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(57) ABSTRACT

This patent describes a novel method of detecting genetic
interactions in yeast. This method can also be used to screen
for function of biological effectors on yeast. The method
encompasses crossing yeast strains with genetic alterations to
acquire double mutants. The phenotypes of these double
mutants are then checked to detect genetic interactions
between the double mutants. This method can be used to
assign function to yeast genes and their viral, prokaryotic, and
cukaryotic homologs, and aptamers. It can also be used to
study yeast two hybrid interactions and to find genes that
regulate certain yeast promoters.




US 2008/0287317 Al

Nov. 20, 2008 Sheet1 of 8

Patent Application Publication

uon99|es JueInyy a|qno( +

_ a&:.a J EE
uoi3d9|eg piojdey E.Se

ole a&a

L ainbi4

-PlIM



Z 3lnbi4

US 2008/0287317 Al

joJ3u0) adA3-plIM

® » & & % =
® & & & 9 & 4 »
s § &

O

s £ & H o 8 & » & & & » 9 &

juelnw aqnoQa e

A OO S S O 3 9 ¢ PR g
4 ¢ & & & ¢ & & & & & & g ¢ ¢+ P
® ¢ » ¢ & 5 0 % " & 9 ¢ D
* & % * & % & @0 o » P " s ¥ b
L & & & & & ®» 92 ¢ c & % & 4 2 >
¢ & & ¢ & B & & 8 O & ¢ & ° & @
4 » & & & & & & ¢ § & & % 2 & 0w
® 9 ¢ & 9 2 & 9 & » & 4 @ 0 & =
* & 3 * E & B O % B B 4 & 4 = @
& & ¢ & & & & = b ¢ & 4 & & & P
® & % ¢ & & 8 ¢+ & & % ¢ 2 0 4 &
« & & ¢ ¥ & & ¥ & » % B 2 ¥ & D
* ¢ 0 % ¢ ¥ & 8 & 98 8 8 P g 0 e
4 ¢ 6 O & @& & » B & ® ¢ 9 F b
d & & » ¢ & o & » & & & 8 8 9

¢ & & 9 & 9+ & & & & & % & & @ @
¢ uw ® ® & & & & & 2 8 v & 9 b
C 9 & & & % & » 4 ¥y & b & 9 e B
¢ & & P & % & @ 0 C & " & 8 0
2 & ¢ & & 4 & & & - 8 8 0 " 0O

4 C ¢ % 9 & & & ¢ 3 @

¢ & & 8 3> & 8 »

L
L
v
@
¢
.
&
&
®
L

O
O
O

Nov. 20, 2008 Sheet 2 of 8

voapnq Vreo

djeu:iVLIug

ST B | B D Y T I T R

Patent Application Publication



US 2008/0287317 Al

Nov. 20, 2008 Sheet 3 0of 8

Patent Application Publication

¢ ainbi]

Jjledey YNQ
8|SOYIUAS VNG
8JNIoNIIS SWOSOWOoIY)

SISO

aanmponas |1ed
edueuejuUieN [IeM 119D
Auelod |09

IUNY o _1SSM

BZSAA Q\MLLLEHA -3
N, QUid. @ 6LLINA
¥NID N ® 2540 _.Mm wmﬁ_..w._ﬁb \o
LUNE
‘Wiig 185 %(35‘.. @ 1501 g %ritaA
EMAD \9 BECHNA



Patent Application Publication

L ] - [ | - -
- & ™ a - i T - - e = - - . s .

- - . - * - - LA M N L ] *
R e " mow L LN a0 o 0 o
4_' ‘-#' = am - a &P + P L | '.'ll‘ | - " [ ] i-r'
L] - g - +* m ¥ n b LI ] 1 » » L] L] - . - .

- - ] - a - =

4 L]
- - ., - o - » - . LI . - L ] . u

I m a4 a m L Y o+ - ¥ 5, * m am - LI - o - = =
- - r = - =

- L} -

Yo LI . . - . L] - Lt . . B
L L] L} . L T, = - - iy w - - . Ta 0w a
-

- - e 0m o a = - - . - & - o= v ")
- a 1 w7 BN o= m ow " L L -"l.-l.'i- * % = B % g4
" e * _ - - w ] - P * e s ] s * - » ‘h*-l-_.

-
T ] - L I L ) - a4 L i =k - - »

u | | - - a
- -, _*'_ [ I -"‘-- " - - T, L T -

- - L] -
. - oy -, b om - =y 5 * & mn % = T e
* - - [ ] L - - ]
- -
- 1 PR B L - a * o' - - a v g ¥ - ] -
= + 1., = - L -, = - - w - = - - L™ .
L ] - - -
=% . aw P v T L as -, . - moa - 4 0 . oW u
"o a = " N LI R P T T N A"
- moaT T S R R LI e
- LI - - p % - -t - " - - = -k - . "
n - - - -
- " T Tt e e, L T e L -
- Ll r L |
n tm odw T mm . - aF_ L TTm L I L LI ] "l'""l" .
. - - - »
L] L} - 1L " m a v g™ - - .= a" .,,‘ e
- LA ] - oy - T - . [ ] - L | = L ] -
a [ ] - [ ] L
. ¥ LY e . L= ¥ [ P -
L] n = % pa Py oy = F ks wm ok o= T oaa, o orr oy - -
-
L e LI e By, o 1" .
- L T T I o . " - = LA L - aw & I T T
L]
" - - T = a ¥ o= N e W _ . v
- & + -

- [ L] - L] L a *
»* - .-l._ . " m i‘l-l-' . LI I #.r - = - . o -

-

Y ow 3 a " ‘-". - T - r = ™ * L M

w1 L I | - - - = - - LR = l-l' b T -
) L] -

., " n L T T . [ ] . Y. * m -, - - - .- -

o o =m T pa_ F mn o =Y orm, s ow T mg, ® wx & u -
l--' L | --|l|q LI - _-.-!. u - .,!"" + -t - L}

- - - . - * - - g m L L . - e T - - *

L] - - -
- = F g - e, LA LI -, I » -

- L L] -
w T oa -~ . CEC T N - "y ma T E s L

a -

T om L T T =T i r " =" tom * L] *
L "m W . = & * n - - - u " w -
] . L] u 3
L » - a~" . . L S I . n oo ® . L]
- = - *mm, = omok E A" yy, = ws w T a4, " o = ww
L L™ T . L L T L
4 - g . L L - - 4 2 - . - ar ~ * o .
- - » L] - s - g
- = * ™ - - - L - g a T 4 - - a
- -
a T r am . T N & g % 4 AR "' =y u B - T
L -

r - - -
| ] - L] -

[ ] L] - at - i . = .i * - s T " » - - .
- L Y - [ - & " [ ™ -y - - o PO -
A " a re” r =" - L L a F A =" -2t =
L R T ra, o woa &+ 7 g, b g o= - =t oaa,

- -
"- L] .'l' l.‘ L] 'l-*' " e = T ...l. - — + -
» ", - -.|.ll-'-‘l - = -‘Ill- Lol 3 o B lil'l" * a1
- - - L]
" ""l.n"'i - - * . -‘-I‘I'*' - L
-
w "2 am v a oy " 0w . = - g T a »w - -1 3 T I-' - a
-
- - - -
" = L] . & 8 " s a ® .7 " u L a - _"
L | - - - Ta ® - - e owm - L [} ‘.
. -
L T L -, T e e . = L]
& . % 1 g o g & wpoa " ok E g m s ™ wa L BT T
] L - -
- am F opT g N . R R e T T
lm
. . _— LI L . - ™ amn - I a = . -
- L] r - - - - -
™ L "! - I-".- - .i.. -.' - l.
-
- "R L, - . B ma, L wWEa " wE_ L oy e b ¥
i a L] L]
- [ ] - W *-I ™ * - = .l T oa - - . l. - . - ™
LI . w . L ] s = - - " N - - . il ™
- + - L]
a ' . e - oaow T, '_i - "-u‘. L - - LI +
] - -
r o & & L, h o " ==y T = L] -k ] ]
L] [ -
* v B ogwTr o L * » -t - -1 L |
- LI -t PR L. . - LR I .o . ¥
L |

- - L] ]

L] =t n T " =t r " v s ® " " = == -
- = - -

- » - - LN ] ] L]
. i--i- . - - 'l--l-‘_ - L] - L -'l - -
i T B T -, = - L LA, |
a -_ - [ Y * L] . " = M- -t L ] "a .t

. L]
=" . as . ¥ L. aa r " - i * 5 4 - Wk ]
L I A T LI -t e . L I R R T B | L L
- L]
T oo g F * .onm - ""ui u-—".t T oo n" +
- - oo -t ] L I I Y — - . .1
- - [ - bl L]
L] L J L] - L ] L]
a " e _a * - L ﬂ ﬂi'l L LI
* - = = L] LI L]
- .o p P """ m o -m 'ml - .- '. - =
. -
- - . . - . L] . b . . - o f - - . -
- - Ty B . .w LT - n - - -5 ¥ -
- - - = n [
= * a2 acr * g T L ] - - LA - 1 . -
O T e L T I N T |
L B B L Y ':"-I T oga ¥ g
- [ - - F o+ - -
- - - L n . - . - ® R - - .
* [ L Y =
2 - -, a " g P . - h . - L "
- -
" am T Bap TR bw . a4 - yk 2 o mw .
- - 4 - a = - = =
- -

» = - .‘i - - . - l.'! ..i . =
- ., = a L] L - - - - - = -
- " m ogw? a gEm . aLT - e T an® & . o= 1 . a ¥
LI LAY ] - o o m @B g - &4 =  mp, ¥ s s A= L]
B Lm W pum
- - --

-

-
L] I‘i
a 1 am
L | L |
L J
' a ] -
- & -y = -

n -
- » - -’
= 2 m = u®
oL b aw
- LI -

- -

i b L] =
- - - *
- =
- - -
L J

- - -

L] - -

» .

