 10.12% 35.97% 12.72% 0.10% 

max 41.33% 70.60% 27.78% 21.29% 

transition 
min 10.37% 17.50% 10.29% 0.00% 

max 58.49% 53.93% 26.29% 25.89% 

heartwood 
min 16.42% 11.78% 14.08% 0.10% 

max 73.77% 62.85% 25.44% 14.65% 

   There are large differences in the types of xylem rays among seven habitats 



3. Anatomical characteristics of D. odorifera  
 
3.3 Types of xylem ray 
（2）Height of xylem ray 

sapwood Transition zone heartwood 

min max min max min max 

1 0.00% 0.57% 0.00% 0.95% 0.00% 0.95% 

2 0.92% 4.44% 1.00% 5.95% 0.79% 6.09% 

3 3.20% 10.98% 2.59% 12.17% 2.60% 12.59% 

4 9.12% 25.29% 8.07% 22.48% 7.85% 23.42% 

5 17.00% 35.74% 20.28% 33.81% 14.71% 39.90% 

6 17.86% 38.51% 20.53% 33.14% 17.33% 30.35% 

7 5.34% 22.03% 7.35% 23.67% 4.69% 28.58% 

8 0.94% 14.61% 0.77% 10.90% 0.69% 14.41% 

9 0.04% 4.69% 0.00% 2.99% 0.00% 5.76% 

10 0.00% 1.07% 0.00% 0.46% 0.00% 2.26% 

11 0.00% 0.45% 0.00% 0.36% 0.00% 2.15% 

12 0.00% 0.58% 0.00% 0.28% 0.00% 0.80% 

13 0.00% 0.67% 0.00% 0.20% 0.00% 2.33% 



3. Anatomical characteristics of D. odorifera  
 
3.3 Types of xylem ray 
(3)Difference of uniseriate ray 

Habitat sapwood transition heartwood 
Nanning Arboretum 13.80% 29.38% 30.93% 
Guangxi Academy of Forestry 35.48% 58.49% 51.87% 
Dongfang Port Middle School 30.15% 28.68% 32.11% 
Hainan Anding Hanlin Middle School 41.33% 30.74% 24.55% 
Eight Radio Stations in Dongfang City 31.05% 10.37% 24.17% 
Haikou Forestry Bureau 24.02% 23.12% 16.42% 
Jianfengling, Hainan 17.32% 20.01% 16.76% 

Variance analysis : There was no significant difference in the uniseriate 
ray of the heartwood, transition and sapwood in the seven habitat. 



3. Anatomical characteristics of D. odorifera  
 
3.3 Types of xylem ray 
(4) Difference of biseriate ray 

habitat sapwood transition heartwood 

Nanning Arboretum 70.60% 50.62% 46.13% 
Guangxi Academy of Forestry 42.34% 17.50% 26.72% 
Dongfang Port Middle School 46.92% 47.72% 42.92% 
Hainan Anding Hanlin Middle School 35.97% 44.28% 53.44% 
Eight Radio Stations in Dongfang City 40.89% 53.44% 44.76% 
Haikou Forestry Bureau 48.01% 53.93% 62.85% 
Jianfengling, Hainan 52.00% 53.12% 52.16% 

Variance analysis : There was no significant difference in the biseriate 
ray of the heartwood, transition and sapwood in the seven habitat. 



3. Anatomical characteristics of D. odorifera  
 
3.4 Chapter summary 
 

The type and height of xylem rays have no regularity in different habitat. 
While in the same habitat, there are also different in heartwood, transition 
and sapwood of D. odorifera. 
Similar results have been found in D. tonkinensis . 
We think that the current anatomical characteristics from wood are not 
yet a significant and stable method for distinguishing between D. odorifera 

and D. tonkinensis. 

 



4. Difference of DNA barcode  
 

   DNA is the genetic information carrier of living things. The difference 
in genetic information determines the diversity of living things. DNA 
barcode technology accomplish species identification by measuring a 
standard DNA fragment with sufficient variation on the genome. With the 
improvement of DNA extraction methods and the enrichment of barcodes, 
the number of research in the field of DNA barcode technology has been 
gradually used on wood identification, and its application prospects are 
very broad. 



