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High similarity between yeast and human mitochondria allows
nature genetics » volume 31 « august 2002 functional genomic study of Saccharomyces cerevisiae to be -
: used to identify human genes involved in disease!. So far, 102 :
heritable disorders have been attributed to defects in a quarter i
of the known nudearencoded mitochondrial proteins in -

humans2, Many mitochondrial diseases remain unexplained,

however, In part because only 40-60% of the presumed

700-1,000 proteins involved in mitochondrial function and bio-

genesis have been identified®. Here we apply a systematic func-

tional screen using the pre-existing whole-genome pool of

yeast deletion mutants*® to identify mitochondrial proteins.

Three million measurements of strain fitness identified 466

genas whose deletions impaired mitochondrial respiration, of

which 265 were new. Our approach gave higher selection than

other systematic approaches, including fivefold greater selec-

tion than gene expression analysis. To apply these advantages

to human disorders involving mitochondria, human ortholegs

were identified and finked to hetitable diseases using genomic

map positions.
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Figure 3: Distinction between mitochondrial and
cytoplasmic pathway branches: glycolysis above and
TCA cycle and mitochondrial respiratory chain below.

The bar graphs indicate the relative fitness of a homozygous
deletion mutant of a gene under different medium conditions,
color-coded in the legend. Genes without bar graphs were
not detected. For the respiratory-chain complexes (RCCY N,
iV and V, an average profile is shown. Deletions of genes
shown In red lettering result in deficiency in growth on
fermentable substrates, and deletion of those in greenina
deficiency in growth on non-fermentable substrates. Ag,
acetyl; CoA, coenzyme A; DHAP, dihydroxyacetone
phosphate; 1,3diPG, 1,3-bisphosphogiycarate; F6P,
fructose-8-phosphate; F1,6P2, fructose-1,6-bisphosphate;
GA3P, glyceraldehyde-3-phosphate; «-KG, o-Ketogiutarate;
OAA, oxaloacetate; PEP, phosphoenolpyruvate; 2PG,
2-phosphogiycerate; 3PG, 3-phosphoglycerate; Pi,
phosphate,
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Figure 4: Human mitochondrial-related genes that give
rise to disease and for which there is an associated
quantitative deletion phenotype in yeast.

Bar graphs represent the relative fithess of homozygous
yeast deletion mutants grown in different carbon sources, as
defined in the legend of Fig. 3. AA, amina acid; DH,
dehydrogenase; KG, ketoglutarate; QDP, quantitative
deletion phenotype; RCC, respiratory-chain complex.
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Genome evolution in yeasts

. e 1 9
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Anna Bahour®, Va;éﬂe Barbe'!, Stéphanie Bamay®, Sytvie Blanchin®, Jean-llzbiade ?ecl;erll'ch S En;m;r::t;!rllg;:::o n's’ audine Bleykasten :"
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titying the mechanisms of euka ofic genome evolution by comparative genomics is often comp!:cated_ by the multmllqlty of l
:ac\lrilr‘itsfytlhagt hav?taken place lhrouglrls:)ut thge history of individual lineages, leaving only distortqd gmd superimposed trgces in the ‘
genome of each fiving organism. The hemiascomycete yeasts, with their compact genomes, similar lifestyle and distinct seguaﬁ!
and physiological propesties, provide a unigue opportunity to explore such mechanisms. We present r!ere the complete, assem tl|1e 1)
4 genome sequences of four yeast species, selected to represent a broad evolutionary range within a single eukaryotic phylum, tha
affer analysis proved to be molecularly as diverse as the entire phylum of chorgates. A tota) of approximgtply 24,200 novel gtla}nes
were identified, the translation preducts of which were classified together with Saccharomyces cerevisize proteins into a ou: j
4,700 families, forming the basis for interspecific comparisons. Analysis of chromosome maps and genome redundancies revea ‘
that the different yeast fineages have evalved through a marked Inter_play between several distinct mol_ecular mechanisms, |
including tandem gene repeat formation, segmental duplicat_ion, & massive genome duplication and extensive gene loss. ‘

