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       Abstract  

Cambodian Phellinus linteus is the medicinal besidiomycete mushroom that commonly 
found in Cambodia and the Thai-Cambodian boundary.  Fruiting body of this mushroom species 
is relatively bigger than the other Phellinus species. Cambodian P. linteus basidiocarp was a 
semicircular bracket in shape. Basidiospores were brownness with the size of 2.5-3.2 X 3.5-4.0 
m. The evidence from fungal crossing analysis revealed that Cambodian P. linteus was a 

heterothallic mushroom with bipolar type which required the mating from the other compatible 
strains. The primary mycelium (monokaryon) and secondary mycelium (dikaryon) grew well on 
Malt Extract Agar (MEA) medium. The formation of clamp cells and peg were observed on the 
dikaryotic hyphae, and these events may be regulated by the mating type genes. Initiation of 
fruiting bodies was markedly observed on MEA plates. Interestingly, on wood blocks substrate, 
the fruiting bodies initiated rapidly with the different shape and phenotypical characteristics 
from those initiated on MEA. This research study also showed that 98% of the dikaryotic 
mycelium inoculated in the mushroom spawns would form the small immature fruiting bodies 
with semicircular shape and the average size of 1.5-4.0 cm in diameter. Unfortunately, those 
immature fruiting bodies were arrested before entering the mature fruiting body stage. The 
mitochondrial intermediate peptidase (mip) and mitochrondrial small subunit rDNA (mt-ss-rDNA) 
were used to determine the structural genetics of Cambodian P. linteus in comparison with the 
other mushrooms. The results revealed that the genetic structures of this mushroom species 
were similar to those of Phellinus igniarius that have been found in Cambodia and the Thai-
Cambodian boundary, and were clearly different from the other mushrooms, although it was 
the same species. 
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 1 
 

 
 (mushroom)  (basidiomycetes)   

 (actinomyctes)  2 
  (inedible  mushroom)  (edible mushroom)  

 (medicinal mushrooms)  
(biochemical  compounds)  

 
       

       
  

  
     

 
  

   Agaricus  bisporus 
Volvariella volvacea Lentinus edodes, Plerotus spp. Tremella fuciformis Gadoderma spp.  

    
     

  
 (http://www//faostat.fao.org/faostat)  
 

   
     

  (host specificity)  
  

  
    

 
  

  (life cycle)  (mating system)  (mating 
type genes)    (primary mycelium) 

 (secondary mycelium)  (initiation fruiting body 
formation)  (mature fruiting body formation)  

    
   Phellinus linteus  
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 P. linteus     

(polysaccharides)  (proteoglycan)  (triterpenoids)   
(enzymes)    P. linteus 

 (Li et al. 2004)  (tumor)  (Kim et 
al. 2004b)  metastasis  melanoma  (Han et al. 1999) 

 (humoral immune system)  (Kim et al. 
2003; 2004a; Lim et al. 2004; 2005)  (Shin et al. 2007) 

  (Stamets, 2005)   P. linteus 
   

 (Park et al. 2003) 
 P. linteus  

  (health care supplement) 
  carcinoma 

  
 P. linteus   

  Phellinus spp.  
  

 0.5-0.7   5-
10     (

  )  Cambodian P. linteus 
  

  
  Cambodian P. linteus  

  
    

   
 Cambodian P. linteus 
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1.1  
1.   Cambodian Phellinus linteus  
2.  Cambodian Phellinus linteus  
Phellinus  
3.   Cambodian Phellinus 
linteus 
 

1.2  
 Cambodian Phellinus linteus  vegetative 

mycelium   clamp cell  (initiation 
of fruiting body formation)  (fruiting body 
maturation)  (substrates)   

  (     Cambodian 
Phellinus linteus   Phellinus   Mitochrondrail 
Intermediate Peptidase  A   
(partial DNA sequences)  Mitochrondrail small subunit rDNA  

 (phylogenetic tree) 

 
1.3   
1.   Cambodian Phellinus linteus 

  
2.  Cambodian Phellinus linteus  Phellinus 

   
3.  Cambodian Phellinus linteus 
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 2 
 

 
2.1  (mushroom)   (improtances)  (advantages)  
(problems) 

 (mushroom)  (macro fungus)    
(basidiomycetes)  (ascomycetes) 

 3     (saprophytes) 
 (primary recyclers)  

    
 (parasistes)    

   
 (mycorrhiza)    

 (host specificity)  
   (Stamets, 1993) 

  (edible mushroom) 
 (inedible mushroom)   

(medicinal mushroom)  
 (absorptive organisms)       69, 000   

10,000      
        

   
   (fiber)    

(protein)   (carbohydrate)  (lipid)  1-10%   
     (potassium)  (phosphorus)   (sodium)  

(calcium)  (magnesium)  (iron)  (copper)   (zinc) 
  (thiamine)   (riboflavin)   (niacin)   (biotin)   