L = ®
n L]
- -
- -
r - ‘-
y T F #*m
- " a
L] & -
a B a -
- -
- -
- = - = &
FoL e ¥ L aw
- N
- .
- L]
» - - -
+ & mm -
- - m
L. - .
A LI

- e w T g
- *
] .
-
a u - -
- T ® wr
r =
-
- - -
- LI
R an"
r = ¥ T
a L]
- ¥ '.‘
L] LI
-
o -‘1'.-
. = ' =

& u " =
* T aw"
" w p = m*
A L om ¥ gEw
- " - T

-

- L ]
- ,
. -'-'1...
« 0" . .

4 = LI |

- F » - w
- s 8 =T

r L ¥ at™

- L] -
]

- *w

* T T T "
r

L - .

- Ty &

‘l‘. - u

r T nn  *
* a w
" oa L .
= - Ty =
- -
& = -

- L ]
" .
" aw
L]
a T L
-
i‘ - -
- & y =
a
- = -
- omom =
'I.'-'. -
- [ ]
- " - - . -
""-i-n-""l -_-l."i- - - LT '-‘.'
.
.i..i-‘._‘i.‘ o g ‘1.--._'1. - *- - = 4 l'-.-
- - - ] I . . - F " -
= - P L] ™ a™ v " a - -
= B, = - » = - . -’ - - - = Ty = -
v o, = a” 'l"-"'.r" - & " e T O
* mow o a Tt e, o ‘I"“--l--f‘.--'i
LA L LI - - e T g T, a1 A
- I - .- a = = _— a s * - . L] "y a T
- -
-, a " " a TE g v ¥ oa a ™, i‘_..
- T s ¥ ar g Tu . aw g *n wa- * m-a g *a ww ]
- - - ‘ - - L ] - +* &
- . - - T a® "= » T * . - - W * - - =
r = ug o * a - = - - . -, = - a = -
-
- L e - g = " -|-'I LR P AT  aw -
i#"i‘.n‘,i-n-'-t_iin + m a " e A m = =
- L,oa T L eE T ar ! - L LT L ™ - e T aT T m
- - - r m - - L] LI - L r s "
- * L n - .
L r " a = d - - - - L] - 1"*
- " m e " -t - _"‘ =& oy "a =2 " u a Tw wm= - :
- u - - a - - - - » -
] .-I + - .'l- - - - - - . -
n & & - - - n - - a gy a - - - -
- I - - e e
- - L LA - - T - n == - - &=
- s & & 0 %, & 2 s *« " am_, v & n - = . - o &
.i*'- - - -I-_*._ - . .l" L] il- l'._ L} - -
- . g - " o o & r ™ - o .
e - . - . ."- — e = _ ® '_‘*‘_
L] * -
- * - & = L
- i-ii' - ko 4!.‘ . . 4w a4 i.ir.. - g - . -
* g - (- - - -t . L g . L} - n
- - -, = - - - - ] - rF " = . - r -, 0w "
-
- T = - ™ " o * a wra® v T a4 -
* 2 5 ¥ & wr, T & l"]..quli-'..lqi-l"l}'.
T o, W _r a T oaw - T b T, R T S
] L - e B L | - ™
. .'--. - a , Fomoa, .t oa - - v L . ‘.
> 7T ® =m 2w 5 T x 4@ '. 4% 4 T2 mT - - " 'i'l-u- - -
- - - -
.‘ - F.'-‘* u '-‘. -_ . .i -‘l - -
- = -, ] = -. PO ) - "R -
L]
- . L “a® o - » P I R ) -
A - w m wi g v o4 w m T oaa o r n T mom * 2 5 a1
. an * g - T A T toaTT . L R R
- » -t
- - . raw . - - - - o . - "
2 ey - . . ., a T T N "'"-I'l“'-l - -
-
T B - L .
-
+ * > = * = g - -
L] - . = L L - L] - T . .
- e 4 . ' oma . ow .. [ ] » a - m bl B ) .
T | T
= n o & or ™ e, "™ oy =¥ L. r e vo® T oaa_ s oY
- PEEE B L. LI T - . " L=t .-y
- - . - - " o= - - . _ .....p.. .- g .
A R . .t -, R - . - . .=, "
- own T P T = oa - F - * - oaw
- - N - - a - =
L ] a m 7 - X - ™ L] - = _* - [ a ™
o H o = - - = - -y g = - + + ", 0w
LI T o, aa* * N T
* A= ow = " g - - L N L L R r = o= &
s Uoam T LA B B = oa PR T .= aT - =
- " = - LI * . n - 4 = LA | .+ . rr - -t | B d
L] - - -
- R s v L . "o L T I - L T x ] - -
L
- . -.-..'_". R L . o= --*"‘ - - LI * . =
-
* o r i"'-. > 4" *on . - - n * ""il."
- & - B - o " k - - T - L . -'_ - -
- --- g " l-* * m aat l‘-'".- L] - *1-
= wom 4 ® N L T L I ] T aa, Y A T a L]
- =T, s v, . o= - - e FoadF * oa-
- - - . - - - - - » - —
-
- o - " L . - R . mm .~ an , - .
- FTE &» . 29 a4 T = - * = * wF LR L - u A
- -
- - - - - - - r
- - . * s . L] s ™ 2t - -
- s - - . - n - [ - .o - - +
- s T - ) -
- = -y - g ® 4 - g - - * a - - - a F -
P [ -, R L T - v o v owa P
- a e " - - | -, - - v - = - L -
- - - . L] - - - M # n 8 -
ot * - ’ r ] L]
- e ¥ ., . o, . rE g . ¥ » -
2 " r wa N T n T p P2 ar - g T o =a 35 ® m ¥
- - i - L - L .- -
) - a T . T - L) L] a a” a - T om w
- o i - = o "™ [ ] -a . ™ - = -
e . T L I T Y m - = L et e oaet
& mow da & T ii' [ | ---p'-r-- - - -+ & w W 4 - -
" . L ] - & I'.ﬁ'-'* - L] i..ﬁ.-‘l‘ ar B
- - - r - -
- - - W= - - . - - - " .
a T == T mw - - - - _ - . L
s o=n T s w - wa ™ L u - g -y s p " s
= a * - - * LI " -
T o - - L] - . * - "o ’ T - * - » " & -
- . ¥ - - - - LR - T L] . * L -

- L
- x &
- L
- -
L]
*

-
PR
. e, * =

-
- L
a._'-‘

ulln N B A T TR R

- a¥®
-
L - -
- - T
- -
- W, - L]
* - - -
-
l".+ L]
ma - - T = '
1 - .
» - -
- o=
» - a ‘*-
1
=
= - . ™
a o o= - - -
_‘.'-..'-I.i-.
. - - +
* - -
- [
-
*
-
-
LY
- Ll
- a
LI -
- ww .il'
] -
]

Nov. 20, 2008 Sheet4 of 8

L
- -
*

*

-
- L]
- & &

- om

]

- 4

-

*

]
-
*

| ]
of i1
L "“.II

;

—

T
oL

1|-il

US 2008/0287317 Al



umo.b Auojoo umoub ymousb
OU 10 81PN Au0|0) Auo|09

o|qeIA

* %08 > + %085

US 2008/0287317 Al

m leuyis|

o Huey j:UXxXX

Q - edA-pim
~ splojdey HUBY: XXX | J0sseiddns

2 Hieu::pAienb ey 10} 108|8S J _.... L_ —V A _V wieu::plienb

Z spiojdip ejejniods

= HURYLTXXX  HUBNLTXXX  HUBY. XXX Heu::yAenb
.,m CLVYN CLYW eLYN LYV

S

<

E C C C

=

S G 0inb)4
e



%ww m m

-._-.'-' "

US 2008/0287317 Al

e L I I PR [N B X
° NI | AR | R

2 L T
7 IR ENO 0 A DO R R ) 11X
o _IIIH-I!-_ .-__al_i- X
Q RPN X
= -I.E._.____!_.IE- X
m D X

REIEEEEIAN IEIEEE A
NN IS TEEaRE e ERE
INEBdHE W\

L 4 L9 _-_.... -_...__-. 1.._ , . . [ & , i H .-. \

'V
g 9.nb|4

Patent Application Publication



OOOOOOO
%@o@o O P

,,,
e %Amoﬂv ECE

QOOOOOOOOO&O

6 ﬁ b o W oo \ )
Aav( A.V Aoo A.v OOOAV A( v b oéOA.v Av AV

OOOQQOQQO S

oo o o o
A(,vvo AA.O/ A.v n.v A@VO A(O QJ AAV O/ (/00
&

US 2008/0287317 Al

A W W (R F ;e P S Sem. XS0 s W e o
3 AT A n:... ¥ RN .I:! N AT ON BRI U LAY Y Y N B
A » i aew a_ B Wl W e o w -m Y R T S A N AN
- SLIE I L I t— * & 5 W & 4 B B g B S & B PN | T SR N
W e e D e e e e A AL S T '8 v 9.8 v = 1
,_...,___. D0 e .f! .._:,__._ . 0w e e @ w » - ¥ s N o» “.
B T T o . ® * 2 & & - B W 9 @O i s & 8 » s g
S A A T l $ & & & . & 9 & e t S A I _
,
i

Nov. 20, 2008 Sheet 70f 8

______-..__ _ﬂ\ h) .‘ ‘ a.‘. ._.*. *_ .e v i a - ' . _. ' _‘. i T ' "

,...._:__...r_,_,..._r_# B A e AL G e e . o . Can A R

Y et B e oW B o ah ® 6 m. 0 . w e v @ - &
N N R JYTRLUEE BN ANEY BN R TS .Y @ . e @ LA L AU h.. /S