Table 1 Genome assemblies of the four yeast speacies

|
Species Strain Number of Total reads Coverage Coverage NEO contigs NS0 scaffolds Total gaps Assembly size |
chromosdmes -+ [sequence} (clones) L. b fic) (wﬂhqﬂl::) )rDNAJ ;
C. glabrata CBS5138 13 188,853 xB x30 - 1,000 1,025 6 12,280

K lactis CLB210 [ 152,071 X114 X 56 1,670 1,670 4] 10,631 H
D. hansenif CBs767 7 150,570 X897 x 36 102 2,038 207 12,224 !
Y. fipolytica CLIB99 6 2479279 x10 % 59 704 3,453 11 20,5083 -,

|
Sequencing and thly i describedin Mathods. Sequences of C. Ghabrata, K. faclisand Y. fpolytics are finished (o gap) or contain very lew gaps. The sequance of D, hanseniiisin |
the form of a high-quality drafy, In all cases, each chromosome of each yeast 5 elther complate (single contig) or representad by asingls super-contig (scatfald). Most remaining gaps are small or

ly b

contain repeated sequences, Sorne subtelomeric regions are missing from the assembly because they are too similar to one another to be assianed o a specific chromosome. rHNA fapeats arg I
assembled separalely. N50, median values,

|
|
|
Table 2 General characteristios of the yeast genomes and predicted proteomes l

Speclas Genome siza Average G40 Total " Total tANA Average gane Average G4+C Average CDS Median CDS Maximum CDS i

{Mb) cortent (3%) CDs genes density (%) fn CDS (%) size (codons) size {codons) size {codons) {
8. cerevisiae 124 383 5,807 274 70.3 308 485 398 4,91 l
C. glabratg 123 38.8 5,283 207 65.0 410 493 409 4,881 :
K. lactis 10.6 38.7 6,329 162 7.4 401 461 381 4918 i
D. hansenii 12.2 383 6,806 208 742 ars 389 a7 4,190 ;
Y. fipoltica 205 49.0 6,703 510 46.3 52.9 476 399 6,539 !
ngmaracaluﬁatedfrmﬂnaldmmmqne sequences or scaffolds, after

annotation, Gmwnesiwadomlimhdemmeragegenedensuympmsenmmﬁammofeam gencme occupied by the
protefn-coding genes (other genetic elerments are nol considered), Figures for O, hansanil are only tantative; figures for 5. ceravisiae ware recantly recomputed from http:llmips.gsi.de.'ganreu’proilyeast. |

Table 3 Classification of Yeast proteins In famities

‘a
Family ¢lass Number of famities Number of CDS 1|
|
SACE CAGL KLLA DEHA YALI Total
Robust fidantical + reconciled) 3,410 4,094 3,651 3,504 3,832 3,206 18,377
Consensus 131 1,287 1,209 1,176 1,831 1,894 7,389
Non-assigned - 426 431 849 1,243 1,513 4,262
Totat 4721 5,807 5,283 5,329 6,906 6,703 30,028
T:;e briéawb!?shows e lotal number of protein familles in each class and the corresponding numbers of CDS in each yeast species. Farmilies were classified as explained in Methods. See Fig. 1 for species
al ations,
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Method , .
Large-scale exploration of growth inhibition caused by
overexpression of genomic fragments in Saccharomyces cerevisiae
Jeanne Boyer*, Gwenaél Badis™, Cécile Fairhead®, Emmanuel Talla™,
Florence Hantraye', Emmanuelle Fabre®, Gilles Fischer®,

Christophe Hennequin®§, Romain Koszul", Ingrid Lafontaine®, Odile Ozier-
Kalogeropoulos®, Miria Ricchetti*l, Guy-Franck Richard®, Agnés Thierry”
and Bernard Dujon*

