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ABSTRACT 
Indonesia is a habitat of many wood species having various patterns and colors. Nyamplung is a tree 
which has several variations in its heartwood color due to its extractive contents. This research 
aimed to determine variation in heartwood color of Nyamplung and design specific primer of the 
4CL gene, which can amplify the DNA of Nyamplung. The samples used in the study had different 
heartwood color level and were collected from Bojo village, Barru and Jennae village, Soppeng in 
South Sulawesi, Indonesia. The wood color assay was determined based on the CIEL*a*b Color 
System, and molecular data were analyzed by electrophoregrams. The result showed that both 
samples had different level of wood color that could be observed with the naked eye. Meanwhile, 
primer design at first stage generated 12 primer combinations which were able to amplify 
Nyamplung DNAs, whereas, the second one generated five primer combinations. Therefore, The 
findings suggest performing an advanced examination on developing dominant and/or co-dominant 
markers that can be used as molecular markers for wood color on heartwood of Nyamplung. 
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INTRODUCTION 
 
Indonesia is a habitat of many tree species 
including timber-producing trees. The produced 
timbers are not only strong and durable but also 
have various patterns, colors, and fragrances. The 

bright color of the timber can be obtained from 
Teak and Gonystylus bancanus Kurz and timbers 
having dark color are from Ebony and Dalbergia 
latifolia Roxb [1]. Moreover, those having          
unique fragrances are from Agarwood and 
Sandalwood. 
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Wood color is also a criteria requirement in 
selection for daily-use trees along with its 
durability and strength. Heartwood color is 
generally darker than sapwood, but it has more 
variations in color than sapwood [1]. Variation in 
heartwood color can also occur in a species, for 
instance, Nyamplungs’ heartwood color. 
 

Nyamplung (Calophyllum inophyllum L.) has 
various heartwoods’ colors from brown-pink, 
brown-red, and brown-orange up to purple-red. Its 
sapwood color is pale brown to pinkish yellow-
brown. The difference between its heartwood and 
sapwood can be easily identified. Wood texture is 
moderate rough to rough. The fiber is not either 
twisted or combined. The wood surface is 
generally smooth and glossy, meanwhile, radical 
side is quite rough [2,3]. 
 

The extractive compound in heartwood is a 
controlling factor on wood color variation. This 
compound can be yellow, red, brown, and some of 
them are colorless/transparent. One of the genes 
that controls the synthesis of this compound is 
4CL gene. This gene produces an enzyme, which 
becomes precursor in the biosynthesis of lignin, 
suberin, as well as flavonoid [4,5]. 
 

4CL sequence variation causes color changes in 
specific plant organ. In Panicum virgatum, it 
changes stem color to brown. This gene also 

controls color changes in leaf margin and 
sclerenchyma in mutant sorghum. Deletion in 
4CL1 gene changes wood color from orange to 
brown on Populus [6,7,8]. 
 
Variation in 4CL gene sequence controlling 
phenotype changes can be detected using 
molecular markers. Here, we conducted an initial 
stage for this approach by designing 4CL specific 
primer that can amplify Nyamplung DNA.  This 
study aimed to determine the color level of 
Nyamplungs’ heartwoods and generate 4CL 
specific primer for amplifying Nyamplung DNA. 
The amplification products will be applied for 
developing dominant and co-dominant markers as 
heartwood color detector of Nyamplung. 
 
PLANT MATERIALS AND METHOD 
 
Color Level Assay 
 
The color level assay was carried out at the 
Laboratory of Food Science and Technology 
Department, Faculty of Agricultural Engineering, 
Bogor Agricultural University, Bogor, Indonesia. 
The selected trees used as samples were trees 
possessing different level of wood color (Fig. 1). 
Determination of wood color was based on 
parameters of wood color using CIEL*a*b Color 
System [9]. 

 

 
 
Fig. 1. Color level assay 
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Sample Collection and DNA Extraction 
 
Sample employed in this present study was fresh, 
non-infected, and intermediate-leaf-age, which 
collected as many as five leaves for each tree. 
Each sample was collected at different altitudes; 
sample A was from lowland area (7 m above sea 
level/asl), and sample B from highland (105 m 
asl). DNA extraction was performed using 
DNeasy ® Tissue Kit (Qiagen) with modification 
[10]. The DNAs were then stored at -200°C 
freezer until processing. 
 