 (ascorbic acid)   (Chang, 1980, 1991, 1993)   1  
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 1   (  Eli  V.  Crisan  and  Anne  Sands,  
in  Chang  and  Hayes,  1978) 
 Thiamine Niacine Riboflavin Ascorbic  

acid 
Agaricus bisporus 
Auricularia polytricha (fresh) 
Auricularia polytricha (dry) 
Flammulina velutipes 
Lentinula edodes (fresh) 
Lentinula edodes (dried) 
Pleurotus spp. 
Volvariella volvacea 

1.1 
0.2 
0.2 
6.1 
7.8 
0.4 
1.16-4.8 
0.35-1.2 

55.7 
1.6 
4.7 
106.5 
54.9 
11.9 
108.7 
4.88-91.9 

5.0 
0.9n 
0.6 
5.2 
4.9 
0.9 
4.7 
1.63-3.30 

81.9 
no data 
0 
46.3 
0.0 
0.0 
0.0 
20.0 

 
 

   Phellinus spp.  (Shelf fungi)  
 (Sangwhang)    (Mesimakobu)  

 (Song, 1995)  
   (Dai,  et al. 1998)  

  (Lee,  2005) 
    

 (http://www//faostat.fao.org/faostat) 
  

  Pleurotus ostreatus, Volvariella volvacea Lentinus edodes Agaricus 
bisporus Auricularia sp. Flammulina velutipes Pholiota nameko Tremella fuciformis 
Gadoderma lucidum     P. 
ostreatus    L. edodes  A. bisporus  

 
  (Termitomyces spp.)  

  
     (parasite) 

 (symbiosis) 
     (temperature)  (light)   

(moisture)  (medium)  
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2.2  (mushroom life cycle)  (mating type system)  

  (sexual 
reproduction)  (asexual reproduction)  

 2   (primary mycelium)  (monokaryon) 
 (secondary mycelium)   (dikaryon)  1  

(nucleus)  1  (hyphal cell)  2  (nuclei)  
1   (KÜes, 2000) 

 (mating type system)  
   

 (crossing) 
  

 
    

    
 (homothallic)    
  (heterothallics)  85-90 % 

  10-15 %  
 2    (bipolar)   (tretra polar)  30-40 % 

    A  60-70%  
   

  A  B    A   B  
   x   y  (allelic 

specificity)  
 4   Ax Bx  AxBy  AyBx   AyBy 

  Ax Bx   AyBy   AxBy  AyBx 
 (Whitehoues 1949; Quintaniha  Pino-Lopes 1950). 

 (outcross breeding)  90 %  (progeny)  
 25 %   

  (back cross) 
 (co-isogenic)  Shizophylum commune   Coprinopsis cinerea 

(Prayook, 2006) 
   

    
 1   2  

   (mycelia aggregation) 
 (hyphal knot)  (primordium)  
  (immature fruiting body) 
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 (karyogamy)  
  

   
  

    
  

  primary hyphal knot  (pkn)   secondary 
hyphal knot (skn)  primodium  
maturation (prm)   (stipe)  stipe elongation (eln) 

  cap expension (exp) 
 Coprinopsis cinerea (KÜes, 2000; Kamada, 2002, Prayook and Panida, 2009) 

    S. commune  
 A   A  C. cinerea  A 

 knoct-out  (clamp cells) (Pardo, 
1994, 1995)   A     

 A  S. commune  Coprinopsis disseminatus 
  Phellinus  

  B  (peg cell) 
   

 (Kothe, 2001; kÜes, 2000; Kamada, 2000)  A  
homeodomian transcription factors (HD1)  homeodomian 
transcription factors (HD2)  (Casselton, 2006; kÜes, 1994) 

 B  2    (pheromones) 
 (pheromone receptors)   (pheromone) 

 (pheromone receptors)  
 

    
 B     

 B  C. cinerea  C. disseminates S. commune  P. djamor 
 Ustilago maydis Sacchaaromyces cerevisia (James  

et al,  2006)  B  C. cinerea    
 A  B   P. djamor  

  
(compatible)   (incompatible)  
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  Lentinus spp. Phellinus spp. Plerotus spp. 
  (wild type) 

 James  (2004)   Mitochrondial Intermediate Peptidase gene (mip)  
       mip  

  A  1 kb  
 A  (James et al. 2004)  mip 

  
    

parabenzoic acid synthase (pab)  mip  C. cinerea    
  

   
    

     
   

 (Light)  (dark)  
   

  
  (KÜes et al. 2002, Kothe, 2001)  

   
  28-37 

   60-80 %  
 (Oei, 1996)  

  
 Kothe (2001) 

  A    
 B    

  (Kothe, 2001; KÜes, 2000; Kamada, 
2000)   A  homeodomian transcription factors (HD)  

 homeodomian transcription factors  
(Casselton, 2006; KÜes, 1994)  Pleurotus spp.  