Abstract

We have screened the genome of Saccharomyces cerevisiae for fragments that confer a growth-
retardation phenotype when overexpressed in a multicopy plasmid with a tetracycline-regulatable
(Tet-off) promoter. We selected 714 such fragments with a mean size of 700 base-pairs out of
around 84,000 clones tested. These include 493 in-frame open reading frame fragments
corresponding to 454 distirict genes (of which 91 are of unknown function), and 162 out-of-frame,
antisense and intergenic genomic fragments, representing the largest collection of toxic inserts
published so far in yeast. ‘ '
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Table |

Distribution of the toxlc inserts between the different genetic objects

Genetic objects Number of  Percentage Mean size + SD (nucleotides) Phenotypes Inserts encoding

represented toxic inserts  of rotal {minimum-maximunm) artificial peptides
3/0, 311 2 240, 211 170

In-frame ORF 493 687 743 £ 311 (220-2,120) 375 87 23 8 _

fragments

Antiparalie] ORF 68 96 532 247 (140-1,220) 37 i 12 8 53

fragments

QOut-of-frame ’ 53 75 733 306 (170-1,620) 12 | 22 8 12

ORF fragments

Intergenic 4 6.0 625 £ 358 (170-1,820) 13 4 1 8 7

regions

LTRs 2 03 395 (320-1,120) | 0 0 I I

Ty elements 15(10) pA| 633 & 265 (320-870) 7 4 2 2 -

Y elements % (3) 1.2 678 £ 370 (320-1,320) 9 ¢ 0 0 &

RNA genes 4 0.5 662 £ 246 (470-1,020) 3 0 | 0 3

2 pm plasmid 17 (10} 24 564 & 288 (170-1,220) 13 3 1 o 5

Mitochondrial I2 . 1.7 483 + 201 (200-920) 9 3 0 0 10

DNA

Total 714 100 703 £ 313 (140-2,120) 479 123 77 35 1z

The first column indicates nature of sequence in toxic inserts. Second and third columns contain, respectively, actual number of inserts of each gype
and corresponding percentages. For Tys, ¥' and 2 um plasmid, numbers in brackets represent numbers of in-frame fragments of natural ORFs. The
fourth column shows the mean size of Insert in nucleotides £ Standard deviation (SD) with minimsum and maximum sizes n brackets. Scoring of each
type oj pheno;.ype is shown in the next four columns, The Jast column shows the number of inserts in which artificial ORFs of more than 24 codons
were detected.



Figure 3

Construction d’une banque génomique de S. cerevisiae.
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Overexpression library construction and screening. {a) Construction of an HA-tagged vector. The
pCMhal90 vector used here was constructed by insertion of a linker {gray box) in place of the multiple
cloning site in vector pCM190 [31]. Features shown include the promoter and TATA box as weli as the
terminator from the original plasmid (open boxes), and the start codon, HA-tag, BamHI site and stop
codons (thick vertical bars) from the introduced linker sequence, The iinker was composed from the
following annealed oligonucleotides: EXP3: '
5'-GATCGTTTAAACCATATGT, ACCCATACGACGTCCCAGACTACGCTGG ATCCT: GACTGACTGATC-3', EXP4;
3'-GGCCGATCAGTCAGTCAGGATCCAGEGT AGTCTGGGACGTCGTATGGGTACATATGGTTTAAAC-3. (b)
Library construction in pCMha190 (see Materials and methods for experimental details). The resulting
ligation product is schematized, with the insert as a striped box and adaptors as hatched boxes.
Sequences shown below are from Junctions, with uppercase letters corresponding to vector (the extra
nucleotide from filling-in is underlined), lowercase letters to adaptors and bold nnn's to insert. Arrows
indicate the different primers used: SEQS8 and SEQ4 are used for PCR amplification of the insert, and
SEQ1 for sequencing (see sequences in Additional data file 8), (¢) First-round screening of toxic
phenotypes. The growth of random and control clones on selective medium in uninduced and
overexpression conditions is shown. Drops of serial dilutions {1/100 to 1/100,000) of cultures were
grown for 45 h at 30°C. A3, non-toxic control clone transformed by pCMha190; H1, toxic control
clone transformed by MCM1 gene cloned in pCMha190; G1, B2, D2, E3, library transformed clones,
exhibiting different levels of toxicity in overexpression conditions (see Figure 2),
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Fi.gure 2 Resolutlon: standard / high