. v W ...l P N TR i @ e @ e . ® v &
R .I: » l:_ &.... ....__ l. . I I: .. - w - B « B & = H
U ”I*rtv, e mew s R e e w TR
" M”n ¢ % & .3 " .6 @ ® ® @ o s & 6
LN :. e W e :...I:.. e e W e R w @ e 4
" .r._-i! ...:’. T SN T o e & s ® @ R 4N
..q. ¢ & @h g ‘" w *» % & ® B 9 v ¥ @ @ uoa
» & & e = % W & » I. ' - @ * @& WM 2 ¢ B B
'_-q ® e e e ...l L s e . e
AT AN _t_,._h - LT TR . oM. et @
. T 1 ‘.._ __l__ l“r.. N .-__...______.i . - o e L BN & -

,3, ....I..,t_..ih_... ..iw._,_l. » __G,::._...I C|m a T 33

U9819S V£08]

. 8.nb4

Patent Application Publication



vOd-§ +-ne| S

US 2008/0287317 Al

A-LOSS
(evdn-"12) 182
+ HUBY:: 1NQD 10108A
A-L0SS
(evHN-12) 1X9D
- + Y LE0EM
- JOJOOA
v o
2 _
7 (9%) Al owosowoIyD Uo YuBH::FXXX }O UON|SOd
e e o 5 & o wh sk A en
2 38 88388888 32
=
g
S
&
7

PR ogazs) - TM262IPA — dc
PP 6d/1-piim /yeins

X
i,ll
viwAy

vogezipAwipss™

] AuaBo.ld aNV)l VN jo abejuoalsad

<

Q
O

Patent Application Publication

g e.nbid



US 2008/0287317 Al

YEAST ARRAYS, METHODS OF MAKING
SUCH ARRAYS, AND METHODS OF
ANALYZING SUCH ARRAYS

RELATED APPLICATION

[0001] This application claims priority to U.S. Ser. No.
09/930,393, filed Aug. 13, 2001, pending, which 1s incorpo-
rated by reference 1n 1ts entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to genomics
and proteomics. More specifically, 1t relates to high density
output arrays ol multiple yeast strains, methods of making the
high density output arrays, methods of using the high density
output arrays for functional analysis of genetic and protein-
protein interactions, and methods of mapping genetic muta-
tions using the arrays.

BACKGROUND OF THE INVENTION

[0003] One of the major goals of the emerging field of
proteomics 1s the establishment of relationships between pro-
tein fTunction and particular diseases. Proteomic technologies
are used to try to identily important genes and their related
proteins implicated in diseases and their treatments and to
understand the role these genes and their related proteins play
in the onset and progression of disease. A major proteomics
challenge 1s to determine the set of proteins expressed in the
cell and the iteractions between such proteins, which in turn
define the functional pathways of the cell. If a given pathway
1s linked to a disease, then the proteins within the pathway or
a functionally related pathway may represent drug targets for
treatment of the disease.

[0004] Accordingly, there 1s a need 1n the art for functional
proteomics technologies which provide valuable functional
information about genes encoding proteins with previously
unknown roles. Yeast based proteomics represents one such
technology. Functional genomics and proteomics strategies
involving large-scale construction of defined mutants have
created the potential for the systematic mapping of genetic
interactions on a genome-wide scale. In addition to the recent
sequencing of the human genome, the genomes of other,
simpler, organisms have been completely sequenced, includ-
ing that of the budding yeast Saccharomyces cerevesiae. For
S. cerevisiae, deletion mutations have been constructed for all
6,200 suspected genes, 1dentifying a set of approximately
1200 essential veast genes and approximately 5,000 nones-
sential genes, resulting 1n approximately 3000 viable haploid
gene deletion mutants. With genome sequence in hand, the
monumental challenge 1s to understand the roles of the
approximately 6,200 predicted yeast gene products. The
scope of the challenge 1s immense. Approximately one-third
of all predicted yeast genes are classified as coding for pro-
teins of unknown function [Saccharomyces Genome Data-
base (http://genome-www.stanford.edu/Saccharomyces/)].
Further, among a test pool of 358 homozygous deletion
strains, over 60% had no observable growth defect after 60
generations. Simple extrapolation to more complex genomes
suggests that the absence of obvious functions for a large
fraction of encoded proteins will quickly become an enor-
mous problem 1n biology.

[0005] There 1s aneed, therefore, for proteomics technolo-
gies which can assess the previously unknown functions of
proteins. The phenotypic analysis of the set of viable deletion
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strains within certain species of yeast represents a major
challenge because the role of many genes will only be mani-
test under very specialized growth conditions. To address this
problem, the present invention provides a high throughput
method for the construction of yeast double-mutants that
enables the phenotype associated with a specific mutation to
be examined systematically within the context of thousands
of different gene deletion backgrounds. A comprehensive
application of this method will 1dentify the precise genetic
conditions under which each yeast gene 1s critical for fitness
of the organism and may reveal a conserved network of
genetic interactions linking fundamental processes and path-
ways ol eukaryotic cells. Because many non-essential yeast
genes have mammalian homologues systematic synthetic
lethal analysis on yeast will provide crucial insights into the
gene function problem 1n all eukaryotes. Such synthetic lethal
analysis can be performed on the yeast arrays of the present
invention. The high density yeast output arrays and the meth-
ods of analyzing such arrays of the present invention there-
tore fulfill a need 1n the art by providing simple and efficient
methods for large-scale, high throughput analysis of genetic
and protein-protein interactions.

SUMMARY OF THE INVENTION

[0006] Theinvention is directed to compositions and meth-
ods for performing large-scale analysis of genetic and protein
interactions.

[0007] In one embodiment of the invention a high-density
output array of multiple resulting yeast strains 1s constructed.
Each resulting yeast strain 1n the output array contains at least
one resulting genetic alteration different from the genetic
alterations 1n the other resulting yeast strains in the output
array.

[0008] The resulting yeast strains 1n the output array are
mating products of at least two input arrays. At least one of the
input arrays comprises multiple starting strains of yeast, each
carrying at least one genetic alteration, with the genetic alter-
ation being different in each starting yeast strain. The starting
and resulting yeast strains are selected from any yeast strain
that has two mating types and 1s capable of mating and mei-
otic and mitotic reproduction. Examples of species that have
such strains are Saccharomyces cerevesiae and Schizosac-
charomyces pombe.

[0009] The mput and output arrays are arranged on plates,
with between about 96 and about 6144 yeast colonies on one
plate, and much higher densities, over 10-fold higher, can be
achieved 11 individual colonies are pooled. The resulting
strains 1n the output array are double mutants. Two different
types ol output arrays are created, one 1n which the pheno-
types associated with mutations (genetic alterations) are
examined within a diploid cell formed by mating the strains
on the mput arrays and another in which mutations are exam-
ined within the context of a haploid cell following sporulation
of the diploids. The two mutations can involve a mutation of
two different endogenous yeast genes. These yeast genes can
be non-essential yeast genes. Interactions between deleted
genes 1n the output array can be discerned when the combi-
nation of genes leads to either a synthetic lethal double mutant
or a synthetic sick double mutant, 1.e. where the double
mutant grows more slowly than either of the single mutants on
the input arrays. The entire output arrays can comprise
between about 1,000 and about 25 million resulting strains of
yeast, or between about 1 million and about 25 million result-
ing yeast strains.
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[0010] The mnput array contains starting yeast strains with
starting genetic alterations in at least one starting yeast strain.
The genetic alterations can be of any of the following type: (1)
an alteration 1n the DNA encoding the gene such as a deletion
or mutation of an endogenous essential or non-essential yeast
gene; (11) trans-dominant genetic agents such as genes coding
tor nucleic acid or peptide aptamers, dominant-negative pro-
teins, antibodies, small molecules, natural products,
ribozymes, enzymes, RNA1, and antisense RNA or DNA; (1)
protein and RNA expression vectors of a heterologous gene
from a viral, prokaryotic, or eukaryotic genome, wherein the
genes can either be wild type, mutated or fragmented (e.g.
coding for a protein domain); (1v) a protein-protein interac-
tion detection system, mncluding expression plasmids coding,
for a two-hybrid interaction and reporter that registers the
interaction, the Ras recruitment system, the split-ubiquitin
system, and various other protein fragment complementation
systems (e.g. DHR); and (v) a reporter whose expression
reflects a change 1n cellular state such as the activation or the
inhibition of a pathway(s). The genetic alterations can be
integrated into the yeast genome or propagated on autono-
mously replicating plasmids.

[0011] The aptamer can be either a peptide aptamer or a
nucleic acid aptamer. It can either inhibit or enhance expres-
s10n of genes, protein interactions, or the activity of a protein
or any other cellular component.

[0012] Theheterologous gene can be a human gene that can
be a single nucleotide polymorphism of another human gene.

[0013] In another embodiment of the mmvention, a high-
density output array of resulting multiple yeast strains, where
cach resulting yeast strain carries at least one resulting
genetic alteration, and the resulting genetic alterations are
different 1n each yeast strain, 1s constructed through the
method disclosed below. Multiple starting yeast strains are
generated, each strain carrying a starting genetic alterations.
Sets of two starting yeast strains, each of the two sets con-
taining a different starting genetic alteration; are then mated.
The mated strains are then made to undergo sporulation,
resulting 1n haploid spore progeny. A single mating type 1s
then germinated and the haploid spore progeny 1s cultured
using selective growth criteria. Multiple haploid yeast strains
which carry a resulting genetic alteration which 1s a combi-
nation of at least two starting genetic alterations are selected
tor through this process. The genetically altered yeast strains
are then arrayed 1n a high-density format on an output array.

[0014] The strains, plates, and genetic alterations used 1n
this embodiment are similar to the previous embodiment. The
output array described 1n this embodiment could also be used
to perform synthetic lethal analysis as described 1n the previ-
ous embodiment.

[0015] Yet another embodiment of the invention 1s a
method for conducting small molecule screening of yeast
colomies using a high-density input array of multiple starting
yeast strains. The method 1s carried out by generating an input
array containing multiple starting yeast strains as described
above. Then exposing this array to at least one biological
cifector, and detecting change 1n phenotype 1n the starting
strains 1n response to the etfector. The effector can be a small
molecule or any other biological effector. The input array and
genetic alterations can be the same array described in previ-
ous embodiments.

