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Ribosome Biogenesis System of Giardia Inferred from
Analysis of Giardial Genome
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Abstract: The nucleolus of the eukaryotic cell is the site of ribosome biogenesis and contains many protein factors re-
quired for ribosome biogenesis. As it has been previously shown that Giardia did not have a nucleolar structure, we want
to know how ribosome biogenesis occurs in Giardia . Are there any differences between Giardia and the other eukaryotes
with nucleolar structures? We first identified 129 conserved common proteins which are involved in ribosome biogenesis in
typical eukaryotes. Then, we used these proteins as query sequences to identify the orthologs in Giardia genomic
database. Our results indicate that there are 89 orthologs of the 129 ribosomal biogenesis proteins in Giardia, some of
which are involved in rRNA methylation or pseudouridine and present in 90S, pre-40S and pre-60S particles. These data
suggest the ribosome biogenesis system of Giardia is similar to that of typical eukaryotes. However, there are 40 ribosomal
proteins that do not have obvious orthologs in Giardia . This may imply that the ribosome biogenesis system of Giardia is
simpler than that of other eukaryotes. According to these results, we argue that although Giardia does not possess nucleo-
lus, its mechanism and pathway of ribosome biogenesis are similar to that of typical eukaryotes but simpler, and are differ-
ent from that of prokaryotes. The present investigation provides significant insights into the origin and evolution of the nu-

cleolus.
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Tab. 1 Orthologs of yeast ribosomal biogenesis proteins in Giardia genome

ORF Gene Function Accession no.
SnoRNPs

YDLO14W NOP1 rRNA modification EAA40604 .1
YLR175W CBF5 rRNA modification EAA37462.1
YOR310C NOP58 rRNA modification EAA38450.1
YDL208W NHP2 rRNA modification EAA42961.1
YHRO89C GARI1 rRNA modification EAA42425.1
YELO26W SNU13 nuclear mRNA splicing  via spliceosome EAA41217.1
90S particles

YPR112C MRD1 35S primary transcript processing EAA42184.1
YLLO11W SOF1 rRNA modification EAA40588.1
YCRO57C PWP2 establishment of cell polarity sensu Saccharomyces EAA41900.1
YLR129W DIP2 processing of 20S pre-rRNA EAA38172.1
YMRO93W UTP15 processing of 20S pre-rRNA EAA39379.1
YLR222C UTP13 processing of 20S pre-rRNA EAA40030.1
YHRO065C RRP3 35S primary transcript processing EAA40846.1
YGL171W ROK1 35S primary transcript processing EAA39412.1
YMR229C RRP5 rRNA processing EAA38180.1
YERO082C uTP7 processing of 20S pre-rRNA EAA46346.1
YLR409C UTP21 processing of 20S pre-rRNA EAA42162.1
YJL109C UTP10 processing of 205 pre-rRNA EAA42322.1
YPL217C BMS1 rRNA processing EAA42844.1
YNL132W KRE33 biological-process unknown EAA38010.1
YDR324C UTP4 processing of 20S pre-rRNA EAA39574.1
YJLO69C UTP18 processing of 20S pre-rRNA EAA42106.1
YDL148C NOP14 processing of 20S pre-rRNA EAA37816.1
YPR144C NOC4 processing of 20S pre-rRNA EAA39593.1
YGR145W ENP2 rRNA processing EAA42648.1
YDR449C UTP6 processing of 20S pre-rRNA EAA38127.1
YNL308C KRI1 ribosome biogenesis EAA42141.1
YJROO2W MPP10 rRNA modification EAA39542.1
YNLO75W IMP4 rRNA modification EAA38591.1
YCL059C KRR1 rRNA processing EAA40051.1
YLR186W EMG1 processing of 20S pre-rRNA EAA40270.1
YKL099C UTP11 processing of 20S pre-rRNA EAA42528.1
YCLO31C RRP7 35S primary transcript processing EAA39732.1
YHR148W IMP3 rRNA modification EAA40944 .1
Pre-40S particles