Specific Primer Design of 4CL Gene 
 
Designing of primer was done twice (first stage 
and second stage). The first one used gene 
sequences from six plants originated from several 
families and species, and the second one was 
conducted using five plants from different species 
but still in the same family, Malpighiales. Specific 
primers of 4Cl gene were designed based on 
coding-gene sequences that derived from the 
National Center for Biotechnology Information 
(NCBI). The sequences were complete gene 
sequence (gene, complete cds). 
 
DNA Amplification Using Specific Primer of 
4CL Genes and Sequencing 
 
Nyamplung DNA were amplified using the 
designed primers with PCR Thermocycler 
(sensoquest). Amplification procedure was 
performed according to the following steps: A 
cycle of initial denaturation at 950°C for 5 mins, 
35 cycles of denaturation at 94°C for 1 min, 
primer annealing at specific temperature of each 
primer for 1 min and extension for 72°C at 1 min, 
and a cycle of final extension at 72°C for 10 mins. 
The amplified products were then stored at the -
200°C freezer until separation process using 
horizontal electrophoresis. The primers producing 
DNA amplified products were then used in DNA 
sequencing step. 
 

Data Analysis 
 
Table 1 presents the determination of wood color 
that was conducted based on wood color 
parameters using CIEL*a*b Color System (L*, a*, 
dan b*) [9]. 

Table 1. Wood color parameters based on 
CIEL*a*b* Color System 

 
Parameters of wood color 

L* a* b* 
Shows the brightness 

level of color 
(+) Red (+) Yellow 

(-) Green (-) Blue 

 
The results were then calculated using CIELAB 
(L1,a1,b1) and (L2, a2, b2) with the following 
formula (ISO:12647-1, 2013): 
 

 
 

Table 2. The effect of wood color value (∆E) on 
human eyes 

 
Wood color value (∆E) The effect on human eyes 
<0.2 Invisible 
0.2-1.0 Very low 
1.0-3.0 Low 
3.0-6.0 Moderate 
>6.0 High 

 
Meanwhile, molecular data used for DNA 
sequencing were in the form of DNA 
amplification bands using the designed               
primers. The analysis was done by observing             
the presence of bands on electrophoregram 
agarose. 
 
RESULTS AND DISCUSSION 
 
Level of Wood Color on Heartwood 
 

Table 3 presents color parameters on two samples 
(A and B) which had positive (+) values. L* and 
a* values of A were higher than sample B, 
whereas b* of B was higher than A. A which was 
from lowland area had redder heartwood color 
than B which tended to have yellower heartwood 
(table 1). Variation on wood color is presumed 
due to different altitude where the samples were 
grown. In addition to number and type of 
extractive compound, provenance is also a factor 
that influences wood color. Plant genetic and type, 
extractive compound, and silviculture practice are 
factors that affect wood color [11,9]. 
 
The calculation of ∆E on both samples was 4.1, 
and it was categorized as moderate (Table 2). 
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Table 3. Parameters of wood color on 
heartwood of Nyamplung based on CIEL*a*b* 
system 
 

No. Parameter of 
wood color 

Sample A Sample B 

1 L* 57,13 56,79 
2 a* +13,24 +11,13 
3 b* +22,27 +25,78 

 

4CL Gene-specific Primer Design 
 
Primer design of 4CL gene successfully generated 
ten forward and 12 reverse primers. The first 
designs obtained four forward and seven reverse 
primers, and the total combination was 28 primer 
pairs. That of the second design generated six 
forward and five reverse primers (30 combination 
primer pairs). Primer sequences from the first and 
second designs are described in Tables 4 and 5. 
 