[0016] Yet another embodiment of the invention 1s a
method for conducting synthetic lethal analysis of yeast colo-
nies by producing an input array of starting strains, and cross-
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ing the starting strains 1n that array with other starting strains
or another 1mput array. Then the diploid resultant strains are
studied for changes 1n phenotype due to the combination of
different genetic or chemical alterations.

[0017] The input arrays are constructed as detailed in the
embodiment above. The genetic alterations can be the same as
the ones 1n the embodiments above. Chemical alterations can
include biological effectors such as the ones described 1n the
previous embodiment.

[0018] Yet another embodiment of the invention i1s a
method to perform synthetic lethal analysis of yeast colonies
of multiple yeast strains using DNA bar coding. In this
method, starting strains are constructed as described above,
but not placed mto arrays. Each of the genetic alterations has
a distinct DNA tag associated with 1t. This tag can be a 20
nucleotide long DNA sequence associated with a certain
genetic alteration. These starting strains are mated with other
starting strains of a different mating type, which generates the
first output strain set, and then stimulated to undergo sporu-
lation, which allows for selected growth of haploid spore
progeny that possess ol both genetic alterations and generates
the second output strain set. The resulting output strains are
then studied and 1solated through their genetic tags, dispens-
ing with the need to array each strain. The genetic alterations
used 1n this embodiment can be the same alterations used in
the previous embodiments.

[0019] A still further embodiment of the invention 1s a
method for high resolution mapping of a gene or a plurality of
genes 1n an organism such as yeast, which includes crossing
a query yeast strain carrying at least two genetic alterations
systematically with a plurality of resulting multiple yeast
strains, where each resulting yeast strain carries at least two
resulting genetic alterations, and where the resulting genetic
alterations are different 1n each yeast strain; observing an
epistatic phenotype in one or more of the systematic cross-
ings; and determining the position of the at least two genetic
alterations in the query strain relative to the position of the at
least two resulting genetic alterations 1n each of the plurality
of multiple yeast strains based on the observation, thus map-
ping one or more genes. The plurality of multiple yeast strains
may be 1n an array.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 illustrates the series of replica pinning pro-
cedures 1n which mating and meiotic recombination are used
to generate haploid double mutants.

[0021] FIG. 2A illustrates the array of bnilA double

mutants resulting from the final pinning and the correspond-
ing wild-type control.

[0022] FIG. 2B 1illustrates that both the bnilA bnrlA and
bnilA cla4A double-mutants were inviable and that the bnilA
bud6A double-mutant was associated with a slower growth
rate or “synthetic sick” phenotype, retlecting reduced fitness
of the double-mutant relative to the respective single mutants.

[0023] FIG. 3 illustrates a genetic network constructed
from the interactions listed 1n Table 1. A genetic interaction
network representing the synthetic lethal/sick interactions 1s
determined by the synthetic genetic analysis of the present
invention. Genes are represented as nodes and interactions are
represented as edges that connect the nodes, 292 interactions
and 205 genes are shown. The genes are colored according to
their YPD cellular roles, with the most abundant cellular roles
shown.
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[0024] FIG. 4 1llustrates two dimensional clustering analy-
s1s of synthetic lethal interactions. The set of synthetic lethal
interactions associated with mutations 1 8 query genes,
BIM1, BNI1, ARC40, ARP2, NBP2, BBC1, RAD27 and
SGS1, were plotted on the horizontal axis, with the query
gene cluster tree above. The 201 genes that showed synthetic
lethal interactions with the query genes were plotted on the
vertical axis with the cluster tree on the leftmost side of the
plot. Synthetic lethal and synthetic sick (slow growth) inter-
actions are represented as shades. An expansion of the plot 1s
shown to allow visualization of specific genes.

[0025] FIG. 5 1s a schematic representation of behind SGA
mapping (SGAM). As shown, SGA analysis 1s used to map
the location of a mutant suppressor allele (s, open n box),
which suppresses the lethality of a natR-marked gene dele-
tion mutation (queryA::natR, k box). SGA analysis combines
the natR-marked deletion mutation with ~5000 viable kanR -
marked deletion mutations (xxxA::kanR, boxes, three right
yeast) through mating, meiotic recombination, and germina-
tion of haploid MATa queryA::natR xxxA::kanR spore prog-
eny. In deletion strains where the wild type allele (S, filled
box) 1s tightly linked to the kanR-marked deletion (far right
yeast), the low frequency of recombination between the sup-
pressor allele (s) and the kanR -marked deletion will limat the
recovery of viable Nat™ Kan® double deletion progeny.

[0026] FIG. 6A shows SGA analysis with gene deletions of
Cbk1 pathway components and revealed dispersed synthetic
interactions as well as an apparent set of colinear synthetic
interactions on chromosome IV. Starting strains deleted for
CBK1, MOB2, HYMI1, KIC1, and TAO3 were subjected to
SGA analysis versus a near complete set of ~4700 kanR-
marked, viable haploid deletion strains. Gene deletions
included in this set are represented as gray lines and cover
nearly the whole genome from chromosome I to XVI. Gene
deletions consistently exhibiting synthetic interactions with
Cbkl pathway deletions, found 1n at least 4 out of 5 of the
screens, are represented as black lines and were found scat-
tered throughout the genome. Centromeres are represented as
a filled black circle. A set of genetic interactions 1 a ~90 kb
region ol chromosome IV (boxed) was 1dentified as statisti-
cally significant by an algorithm that measures the density of
synthetic interactions over a sliding window o1 11 genes. The
boxed region localizes the W303-specific suppressor of Cbk1
pathway deletions.

[0027] FIG. 6B shows a magnification of the boxed ~90 kb
region of chromosome IV. Genes are represented as 1 (6A).
Essential genes are marked with * and are not represented by
haploid deletion mutants. Deletion strains that are consis-
tently slow growing i SGA analysis and beyond the sensi-
tivity of the assay, are marked with # next to the correspond-
Ing gene.

[0028] FIG. 7 demonstrates that a linked region of inviable
or slow growing double mutants surrounds the SSD1 locus
when SGA analysis 1s carried out with deletions of Cbkl
signaling pathway components. In the final step of SGA
analysis, double mutant progeny are selected by growth on
SD his- arg- ura-plates supplemented with L-canavanine and
G418 (see below). One of the 16 plates of arrayed double
mutant progeny contained the ssd1A::kanR strain and most of
the deletions surrounding the SSD1 locus 1n the top half of the
plate (dotted lines); this plate and region are shown for a wild
type control screen (Y2806) and a tao3A::URA3 (Y3714)
screen. Each deletion strain 1s represented twice on the plate,
located immediately diagonal to one another. In almost all
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cases, the size of the two colonies 1s 1dentical, although there
are exceptions (e.g. only one of the ssdlA::kanR colonies
grew up 1n the tao3A::natR screen). The ssd1A::kanR strain
and deletions linked to the SSD1 locus are outlined; circles
with no arrows indicates tao3A::URA3 xxxA::kanR double
deletions (top panel) that showed reduced colony size relative
to the xxxA::kanR deletion alone (wild type control screen,
middle panel) while circles with arrows indicates roughly
equal colony size 1n the two screens. The presence of circles
with arrows, indicating equal growth in the presence and
absence of TAO3, 1n the middle of the linked group of syn-
thetic genetic interactions (circles with no arrows), can be
explained by: 1) growth defects, even 1n the presence of TAO3
(e.g. gcn2A, atpSA), which prevent the synthetic genetic inter-
action from being observable (see FIG. 6 legend), and 1)
weak or uncertain mteractions (e.g. hnt2A). The identities of
cach of the xxxA::kanR deletions 1s shown in the bottom
panel. The deletion strains are arrayed on the plates 1n the
same order as the corresponding genes on Chromosome 1V,
arrows 1ndicate the topology of the genes with respect to the
SSD1 locus, with the arrowhead pointing away from the
SSD1 locus. Because FIG. 6 presents the cumulative data
from SGA analysis carried out against deletions 1n all five
components of the Cbkl signaling pathway, the synthetic
interactions listed i FIG. 6 differ somewhat from those
observed 1n this single screen versus tao3A::URA3.

[0029] FIG. 8A shows that mutations 1n SSD1 suppress the
lethality associated with deletion of genes coding for Cbkl
pathway components. (A) Random spore analysis was carried
out as described below to determine the percent recombina-
tion between the W303-specific suppressor of mob2A::natR
and kanR-marked deletions on a section of chromosome IV 1n
the vicimty of the SSDI1/YDR293C locus. The percent

recombination was plotted vs. position on chromosome 1V,
with the end of the ORF closest to the central SSD1 locus
determining the plotted base pair. As kanR-marked deletions
approached SSD1, the percentage of recombinant progeny
approached zero. At loci far removed from SSD1, the percent
recombination returned to ~50%. The ~50% recombination
seen for ssdl1A::kanR 1s actually due to suppression of the
lethality associated with mob2A::natR by ssd1A::kanR.

[0030] FIG. 8B indicates how tetrad analysis confirmed
that ssdlA::kanR suppresses the lethality associated with
deletion of HYMI1. When a viable W303-derived hymmaA::
URA3 1s crossed to a wild type S288c strain, a single sup-
pressor segregates with viability of the hym1A::URA3, 1.e.
50% of the hym1A::URA3 spores (25% of all spores) germi-
nate to form a colony (top panel). When the W303-derived
hymlA::URA3 was crossed to an S288c-dertved ssdlA::
kanR strain, all hym1A::URA3 spores were viable (bottom
panel), indicating that the W303-dertved suppressor of the
lethality associated with hym1A::URA3 1s tightly linked to
ssd1A::kanR, which also suppresses the hym1A-associated

lethality. Identical results were obtained for cbklA, mob2A,
tao3A and kiclA.

