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Position effect and gene networks

seography of the genome and co-regulations of
the genes

>hromosomal organization and regulation of
gene expression.

>hromatin structure and regulation of expression
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he possibility for a gene to be expressed depends on its
position on the chromosome- i.e. is off at telomeres

or at centromeres




romosomes are organized In histones,
istones pack DNA into the chromosomes
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Genomic approaches to the discovery of the genetic
basis of variation in populations

Phenotypic diversity is the result of the action of natural
#selection on genetic variation

# Genetic variation is the result of mutation in the coding
Msequence or in the number of copies of the genes.

Selection acts on the phenotype



Questions

. Investigate genetic relatedness of the different strains
and the extent at which they differ from the type strain

. Investigate whether there are parts of the genome that
show different variation rates.

. Associate genetic diversity with Phenotypic diversity
in the transcriptome.
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RF DNA arrays
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CATEGORY variable per category tot variable elements tot n of elements of cat. exp surpri:

HDAC _list.dat 101 475 234 0

DAC intergenics 118 475 284 0

HZAD 43 475 69 0
SDG_TY 32 475 127 2.97E-10

telo_10kb 107 475 163 0

telo_20kb 162 475 309 0

telo_30kb 190 475 464 0
Tfs 10 475 256 0.0075003"

Mterminal tail Histone-fold domain
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Genes

YARDGZ2C YARDS2C 829496

YALOBSC WALOBSC 931446

YIRS VIR 4 029326

GOH1 ¥OR3TaC MNADP-specific glutamate dehydrodenase; Mull mutant is viable,!
pho21 YGR233C Positive regulatory protein of phosphate pathvway, phosphatase
metld ¥kL001 C adenylyvlisulfate kinase; Mull mutant is viable, and is a methionine
HCETD3YHLO3EW involved in secretion of proteins that lack classical secretory 5
YOR3IBACYORIBIC 925985

YORIBA YORIENN 82TET0

TIS11 YLR136C zine finger cantaining homolog of mammalian TIS11, glucose re|
YDRS34C YDRA340C 930236

FREZ2 ¥EL220C Ferric reductase, similarto Frelp; Ferric reductase 926225
FRE3YORI81W similarto FREZ 929105

ARMT YHLO4OC 930441

S5 YPLO92W sensitive to sulfite; majar facilitator superfamily protein; Mull mut
YHLO44W YHLO4 4% 931430

sgel YPR193W multi-copy suppressaor of gall 1 null; member of drug-resistance
ARRIYPRZO1WY Owerexpression confers arsenite but not arsenate resistance, 92
ARRZYPR200C Reguired for arsenate hut not for arsenite resistance; Mull muotan
TAFT YHLOATC Siderophore transparter for triacetylfusarinine C; Triacetylfusarinir
SER3IYEROS1WY catalyzes the first step in zerine hiosynthesis; isozyime of SER 23
SOH1 YKL148C flavoprotein subunit of succinate dehwdrogenase; no growth on g
YARDTEW YARDTOW 927119

YIROTEV YIROTEW 029661

IMD3YLRE432 IMP dehydrogenase homolog, 927313

YBLO12C YBLO12C 8307445

IMD2 YHRE2168W IMP dehydrogenase homolog, 927761

MDA YARDT W IMP dehydrogenase homolog, 930334

YOROYICYOROTIC 927223

FORT1YILO13C ATP-dependent permease, member of ATP-hinding cassette (A
BrAT YIR0Z25C Biosynthesis of Micatinic Acid; 3-hydraxyanthranilic acid diomgen:
WPLZE4C YPLZE4C 927087

SHOT YMRO95C SR prodimal ORF, stationane phase induced gene; Mull mutan
ShZ1 YMRO9EWY Snooze: stationary phase-induced gene family; may be involved
YPRO1SCYPRO15C,9302849

WILOZ28W YILO28WY 92T T 62

WILT T 3 VIl 1 3y 5258045

YDL204W YDL204% 928515

YHREO8YW YHROSTW 829280

HSF 26 ¥BROT2W heat shock protein 26; Mull mutant is viable; hsp26 hspd2 dout
Ol 053 C-A N0l 053C-58 92 T840