 B  B 
 C. cinerea    

 
2.3    Phellinus 

 Phellinus  150    
  Phellinus    Phellinus 

 (set of hydrolytic enzymes)   
laccase ( ) lignin peroxidase ( ) manganes peroxidase (
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) hemicellulase ( )   
  
 (biological compounds)   Phellinus 

          
        Phellinus 

    
 (Nakamura et al. 2000) Phellinus 

  
  Phellinus 

  (white pocket rot)     (root 
rot)  P. weirii P. sulphurascens P. noxius (Lim et al. 2007; Ann et al. 2002) 

  
(heart rot) (  , 2553)  Larsen and Cobb-Poulle (1990)   
(Quercus)  (Cassia)  (host)  Phellinus  

 Ahmad (1972)  (Lonicera species)  P. linteus  
  P. linteus    (Morus)   (Kang et al. 2002; Kim 

et al. 1999). 
 

2.4  (Classification of genetic relationship)  
 20  

   Polymerase chain reaction (PCR)  
 (restriction enzymes)     restriction fragment length polymorphism (RFLP)   

   
(Vilgalys, 1994, Wesselink et al. 2002)   

   
  (DNA) 

     
Random amplification polymorphisms DNAs : RAPD  Coprinopsis spp.

 13  Croprinopsis cinerea (Maraguchi et 
al. 2003)  ribosomal RNA (rDNA) 

  
  (Borneman and Hartin, 2000; Schabereiter Gurtner et al. 2001)  

  
   B  mip  (James at al. 2006) 

  nuc-lss-rDNA   mt-ssu-
rDNA   Phellinus (Wanger and Fischer, 2002) Won Jin  

 Phellinus   ITS   
mt-ssu-rDNA    P. linteus    Inonotus  spp.  (Won 
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Jin et al. 2005)  setae   Fulviformes  Phylloporia  
Inocutis  Fomitiporia   mt-ssu-rDNA  

 Trichaptum    (Soon and Sung Jung, 1997)  
 Internal Transcription Space : ITS 

  Phellinus spp. Gadoderma lucidum 
(Fischer and Binder, 2004; Rizzo et al. 2003; Du et al. 2007).  Phellinus igniarills Phellinus 
alni Phellinus nigricans Phellinus populicola Phellinus trivialis   Phellinus cinerea  

   
   

RFLPs  rDNA  P. igniarius   P. alani  
P. cinereus P. nigricans   (Fisher,1995).  (Phylogenic analysis) 

 
  Taxa 

Rizzo   (2003) 
  Phellinus 

spp.   P. igniarius  P. alni  P. cinereus  P. nigrica (Sell, 2006, Parmasto, 2007). 
 Phellinus  coronadensis  4-6X3-4  P. orienticus  3.02–

4.23×2.48–3.07   P. betulinus  3.96–4.40×2.84–3.64  
(Rizzo et al. 2003)   Phellinus 

  (host specificity)  Phellinus 
  Fisher    Binder   69  

 Hymenochaetales   Phellinus s.str.    Fomitiporia  
  (plant hosts)      (Fisher  and  Binder, 

2004)  Phellinus 
  Phellinus  

Phellinus   Phellinus 
  lignocellulose  

(Wasser et al. 2000)   Phellinus   
  

 

2.5  P. linteus   
 P. linteus     
P. linteus   mitomycin C 

  P. linteus   
(Plaque-Forming Cell (PFC)  cytokine IFN -  interleukine-4 

 (Matsuba et  al. 2007)  
(polysaccharides)  P. linteus  

 P.  linteus  carboxymethylation   
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 spectum 13C NMR  
 (1,3) ß-glycan  (1,6) ß-glycan  carboxymethylation  

  HT1080 
 cytotoxic    2,2-diphenyl-1-

picrythydrazyl  polysaccharide  
cytochorme C  (free radical scavenging) (Shin  et al. 2007) 

 P. linteus  epiermoid KB (human mouth 
epidermal carcinoma)  apoptosis   hispolon 

 human epidermoid KB  IC50   hispolon 
 human epidermoid KB  

   Proteoglyean (PG)  
P. linteus   
CD11C+   CD8+DC  helper T cell       

  
   P. linteus 

  protein-glucan  
protein-glucan  polysaccharide 39.3%   protein 49.4%  13 C- 

 1H-NMR  glucan   -1,3-glucaic   -1,3-glucaic 
 P. linteus  

 P. linteus  
 

 P. linteus  99  
 P. linteus   Cambodain P. linteus  
 Phellinus  

   G. lucidum  
  

   
   

   
    Agaricus 

bisporus Volvariella volvacea Lentinus edodes  Plerotus spp. Tremella fuciformis 
Gadoderma spp.   
65,000      10,000     
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Phellinus spp.  21   2  

 
   5   (rice brand dextrose malt peptone agar-RbDMPA) 

 (cassava dextrose malt pep)  (sweet potato dextrose malt peptone agar-
SpDMPA)  (potato dextrose malt peptone agar-PMPA)  (potato dextrose 
agar-PDA)  