[0031] FIG. 8C demonstrates that when expressed in the
W303 background, SSD1-v rescued the inviability normally
associated with CBK1 deletion. Congenic wild-type and

cbk1A strains were sequentially transformed with a URA3-
marked YEp24 plasmid containing the CBK1 gene (P3765)

and either a LEU2-marked YEpl3 plasmid carrying SSD1-v
(MTP231) or the YEpl3 empty vector. These strains were
grown to saturation in SD leu- ura-, senally diluted (four
10-fold dilutions), and then culture and each dilution were
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spotted on SD leu- and SD leu-containing 5-FOA, a drug
which 1s toxic to yeast expressing the URA3 gene. In the
presence of SSD1-v, the cbk1A strain could not form colonies
on SD leu-containing 5-FOA and, therefore, could not lose

the URA3-marked plasmid containing the CBK1 gene.

DETAILED DESCRIPTION

[0032] The present mvention 1s directed to high-density
output arrays of multiple yeast strains, methods for construct-
ing such arrays, and methods of using such arrays to conduct
large-scale high throughput analysis of genetic and protein-
protein interactions. The present invention provides a system-
atic and elfficient method for constructing arrays of yeast
strains carrying multiple genetic alterations. This invention
enables a large-scale analysis of genetic and protein-protein
interactions, provides a method for validating potential drug
targets and for generating whole cell screens for compounds
that perturb the function of these targets.

[0033] More specifically, the present invention provides
compositions and methods that will enable the systematic and
automated construction of arrays of yeast strains containing
multiple mutations 1 a high-throughput manner. For
example, the present mvention could be used to generate a
high density output array of approximately 25 million double
mutant yeast strains, through crosses of input arrays involving,
approximately 5,000 viable haploid deletion mutants. The
resulting output arrays can be used for large-scale analysis of
genetic and protein interaction networks by identifying the
complete set of synthetic lethal double mutant combinations
for a model eukaryotic cell.

[0034] Thenvention is directed to a variety of high-density
yeast arrays, methods of making such arrays, and methods of
using such arrays. The arrays include both input and output
arrays. Input arrays are those arrays used to generate output
arrays. Input arrays are arrays of multiple yeast strains, with
cach yeast strain containing at least one genetic alteration.
These mput arrays are crossed with either other starting yeast
strains that contain at least one genetic alteration, or other
input arrays to produce output arrays. Output arrays are there-
fore generated by crossing starting yeast strains from 1nput
arrays. The starting yeast strains each have at least one genetic
alteration. Crossing of the starting yeast strains containing at
least one genetic alteration results 1n strains of the output
arrays containing at least two genetic alterations. These
genetic alterations present in both the input and output arrays
can include, but are not limited to, members of the group
consisting of an aptamer, a system for detecting protein-
protein interactions, including a yeast two-hybrid system,
expression of a heterologous gene from a viral, prokaryotic,
or eukaryotic genome with the heterologous gene either hav-
ing or not having a yeast homolog, transformation with a
promoter operably linked to a reference gene, wherein the
reference gene can be a reporter gene, mutation or deletion of
an endogenous essential or non-essential yeast gene, or the
addition of other dominant agents which can perturb any
cellular function, including genes coding for dominant nega-
tive proteins, antibodies, small molecules, natural products,
ribozymes, RNA1, and antisense RNA or DNA.

[0035] As used herein, an input array 1s a grouping of a
multitude of starting yeast strains located together on a solid
support. In one embodiment, the solid support 1s a plate. In a
preferred embodiment, there are between about 96 and 6144
colomies on one plate, preferably the array would be con-
structed at the highest density physically possible, which 1s
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limited by cell size and the number of genetically different
strains that can be pooled and manipulated as one element of
the array. The starting strains in the input array are selected
from any yeast species that has two mating types and 1is
capable of meiotic and mitotic reproduction. In preferred
embodiments, the starting yveast strains can be from either the
Saccharomyces cerevesiae species or the Schizosaccharomy-
ces pombe species.

[0036] As discussed above, the genome of S. cerevisiae has
been completely sequenced, and approximately 6,200 genes
have been located. The international S. cerevisiae deletion
consortium has constructed mutants corresponding to all of
the approximately 6,200 suspected genes within the S. cer-
evisiae genome, with each mutant being a strain of yeast
containing a deletion of a different endogenous yeast gene.
Tetrad analysis has revealed that approximately 15% of these
deletion mutations define genes essential for the viability of
haploid cells, also referred to as “essential genes”. Thus, the
deletion consortium 1dentified approximately 1,200 essential
genes and approximately 5,000 nonessential genes.

[0037] The setofapproximately 1,200 essential genes does
not define the minimal set of genes required for life because
many genes that are individually dispensable are not simul-
taneously dispensable. Synthetic genetic interactions are usu-
ally identified when a specific mutant 1s screened for second-
site mutations that either suppress or enhance the original
phenotype. In particular, two genes show a “synthetically
lethal” interaction 1f they are associated with viability as
single mutations but combine to cause a lethal double-mutant
phenotype. This phenotype in which a particular gene 1s only
required for cell viability when another gene 1s also deleted 1s
called a “synthetic lethality defect”. Similarly, the deletion of
some genes results 1n a more severe growth defect only when
combined with the deletion of another gene, a phenotype
referred to herein as a “synthetic fitness defect”. Because both
synthetic lethal defects and synthetic fitness defects represent
genetic iteractions, the reference herein to synthetic lethal
interactions or relationships also applies to synthetic fitness
interactions.

[0038] Many synthetic lethal relationships appear to be
specific, occurring for genes acting on a single biochemical
pathway. They also occur, however, for genes within two
distinct pathways 1f one process fTunctionally compensates for
defects 1n the other or 11 the two processes are functionally
related. Genetic screens for synthetic lethal interactions tra-
ditionally involve three labor-intensive steps: (1) mutagenesis
ol a strain that carries a mutation in a “query’” gene of interest;
(2) 1solation of mutants whose growth 1s dependent upon
expression of the query gene; and (3) cloning of the syntheti-
cally lethal gene by complementation with a plasmid-bom
genomic library. Synthetic lethal screens have been applied
successiully to identify genes involved 1n cell polarity, secre-
tion, DNA repair, and numerous other processes. On average,
three to four different interactions were 1dentified per screen,
but very few of the published screens approach saturation.

[0039] With a collection of defined mutations, synthetic
lethal interactions can also be i1dentified through systematic
construction and analysis of double-mutants. The 1dentifica-
tion of synthetic lethal/fitness double-mutant combinations
often indicates significant 1 vivo interactions between gene
products and serves as a key starting point for targeted bio-
chemical or cell biological experiments. Indeed, a synthetic
lethal/fitness mutant combination 1s oiten observed for genes
that 1impinge on the same essential cellular function. As
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described above, because the genome of S. cerevesiae 1s
sequenced and most of the essential and non-essential genes
are determined, yeast arrays crossing strains with deletions or
mutations of non-essential genes can be generated in order to
study the effects of double mutations. Accordingly, S. cereve-
siae 1s an organism which works well in the high-density
output yeast arrays of the present invention.

[0040] Additionally, the same methods described herein for
the S. cerevisiae genome wide deletion set can be applied to
other yeasts once analogous deletion sets are constructed. In
particular, the fission yeast Schizosaccharomyces pombe has
proven an invaluable complementary organism to budding
yeast for cell and molecular genetic analysis. The completion
of the fission yeast genome presents an enormous opportunity
for comparative biology between the two distantly related
yeasts. Within the next several years, a complete gene dele-
tion set will certainly be constructed by the S. pombe com-
munity, and would be easily amenable to the systematic syn-
thetic lethal analysis using the large-scale genetic and protein
interaction analysis methods of the present invention. Any
other fungal species that has two mating types can also be
used with the present invention.

[0041] As stated above, the input array of the present inven-
tion contains a multitude of starting yeast strains. The array
could contain, for example, about 5000 different yeast strains,
cach of which contains a different gene deletion. Such an
input array could be crossed with a second 1nput array, which
also contains about 5000 different yeast strains, each of which
also contains a gene deletion. This type of output array con-
taining approximately 25 million (5,000x5,000) different
yeast strains 1s described in detail in Example 3. Or, 1n another
embodiment, an input array ol about 5000 different yeast
strains could be crossed with only one starting strain.
Examples of these types of crosses are described in detail 1n
Example 6. In yet another embodiment, more specific input
arrays can be crossed with specific deletion mutants, as 1llus-
trated 1n Examples 7-10. The possibilities of different crosses
between a first input array and a second input array or
between a first input array and a starting strain are quite
numerous, and will be discussed 1n more detail below.

[0042] In one embodiment of the mvention, a first mput
array contains yeast strains, which are modified so that they
contain at least one non-lethal genetic alteration. The {first
input array 1s then crossed with either another yeast starting
strain or another input array, which also contains at least one
genetic alteration, to form an output array containing double
mutants. Double mutants as used herein means yeast strains
which contain two genetic alterations, derived from single
mutants each of which contains at least one genetic alteration.

[0043] An output array 1s the product of a cross between
either two input arrays or an mput array and a starting strain.
The mput arrays and/or starting strain to be crossed are of
different mating type, to allow for selection of the genetic
alterations formed after the cross. For high-throughput syn-
thetic lethal analysis with the set of viable yeast gene deletion
mutants, the present mvention provides a series of replica
pinning procedures 1n which mating and meiotic recombina-
tion are used to generate two output arrays, one composed of
diploid cells carrying genetic alterations derived from the
input arrays and another output array containing haploid mei-
otic progeny carrying genetic alterations derived from the
input arrays (FI1G. 1). In this scheme, a query mutation 1s first
introduced into a haploid starting strain, of one mating type,
and then crossed to the array of gene deletion mutants of the
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opposite mating type. A set ol diploids that are heterozygous
for both mutations represents the first output array that can be
analyzed for a phenotype. Sporulation of the diploid cells
leads to the formation of double-mutant meiotic progeny and
the second output array. The starting strain carries a reporter
that allows for selected germination of spores, which ensures
that conjugation of meiotic progeny does not complicate the
final analysis. Both the query mutation and the gene deletion
mutations can be linked to dominant selectable markers,
which enables selected growth of double-mutants specifi-
cally. The final pinning results in an ordered array of double-
mutant strains, whose growth rate 1s monitored by visual
inspection or image analysis of colony size.

