
Maido	  Remm,	  24.09.2015	  



Probleem	  

Peale	  genoomi	  de	  novo	  assambleerimist	  on	  vaja	  
hinnata,	  kas	  genoom	  on	  kokku	  pandud:	  	  
a)	  õigesC	  
b)	  täies	  ulatuses	  
	  	  



Kuidas	  mõõta	  assambleeritud	  
genoomi?	  

Tüüpiline	  mõõdik	  on	  N50	  	  
(50%	  assambleeritud	  järjestusest	  on	  nii	  pikkades	  
või	  pikemates	  DNA	  fragmenCdes)	  
	  



Kuidas	  mõõta	  assambleeritud	  
genoomi?	  

Sisulisemat	  infot	  annab	  geenide	  olemasolu	  kontrollimine:	  
	  
*	  Kas	  mitokondri	  järjestus	  on	  korrektselt	  assambleeritud?	  
	  
*	  Kas	  valku	  kodeerivad	  geenid	  on	  õigesC	  assambleeritud?	  



CEGMA	  



CEGMA	  	  
458	  universally	  exisCng	  proteins	  

Homo	  sapiens	  
Drosophila	  melanogaster	  
Caenorhabdi5s	  	  elegans	  
Arabidopsis	  thaliana	  
Schizosaccharomyces	  pombe	  
Saccharomyces	  cerevisiae	  

458	  single	  copy	  genes/proteins	  that	  are	  present	  in:	  



CEGMA	  workflow:	  





CEGMA	  
h[p://www.acgt.me/blog/2015/5/18/goodbye-‐cegma-‐hello-‐busco	  







We	  used	  our	  OrthoDB	  database	  (h[p://www.orthodb.org/)	  of	  
orthologs	  to	  define	  BUSCO	  sets	  for	  six	  major	  phylogeneCc	  clades.	  	  

A	  total	  of	  38	  arthropods,	  41	  vertebrates,	  93	  
metazoans,	  125	  fungi	  and	  99	  eukaryotes	  
were	  selected	  from	  OrthoDB	  to	  make	  	  
up	  the	  iniCal	  BUSCO	  sets.	  

Orthologous	  groups	  with	  single-‐
copy	  orthologs	  in	  >90%	  of	  
species	  were	  selected.	  	  

Importantly,	  this	  threshold	  accommodates	  the	  	  
fact	  that	  even	  well-‐conserved	  genes	  can	  be	  	  
lost	  in	  some	  lineages,	  as	  well	  as	  allowing	  for	  	  
incomplete	  gene	  annotaCons	  and	  rare	  gene	  duplicaCons.	  



Number	  of	  genes	  in	  BUSCO	  sets	  for	  six	  major	  phylogeneCc	  clades.	  	  
	  

Vertebrate:	  3023	   Arthropoda:	  2675	   Fungi:	  1438	  

Prokaryotes:	  40	  

Metazoa:	  843	  

Eukaryotes:	  429	  







Täies	  ulatuses	  leitud	  geeni/valgu	  	  
maksimaalne	  lubatud	  pikkuse	  erinevus	  	  
grupi	  keskmisest	  <	  2	  SD	  
	  













 2 VRKLKFHEQKLLKQVDFLNWEVTDHNLHElRVLRRYRLQRREDYTRYNQLSRAVRELARR  61 
   +RKLK HE KLLK+VDF+NW+ +++NL+ ++++R++R+++RED T       +VR    + 
95 MRKLKHHESKLLKKVDFINWK-SENNLYFVKLMRKFRIEKREDLTL*VYCPVSVR--CCQ  265 

Query  45    YTRYNQLSRAVRELARRLRDLPERDQFRVRASAALLDKLYALGLV  89 
             + RYN+ ++ + +LA+++++LP  D FR  A+A LL+KL A+ +V 
Sbjct  1147  FCRYNKYTKKILDLAKKIKELPAEDPFRTVATAQLLEKL*AITVV  1013 

Query  84    YALGLVPTRGSLELCDFVTASSFCR  108 
             YA+GL+PT+ +LEL   V+A++FCR 
Sbjct  4270  YAMGLIPTKKNLELALKVSAAAFCR  4196 

Query  93    GSLELCDFVTASSFCRRRLPTVLLKLRMAQHLQAAVAFVEQGHV  136 
             G +  C     + F RRRLP V++K  MAQ ++AAV FVEQG + 
Sbjct  1911  G*ITCCCHCRTACF-RRRLPVVMVKSHMAQTVKAAVTFVEQGRI  1783 

Query  115  LLKLRMAQHLQAAVAF--VEQGHVRVGPDVVTDPAFLVTRSMED  156 
            LL LR+AQ LQ+ VA   VE G  R GP+ VTDP+    RS    
Sbjct  164  LLDLRLAQILQSIVAMRTVEAG*TRYGPNNVTDPSVSTGRSCSS  330 

Query  149  LVTRSMEDFVTWVDSSKIKRHVLEYNEERDD  179 
            L +R+MEDF+TW D+S IKRHV+ YNE+  D 
Sbjct  375  LFSRTMEDFMTWTDTSAIKRHVMSYNEQVSD  283 

