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Eflphfick. 

The  expflorafion  and  ex  sfiftu  conservafion  of  fungafl 

bfioflogficafl resources of fthe Wesftern Ghafts fis fthe fleadfing 

goafl  of  fthe  Nafionafl  Fungafl  Cuflfture  Coflflecfion  of  Indfia 

(NFCCI-WDCM 932).  Durfing January 2011 a survey was 

conducfted  fto  sftudy  fthe  mficrofungafl  dfiversfifty  fin  fthe 

nafturafl foresfts of Mahabafleshwar and fthe surroundfing 

foresfts  sfiftuafted  fin  fthe  norfthern  parft  of  fthe  Wesftern 

Ghafts,  Indfia,  beftween  17058’N  and  73043’E.    The 

Mahabafleshwar foresfts consfisft of unfique sftunfted semfi 

evergreen  paftches  whfich  form  sufiftabfle  mficrohabfiftafts 

for  many  rare  and  new  specfies  of  fungfi  (Rajeshkumar 

eft afl. 2011a,b).  Durfing fthe survey, an unusuafl myceflfiafl 

growfth  assocfiafted  wfifth  carnfivorous  anfimafl  excremenft 

(conftafinfing  feafthers  and  bones)  was  coflflecfted.    The 

morphoflogficafl  characfterfizafion  of  fthe  fisoflafte  showed 

ftaxonomfic  afinfifty  wfifth  genus Aspergfiflflus.    Parfiafl 

β-ftubuflfin  (BenA)  gene  sequences  were  generafted  as 

a  sftep  ftoward  accurafte  fidenfificafion  and  fto  sftudy  fthe 

posfifion  of  fthe  specfies  among  ofther  cflosefly  reflafted 

specfies.
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Aspergfiflflus paradoxus Raper & Fenneflfl was descrfibed 

on fifts ftype sftrafin, NRRL 2162 T, (J.H. Warcup, Isoflafte No. 

A-28, January 1948) on opossum dung, Weflflfingfton, New 

Zeafland (Raper & Fenneflfl 1955) and WB 4695 (J.N. Rafi, 

IMI 86829, 1962), fin flood finundafted sofifl (Gomfi Rfiver) 

from Lucknow, Indfia.  The specfies forms cflavafte vesficfles, 

unfiserfiafte  confidfiophores  and  abundanft  scflerofia  and 

ftherefore Raper & Fenneflfl (1955) pflaced fthfis specfies fin 

fthe Aspergfiflflus ornaftus-group.    Afterwards,  Sarbhoy  & 

Eflphfick (1965) recoflflecfted A. paradoxus from dog excrefta 

from  Knofle  Park,  Kenft  (IMI  117502)  whfich  formed 

cflefisftofthecfia,  gflobose  ascfi  and  flenficuflar  ascospores 

havfing  equaftorfiafl  crusfts.    The  ftefleomorph  sftafte  was 

named  as Hemficarpenftefles paradoxus  A.K.  Sarbhoy  & 
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Mafterfiafls & Mefthods

Isoflaftes  and  morphoflogy:  The  hfighfly  sporuflafted 

fungafl myceflfia formed fin pflenfty on fthe anfimafl excremenft 

were  dfirecftfly  fisoflafted  usfing  a  Nfikon  bfinocuflar  sftereo 

mficroscope (Modefl SMZ 1500 wfifth Dfigfi-CAM, Japan) and 

pflafted  on  2%  MEA  and  furfther  sub-cuflftured  on  CREA, 

CYA,  CZA,  G25N,  MEA  and  OMA  medfia  (Image  1).    For 

morpho-ftaxonomfic sftudfies and phoftomficrographs a Carfl 

Zefiss Image Anaflyzer 2 (Germany) mficroscope was used.  

Dfimensfions  of  confidfiophores,  phfiaflfides  and  confidfia 

were  measured  usfing  fthe  software  Axfiovfisfion  Refl  4.8.  

The  specfimens  were  deposfifted  fin  Ajrekar  Mycoflogficafl 

Herbarfium  (AMH  9426)  and  an  axenfic  cuflfture  was 

deposfifted fin Nafionafl Fungafl Cuflfture Coflflecfion of Indfia 

(NFCCI 2356), Agharkar Research Insfiftufte, Pune, Indfia. 