[0044] The output arrays are generated by performing the
following steps. The first step 1s to generate multiple starting
yeasts strains, with each of these starting yeast strains carry-
ing a genetic alteration. These starting yeast strains are then
grouped 1nto either two input arrays, or one input array and a
particular starting strain. The mnput arrays are then crossed
(mated), and diploid strains result, forming the first output
array. The mated diploid strains then undergo sporulation,
resulting in haploid strains. A single mating type 1s germi-
nated. The haploid spore progeny that result from this sporu-
lation are then grown using selective growth criteria. Multiple
haploid yeast strains, which grow on the selective media, can
then be selected for the presence of genetic alterations that
were 1 the starting strains. These recovered haploid yeast
strains can then be arrayed 1n a high-density format forming
the second output array.

[0045] output array can contain hundreds, thousands, or
millions of resulting yeast strains with genetic alterations. In
one embodiment, the output array contains between about
1,000 and 25 million resulting yeast strains, and more pret-
erably between about one and about 25 million resulting yeast
strains. Because the output array can be produced 1n such a
high-density format, containing millions of yeast strains, the
output array can be used to assign gene function to multiple
genes simultaneously. The high-density output array also
allows for large-scale analysis of genetic and protein interac-
tions, by analyzing the phenotypes of the resulting strains
within the output array.

[0046] One type of analysis that can be performed on the
high-density output arrays 1s a synthetic lethal/synthetic fit-
ness analysis. Such an analysis 1s used to determine the pres-
ence or absence of synthetic lethality defects or synthetic
fitness defects. Synthetic lethality defect and synthetic fitness
defect are phenotypes wherein either cell death or retarded
cell growth occurs only when two different genes are deleted
at the same time. When a specific gene 1s required for cell
viability under conditions when a different gene 1s deleted or
mutated, this resulting phenotype 1s termed a “synthetic
lethality defect™. This phenotype 1s so named because the two
genes deleted together synthetically lead to cell death. Simi-
larly, the deletion of some genes results 1n a more severe
growth defect only when combined with the deletion of
another gene, a phenotype referred to as a “synthetic fitness
defect”. Experience suggests that a fraction of the genes of
unknown function i S. cerevisiae will not exhibit synthetic
lethal interactions with other single deletions. However, this
defined subset represents the next logical target for a subse-
quent round of synthetic lethal screens that would yield genes
that are essential only when two other genes are deleted. A
slight modification of the selection scheme will allow the
synthetic lethal screens to be reiterated. By definition, when
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taken to the limait, this approach will identily the function of
all genes encoded by the yeast genome.

[0047] The identification of synthetic lethal/fitness double-
mutant combinations often indicates significant functional
interactions between gene products or the pathways contain-
ing the gene products and serves as a key starting point for
targeted biochemical or cell biological experiments. Accord-
ingly, when a first input array 1s crossed with either a second
input array or a starting yeast strain, the phenotypes of the
crosses are studied to see 1 the resulting strain develops a
synthetic fitness, or synthetic lethal phenotype, or any other
discernible phenotype. In particular, the methods used 1n this
invention include the use of groups of fungal strains that
contain genetic alterations. These strains can be crossed 1n
order to study the phenotype of a strain with at least two
genetic alterations.

[0048] The genetic alterations can be of any of the follow-
ing types: (1) an alteration 1n the DNA encoding the gene such
as a deletion or mutation of an endogenous essential or non-
essential yeast gene; (1) mntroduction of trans-dominant
genetic agents such as genes coding for peptide or nucleic
acid aptamers, dominant-negative proteins, antibodies, small
molecules, natural products, nucleic acid aptamers,
ribozymes, enzymes, RNA1, and antisense RNA or DNA; (1)
protein and RNA expression vectors of a heterologous gene
from a viral, prokaryotic, or eukaryotic genome, wherein the
genes can be either wild type, mutated, or fragmented (e.g.
coding for a protein domain); (1v) a protein-protein interac-
tion detection system, including expression plasmids coding
for a two-hybrid interaction and reporter that registers the
interaction, the Ras recruitment system, the split-ubiquitin
system, and various other protein fragment complementation

systems (e.g. DHR); and (v) a reporter whose expression
reflects a change 1n cellular state such as the activation or the

inhibition of a pathway(s). The genetic alterations can be

integrated into the yeast genome or propagated on autono-
mously replicating plasmids.

[0049] The input arrays and starting yeast strains which are
crossed to produce an output array can contain within them a
variety of genetic alterations, which allow for analysis of a
variety of diflerent modifications. In one embodiment of the
invention, the yeast starting strains in the iput arrays have a
gene deletion introduced into them as their genetic alteration.
This gene deletion could be of an essential, or non-essential
gene. Non-essential gene deletions are deletions or mutations
of genes that do not produce a lethal phenotype. In Saccha-
romyces cerevesiae, there are approximately 5,000 non-es-
sential genes which, when either deleted or mutated, do not
produce a lethal phenotype. Combinations of non-essential
genes deletions can produce synthetic lethal or synthetic {it-
ness phenotypes that will reveal how these genes interact,
what their function 1s 1n yeast 1, and what the function of their
homologs are 1n humans or other organisms. Combinations of
these genes could also lead to other discermible phenotypes,
which could suggest the Tunction of the deleted genes.

[0050] FEssential genes are genes that when deleted or
mutated cause a lethal phenotype. The function of essential
genes can be studied by modulating their expression using
inducible promoters. Similarly, conditional mutations can be
introduced 1nto essential genes allowing the mutant pheno-
type to be analyzed under defined conditions. For example,
temperature sensitive mutations are viable at a permissive
temperature and mviable at a restrictive temperature.
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[0051] In one embodiment of the invention, an input array
with a non-essential or essential gene deletion can then be
crossed with other starting strains that contain other gene
deletions, or any other genetic alteration. Genetic alterations
mentioned 1 regards to this invention may include: non-
essential gene deletions; essential gene deletions; aptamers;
exogenous genes, either wild type, mutated, or fragmented
(e.g. coding for a protein domain); genes coding for
ribozymes; enzymes; RNA1, and antisense RNA or DNA;
systems for detecting protein-protein interactions such as the
yeast two-hybrid system; and reporters whose expression
reflects changes 1n cellular state.

[0052] Inanotherembodiment of the invention, yeast-start-
ing strains 1n the mput arrays have aptamers either integrated
into their genome or introduced as expression plasmids as
their genetic alteration. Aptamers are peptide or nucleic acids
that are produced through at least partially randomized pools
of nucleic acid or amino acid sequences, that are selected for
their ability to bind certain epitopes. Peptide aptamers are
defined as affinity agents that consist of constrained combi-
natorial peptide libraries displayed on the surface of scatfold
proteins. Peptide aptamers are trans-dominant agents that
interact with gene products.

[0053] Ordered arrays of yeast strains expressing peptide or
nucleic acid aptamers can substitute for arrays of yeast dele-
tion strains. In this embodiment, starting strains containming
gene deletions are crossed to an array of strains expressing
peptide or nucleic acid aptamers and haploid meiotic progeny
expressing the peptide aptamer and carrying the gene deletion
can be selected. The resulting strains that show aptamer-
dependent synthetic lethality 1identily aptamers that inhibit a
gene product whose activity 1s required for viability of the
starting gene deletion strain. The array of strains expressing,
peptide aptamers could also be used to identily dominant
inhibitors. In this case, a strain carrying a query mutation
would be crossed to an array of strains expressing peptide
aptamers and the resultant diploid cells examined directly for
a phenotype. Those that show aptamer-dependent synthetic
lethality as diploids would 1dentify an aptamer that inhibits a
gene which shows a genetic interaction with the heterozygous
query mutation.

[0054] Aptamers can inhibit the function of gene products
by any one of, but not limited to only, the following mecha-
nisms: (1) modulating the aflinity of a protein-protein inter-
action; (11) modulating the expression of a protein on a tran-
scriptional level; (111) modulating the expression of a protein
on a post-transcriptional level; (1v) modulating the activity of
a protein; and (v) modulating the location of a protein. The
precise mechanism of action of peptide aptamers can be
determined by biochemical and genetic means to ascertain
their specific function 1n the context of their interaction with
other genes, and gene products. Strains carrying character-
1zed aptamers can then be crossed with other starting strains
that contain peptide aptamers or any other genetic alteration
as described above. The phenotypes of these crosses can then
be studied to determine if the resulting strains 1n the output
array develop a synthetic fitness, or synthetic lethal pheno-
type, or any other discernible phenotype.

[0055] Inanother embodiment of the invention, the starting
strains would carry a heterologous gene or gene combination
with a readout of gene product activity. For example, the
starting strain may contain a heterologous gene encoding an
enzyme for which there 1s a biochemical assay for its activity.
In another example, the starting strain may carry a yeast
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two-hybrid protein-protein interaction system or some other
protein-protein mnteraction detection system such as the Ras
recruitment system, the split-ubiquitin system and various
other protein fragment complementation systems (e.g. DHR),
which can be crossed to yeast within the mput array that
contain other yeast two-hybrid interaction systems, or any
other genetic alteration. The genetic alterations 1n the other
starting strain could be any of the ones defined above or any
other genetic alterations. The phenotypes of these crosses can
be studied to determine 1f any of the resulting strains within
the output array perturb the two-hybrid interaction. For
example, 11 an 1nput starting strain carries a set of genes that
allow for the formation and detection of a two-hybrid inter-
action and the strains within the input array carry yeast gene
deletions, then the output array would allow for the 1identifi-
cation of deletions that perturb the two-hybrid interaction; or
if the strains within the input array carry peptides aptamers,
then this system can be used to identily dominant inhibitory
peptide aptamers that perturb the two-hybrid interaction.