(a) (b)

Original clones After 5-FOA
Clone number + doxycycling —doxycycline  Growth 5-FOA + doxycycline - doxycycline Growth
indax index
Non-toxic 3/3
control
Toxic 30 ——p
control
238 30 —»
613 3 —
5829 32 —
1329 20 ——p
1631 21
1412 170 —b 3/3
SC-URA SC + URA

Second-round scoring of toxic phenctypes and contral, (a} Selectad clones from the first round were diluted and three drops {1/100, 1/1,000 and 1/10,000) were spotted and grawn for 42 h at 30°C,
with controls an same plates, for confirmatlon of toxicity. Growth levels in the presence and absence of doxycycline were scored as described in the text. Each clone was assigned a growth index where
the first number represents the growth In uninduced conditions and second number the growth in induced conditions; for example, 3/3 indicates a non-toxic Insert; 3/0 indicates a highly toxic Insert.
Clone numbers are the same as in the tables describing the toxlc Inserts (see Additional file 1,2,3,4), (b) After 5-FOA-induced plasmid loss, growth of surviving clones Is scored in the same way as In
(&). Wild-type phenotypes in overexpression condltions are Indicative of plasmid-borne taxicity.
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Eucaryotic genome evolulion through the spontaneaus duplicaion of large chromosemal segments
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Figure 1

Eucaryotic genome evolution through the spontaneous
duplication of large chromosomal segments

Romain Koszul, Sandrine Caburet, Bernard Dujon and Gilies Fischer
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Figure 1

Intra- and interchromosemal duplications of large DNA segments from the right arm of chromosome XV, Left panels show PFGE and
hybridizations of the corresponding Southern blots with various ORFs whose names are indicated above each lane. Chromosormes XV
and VII comigrate in the parental strain, resulting In a band with a double Intensity on the gel. Relevant chromosome numbers are
indicated, and the white arrowheads show the position of the modified or additional chromosomes in the karyotypes. Right panels
represent CGH-array profiles with the X-axes consisting either in the ORFs from the right arm of chromosome XV ordered from
YORO0O1w to YOR394w (A, C and D) or In all yeast ORFs ordered from the left telomera of chromosome I to the right telomere of
chromosome XVI (B), The Y-axes correspond to the genomic ratios calculated between the revertant and the parental strains, Scale
ranges from -0.5 to +1.5 (A, C and D) and from =1 to +2 (B). The position of RPL208 (YOR312¢) is indlcated by the dotted line. The
last duplicated ORFs on each side of the blocks are mentioned (A, C and D}. In (C} and (D), a schematic representation of the
thromosomes involved in the interchromosomal duplication~translocation events is shown. (A) Representative revertant strains from
class I, The sizes of the duplicated segments are Indicated in parentheses and range from 41 to 288 kb, (B) Revertant strains from
class I1. Black and open circles on the X-axes of the array profiles symbolize single and duplicated centromeres, respectively, {€} Class
IIT strain YKF1036. VEXV means a transiocation of the right arm of chromosome XV onto chromosome V., (D) Class III strain YKF1246,
HItXV and XVLIII mean a translocation of the right arm of chromosomes XV and 111 onto chromosomes IIT and XV, respectively. The
ORFs YCRO27¢ and YCRO28c¢ flank the translocaticn breakpoint onta chromosome TIIEXV,
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