4. Difference of DNA barcode  
 
4.1  Materials 
（1） D. odorifera  

No. Habitats 

H11-H13 海南尖峰岭 

H14-H16 海南海口市 

H1-H5 广西凭祥市 

H6-H10 南宁树木园 



4. Difference of DNA barcode  
 
4.1  Materials 
(2) D. tonkinensis 

No. Habitats 

Y1 广西钦州 

Y2-Y7 越南河内 

Y8-Y12 广西东兴市 

Y13-Y18 越南同济 

Y19-Y21 越南林业大学 



4. Difference of DNA barcode  
 
4.2 Main experimental steps 

•  QIAGEN试剂盒法（DNeasy® Plant Mini Kit） 
• CTAB method; 
•  SDS-CTAB method; 

DNA extraction 

PCR 

amplification 

PCR products 
sequence analysis 

•  Use 6-segment DNA barcodes (psbC-trnS, rbcL, 
trnL-intro, ropB, ropC1, ITS) as candidate barcodes 

• PCR products  was shipped to The Beijing 
Genomics Institute 

Sequence alignment 
and analysis • Sequence alignment using Vector NTI 10 software 



4. Difference of DNA barcode  
 
4.3 DNA barcode selection 

    In the identification of wood, the commonly used materials are dried or stored for 
a long time, and the DNA has been degraded to some extent.  The quality of DNA in 
the xylem is relatively low and is difficult to amplification. But the chloroplast 
genome is easy to retain and its gene fragments are more easily to amplify. 
Moreover, the chloroplast genome has the advantages of rapid evolution and stable 
variation, and is itself a better choice for plant DNA barcodes. The number of 
chloroplast copies in wood is also higher, and the probability of obtaining target 
DNA is large, making the chloroplast genome a good choice for identifying wood 
species. 



4. Difference of DNA barcode  
 
4.3 DNA barcode selection 

    In addition, ther DNA-ITS sequence undergoes less external selection pressure 
during evolution, resulting in a larger sequence change and a faster evolution. At 
the same time, because the source of variation is mainly point mutation, the rDNA-
ITS sequence becomes the best marker fragment except for the chloroplast gene. 



4. Difference of DNA barcode  
 
4.4 Sequence of candidate DNA barcodes 

条形码名称 引物序列（5'→3'） 目的片段在基因组上的位置 

psbC-trnS F：GCAGCTGCAGCAGGATTTG 叶绿体中psbC基因与trnS基因之间的非编
码区 

R：GGAGAGATGGCCGAGTGGTT 

rbcL F：ATGTCACCACAAACAGAAAC 叶绿体rbcL基因 

R：TCGCATGTACCTGCAGTAGC 

trnL-intro F：CGAAATCGGTAGACGCTACG 叶绿体trnL基因的内含子区 

R：GGGGATAGAGGGACTTGAAC 

ropB F：ATGCAACGTCAAGCAGCAGTTCC 叶绿体ropB基因 
 

R：GATCCCAGCATCACAATTCC 

ropC1 F：GTGGATACACTTCTTCTTGATAATGG 叶绿体ropC1基因 

R：TGAGAAAACATAAGTAAACGGGC 

ITS F：ATGCCTCAATCCAGAGAGACCC 核糖体DNA的内转录间隔区 

R：TAGCCCCGCCTGAACCTGAG 



4. Difference of DNA barcode  
 
4.5 Results 
（1）DNA  extraction 

O
D
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DNA purity and concentration of D.odorifera wood extracted by different methods 



4. Difference of DNA barcode  
 
4.5 Results 
（1）DNA  extraction 

H1     H2     H3    H4    H5   H6     H7     H8   H9  H10 

降香黄檀木材DNA 
（QIAGEN试剂盒法） 

东京黄檀木材DNA 
（QIAGEN试剂盒法） 

Y1  Y2  Y3  Y4  Y5  



4. Difference of DNA barcode  
 
4.5 Results 
（2）Results of PCR amplification  

东京黄檀trnL-intro序列PCR结果 

M    Y1    Y2   Y3    Y4   Y5   Y6   Y7  M  H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