[0056] In yet another embodiment of the mvention, the
starting strains in the mput arrays can express a heterologous
gene(s) from erther a prokaryotic, viral, or eukaryotic
genome. In a preferred embodiment, heterologous genes are
from the human genome. Different alleles of these genes can
be tested 1n yeast to see how they iteract with mutated yeast
genes that are homologous to human genes. This method can
be used to assign function to different exogenous genes.
Single nucleotide polymorphisms (SNPs) of human genes
could also be characterized to identify SNP-dependent inter-
actions. The genes of any organism could be similarly
manipulated with this system. These heterologous genes can
replace their deleted yeast homolog, or they can be genes that
are not homologous to any yeast gene. These exogenous
genes could be crossed with strains that contain either any of
the genetic alterations described above, or any other genetic
alteration.

[0057] Many yeast genes are conserved from yeast to
humans and thus 1t 1s possible to Tunctionally replace a yeast
gene with 1ts human homolog. There are many different alle-
les of a given human gene and some of these may be associ-
ated with a diseased state. The replacement of a yeast gene by
set of alleles of 1ts human homologue, each differing by one or
more SNP (single nucleotide polymorphism), in the context
of the described genetic arrays ofiers a means to assess the
functional interactions of a given allele within a model
cukaryotic cell. For example, the analysis of different alleles
of a human gene may reveal that one allele 1n particular 1s
associated with a greater number of synthetic lethal interac-
tions, which suggests 1t 1s compromised for function relative
to other alleles and, therefore, may be associated with a dis-
cased state. If more than one conserved human gene 1s impli-
cated 1n a diseased state, then in theory all combinations of
different alleles can be tested for function within the context
ol a genetic array.

[0058] Yeast genetic arrays also permit the functional
analysis of heterologous genes that do not have yeast coun-
terparts. For example, consider a human gene, designated
hXXX, whose product 1s involved 1n reorganization of the
actin cytoskeleton and for which there 1s no yeast counterpart.
Even though yeast cells do not contain a homolog hXXX,
yeast cells have a highly conserved actin cytoskeleton and
therefore will likely contain gene products, such as actin, that
the hXXX gene product may interact with. Thus, expression
of the human gene within the context of a yeast genetic array
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will likely result 1n synthetic lethal/fitness detfects that link the
function of hXXX to actin reorganization. The heterologous
gene could be taken from any viral, prokaryotic, or other
cukaryotic genome.

[0059] Starting strains carrying heterologous genes can be
crossed with starting strains containing another exogenous
gene, or any other genetic alteration. The genetic alterations
in the other starting strain could be any of the ones defined
above or any other genetic alterations. The phenotypes of
these crosses can then be studied to determine 11 the resulting
strains 1n the output array develop a synthetic fitness, or
synthetic lethal phenotype, or any other discernible pheno-

type.
[0060] Inanother embodiment of the invention, the starting

strains 1n the input array contain a promoter from either a
prokaryotic, viral, or eukaryotic genome operably linked to a
reference gene. Starting strains that carry a promoter operably
linked to a reporter gene can be crossed with starting strains
containing another promoter and reporter gene, or any other
genetic alteration. The genetic alterations 1n the other starting
strain can be any of the ones defined above or any other
genetic alterations. The phenotypes of these crosses can then
be studied to determine i1f the resulting strains 1n the output
array develop a synthetic fitness, or synthetic lethal pheno-
type, synthetic dosage lethality, expression of the reporter
gene, or lack thereot, or any other discernible phenotype.

[0061] The ability to control the expression levels of genes
with regulated promoters 1s especially usetul for synthetic
dosage lethality screens. Synthetic dosage lethality 1s a spe-
cialized version of a classical synthetic lethality screen. In
synthetic dosage lethality, a reference gene 1s overexpressed
in set of mutant strains carrying potential target mutations.
This reference gene can be an exogenous gene from a viral,
prokaryotic, or eukaryotic genome. More specifically, the
gene could be a human gene. Increasing the amount of the
reference gene product may not produce a phenotype 1 a
wild-type strain. However, a lethal phenotype may result
when overexpression of a gene product 1s combined with
decreased activity of another gene product that impinges on
the same essential function. For example, synthetic dosage
lethality has been used to identily genetic interactions
between CTF3, which encodes a centromere binding protein,
and a set of conditional kinetichore mutants. The synthetic
dosage lethality gene could also contain single nucleotide
polymorphisms.

[0062] Genes can be overexpressed by cloning the open
reading frame (ORF) behind a strong promoter, such as the
galactose-induced GAL]1 promoter. Input arrays containing
starting strains with the approximately 5,000 different yeast
deletions can be crossed to a starting strain carrying a plasmid
that contains a GAL 1-regulated reference gene. Haploid mei-
otic progeny carrving GAL]l-regulated reference gene and
carrying the gene deletion can be selected. The output array
containing yeast deletions combined with the GAL]1-regu-
lated reference gene can be pinned from glucose medium,
where the reference gene 1s not expressed, to galactose
medium, where it 1s overexpressed, to score for synthetic
dosage lethality.

[0063] In another embodiment of the invention, the gene-
encoding reporter, such as green fluorescence protein (GEFP),
may be placed on a plasmid under the control of a regulated
promoter. One useful promoter 1s the pheromone-induced
FUS1 promoter, FUS1pr, which 1s massively induced by
stimulation of the MAP-kinase pathway that mediates the
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pheromone response 1n yeast. A FUS1pr-GFP gene could be
constructed and introduced into the set of yeast deletion
mutants for expression analysis. Mutations that lead to
increased basal levels of FUS1pr-GFP expression, 1.e. levels
above that displayed by wild-type cells, would identify genes
that encode potential negative regulators of the pheromone
response signal transduction pathway. By contrast, mutations
that lead to decreased basal levels of FUS1pr-GFP expression
would 1dentify genes that positively activate the activity of
pheromone response pathway signaling molecules. Quanti-
tative analysis of GFP expression can be achieved from agar-
arrayed yeast colonies using a fluorimager as demonstrated
by studies using the genome reporter matrix (GRM) con-
structed by Acacia Biosciences. In the GRM, plasmid-borne
GFP was placed under the control of approximately 6,000
different yeast promoters and a high-density array of yeast
colomes (wild-type cells) carrying the reporter constructs
was monitored for genome-wide changes 1n gene expression
in response to drug treatments.

[0064] Invyet another embodiment of the invention, each of
the yeast deletion mutants 1s constructed such that 1t 1s tagged
with two unique 20mer oligonucleotide sequences. These
“bar codes™ allow for 1dentification and analysis of specific
deletion mutants within large populations. A microarray
printed with probes for the bar codes that correspond to the
approximately 5,000 viable deletion mutants can be used to
tollow synthetic lethality of particular strains following batch
mating and sporulation experiments. Microarray-based syn-
thetic lethal analysis with bar-coded mutants follows the
same series of steps outlined in the pinning procedure for
double-mutant construction. However, in this case, the yeast
mutants are manipulated as a pooled population of cells and
the growth of the cells 1s monitored as an array of bar codes.
Thus, 11 a bar code 1s 1ncluded 1nto the components of the
genetic array, manipulations of the cells can be carried out 1n
batch format for array analysis via the bar codes. Details of
the bar-code methodology are described 1n Example 12.

[0065] The major advantage of the microarray approach to
synthetic lethal analysis stems from its experimental simplic-
ity. In the microarray approach, the approximately 5,000
viable deletion mutants are manipulated as a single pooled
population, which eliminates the need for high-density arrays
of mutants and the volumes ol media associated with manipu-
lations of these arrays. Thus, with access to bar-coded
microarrays and the pooled mutants, individual labs should
be able to carry out synthetic lethal screens rapidly. Overall,
the parallel development of both the systematic and microar-
ray-based approaches to synthetic lethal screening will allow
for exploitation of the strengths of each strategy.

[0066] Described above are a variety of methods and com-
position for comprehensive double-mutant construction in
yeast that relies upon genetic manipulation to introduce a
marked mutation or plasmid into an ordered array of yeast
mutants. In another embodiment, mutations and plasmids can
be introduced 1nto an input array via standard transformation
procedures, e.g. lithium acetate or electroporation for the
transformation of yeast cells. In this case, the resultant trans-
formants would form the output array.

[0067] Defined genetic alterations can be combined using
genetic manipulations or strain transformation protocols. In
one embodiment of the invention, large-scale double-mutant
combinations are constructed using a specialized starting
strain and an automated pinning method for manipulation of
high density mput arrays of defined starting yeast mutants.

Nov. 20, 2008

The manipulations to be performed can be performed by a
robot. Such robotic manipulations are described 1n detail in
the examples, including Example 2. The development of
robotic methods for manipulation of the budding yeast
genome-wide deletion set will set the stage for exciting uses
of the present mnvention. The high-density output arrays of
multiple yeast strains of the present invention can be used in
a variety of ways to analyze genetic iteractions on a large-
scale, high throughput basis. A description of some of these
uses follows.

Synthetic Lethal Analysis of High Density Output Arrays
Assigning Gene Function

[0068] Mutations within many different yeast genes will
lead to multiple synthetic lethal/fitness defects, generating a
synthetic lethal profile for a given mutant. Cluster analysis of
a set of synthetic lethal profiles should identity mutant alleles

that result 1n similar compromised states and therefore per-
turb similar functions within the cell (FIG. 3 and FIG. 4).