Amplification of 4CL Specific Primer on 
Nyamplung DNA 
 

Sixteen combination primers from the first design 
and five primer pairs from the second design 
could amplify Nyamplung DNA. Size of PCR 
products amplified using those primers ranged 
from 250 bp to 450 bp (the first design) and 700 
bp to 800 bp (the second design). Primer size of 
first and second design primers were 23 and 18 
bases, respectively. Even though the first design 
had more bases than the second ones, those primes 
were still optimal for primer size. Sasmito et al. 
[12], an ideal primer size is ranged from 18 to 30 
bases depending on the combination of genome 
nucleotides. On White Birch (Betula platyphylla), 
Hao et al., [13] had designed 18 to 24-SSR 
primers for analyzing the genetic diversity of this 
species. 

Table 4. The first primer design 
 

No Primer Name Sequence Tm (°C) 

Forward 

1 M4CL1F TGT GTG TCT TGC CTA TGT TCC AT 56.6 

2 M4CL2F TGT GTG TCT TGC CTA TGT TTC AT 54.7 

3 M4CL3F TGT GTG TGT TGC CTA TGT TCC AT 57 

4 M4CL4F TGT GTG TGT TGC CTA TGT TTC AT 55.2 

Reverse 

1 M4CL1R GCA ACC TGA AAT CCT TTG TAC TT 53.7 

2 M4CL2R GCA ACC TGA AAC CCT TTG TAC TT 55.8 

3 M4CL3R GCA ACC TGA AAC CCT TTA TAC TT 53.3 

4 M4CL4R GCA ACC TGG AAT CCT TTG TAC TT 55.5 

5 M4CL5R GCA ACC TGG AAT CCT TTA TAC TT 52.9 

6 M4CL6R GCA ACC TGG AAC CCT TTG TAC TT 57.6 

7 M4CL7R GCA ACC TGG AAC CCT TTA TAC TT 55.1 

 
Table 5. The second primer design 

 
No Primer name Sequence Tm 

 Forward 
1 F1M4CL CTT TGT GTG TTG CCG ATG 52.1 
2 F2M4CL CTG TGT GTC TTG CCG ATG 53.8 
3 F3M4CL TTT TGT GTC CTG CCG ATG 53.1 
4 F4M4CL TTA TGT GTG CTG CCG ATG 52.9 
5 F5M4CL TTG TGT GTC CTG CCG ATG 55.4 
6 F6M4CL ACC ACA GGG TTG CCA AAG 55.8 
 Reverse 

1 R1M4CL AGC AAC CTG GAA CCC TTT 54.3 
2 R2M4CL TGC AAC CTG GAA CCC TTT 54.6 
3 R3M4CL AGC AGG AGC AAC CTG AAA 54.2 
4 R4M4CL AGC TGG AGC AAC CTG AAA 54.2 
5 R5M4CL AGC AGG TGC AAC CTG GAA 57.2 
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Table 6. Primer pairs of the first design that could amplify Nyamplung DNA 
 

No Primer Name Combination of forward and reverse primers Annealing temperature (°C) Amplified band 
1 Primer 1 M4CL1F + M4CL1R - Multiple and unclear bands/could not be used 
2 primer 2 M4CL2F + M4CL1R - Multiple and unclear bands/could not be used 
3 primer 3 M4CL2F + M4CL3R 55 single and clear band 
4 primer 4 M4CL4F + M4CL3R 53 single and clear band 
5 primer 5 M4CL4F + M4CL5R 54 single and clear band 
6 Primer 6 M4CL1F + M4CL3R - Multiple and unclear bands/could not be used 
7 Primer 10 M4CL1F + M4CL4R - Multiple and unclear bands/could not be used 
8 primer 11 M4CL3F+ M4CL7R 56 single and clear band 
9 primer 18 M4CL2F + M4CL2R 56,4 single and clear band 

10 primer 19 M4CL4F + M4CL4R 57,3 single and clear band 
11 primer 20 M4CL3F + M4CL1R 50.9 single and clear band 
12 primer 21 M4CL1F + M4CL2R 54 single and clear band 
13 primer 22 M4CL3F + M4CL2R 55 single and clear band 
14 primer 23 M4CL4F + M4CL6R 53 single and clear band 
15 primer 24 M4CL3F + M4CL6R 55.1 single and clear band 
16 primer 25 M4CL2F + M4CL5R 52.5 single and clear band 
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Twelve of 16 primers which could amplify the 
DNAs were used in the sequencing process. 
Primers produced clear and bright bands (Table 
6). Moreover, four primers were also able to 
amplify the DNAs, but they generated non-
specific and smear bands, and consequently might 
misinterpret the sequencing results (Figs. 2 and 3). 
 