降香黄檀trnL-intro序列PCR结果 

   750bp 
   500bp 

   750bp 
   500bp 



4. Difference of DNA barcode  
 
4.5 Results 
（3）Results of PCR amplification   

降香黄檀rpoB序列PCR结果 东京黄檀rpoB序列PCR结果 

M   H1  H2  H3  H4  H5   M   H6   H7  H8  H9   H10 M   Y8   Y9 Y10  Y11   Y12   

   750bp 
   500bp 

   750bp 
   500bp 



4. Difference of DNA barcode  
 
4.5 Results 
（3）Results of PCR amplification   

降香黄檀rpoC1序列PCR结果 东京黄檀rpoC1序列PCR结果 

M  H1 H2 H3 H4 H5 M  H6 H7 H8 H9 H10 M  Y8  Y9 Y10  Y11  Y12   

   750bp 
   500bp 

   750bp 
   500bp 



4. Difference of DNA barcode  
 
4.5 Results 
（3）Results of PCR amplification   

降香黄檀ITS序列PCR结果 

  750bp 
  500bp 

 750bp 
 500bp 

东京黄檀ITS序列PCR结果 

M  H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 M  Y1  Y2 Y3  Y4  Y5 Y6  Y7  



4. Difference of DNA barcode  
 
4.5 Results 
(4) Sequencing results and sequence alignment analysis   

    The sequencing results of all samples corresponding to each 
barcode were compared. The results shown that the sequences of 
the five barcodes psbC-trnS, rbcL, trnL-intro, ropB, ropC1 were 
no differences in all samples. Only in the ITS sequence several 
differences were found in the alignment. 



4. Difference of DNA barcode  
 
4.5 Results 
   

ITS sequence alignment 



4. Difference of DNA barcode  
 
4.5 Results 
   

ITS sequence alignment 



4. Difference of DNA barcode  
 
4.5 Results 
   

ITS sequence alignment 



4. Difference of DNA barcode  
 
4.5 Results 
       There are 5 polymorphic loci in the ITS sequence 
of D. odorifera and D. tonkinensis. D. odorifera 
from different habitats are completely consistent at 
these five loci, and there is no variation within the 
species. D. tonkinensis from different habitats has 
mutations at these five loci. Some of the bases at 
these five loci are identical to the bases of D. 

odorifera. The mutations at these five loci are 
unstable, and the reason for the mutation is caused 
by the difference between species or by the growth 
environment, which needs the further study. 
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4. Difference of DNA barcode  
 
4.5 Results 
NO variation in gene sequence  of psbC-trnS 、rbcL、trnL-intro、ropB 、 ropC1 



4. Difference of DNA barcode  
 
4.6 Chapter conclusion 
 

     On the psbC-trnS, rbcL, trnL-intro, ropB, ropC1 barcode 

sequences, D. odorifera and D. tonkinensis have no variability 

sites, and the sequences are completely identical. It is not possible 

to distinguish the two based on these barcodes.  

     The ITS sequences of D. odorifera and D. tonkinensis have five 

variant sites, but they are unstable and cannot be used as a basis for 

distinguishing two species. 



5. Chemical composition of essential oil  
 
5.1 material 
 

中文名                    产地                                      拉丁文名           

降香黄檀①            海南东方市          Dalbergia odorifera T.Chen             

降香黄檀②            南宁树木园          Dalbergia odorifera T.Chen       

降香黄檀③            海口林业局          Dalbergia odorifera T.Chen      

降香黄檀④            安定翰林中学      Dalbergia odorifera T.Chen          

降香黄檀⑤            东方港务中学      Dalbergia odorifera T.Chen         

降香黄檀⑥            东方八所电台      Dalbergia odorifera T.Chen        

东京黄檀①            越南北方料          Dalbergia tonkinensis Prain 

东京黄檀②            越南北方料          Dalbergia tonkinensis Prain 

东京黄檀③            越南南方料          Dalbergia tonkinensis Prain 



5. Chemical composition of essential oil  
 
5.2  Methods 
 

Raw material powder Drying of wood powder Extraction 
（苯：乙醇 2:1） 

    Filtration 

（0.45um滤膜抽滤） 
Concentration（40℃） 

     GC/MS 
Column：BR5ms； 
分流比：20:1； 
 



5. Chemical composition of essential oil  
 
5.3  Results 
     

Chemical composition 
D. Odorifera 

hertwood 
D. tonkinensis 

heartwood 

GC relative 
percentage% 

GC relative 
percentage% 

6,7－epoxide-humulene 25.28  4.559 

Nerolidol  18.61  9.03 

Dragosantol 10.65 4.34  

 1,2-dimethoxy-4-ethenyl-benzene 9.55 43.34 

 Oleic acid amide 8.186 1.167  

citronellol 5.961  5.632 

E-nerolidol  2.409 1.257  

 Benzene, 1,2-dimethoxy-4-(2-
methoxyvinyl)- 1.176 

4.226 

The main chemical components are the same. 