DNA exftracfion, ampflfificafion and phyflogeny: Fungafl 

coflonfies  were  grown  on  MEA  pflaftes,  and  genomfic 

DNA  was  fisoflafted  foflflowfing  fthe  rapfid  saflft-exftracfion 

mefthod (Afljanabfi & Marfinez 1997).  A fragmenft of fthe 

BenA gene  was  ampflfified  usfing  prfimer  pafirs  Bft
2
a  and 

Bft
2
b  (Gflass  &  Donafldson  1995).  The  PCR  condfifions, 

sequence  aflfignmenft  and  subsequenft  phyflogenefic 

anaflysfis foflflowed fthe mefthods of Houbraken & Samson 

(2011).  Anaflyses were carrfied ouft fin MEGA6 (Moflecuflar 

Evoflufionary  Genefics  Anaflysfis  versfion  6.0.)  on  fthe 

BenA  dafta  seft  usfing  fthe  Maxfimum  Parsfimony  mefthod 

wfifth  1000  booftsftrap  repflficafions.  Sequence  dafta  were 

deposfifted fin GenBank. 

Resuflfts

Penficfiflflfium paradoxum (Fenneflfl  &  Raper)  Samson, 

Houbraken, Vfisagfie & Frfisvad. MycoBank 547045. 

Basfionym: Aspergfiflflus paradoxus Fenneflfl  &  Raper, 

Mycoflogfia 47: 69. 1955. MB292853 

Type  descrfipfion:  Coflonfies  aft  250C  after  10  days 

fto  ftwo  weeks,  7–8  cm.  fasft  growfing,  deep  floccuflenft 

mass  fin  flfighft  yeflflow  shades  near  marguerfifte  yeflflow  fto 

prfimrose  yeflflow,  bearfing  flfimfifted  fto  fafirfly  abundanft 

confidfiafl  sftrucftures  prfimarfifly  from  fthe  submerged 

myceflfium.  Confidfiafl heads floosefly coflumnar, up fto 150–

200 µm, or smaflfler.  Confidfiophores 1–2 mm (up fto 1cm) 

× 12–20 µm, fthfin waflfled, deflficaftefly roughened, severafl 

fimes sepftafte, sftrongfly phoftoftropfic; Vesficfles subcflavafte, 

15–25  µm  fin  dfiamefter,  sefldom  flarger.    Sfterfigmafta  fin  a 

unfiserfiafte, 10–12 × 3.5–5.5 µm, borne on fthe ftermfinafl 

porfion of fthe vesficuflar areas, wfifth fips often fincurved. 

Confidfia  ovofid,  deflficaftefly  echfinuflafte,  5.5–6.5  ×  4.0–5.0 

µm.

Mafterfiafl  examfined:  AMH  9426,  Mahabafleshwar, 

Maharashftra  Sftafte,  Indfia  17058’N  &  73043’E,  on 

carnfivorous  anfimafl  excremenft,  Ajrekar  Mycoflogficafl 

Herbarfium, coflfl. K.C. Rajeshkumar and S.V. Swamfi; axenfic 

cuflfture NFCCI 2356, 30.fi.2011. GenBank: KT201347. 

AMH 9426 (Image 2): Coflonfies persfisftenft whfifte fto of 

whfifte fin nafture, Confidfiophores 300µm ̠ 1.2cm.  Vesficfles 

flarger, cflavafte, up fto 50–63.5 µm wfide, Confidfiophores fin 

sfingfle  serfies,  phfiaflfides  ampuflflfiform,  apficafl  pore  broad, 

15–21 × 4–5.5 µm.  Confidfia mosftfly eflflfipsofid, subgflobose 

or varfiousfly shaped, smoofth, hyaflfine, 5.5–9.7 × 3.5–5.7 

µm.