We performed twice primer designs in this study. 
The first one was carried out using 4CL gene 
sequences from six individuals belong to different 
families. It was done because the 12 selected 
primers could not be able to produce any DNA 

band/PCR product during DNA preparation for 
sequencing. The failure of the process was 
assumed due to degraded DNA and primer. The 
DNA and primer degradation can be caused by 
unstable electricity for quite a long time in the 
laboratory, and in the consequent, some of the 
laboratory tools broke down, such as freezer 
where the DNAs stored. Every 2°C increase in 
temperature will result in an increased DNA 
degradation, and 1 to 40 bases will be degraded at 
25°C [14]. Liu et al., [15] reported DNA will be 
completely degraded if it is stored at room 
temperature for nine days. 

 

 
 
Fig. 2. Electrophoregrams of DNA amplification using Primer 19 and 25. Notes: A = Primer 19, and 
B = Primer 25 
 

 
 
Fig. 3. Electrophoregram of DNA amplification using primer 1 and 10. Notes: A = Primer 1, and B = 
Primer 10 
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Table 7. The second primer design that could amplify Nyamplung DNA 
 

No Primer Name Combination of forward and reverse primer Annealing temperature (°C) Band 
1 Primer 16 M4CL4F + M4CL1R 51.7 single and clear band 
2 primer 18 M4CL4F + M4CL3R 51.7 single and clear band 
3 primer 19 M4CL4F + M4CL4R 49.5 single and clear band 
4 primer 23 M4CL5F + M4CL3R 51.4 single and clear band 
5 primer 30 M4CL6F + M4CL5R 49.8 single and clear band 

 
Five primers from the second design could 
amplify the DNAs (Table 7). The produced bands 
were clear, but thinner than the first ones. The 
primer number was also less than the first          
design due to low concentration of the DNAs  
[16]. 
Low DNA concentration induces non-optimal 
DNA amplification and produces thin DNA band. 
Moreover, it generally causes failure in the 
amplification process (no PCR product) [17]. We 
failed to extract high concentration of DNAs 
because of plant materials used in this study were 
repeatedly thawed. Henry [18] stated the thawing 
process on plant material induces DNA 
degradation in the plant tissues. Moreover, it was 
by dysfunction of the freezer as DNA storage due 
to power failure. 
 
CONCLUSION 

 
It is concluded that color level assay on                    
both evaluated heartwoods based on CIEL*a*b* 
system exhibited different color levels that           
could be visually detected with the naked eye.  
The first design successfully generated 12           
primer combinations amplifying Nyamplung 
DNA. The second primer design was able to 
produce five combinations for amplifying the 
DNAs. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing interests 
exist. 
 
REFERENCES 
 

1. Herawati E. Warna alami kayu. Universitas 
Sumatera Utara, Medan. International 
Organization for Standardization; 2013. 
ISO 12647-1:2013. Process control for the 
production of half-tone colour separations, 
proof and production prints -- Part 1: 

Parameters and measurement methods. 
Graphic Technology, ISO; 2015. 

2. Martawijaya A, Kartasujana I, Kadir K, dan 
Prawira SA. Atlas Kayu Indonesia Jilid 1. 
Departemen Kehutanan Badan Penelitian 
Dan Pengembangan Kehutanan, Bogor; 
2005. 

3. Orwa C, Mutua A, Kindt R, Jamnadass R, 
dan Anthony S. Agroforestree database: A 
tree species reference and selection guide 
version 4.0. World Agroforestry Centre, 
Kenya; 2009. 

4. Anonim. Staining of finishes from water-
soluble wood extraxtives. APA The 
Engineered Wood Association (Technical 
Note). Number L810C; 1997. 