   RbDMPA  PMPA  
 (       2550)  Phelinus 

noxius     
   5   24     1  

  (Ann et al.1992)   G. lucidum (Wm. 
Curtis:Fries) Karsten  Malt Extract  Agar (MEA) 

 100×15 mm.  7-10   24    
 2  G. lucidum  (wood logs) 

      
 21-27     90-95 %  60   CO2  

 2,000 ppm  12   750-1,500   (Bodine et al. 1993)  
 P. linteus  Yeast-Malt agar  

peptone 0.5%, yeast extract 0.3%, malt extract 0.3%, dextrose 1%  agar 2%   
      65%  

 250   121   45  
 20      26   C  
  31-35  C  96-99%    (Hong et al. 2002) 

 PDA (2-4 g potato dextrose broth)  (agar 
2)   100    P.  linteus  (ASI 26011)   

  25-30      pH 6.0   
  (fruiting body)  31-35    

  96%  20  
 42%  (Hong et  al. 2002)     

  
 

 2000    basidiomycetes  polypore 
 hymenium  

 wood root  
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 (Nakamura et al. 2000) 

 P. linteus 
 (Ikekawa et al. 1968)  

 (Song, 1995)   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                

 

 14 

 

 3 
 

 
3.1   

 Cambodian P. linteus  Phellinus -    
.    Gadoderma lucidum   

  
     

   
      

 
3.2.    

 
   1.5   

  1.0   
10-1 10-2 10-3 10-4 10-5   100-200  

 Malt Extract Agar (MEA)  (  malt extract  10   10 
 1,000   15   121 )  

   
 

  
  

  37  
   4     

 
3.3.    

 6  M1  M2 M3 M4 M5  M6 
  (intra-crossing)  malt extract 

agar  1x1 
 1    

  37   3    
 

3.4   
  Cambodian P. linteus  (light 

microscopy )     
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3.5  DAPI (4 ,6–Diamidino–2–phenylindole  
dihydrochloride)   

  DAPI   
     

 DAPI  (50 )   8-10   
 DAPI      5-10    

   
(ultraviolet light)   

 
3.6    SEM  

   Scanning 
Electron Microscopy : SEM    YMGT 

 2.5% glutaradehyde  1% Osmiumtetroxide: 0.2 M phosphate buffer (pH 7.2) 
 2-4     20%, 40%, 

60%, 80%  100%    
SEM  JSM 6460 LV 
 

3.7  Cambodian P. linteus  MEA    

  1.5 x1.5  
 MEA  

 3   6  18 
  3  3   9  

 
 ( )   37  

  
28-32   

     
 250   MEA  50    

 1x1x2   3  1  250  
 1.5X1.5    

 3  
  28-32   

  (SONY digital camera) 
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3.8  Cambodian P. linteus    
 

 100   37 
   

  20X30   
 93   2.5   3.3     0.2 
     1.0     500   200 

  
   300 

 
 

  28-32   80-90 
   12   

  
3.9   

  
 40    

 (Plant DNA extraction buffer)   phenol-
chloroform  extract    Zolan   Pukkila  

  1.5   40    CTAB  extraction  buffer    
600        60      30    

  12,000      5      (supernatant)  
  1.5      phenol : 

chloroform  (24:1,  / )     supernatant    
   12,000      5    

    TE  buffer  300      RNase  A  (10  / )  3  
    37      30      phenol : chloroform  (24:1)  

  300      12,000      5      
supernatant    1.5      50    7.5  M  

  (ammonium  acetate)    600    100%    
  12,000      30        

  300    0.2  M    600  
  100%      12,000     30    

    37      10    
    TE  buffer    50     
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3.10  Mitochondrial Intermediated Peptidase (mip) 
   

 15   10 Mm Tris –HCL, pH 8.3, 50 mM 
KCL, 2.0 MgCL2 100 uM  dNTP, 0.2 uM  1 ng/ul  DNA  0.025 /ul 

 Taq polymerase  10  
 mip forward (5’-CCATYYCTMATGGARCACTTCCTCA-3’)  mip reveres                 

(5’- TTCCAYGARATGGGNCAYGCNAT-3’) (James et al. 2004)   
 

  3.11  Cambodian P. linteus  
Phellinus   Mitochondrial small subunit rDNA (mt-ssu rDNA)     

 25   0.2 Mm dNTP, 0.2 m, 10 mM Tris 
–HCL, pH 8.3, 50 mM KCL, 2.0 mM MgCL2, 200 uM  dNTP, 0.2 uM 1 ng/ul  DNA 

 0.025 /ul  Taq polymerase  MS1 forward (MS1 
5’CAGCAGTCAAGAATATTAGTCAATG3’)  MS2reveres  (GCGGATTATCGAATTAAATAAC3’) 

 (White, 1990)   
 
 
 