Consult the date of tree species distribution: 
     According to the 40th volume of the Chinese Flora, the scented rosewood is produced in Hainan, Vietnam 
is distributed in Vietnam and Hainan in China. 
     According to VIETNAM FOREST TREES (Vietnam Forest Trees) published by the Vietnam Agricultural 
Press in 1996, Vietnamese Dalbergia is distributed in Vietnam and China. 

     Both Chinese Flora and Vietnam Flora have described the D.tonkinensis 
distributed in China. But it was not found indeed. 



     Therefore, D. odorifera produced in Hainan are quite different and 
may already contain two types of wood. That is to say, the experimental 
samples may actually contain D. odorifera and D. tonkinensis, so the 
difference is large. 

    It was possible to treat these two species as one species for a long 
time. 



6. Conclusion 
 

      I believe that the morphology of flower, fruits and leaves,  
anatomical structure, DNA, and chemical composition are not enough 
to distinguish between these two kinds wood. 

    Phased conclusion: D. odorifera and D. tonkinensis belong to the 
same tree species (my preliminary opinion). 
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1. Overview of two specimen museums 
 
1.Trees Herbarium 
 

    Founded in 1935, it was created and 
supported by Mr. Junwu Ma, and 
invited world-renowned botanist, one 
of the pioneers and founders of 
modern Chinese plant taxonomist-  
Huanzhen Chen serve as the first 
principal investigator of the specimen 
museum. 



1. Overview of two specimen museums 
 
1.Trees Herbarium 
 

  Our famous plant taxonomists and forest scientists Wang Zhenru, Ma Dapu, 
Zhong Jixin and other scientists have worked here. After several generations of 
plant scientists' efforts, more than 110,000 specimens have been deposited. 



1. Overview of two specimen museums 
 
2. Wood Herbarium 
 

  Founded in 1943 by the 
famous wood scientist-
Professor Xie Fuhui. 
After several generations 
of wood scholars and 
more than half a century 
of unremitting efforts, 
the domestic large-scale 
wood specimen museum 
was built in 1993. 



Achievements of Wood Herbarium 





2.Content of design and construction 
 

(1) Digitize the forest herbarium based on existing trees and wood 
specimens. 
(2) Photograph the morphology of stumpages, including  flowers, fruits, 
trunk and stumpages; 
(3) Construction of the forest digital herbarium website; 
(4) Design of the forest digital specimen library database; 
(5) Construction of the 3D virtual roaming of the Herbarium. 



2.Content of design and construction 
 

Working thought 

First step Second step Third step 

Digitization of 
trees and wood 
herbarium 

Building a 

digital 

herbarium 

website 

Building a 
digital library 
and 3D 
virtual 
roaming 
spaces 



3. Digital research of trees and wood herbarium 
 
1. Digitization of trees herbarium 
 



3. Digital research of trees and wood herbarium 
 
 
Trees characteristics: Refer to the various tree traits described in the 
Chinese Flora. 



3. Digital research of trees and wood herbarium 
 
2. Digitization of wood herbarium 
①Take the photo of the wood in the MSBS visual color box using a digital SLR camera. 
 
 



3. Digital research of trees and wood herbarium 
 
2. Digitization of wood herbarium 
 
②Shooting stereogram of the wood . 
 
 



3. Digital research of trees and wood herbarium 
 
2. Digitization of wood herbarium 
③Taking a microphotograph of the wood 
 

Make full use of the existing section specimens. If there is no 
sectioning, it is necessary to make the section first. Most of the 
domestically produced materials have been sliced specimens, and the 
main part of the imported materials lacks sliced specimens. 
 