Eran Segal, Aviv Regev, http://genexpress.stanford.edu/
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is is a new transcriptional motif, that is probably recognized by ARR1, member of a
1gus-specific family of basic leucine zipper (bZIP) proteins: Yap1-3-5—6-7-p, Cad1p-Cil

l349 L2099 | l249 199 | L1149
YORIBAWFRESsimilar to FREZ (YOR3B4YY)

{1 YORAICYDREIAC (YDRAILC)
YLR1IGCTIZ1Zing finger containing homaolog of mammali
YORIBICYORIBIC (YORIAIC)
YORIBIAYORIBINW (YORIBAN)
YDRZBICYDRZGAC (YDR269C)
YORZTOWCCC2Coppertransporting P-type ATPase wiith 5i
YELORSYWSITY Siderophore Iron Transport Ferrioxaming B |
YHLO40CARMNT (YHLO40C)
YELOBTCYELDGTC (YELOBTC)
YOR3BIWFRE3similarto FREZ (YOR38TW)
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ranslocation or inversion events can affect hyston
deacetylase based control of gene expression

a Heterochromatin Euchromatin

GﬂgﬂE:E,:.E;:a&&ﬂg Mo, / l N HA K16AC

H4 K16

[ +] Heterochromatin Euchromatin

Cane repreassion

G'S-lrE A, Sir3 | Sird
Boundaries between eu- e etero-chromatin are variable

Mature Reviews | Molecular Cell Biology

gene duplication can alter gene expression moving the
aene in 3 non silenced location
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Motif 1: HAP234 01
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Motif 1: HAP234 01 (reverse complement)
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W DLOGT @t 0X8@P  ays role in eytochrome ¢ oxidase holoenzyme assembly or stabilit
YELOMGC@ATPT @A TR synthase d subunit; ghyeerol minus phenotype; mitochondria ha
YORITTNEATPAT @ATP synthaze subunit f; Mo growth on glyceral CYDR3TTNN
TrHLOS2 MR 0L A@One of tvo genes (COX5A and COXSB, both nuclearencoded) o
YLRIAECEC 0XE @Cytochrome-¢ oxidaze chain WII; Mull mutant iz wiable, deficient ir
WELAET C@c 0Xdi@subunit IV of eytochrome ¢ oxidaze; Mull mutant isviable and unab|
TrERASIC EqeR @y 2 kla subunit 9 of the ubiquinal cytochrome ¢ oxidoreductaze cor
YILAGEM@ICRE@Ubiquingl eytochrome-c reductase subunit 8 (11 kDa proteind; Null n
"rMR2EECC 0T @eubunit Wil of cytochrome ¢ oxidaze; Mull mutant is viable, lacks o
P ROZ0MEAT P20 P rotein azsociated with mitochondrial ATP Synthase; eszential for
"YLROZECE@C 0.2 @eszential during assembly for full cytochrome ¢ oxidase activity; =
rHRO0AM- A CR 10025 ka subunit of the ubiqunal-cytochrome ¢ oxidoraductaze ¢
rLRSZACEUCRT @ubiquinol-cytochrome ¢ axidoreductase subunit 7 (14 kLral; Hull me
TEELASIMNEC 03 @modul ates cytochrome ¢ oxidase activity; subunit Wla of eytochr
IR0 Eeye 1 @iso-1-eytochrome o; Cytochrome ¢ deficiency CrJROSEM0

FOLAS IR NHA @A TP aze inhibitor; Moll mutant is wiable; exhibits maked ATP hydraly
rDRZASCEAT PO @invalved in the assembly and function of the mitochondrial ATP sy
rRLOTECEA T PHEEncodes subunit 4 of FO sector of AT synthase and is analogous i
D LOOSEAT PAGEATP synthaze delta subunit; cellz are entirely cytoplasmic petite
YLRZ9EC @A TP 1@ TR synthase subunit h; unable to grow on ghyceral mediom; no d:
TAMLTZ0CE@MNE I @NADH dehydrogenase (ubiquinone) (L1200
YELOASWIEACH @b annose-containing ghycoprotein which binds concanavalin A; ace
YILA02MEMEF 2 i@mitochondrial elongation factar G-like protein CYJLAOZW0
rBELOE0C @petd@the major mitochondrial ADPSATE translocator; highly homaologous t
YWHLOASCECORA i@ kDa core protein of veast coenzyme QHZ cytochrome o reductas
OROGENNEBCY T @Cytochrome o (rYORDGSN