 
3.12  

    300   
   1.5      500    

 ( DF  Buffer)    (Vortex) 
  55-60      10-15     (

  2-3  )  
  DF  Column  

  2   (Collection  Tube)    800    
  DF  Column      14,000 rpm    30  

    Collection  Tube      DF  Column    (
  800    )   400        

( W1  buffer)    DF  Column    14,000 rpm   30    
  Collection  Tube      DF  Column      600  

   ( Wash  buffer)  (wash buffer   100% ethanol )    
DF  Column    1     14,000 rpm.    30  

    Collection  Tube     Collection  Tube    DF  
Column      3      DF  Column 

 Wash  buffer   DF  Column    1.5    (
)    15-50      Elution  Buffer    TE    column    
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2      14,000 rpm.    2  
 ( ) 

 

3.13  mip   pGAM blue script +   
 mip    5     300  

mip     PCR    4      ligation 
buffer    1      plasmid    10    

   4      16    
 

 
 
 
 

 (Ligation reaction)  
1. Buffer              4.0  l 
2. Plasmid      1.0  l 
3. PCR  product     5.0  l 

Total    10   l 
 

3.14  mip  E.coli   
   5      ligation reaction    10      1.5  

    100      competent  cell    ligation 
reaction  5      (on ice)    30      
Heat  shock    water bath   45      45    

  4      Heat shock      10    
  LB    200      Glucose  (   0.02  M)    

150 rpm.    37      2    
   1:100  1:1,000  1:10,000  1:100,000  1:1,000,000  

   (spade plate)    LB + Ampliciline   (100  : 
100 )     LB    37      16-18    

   

 
3.15   (Plasmid) 

  15   
  150 rpm  16-18    37     

  1.5        10,000 
rpm    1           500  
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   STE  buffer   (vortex)     
 10,000 rpm.    5        

  100      Solution I  ( )      
  5    (   Solution II)    200  

    Solution II     1.5      10-20    
  (on ice)    5    ( )    150    

  Solution III      10-20      
  (on ice)    10      10,000 rpm.    10  

    1.5        1/10  Volume    3 M  
NaOAc    10-20      1      95%  ethanol  
(   -20  )    10-20    

  -20      30      1      14,000 
rpm.    15        

    20-30      1x  TBE  buffer    -20  
 

 

3.16  mip  mitochrondrial rDNA  
    mt-ss-rDNA   20 

  Mracogen   
   MEGA4  

 
3.17   

 mt-ssu-rDNA  Phellinus spp.  300  600 
   GeneBank    6   

  Clustal  X  (Thompson  et  al. 1997)  
  Kimura-2  parameter  (K2P)  

  MEGA  4  (Tamura  et  al.  2007)    Neighbor-
joining  (NJ)    Kimura’s  2-parameter  model  (K2P)    PAUP  4.10b  
(Swofford  2002)    bootstrap    1,000  pseudo-replicates  

  Maximum  parsimony  (MP)    PAUP  4.0b10  (Swofford  2002)  
  bootstrap    1,000  replications   
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 4 
 

 
4.1  Cambodain P. linteus  
Cambodain P. linteus    basidiomycete  
hymenochaeceae  hymenochaetales   Phellinus  

   
   

  (basidiocarp)  
  shelf-like   (semi-circular) 

 50    5-10   
   

   
  

 
  (pores)   

  
     2.5-3.2 X 3.5-4.0   

           
  

   
  1   
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 4.1  Cambodain P. linteus   

  (A)  (B) 
 400  (C) 

 (D)  Cambodain P. linteus  (E  F) 
 

4.2  Cambodain P. linteus   
 MEA  37   

 3-5     
 

   Cambodain P. linteus   6   
6  M1  M2  M3  M4  M5  M6   
MEA  6   1  10 

  M1XM2 M2XM1 M2XM3  M2XM4  M2XM6  M3XM2  M4XM2  M6XM2  4 
 M1XM2  M2XM3  M2XM4  M2XM6   
  

 sub-apical peg cell  
2   20  M1XM3  M1XM4  M1XM5 M1XM6  M2XM5 M3XM1 M3XM4 M3XM5 M3XM6  
M4XM1 M4XM3 M4XM5  M4XM6  M5XM1  M5XM2  M5XM3  M5XM4  M5XM6  M6XM1  

A B 

C D 

E F 
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M6XM3 M6XM4  M6XM5   
 6   M1XM1 M2XM2 M3XM3 M4XM4 M5XM5  M6XM6  

 
 4.1  Cambodain P. linteus   6  

Monokaryotic clone no. M1 M2 M3 M4 M5 M6 
M1 = + - - - - 
M2 + = + + - + 
M3 - + = - - - 
M4 - + - = - - 
M5 - - - - = - 
M6 - + - - - = 
      (+)    (-)   (=)   

 
4.3   

 6   6  
 MEA  3  

 18   18  
 37  4-5   

 28-32   12    12  
  18 

  
   
   2   

 18   
 (initiation of fruiting bodies) 
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 4. 2  Fruiting body 
 (A  B)  (initial fruiting bodies) 