3. Digital research of trees and wood herbarium 
 
2. Digitization of wood herbarium 
③ Taking microphotograph  



3. Digital research of trees and wood herbarium 
 
2. Digitization of wood herbarium 
 
 
④Describe the textual information of the habitats, anatomical 
structures, properties and uses of variety of wood, and enter the 
database of the species. 



4.Website construction 
 
4.1 Overall design and requirements of website design system  
 
 
 



4.Website construction 
 
4.2 Tools and language 
 
 
 
The system use WAMP technology, the so-called WAMP is based on Windows + 
Apache + MySQL + PHP development technology platform. Windows is a server 
system, compatibility and security is good; Apache is a web server, the frequency 
of use is high; MySQL is a relational database, additional network management-
based tools; PHP is an object scripting language, relatively popular, WAMP's 
technical architecture development network is more Efficient and stable. 
 



4.Website construction 
 
4.3 System function structure design 
 
 The foreground module includes the sample query and display and the 3D virtual 
roaming, which realizes the function of the user to search and retrieve the 
specimen in  multiple ways. The system has designed three back office modules: 
specimen information, public information and system management and 
maintenance. 



4.Website construction 
 
4.4  system running interface        
 



4.Website construction 
 
4.5  The overall design of the digital specimen website  
Login interface of the background management module         
 



5.  Database Design 
 
5.1 Database table structure design MYSQL technology design      
 



5.  Database Design 
 
5.2 Specimen information management       
 



5.  Database Design 
 
5.3 Database function display    
 



5.  Database Design 
 

5.3 Database function display 
             The running effect of the retrieval 
 



6.  3D virtual roaming platform design 
 
6.1 using tools 
 
 The development of the professional engine Unity3D (Unity Technologies) 

is a multi-platform integrated game development tool, for example, to help 
users easily build a 3D video game, architectural visualization or real-time 
3D animation and other types of interactive platforms. The professional 
game engine fully integrates features such as editor, cross-platform 
publishing, networking, physics, and version control. On any platform, 
Unity3D can be used to build a game, and at the same time, the product is 
released in the form of a web page, thus opening up the development space 
of WEB 3D. 
 



6.  3D virtual roaming platform design 
 
The main advantages of Unity3D are as follws: 
 
 1) Simple Unity user interface, users can build models without restrictions, 

improve work efficiency and greatly reduce working time; 
2) The graphics rendering pipeline of Directx and OpenGL is highly 
optimized, and the arbitrary file format is not limited, and it has high synergy 
with many related applications; 
3) Webpage embedding is not restricted; 
4) Large-scale scenarios can be developed. 



6.  3D virtual roaming platform design 
 
2. Development Process 
Overall establishment process of  Virtual 3D platform  
 
 



6.  3D virtual roaming platform design 
 
3. Virtual 3D platform master plan 
  
 
 

1) Roaming the specimen library to realize online query and retrieval of 
specimens, which is not limited by the number of users and meets the needs 
of most users; 
2) Restoring the real specimen museum, the virtual specimen museum 
retains the true appearance of the specimen museum; 
3) Set the “Help Navigation” function to optimize the GUI interface; 
4) Implement two types of roaming: autonomous navigation and human 
navigation; 
5) setting the overall distribution map of the specimen museum. 



6.  3D virtual roaming platform design 
 
4. the construction of virtual scenes  
 
  Build a virtual scene where the architecture and environment of the system 

are the build targets. The tools needed to build the scene are: digital camera, 
computer, AutoCAD planning master plan, and software such as AutoCAD, 
3DMax, Photoshop, Unity3D. 



6.  3D virtual roaming platform design 
 
The overall design route of the specimen museum  
 
 



6.  3D virtual roaming platform design 
 
（1）getting information 
Build a virtual environment based on the real environment 
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2）Model building 
Build a virtual environment based on the real environment 
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3.The virtual 3D platform display of the specimen museum 
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Roaming experience：The virtual 
platform of the forest herbarium was built, 
which can indicate the overall morphology 
of the herbarium. The users can freely 
roam in the virtual herbarium through 
keystoke, walk to the specimen cabinet, 
take out of the specimen, and the 
specimen’s detailed information will 
shown by photo and text, which can 
optimizes the user experience in the digital 
forest herbarium. 
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Thanks for listening  
 

Welcome to Guangxi University 

for guidance, visit and work! 

 