>Hs8922794___KOG4655 Length=184 (IMP3, U3 small nucleolar ribonucleoprotein) Coverage:  178/184 (96.7%) 
MVRKLKFHEQKLLKQVDFLNWEVTDHNLHELRVLRRYRLQRREDYTRYNQLSRAVRELARRLRDLPERDQFRVRASAALLDKLYALGLVPTRGSLELCDFVTASSFCRRRLPTVLLKLRMAQHLQAAVAFVEQGHVRVGPDVVTDPAFLVTRSMEDFVTWVDSSKIKRHVLEYNEERDDFDLEA 

scaffold66287,,
length=4644,,

con4g1651179,
length=400,,

con4g699484,,
length=1370,,

con4g1439790,,
length=451,,



   7 EPSLYTVKAILILDNDGDRLFAK  29 
     EP+LYT+KA+ ILDNDG+RL  K 
4040 EPTLYTIKALAILDNDGNRLLTK  4108 

Query  29    KYYDDTYPSVKEQKAFEKNIFNKTHRTDSE-----IALLEGLTVVYKSSIDLYFYVI  80 
             +YYDDT+P+VKEQKAFEKN+FNKTHR +       + L   L   + +S+D++ Y++ 
Sbjct  6309  QYYDDTFPTVKEQKAFEKNLFNKTHRANGM*FNFIVCLFITL*CTW-ASLDVHLYIV  6476 

Query  56    DSEIALLEGLTVVYKSSIDLYFYVIGSSYENELM  89 
              +EI + EGLT VYKS++DL+FYV+GSS ENE++ 
Sbjct  7078  SAEIIMFEGLTCVYKSNVDLFFYVVGSSNENEVI  7179 

Query  87    ELMLMAVLNCLFDSLSQMLRKNVEKRALLENMEGLFLAVDEIVDGG  132 
             +L+L +VLN  +DS+SQ+LRKNVEKRALL+NM+ +FLA DEI DGG 
Sbjct  8820  QLILASVLNAFYDSISQILRKNVEKRALLDNMDAVFLAADEICDGG  8957 

Query  133   VILESDPQQVVHRVALRGEDVPLTEQTVSQVL  164 
             ++LE+DP  VV +VA+R ED+PL EQTV+QV+ 
Sbjct  9485  ILLEADPNAVVQKVAIRNEDIPLGEQTVAQVM  9580 

Query  159   TVSQVLQSAKEQIKWSLLR  177 
               +QVLQSAKEQIKWSLL+ 
Sbjct  1383  CATQVLQSAKEQIKWSLLK  1439 

>Hs7706337___KOG3343 (COPZ1, coatomer protein complex, subunit zeta 1) Coverage: 171/177 (96.6%) 
MEALILEPSLYTVKAILILDNDGDRLFAKYYDDTYPSVKEQKAFEKNIFNKTHRTDSEIALLEGLTVVYKSSIDLYFYVIGSSYENELMLMAVLNCLFDSLSQMLRKNVEKRALLENMEGLFLAVDEIVDGGVILESDPQQVVHRVALRGEDVPLTEQTVSQVLQSAKEQIKWSLLR  

scaffold09807,,
length=16923,

scaffold24312,,
length=9241,



 1 MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEG  35 
   MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEG 
11 MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEG  115 

Query  64   ESTLHLVLRLRGGIIEPSLRQLAQKYNCDKMICRK  98 
            ESTLHLVLRLRGGIIEPSLR LA KYNCDKMICRK 
Sbjct  312  ESTLHLVLRLRGGIIEPSLRILASKYNCDKMICRK  416 

>Hs4507761___KOG0003 (UBA52, ubiquitin A-52 residue ribosomal protein fusion product 1) Coverage: 128/128 (100%) 
MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGIIEPSLRQLAQKYNCDKMICRKCYARLHPRAVNCRKKKCGHTNNLRPKKKVK!!

Query  98    KCYARLHPRAVNCRKKKCGHTNNLRPKKKVK  128 
             +CYARLHPRA NCRK+KCGHT+N+RPKKK+K 
Sbjct  970   RCYARLHPRATNCRKRKCGHTSNIRPKKKLK  1062 

Query  35   GIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHL  69 
            GIPPDQQRLIFAGKQLEDGRTLSDYNIQK   + L 
Sbjct  603  GIPPDQQRLIFAGKQLEDGRTLSDYNIQKGERVSL  707 

con%g695162!!
length=1390!

con%g912458!!
length=781!

con%g912458!!
length=781!

con%g645313!!
length=1090!
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Core	  genes	  from	  CEGMA	  set,	  ordered	  by	  coverage	  
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CEGMA	  tuumikgeenide	  mediaankatvus	  genoomis	  on	  93%	  nukleoCididest	  



Core	  genes	  from	  CEGMA	  set,	  ordered	  by	  coverage	  
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Transkriptoomis	  on	  tuumikgeenide	  katvus	  veelgi	  parem	  (99.7%)	  
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Core	  genes	  from	  CEGMA	  set,	  ordered	  by	  coverage	  
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Teiste	  molluskite	  genoomis	  on	  tuumikgeenide	  katvus	  väga	  sarnane	  



Kokkuvõte	  
•  CEGMA	  458	  geeni	  on	  igaC	  mõistlik	  andmesCk	  
geenisisalduise	  hindamisel	  

•  Kuna	  CEGMA't	  enam	  ei	  toetata	  ega	  arendata,	  
siis	  võiks	  tesCda	  BUSCO't	  

•  	  Hea	  oleks	  vabaneda	  geenide	  ennustamise	  
etapist,	  see	  on	  aeglane	  ja	  pole	  piisavalt	  
robustne.	  