 (C  D)  initial fruiting bodies  
 (E) 

 

4.4     
  
  

(light microscopy)   (Scanning Electron Microscopy) 
   

 
 

 (clamp cell tip) 
   (peg 

sub-apical cell)  
 “fused clamp cells”   

 3  M1XM2  M2XM3  M2XM4  M2XM6 
   

 
  compatible    
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(heterothallic)  (bipolar) 
    

  
 

 4.3  (A)  
  (B)  

 SEM    (C  D) 
 (E)  

 (F  G)  
 SEM (I J K  L)  

4.5   Cambodain P. linteus 
 (wood blocks) 

 3   1X1x2   250  
 3   6 
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 1.5X1.5  
 18   3  

  9  
 28-32   12 

 12   
  4  

 5       
 

   
  (inoculum) 

 
  9    

     
 2-4   4  
  2  

     
 

A B C

D E F

 
 

 4.4  1x1x2  
 (A B  C)  

   
 (D E  F) 
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4.6   Cambodain P. linteus 
 (Spawns) 

 Cambodain P. linteus 
   

  
 

 200   
   300  
    

 80-90    2 
  294 (98%)  

  5  
 (Aspergilus)  6     200 

 195 (97%) 
  
 1   2    5 

 
 

  
 

 4.5  
  (A)  (B) 
 (C  D)  

 (E)  2   
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4.7  Cambodain P. linteus 
 Cambodain P. linteus 

 (sexual  reproduction)   1  
  2  

  
   

 
 Cambodain P. linteus 
   Cambodain P. linteus  6 

 

 
 

 4.6  Cambodain P. linteus 
 

4.8  Mitochronrial Intermediate Peptidase (mip)  Cambodain 
P. linteus 

 A   B   
    A   2  HD1  HD2 

 homeodomain  transcription  factor  HD1  HD2 
   HD1  HD2   

 (heterodimeric proteins)   G-protein  (cell 
membrane)  A  (A locus)   A  
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 para-benzoic acid synthase (pab)  adenosine (ade)    mitochrondrail 
intermediate peptidase gene (mip)   mip   A   1 kb 

   mip    
degenerated primers   mip  

 300   Cambodian P. linteus   
Cambodian P. igniarius  
Cambodian P. linteus   P. igniarius  300 

  James   (2004)   7   mip  
  mip    A 

 
 Cambodian P. linteus  

 
 
 

 
 

 4.7  PCR  mip   Cambodian P. linteus  
 P. igniarius  1  DNA maker   2 3  4  Cambodian P. 

linteus   5 6  7  Cambodian P. igniarius   300 
 250   150   DNA maker   
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 A  Cambodian P. linteus   
 pab  ade   mip   mip  

 Cambodian P. linteus   P. igniarius  
 A   C. cinerea    S.  commune  8 

  Cambodian P. linteus   P. igniarius   8 
 
 
 

 
 4.8   mip  HD1   HD2   Cambodian  P. linteus  

 P. igniarius    A  S. 
commune   C. cinerea    
 

  mip  Cambodian  P. linteus   P. igniarius   
 (300 )  mip    mip   (pGAM-

T- Easy Vector)  E. coli (PJAM 109)    
 (amplicilin)       Mracogene     

 Mracogene     mip  Cambodian  
P. linteus    mip   
Gene Bank   2   Cambodian  P. linteus  
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 4.2  Accession number   mip   GeneBank  

Mushrooms 
Accession 
number    
mip 

References 

Amanita cokeri AY179565 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Amanita virosa AY179566 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

 Campanella subdendrophora AY179567 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

 Coprinellus disseminatus AY179562 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Coprinellus heptemerus AY179568 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Coprinopsis lagopus AY179569 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Coprinopsis narcotica AY179570 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Coprinopsis scobicola AY179561 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Crepidotus subfibrillosus AY179571 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Ganoderma resinaceum AY179572 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Gyrodon merulioides AY179573 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Hygrocybe conica AY179574 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Hypholoma fasciculare AY179575 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Irpex lacteus AY179576 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Lactarius indigo AY179577 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Lentaria sp. AY179578 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Lenzites betulina AY179579 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Lepiota americana AY179580 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Leucoagaricus gongylophorus AY338827 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
01-MAR-2004 
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Leucocoprinus luteus AY179581 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Marasmius rotula AY179582 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Marasmius siccus AY179583 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Mycena sp. A AY179584 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Mycena sp. B AY179585 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Nigroporus vinosus AY179586 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Pleurotus cystidiosus AY179587 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Pleurotus djamor AY179563 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Pleurotus ostreatus AY179588 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Polyporus sp. AY179589 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Pulcherricium caeruleum AY179590 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Russula sp. AY179591 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

Saccharomyces cerevisiae AAA21278 Isaya,G., Miklos,D. and Rollins,R.A. 
02-SEP-1994 

Schizophyllum amplum AY179592 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 
18-FEB-2004 

S.commune P37932 Isaya,G., Sakati,W.R., Rollins,R.A., 
Shen,G.P., Hanson,L.C., Ullrich,R.C. and 
Novotny,C.P. 