5. Beritognolo Isacco, Magel Elisabeth, 
Abdel-Latif Amani, Charpentier Jean-Paul, 
Jay-Allemand Christian, Breton Christian. 
Expression of genes encoding chalcone 
synthase, flavanone 3-hydroxylase and 
dihydroflavonol 4-reductase correlates with 
flavanol accumulation during heartwood 
formation in Juglans nigra. Tree 
Physiology; 2002. 

6. Xu B, Trevino L, Satithsuksanoh N, Shen 
Z, Shen H, Zhang Y, Zhao B. Silencing of 
4-coumarate; Coenzyme A ligase in 
switchgrass leads to reduced lignin content 
and improved fermentable sugar yields for 
biofuel production. New Pythol. 2011;611-
625. 

7. Zhang K, Qian Q, Xiong G, Zheng D, Gu 
M, Chu C, Cheng Z. Gold Hull and 
internode2 encodes a primarily multi-
functional cinnamyl-alcoholde hydrogenase 
in rice. Plant Physiol. 2006;972-983. 

8. Saballos A, Sattler S, Sanchez E, Foster T, 
Xin Z, Kang C, Vermerris W. Brown 
midrib 2 (Bmr2) encodes the major 4 
coumarate: Coenzyme A ligase involved in 
lignin biosynthesis in sorghum. Plant J. 
2012;813-830. 



Syahidah et al. 

 
87 

9. Moya R, Fallas R, Bonilla P, Tenorio C. 
Relationship between wood color 
parameters measured by the CIELab system 
and extractive and phenol content in Acacia 
mangium and Vochysia guatemalensis from 
Fast-Growth Plantations. Molecules; 2012. 

10. Shi S, Larekeng SH, Lv P, Nie Y, Restu M, 
Yang H. The complete chloroplast genome 
of Neolamarckia macrophylla (Rubiaceae). 
Mitochondrial DNA Part B. 2020;5(2): 
1611–1612. 
Available:https://doi.org/10.1080/23802359
.2020.1745709 

11. Gierlinger N, Jacques D, Grabner M, 
Wimmer R, Schwanninger M, Rozenberg 
P, DKK. Color of larch heartwood and 
relationships to extractives and brown-rot 
decay resistance. Springer, Berlin, hal. 
2004;102-108. 

12. Sasmito D, Kurniawan D, Muhimmah I. 
Karakteristik primer pada polymerase chan 
reaction (PCR) untuk Sekuensing DNA: 
Mini Review. Yogyakarta: Universitas 
Islam Indonesia; 2014. 

13. Hao W, Wang S, Liu H, Zhou B, Wang X, 
Jiang T. Development of SSR markers and 
genetic diversity in white birch (Betula 
platyphyla). United States: Lousiana State 
University Agricultural Center; 2015. 

14. Bonnet J, Colotte M, Coudy D, Couallier 
V, Portier J, Morin B, Tuffet S. Chain and 
conformation stability of solid-state DNA: 
implications for room temperature storrage. 
Nucleic Acid Research; 2010. 

15. Liu X, Li Q, Wang X, Zhou X, He X, Liao 
Q, Zhang Y. Evaluation of DNAA/ RNA 
shells for room temperature nucleic acids 
storage. Cryopreservation and Biobanking; 
2015. 

16. Syahri YF, Rauf M, Paembonan SA, 
Larekeng SH, Cahyaningsih YF. Rapd 
amplification on cocoa (Theobroma cacao 
L.) from East Kolaka, Southeast Sulawesi 
Province. IOP Conference Series: Earth and 
Environmental Science. 2019;270(1). 
Available:https://doi.org/10.1088/1755-
1315/270/1/012052 

17. Larekeng SH, Dermawan R, Iswoyo H, 
Mustari K. RAPD primer screening for 
amplification on Katokkon pepper from 
Toraja, South Sulawesi, Indonesia. IOP 
Conference Series: Earth and Environ-
mental Science. 2019;270:012023. 
Available:https://doi.org/10.1088/1755-
1315/270/1/012023 

18. Henry R. Plant genotyping: The DNA 
fingerprinting of plant. CABI, Britania 
Raya; 2001. 

_____________________________________________________________________________________ 
© Copyright International Knowledge Press. All rights reserved. 

 
 
 