rELOZG @RIF 1 i oxidizes ubiquinal at center P in the protonmative @ cyzle mechan
W HROST W Ewps1S @myristoylated protein kinase invalved inwacuolar protein soring; iy
ELOS9WIEAT P @mitachondrial F1FO-ATFaze alpha subunit; null mutant isviable; gr
wARAOF TR N all mutant is wighle on alucose cantaining media butis unahkle ta



'he change In expression Is due to a 1y1 Insertion In the 5" end or Hap1.

This insertion causes: a deletion of 13 AA, addition of 32 residues,
and a reduction of Hap1 activity as a transcriptional activator.

Hap1F1
— Hap1F2 YLEZS7W
— TLRZS6W-A YLRWde1tals
YLEWNTYL-3 YLEWS1Smas
HAFL Rllde]l tald
: | o i ] i | 5
T HapITyIR EACABEIL
.
Hap1R2
.
820 bp
Hap1R2
S RN
1600 bp
7500 bp




Primary Seq|dc ty a]1014|SGU52]SG60 [SGU89[SGU90[SGU114]SGU165/SGU406|SGU407]|SGU421[M28 [M57 ySK1 JEM93 [W303[By4743
YAR0O09C TY1B -51 -103 -23 -20 12 11 12 12 141 11 25 12 1.2 1.0

YARO10C TY1A 116 99 -56 -22 20 22 -1.9 | -85 | 102 | -100 32 62 -15 -1.6 11 -1.0
YBLOO5W-A TY1A (40  -52 22 -16 -20 -6 -1.6 | 23 24  -31 21 21 17 13 10 1.1

YBLOOSW-B TY1B [-2.6 -19 -14 -1.1 1.1 -1.5 -1.1 -1.2 -1.6 20 -22 -13 1.0 1.0
YBL101W-A TY1A 16 -15 15 -11 -1.5 -1.2 1.2 1.0 11 -1.1 11 11 20 13 13 1.2
YBL101W-B TY1B 1.2 -12 12 -11 -1.0 -1.2 1.1 1.1 -1.1 11 15 14 15 1.0 1.0 -1.2
YBR0O12W-A TY1A 6.6 53 -1.8 -2.0 -2.3 -1.8 -1.9 -6.7 -9.4 59 34 68 -14 15 1.2 -1.0
YBRO12W-B TY1B 1.3 -1.0 -14 -1.5 -1.2 -1.9 1.2 -1.0 11 16 -13 14 11 1.6 1.0
YCLO1OW TY2B 13 -11 1.0 -1.1 -1.0 -1.2 1.1 1.2 11 11 -11 1.0 12 1.0 1.2 1.3
YCLO20W TY2A -18 -14 16 -1 -1.2 -1.1 1.2 -1.1 -1.0 1.2 11 11 15 11 1.6 -1.0
YCLO74W | TY5 | 1.7 1.9 2.1 1.9 2.0 1.7 1.8 2.2 1.5 -1.1 21 24 | 10| 1.7 | 13 1.0
YCLO75W | TY5 | 1.6 1.6 1.4 1.5 1.3 1.9 1.8 1.6 1.3 1.0 20 1.7 |10 | 1.2 | 1.1 1.1
YCLO76W | TY5 | 1.7 1.8 2.3 1.8 2.0 1.8 1.7 1.7 1.8 -1.1 20 29| -11| 17 | 1.2 -1.0
YER138C RCdelti -1.3 -1.7 -14 -1 -1.1 -1.4 -1.1 -1.3 -1.2 1.2 14 15 11 11 1.0 -1.0
YER160C Ty1B -14 12 12 -11 -1.1 -1.3 -1.1 -1.2 -1.3 12 15 14 12 10 1.0 -1.0
YHR214C-B RCdelti -1.3 -1.2 -14 -1.4 -1.2 -1.3 1.3 11 -1.0 13 10 12 12 -1.0 -1.0 11
YILOBOW @ Ty3 | -7.8 | -6.0 1.0 1.1 11 1.2 11 -3.6 -4.6 3.6 -21 45 -14 -28 1.6 -1.1
YILO82W @ TY3 -70.3| -549 1.3 1.4 1.3 1.3 11 -8.4 -10.0 -53.3 -3.8 -299 -1.8 -3.8 | 1.7 1.1
YILO82W-A Ty3 69 & -3.5 13 14 1.4 -1.0 -1.1 -1.8 -2.4 29 22 -20 1.7 18 13 1.1