16-NOV-2011 
Schizophyllum fasciatum AY179593 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 

18-FEB-2004 
Schizophyllum umbrinum AY179594 James,T.Y., Kues,U., Rehner,S.A. and Vilgalys,R. 

18-FEB-2004 
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 Cambodian  P. linteus  

  mip  Cambodian  P. linteus  
 Marasmius siccus Marasmius rotula Trichaptum biforms  Agaricus 

bisporus   9 

 
 4.9   Cambodain P. linteus 

  Mitochondrial intermediated Peptidase (mip)  
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4.9  Cambodain P. linteus  Mitochrondrial small subunit 
rDNA (mt-ssu-rDNA)  

 Cambodain P. linteus    
mt-ssu-rDNA   

 6   Phellinus    
mt-ssu-rDNA  Gene bank   2   6 

  Cambodain P. linteus  Cambodian  P. igniarius   P. linteus  P. igniarius P. gilvas  G. 
lucidum   Cordyceps sinnesis  out group 

 6  700   10     
 

 
 4.10  mt-ssu-rDNA  Cambodain P linteus 

( 1) Cambodain P igniaruies ( 2) Thai P. linteus ( 3) Thai P.  igniaruies ( 4) P. 
gilvas (  5) Gadoderma lucidum (  6), Cordyceps sinesis (  7). DNA ladder ( 1) 

 ( 8) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                

 

 34 

 

 4.3  Accession number   mt-ss-rDNA  Phellinus spp.   
GeneBank  

Mushrooms 
Accession 
number    
mt-ssu-rDNA 

References 

Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 
P.coffeatoporus AF387563 

13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.coronadensis AF387564 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.coronadensis AF387565 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.coronadensis AF387566 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.everhartii AF387567 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.fastuosus AF387568 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.ferreus AF387569 
13-FEB-2003 
Hibbett,D.S. and Donoghue,M.J. 

P.gilvus U27060 
07-FEB-1997 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.gilvus AF387570 
13-FEB-2003 
Hibbett,D.S. and Donoghue,M.J. 

P.ipiarius U27061 
07-FEB-1997 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.igniarius AF387571 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.nigrolimitatus AF387572 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.nigrolimitatus AF387573 
13-FEB-2003 

Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. P.pini sensu lato AF387574 

13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.pini sensu lato AF387575 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.pini sensu lato AF387576 
13-FEB-2003 
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Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 
P.ralunensis AF387577 

13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.repandus AF387578 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.robustus AF387579 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.senex AF387580 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.senex AF387581 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.senex AF387582 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.senex AF387583 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.senex AF387584 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.senex AF387585 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.texanus AF387586 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.torulosus AF387587 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.torulosus AF387588 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.torulosus AF387589 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.torulosus AF387590 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.undulatus AF387591 
13-FEB-2003 
Rizzo,D.M., Gieser,P.T. and Burdsall,H.H. Jr. 

P.wahlbergii AF387592 
13-FEB-2003 

 

 Phellinus spp.   mt-ssu-rDNA  
Phellinus spp.    GeneBank   P. linteus  P. igniarius  G. 
lucidum   Cambodian  P. linteus   P. igniarius   

  Maximun parsimony 
 10   A B C D E F G H I  J   G. lucidum  out 

group      J  Phellinus  
Cambodian  P. linteus   Cambodian  P. igniarius   

 Thai P. linteus   Thai P. igniarius   
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  11   Gadoderma lucidum 
 Phellinus     Phellinus 

  Phellinus  
 Phellinus    
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 4.11   Phellinus  Gadoderma lucidum 
 Maximun parsimony  MEGA4  10   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                

 

 38 

 5 
  

 
Camdodain P. linteus 

  Camdodain P. linteus 
  

  70   5 
  

   
 G.doderma      

Camdodain P. linteus  
 Camdodain P. linteus   

   
  

 Camdodain P. linteus  
   

  
 Phellinus spp.  

     2  mip   mt-ssu-rDNA 
  Phellinus 

 Phellinus    
 

5.1  Cambodain P. linteus  
 Cambodain P. linteus 

    
  Cambodain P. 

linteus  50  
 5    

  Cambodain P. linteus  
  Phellinus   

Cambodain P. linteus   
 Phellinus   Pamasto  

  Phellinus   Phellinus betulinus 

 0.96-4.40X2.84-3.64 P. orientices  3.02-4.23X2.48-3.07 m 

P. laevigatus  4.56-5.45X 3.58-4.15 m   P. rhamni   

5.3-6.0X4.5-53 m P. spiculosus  4.99-6.10X3.83-5.23 m   

Cambodain P. linteus  2.5-3.2 X 3.5-4.0 m   Phellinus 
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 (Pamasto, 2007) 