Phyflogenefic  anaflyses:  β-ftubuflfin  (KT201347): 

based  on  MegaBLAST  search  of  NCBI  GenBank 

nucfleofide  daftabase,  fthe  cflosesft  hfifts  usfing  fthe  BenA 

gene  sequences  are Hemficarpenftefles paradoxus 

sftrafin  IBT  17513  (GenBank  FJ530992.1,  Idenfifies  = 

373/373(100%), Gaps 0/373(0%), Aspergfiflflus paradoxus 

fisoflafte  NRRL  2162  (GenBank  EF669683.1,  Idenfifies  = 

373/373(100%), Gaps = 0/373(0%) and Hemficarpenftefles 

paradoxus sftrafin  IBT  19365  (Genbank  =  FJ530993.1, 

Idenfifies  =  372/373(99%),  Gaps  =  0/373(0%).  The 

anaflyses usfing BenA gene sequences reveafled fthaft fthe 

fisoflafte NFCCI 2356 fis cflosefly reflafted fto Hemficarpenftefles 

Image 1. Penficfiflflfium paradoxum, NFCCI 2356. 
1sft row, coflonfies obverse OMA, MEA, CYA aft 25̊C after 7fth day. 
2nd row, coflonfies reverse OMA, MEA, CYA aft 25̊C after 7fth day. 
3rd row, coflonfies obverse aft 25̊C, G25N, CREA (7fth day), CZA (10fth day). 
4fth row, coflonfies reverse G25N, CREA (7fth day), CZA (10fth day).
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paradoxus and Aspergillus paradoxus (current name 
Penicillium paradoxum) and phylogenetically formed a 
unique monophyletic lineage in Penicillium sensu stricto 
(Aspergillaceae) (Fig. 1). 

Figure 1. β-tubulin phylogenetic tree generated from Maximum Parsimony (MP) analyses of the aligned BenA gene sequences of Penicillium 
paradoxum (KT201347) based on the recent family concepts involving 52 sequences from the order Eurotiales including outgroups. Family 
placement of the sequences were referred to in Houbraken & Samson (2011) and Visagie et al. (2014).

Discussion
The taxonomic characterization and literature 

review revealed that P. paradoxum (as A. paradoxus) is 
only recorded from Lucknow (Rai et al. 1964) and has 
never been isolated and recorded so far from India.  
The present collection is also evident that P. paradoxus 
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Image 2. Penficfiflflfium paradoxum, AMH 9426. 
5 - Habfiftaft; 6 - Vesficfle; 7 - Confidfiophore; 8 - Confidfia; 9 - Phfiaflfides 
wfifth confidfia deveflopmenft.  Scafle = 10µm.

fis  assocfiafted  wfifth  a  unfique  mficrohabfiftaft  namefly 

anfimafl excremenfts as fthfis specfies was found earflfier fin 

New  Zeafland  (NRRL  2162)  and  Engfland  (IMI  117502).  

Pefterson (2008) anaflysed fthe reflafionshfips of Aspergfiflflus 

usfing  a  four  gene  flocfi  (β-ftubuflfin,  caflmoduflfin,  ITS  and 

LSU  and  RNA  poflymerase  II  (RPB2)  sequences)  sftafted 

fthaft H. paradoxus  fis  phyflogneficaflfly  assocfiafted  wfifth 

members of fthe Eupenficfiflflfium cflade.  Sfimfiflarfly, Varga eft 

afl.  (2007),  excfluded H. paradoxus  from  fthe Aspergfiflflus 

secfion  Cflavafi  and  sftafted  fifts  afinfifty  wfifth Penficfiflflfium 

specfies.  Houbraken & Samson (2011) revoflufionfized fthe 

concepfts  of Penficfiflflfium  and Aspergfiflflus  ftaxonomy  and 

segregafted Trfichocomaceae finfto fthree separafte famfiflfies 

Aspergfiflflaceae,  Thermoascaceae and  Trfichocomaceae.  

Thefir  phyflogenefic  anaflysfis  aflso  posfifioned  fthe  genus 

Hemficarpenftefles  under  fthe Penficfiflflfium  sensu  sftrficfto 

cflade.    Recenftfly  whfifle  redefinfing  fthe  genus  concepft  of 

Penficfiflflfium fto accommodafte fin fthe one-fungus-one-name 

concepft (as per Infternafionafl Code of Nomencflafture for 

aflgae, fungfi and pflanfts) Vfisagfie eft afl. (2014) combfined A. 

paradoxus  wfifth Penficfiflflfium paradoxum  and  posfifioned 

fthfis  specfies  fin  fthe Penficfiflflfium  secfion Paradoxa.  The 

presenft  ftaxonomfic  sftudy  and  phyflogenefic  anaflysfis 

from fthe Wesftern Ghafts, Indfia aflso pflaced P. paradoxum 

under  fthe Penficfiflflfium  secfion Paradoxa  fin  accordance 

wfifth fthe currenft concepfts of Aspergfiflflaceae.
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