YJL113W TydB 1.2 13 -14 -13 -1.1 -1.5 -1.0 -1.0 -1.1 12 16 14 14 11 -141 11
YJL114W TY4B -49.8 -36.3 -23.1 -36.2 -54.3 -48.9 -23.6 -34.1 -31.7 -37.5 -49 -78.0 -61.1 -23 -1.5 1.0
YJR026W  TY1A -21.6 -16.8 -2.6 -2.3 -2.4 -2.3 -1.9 -11.8 -13.9 -19.9 43 -149 16 -1.7 | 11 1.0
YJRO27W TY1B -22 -18 -18 -13 -1.4 -1.5 -1.4 -1.2 -1.3 14 |14 12 15 1.0 -1.2 1.3
YJR028W ' TY1A -25.1| 214 -2.6 -2.4 -3.1 -2.0 -2.1 -18.5 -25.6 -22.8 4.6 -245 16 -16 | 1.0 1.0
YJRO29W TY1B 4.6 -34 -24 -1.9 -1.8 -2.2 -1.1 -2.0 -2.0 23 23 20 19| 11 11 -1.4
YMLO39W Ty1A ' 42 -39 -20 -1.5 -1.5 -2.2 -1.6 -2.0 -1.9 29 22 20 16 1.2 -1.0 -1.0
YMLO40W TY1A -20.2 -129 -24 -2.2 -2.3 -1.9 -2.2 -9.5 -9.1 -12.0 '-3.9 104 1.7 -1.8 | 1.0 -1.4
YMLO45W ' TY1A [-56.9 -31.8 -2.6 | -2.7 -2.8 -2.4 -2.5 -41.9 -29.8 -38.2 (4.9 421 15 -1.7 | 1.2 1.1

YMR045C ARCdell 1.3 -1.2 -1.1 1.2 -1.3 -1.2 1.1 1.0 11 i0 10 11 11 13 -13 -1.0
YMR046C NRCdel{ -9.9 = -8.8 -21 -2.3 -2.2 -1.8 -2.0 -9.1 -10.5 7.2 -39 86 -15 1.5 1.2 1.2
YMR050C Tyl1A -14 -16 -14 11 1.1 -1.5 -1.2 11 11 11 13 13 13 1.0 -1 -1.0

YMRO051C TY1A =623 -30.2 -2.5  -2.7 -2.9 -2.2 -2.7 -23.0 -13.0 -39.9 4.2 -258 -1.6 -1.6 | 1.0 1.1
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Conclusions-1

HDAC and SIR-SAS gene expression control provides the cell
with a mechanism of epigenetic buffering of variation.

- These regions could be used to acquire new genes trough
horizontal gene transfer, accelerate evolution.

- Genomic variation could be accumulated and kept silent,
expression in HDAC domains is stochastic and can be
selectively uncovered in permissive or extreme conditions.

- Gene duplications, moving genes from a silenced to a non
silenced region, could give advantage under selective
conditions, and be then fixed in the population.



Perspectives

o . CHIP genomic DNA from selected wine strains with HDAC.
- SAS, SIR2 to selectively discover “new” genes of
environmental interest.

« Study regulation of HDAC, SAS, SIR2 in wine strains and
the evolution of these regulatory systems in different strain:
and species.

# « Control of modulation of expression of Genes in HDAC
B regions is important to Understand the connections
between genetic networks involved in production,

Aardantatinn AanA racictan~cn A ctracenre




/’, Phenotype 1

Genotype <~ Phenotype 2
e

Phenotype 3

A single genotype may produce many
differents phenotypes environment
dependent

A single phenotype may be produced
by many differents genotypes
environment dependent
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