    20    

 
5.2  Cambodain P. linteus  

 Cambodain P. linteus 
 Phellinus   P. tremulae 

 (hethalothalic)  (tretrapolar)  
  

 
     

85-90 %   10-15 % 
  2    (bipolar)  

 (tretra polar)  30-40 %  
   A  60-70%   

    A  B  
  A   B  

  Cambodain P. igniarius 
   Cambodain P. linteus 

 6 
 

  Cambodain P. linteus 
  

    A1  A2    Phellinus  
  

  
 
5.3   

 Cambodain P. linteus     
 MEA  2   
   1  1        

2  1  
    

  
 2  

 2 
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  A 
   B  

 Cambodain P. linteus   C. cinerea S. commune 
Coprinporela dissemintus (Kües 2000, Kothe, 2002, James et al. 2004b, Balayan, 2006, Srivilai 
and Louchanwoot, 2009). 

   Cambodain P. linteus 
 A   B   (Kües  2000, Kothe, 

2002) 
 

5.4  Cambodain P. linteus 
 C. cinerea  S.commune  

 
 Cambodain P. linteus  MEA  

 3  
   

  4     1 
  

  
 C. cinerea   

   MEA 
   C. cinerea   S. commune 

   (wood blocks)  MEA 
 Cambodain P. linteus 

    
  

 Cambodain P. linteus  
  

  
 

5.5   Cambodain P. linteus   
  Cambodain P. linteus 

 MEA  
 

 Gadoderma 
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 Gadoderma 
 

5.6  Cambodain P. linteus   
Phellinus   Gadoderma  

 Phellinus  
Mitochrondrial intermediate peptidase (mip)  mitochrondral small subunit rDNA (mt-
ssrDNA)  Maximun parsimony  MEGA4 

  mip  A 
 James   (James, et al. 2004)  

  mip  Phellinus  
  Cambodain P. linteus   

Cambodain P. igniarius   Phellinus     
Phellinus      Cambodain P. linteus   P. linteus  

  Cambodain P. igniarius    P. igniarius   
  Cambodain P. linteus   Cambodain P. igniarius  

  Rapid 
amplification polymorphism DNA  RAPD  

 (   2554)    mt-ssu-rDNA 
 

Phellinus  nuclear large subunit rDNA (Wagner and Fischer, 2002, Fischer, 
2001)  P. linteus P. igiarues  P. gilvas  (

 3   .  )  G. 
lucidum   ( ) 

 (out-group)  mt-ssrDNA  
Cambodain P. linteus   Cambodain P. igniariues 

  Phellinus  
 Thai P. linteus    Thai  P. igniariues   Cambodain P. 

linteus   Cambodain P. igniarius    Thai P. linteus   
 Thai  P. igniarius  

  
Phellinus   
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   . (2548) 

 . . , 10(4), 311-321. 
 . (2553)  : .  :  

   
 . 219-306. 

   . (2552)  
 Coprinopsis cinerea. 

 . 3, 278-285. 
 . (2546) .   

 . - . (2550) . 
   . , 162 . 

 . (2552) .  .  
 , 153 . 
Ann, P. J., Chang, T. T. & Ko, W. H. (2002) Phellinus noxius Brown Root Rot of Fruit and 
Ornametal Trees in Taiwan. Plant Disease, 86, 820-826. 
Ahmad, E. (1972) Coastal geomorphology of India. Orient Longman. New Delhi, 222 pp.  
Balayan, V. (2006) The Current legislative and administrative issues of the value added tax 

system in armenia. Armenian International Policy Research Group, 6, 11. 
Berkeley, M. J. & Curtis, M. A. (1860) Characteristics of new fungi collected in the north 
 pasific exploring expedition by charles wight. Proc. Amer. Boston, 4, 122.    
Bondarzew, A. S. (1953) Trutovye griby evropeiskoy chasti SSSR i Kavkaza.  
 Leningrad. (The Polyporaceae of the European USSR and Caucasia.  
 Jerusalem, 1971, 896 pp.) 
Burnett, J. H. (1975) An introduction to the general genetics of fungi. Mycogenetics.  
 Inc. London. U.K, 357 p. 
Chang, S. T., 1980 Mushrooms as human food. Bioscience 30: 399-401. 
Chang, S. T., 1991 Mushroom and mushroom biology, pp. 1-13 in Genetics and Breeding of 

Edible Mushrooms, edited by S. T. Chang, J. Buswell and P. G. Miles. Gordon and 
Breach Science Publishers, The Netherlands. 

Chang, S. T., 1993 Mushroom biology: The impact on mushroom production and mushroom 
products, pp. 3-20 in Mushroom Biology and Mushroom Products, edited by S. T. 
Chang, J. A. Buswell and S. W. Chiu. The Chinese University Press, Hong Kong.  

Chang, S. T., and P. G. Miles, 1989 Edible Mushrooms and Their Cultivation. CRC Press, Boca 
Raton, Florida. 
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Chang, S. T., and P. G. Miles, 1991 Recent trends in world production of cultivated 
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