YBLO56W PTC3 Protein  amino acid dephosphorylation EAA39156.1
YPL266W DIM1 rRNA modification EAA38200.1
YDLO60W TSR1 rRNA processing EAA39346.1
YNL207W RIO2 processing of 20S pre-rRNA EAA40689.1
YOR119C RIO1 processing of 20S pre-rRNA EAA38053.1
YORO056C NOBI1 ubiquitin-dependent protein catabolism EAA39789.1
YOR145C PNO1 rRNA processing EAA39376.1
YBR247C ENP1 rRNA processing EAA37059.1
Pre-60S particles

YKLO21C MAKI11 ribosomal large subunit biogenesis EAA39089.1
YMR131C RRBI1 ribosome biogenesis EAA40529.1
YOR272W YTM1 ribosomal large subunit biogenesis EAA36836.1
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ORF Gene Function Accession no.
YDLO31W DBP10 35S primary transcript processing EAA41860.1
YLLOO8W DRS1 35S primary transcript processing EAA37137.1
YLR276C DBP9 35S primary transcript processing EAA46394.1
YBR142W MAKS rRNA processing EAA41902.1
YKR024C DBP7 35S primary transcript processing EAA42650.1
YNL182C P13 ribosomal large subunit assembly and maintenance EAA42235.1
YMRO049C ERB1 rRNA processing EAA37466.1
YKLOOOW MRT4 rRNA processing EAA42096.1
YJLOSOW MTR4 35S primary transcript processing EAA36750.1
YCLO54W SPBI processing of 27S pre-rRNA EAA38445.1
YNLO61W NOP2 rRNA processing EAA36769.1
YPLO93W NOG1 ribosome-nucleus export EAA37957.1
YLROOOW RLP24 ribosomal large subunit biogenesis EAA40833.1
YOR294W RRS1 rRNA processing EAA37785.1
YLR106C MDN1 rRNA processing EAA37851.1
YDRO60OW MAK21 ribosomal large subunit assembly and maintenance EAA42428.1
YORO048C RAT1 35S primary transcript processing EAA42443.1
YDR496C PUF6 biological-process unknown EAA41682.1
YGR245C SDA1 actin cytoskeleton organization and biogenesis EAA36949.1
YGR276C RNH70 DNA replication EAA41148.1
YOR206W NOC2 ribosome-nucleus export EAA41675.1
YNRO53C NOG2 ribosome assembly EAA40994 .1
YGR103W NOP7 processing of 20S pre-rRNA EAA37472.1
YEROO6W NUG1 rRNA processing EAA37158.1
YHRO88W RPF1 ribosomal large subunit assembly and maintenance EAA42223 .1
YDR312W SSk2 ribosomal large subunit assembly and maintenance EAA37881.1
YHRO66W SSF1 ribosomal large subunit assembly and maintenance EAA37881.1
YOLO77C BRX1 ribosomal large subunit assembly and maintenance EAA38787.1
YKRO81C RPF2 ribosomal large subunit assembly and maintenance EAA40286.1
YDROS3W RRP8 rRNA processing EAA38393.1
YALO25C MAK16 ribosomal large subunit biogenesis EAA39398.1
YKL172W EBP2 rRNA processing EAA38335.1
YER126C NSA2 ribosomal large subunit biogenesis EAA40478.1
YNL002C RLP7 ribosomal large subunit biogenesis EAA40563.1
YPRO16C TIF6 ribosomal large subunit biogenesis EAA36673.1
YLRO74C BUD20 bud site selection EAA38625.1
YPL211W NIP7 rRNA processing EAA39052.1
YNL110C NOP15 ribosomal large subunit biogenesis EAA42882.1
Pre-60S and 90S particles

YLR196W PWP1 biological-process unknown EAA37266.1
YMR290C HAS1 biological-process unknown EAA38774.1
Pre-60S late particles

YCRO72C biological-process unknown EAA41178.1
YGLO9OW LSG1 sporulation  sensu Saccharomyces EAA38160.1
YHR170W NMD3 ribosomal large subunit assembly and maintenance EAA38886.1
YBR267W REI1L bud growth EAA39327.1

ORF Gene Function Accession no.

ORF  open reading frames names of yeast proteins Gene yeast gene names Function function descriptions of the corresponding

proteins  Accession no. G. lamblia protein accession number.

Enpl 905
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