Thus, large-scale synthetic lethal/fitness analysis with yeast
genetic arrays will provide a method of determining gene

function. Mutations 1n nonessential genes are most easily
analyzed; however, conditional alleles of essential genes, 1.¢.
those genes required for cell growth, e.g. temperature sensi-
tive alleles or those placed under the control of a regulated
promoter (e.g. the Tet-regulated promoter), can be analyzed
for synthetic effects following introduction into a genetic
array. In the case of temperature sensitive alleles, the essential
genes would be tested for synthetic lethal/fitness defects at a
temperature below the nonpermissive/lethal temperature. For
an essential gene under the control of a regulated promoter,
synthetic lethal/fitness defects would be tested at an interme-
diate gene expression level, 1.e. at a level that compromises
fitness but does not prevent cell growth.

Synthetic Lethal Analysis of High Density Output Arrays for
Drug Discovery And Potential Cancer Therapeutics

[0069] The Seattle Project at the Fred Hutchison Cancer
Research Center 1s founded on the concept that synthetic
lethal analysis 1n model organisms provides a means to 1den-
tily potential drug targets for cancer therapy. In this view, a
null mutation represents a model for an 1deal drug because 1n
many cases 1t should mimic the effect of a highly specific
inhibitor of the gene product. The identification of mutations
that lead to a phenotype resembling a desired therapeutic
outcome should thus also i1dentity promising drug targets.
Because the genes that control fundamental biological func-
tions are oiten conserved, yeast and other model eukaryotes
with sophisticated genetic methodology provide powertul
systems for the identification of drug targets.

[0070] The rational identification of drugs for the treatment
of particular forms of cancer or other diseases will likely stem
from a knowledge of the mutations harbored by particular
types ol abnormal cells. In the context of anticancer drug
therapeutics, the synthetic lethal analysis of a conserved yeast
gene whose human homolog 1s often 1nactivated in tumors
would 1dentity potential targets for drug-induced inhibition.
In this view, synthetic lethal analysis identifies genes whose
inactivation results 1n cell death only within the context of
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another specific mutation and thus provides a potential pro-
gram for killing cells within a diseased context.

Synthetic Lethal Analysis of High Density Output Arrays to
Generate Cocktail Therapies

[0071] If synthetic lethal/fitness analysis i1dentifies novel
gene deletion mutations that show a synthetic effect in com-
bination with a known drug or mutant allele of a known drug
target, then the 1dentified genes may represent a new target for
a drug that will enhance the effectiveness of the known drug.
For example, if we 1dentily gene deletion mutants that are
hypersensitive to the growth inhibitory effects associated
with Cisplatin, a cancer therapeutic agent, then inhibitors of
the 1dentified genes would represent potential targets for
drugs that would be used in combination with Cisplatin to kall
cancer cells. In another example, 1f we 1dentily gene deletion
mutants that were hypersensitive to an antifungal drug, then
the inhibitors of the 1dentified genes would represent poten-
tial targets for drugs that would used 1n combination with the
antifungal drug to kill a fungal pathogen. This procedure
could also be used with any genetic manipulation either
defined above or elsewhere.

Synthetic Lethal Analysis of High Density Input Arrays
Screened Against Small Molecules to Analyze Small Mol-
ecule-Target Interaction

[0072] Comprehensive synthetic lethal analysis should
provide us with a key for deciphering the interactions
between small molecules and biological targets 1n yeast. In
this scheme, the approximately 5,000 viable yeast disruption
mutants are screened against small molecules of interest for
synthetic drug sensitivity. If the sensitivity to a particular
molecule resulted from the mactivation of a specific target
then the synthetic drug sensitivity should mirror the synthetic
lethal profile of the target gene. Thus, a comprehensive syn-
thetic lethal profile provides a key for linking small molecules
to biological targets in a whole cell growth assay.

[0073] The results of the comprehensive synthetic lethal
analysis 1n yeast provide a whole cell screen for inhibitors of
specific target molecules. For example, to search for inhibi-
tors of a the PAK-like kinase Ste20p, we would simply screen
for small molecules that specifically kill the panel of yeast
mutants carrying deletion mutations that are synthetically
lethal when combined with a ste20A mutation. The specificity
of the screen will depend upon the specificity of the synthetic
lethal profile associated with the ste20A mutation. Given that
cach mutation will be tested for synthetic lethality 1n approxi-
mately 5,000 different contexts, 1t 1s anticipated that even

genes within the same pathway may show a distinct synthetic
lethal profile.

Suppressor Analysis of a Conditional Lethal Situation

[0074] Genetic arrays can be used to 1dentity mutations that
function as suppressors of lethality. For example, consider a
mutation 1 a gene whose product functions within a DNA
damage check point signal transduction pathway. The com-
bination of a DNA damage check point mutant and a DNA
damaging agent leads to lethality and we can use a genetic
array to screen for gene deletion mutations that suppress the
conditional lethal situation. As another example, consider a
gene that leads to lethality when overexpressed; in this case,
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we can use a genetic array to screen for mutations that are
either hypersensitive or resistant to overexpression ol the
detrimental gene.

Genetic Mapping and Backcrossing the Yeast Deletion Muta-
tions into Another Genetic Background

[0075] Use of the synthetic genetic arrays of the present
invention should also allow for backcrossing the entire set of
deletion mutations into another genetic background to ana-
lyze traits specific to that background. Examples of genetic
backgrounds which can be analyzed include the 21278 back-
ground that 1s competent for filamentous growth and the SK 1
background that 1s hyperactive for sporulation.

[0076] Because haploid yeast double-mutants within the
output array are formed by meiotic recombination, the analy-
s1s of strains within the output array can be used to map gain
of function phenotypes, even those that are multigenic traits.
In this case, the gene(s) associated with the gain of function
phenotype would fail to form double mutants efficiently with
genetically linked gene deletions, resulting 1n a series of
output strains that fail to inherit the gain of function pheno-

type.

High Density Peptide Aptamer Mammalian Cell Microarrays

[0077] The synthetic genetic array analysis of the present
invention can be extended from yeast cells to mammalian
cells by using an array of transfection constructs that lead to
the expression of peptide or nucleic acid aptamers or other
genetic alterations. In the case of peptide aptamer expression,
the peptide aptamer expression plasmids are first suspended
in gelatin solution and arrayed on glass slides using a robotic
microarrayer. Mammalian cells are then cultured on the glass
slides containing the peptide aptamer expression plasmids.
Cells growing in the vicinity of the gelatin spots uptake the
peptide aptamer expression plasmids creating spots of local-
1zed transiection within a lawn of nontranstected cells. Once
the peptide aptamer expression plasmids are incorporated
into cells they can function as dominant agents, dominant
agents being agents which perturb the function of the cell 1n
any way.

[0078] In one example, an mput starting mammalian cell
line might carry a set of genes that allow for the formation and
detection of a two-hybrid interaction and the mnput array
might carry a set of peptide aptamer expression plasmids. In
this case, the output array would consist of mammalian cells
transtected with the aptamers that may perturb the two-hybrid
interaction. The cell microarrays can be designed such that
the positions of individual aptamers in the yeast array are
cross-correlated to the positions of the same aptamers in the
cell microarray. This correlation will allow aptamers that
have observable phenotypes 1n the yeast array, much as the
disruption of a mammalian protein interaction, to be directly
assessed 1n the cell microarray.

[0079] As described above, there are numerous uses for the
high density output arrays of multiple yeast strains of the
present invention, mncluding but not limited to synthetic lethal
analysis ol high density output arrays to assign gene function,
synthetic lethal analysis of high density output arrays for drug
discovery and potential cancer therapeutics, synthetic lethal
analysis of high density output arrays to generate cocktail
therapies, synthetic lethal analysis of high density input
arrays screened against small molecules to analyze small
molecule-target interaction, and suppressed analysis of a con-
ditional lethal silation.
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[0080] Synthetic Genetic Array Mapping (SGAM)

[0081] The synthetic genetic array analysis of the present
invention can be used to map genes and mutations therein 1n
yeast and other organisms. For example, any allele leading to
an observable phenotype, such as an epistatic phenotype, e.g.,
one 1dentifiable within a mixed population of cells resulting
from the germination of both mutant and wild type spores,
can be mapped using the SGA methodology. Such epistatic
phenotypes include, but are not limited to: colony growth in
an otherwise inviable genetic and/or environmental context,
expression of chromophores, and morphogenetic phenotypes
such as filamentous growth.

[0082] For example, FIG. 5 shows a schematic representa-
tion of an embodiment of the invention, where a haploid strain
in which a suppressor mutation (s) 1n an unidentified gene (S)
rescues the lethality associated with deletion of an essential
gene (queryA::natR) marked with the dominant natR select-
able marker. The viable double mutant starting strain (que-
ryA:mmatR s) 1s crossed systematically to each of the ~5000
viable haploid deletion strains (xxxA::kanR) and the double
deletion progeny (queryA::natR xxxA::kanR) selected. I, for
a given kanR-marked deletion strain, the wild type allele (S)
and the deletion (xxxA::kanR) are unlinked, 50% of the
double deletion progeny (queryA::natR xxxA::kanR) will
contain the suppressor mutation (s) and germinate to form a
colony. In strains where the wild type allele (S) 1s tightly
linked to the deleted gene (xxxA::kanR), the low frequency of
recombination between the suppressor allele (s) and deleted
gene (xxxA::kanR) will limit the recovery of viable double
deletion progeny. The general chromosomal location of the
suppressor allele (s) can thereby be 1dentified by the failure to
observe growth for a linked set of double deletion strains. In
essence, to map the location of the mutation, SGAM employs
a genome-wide and systematic set of two point crosses
between the mutated allele and the marked deletion mutations
(xxxA::kanR)

[0083] While other methods for mapping of mutations have
been reported, SGAM 1s particularly useful, since although in
certain embodiments the mutation 1s mapped by linkage to
non-essential genes, 1t may lie in either non-essential or
essential genes. To map mutations 1 essential genes, the
allele must not cause lethality at the screening temperature
and therefore can not be a null. Also, both dominant and
recessive mutations can be mapped. Further, as the size of the
linked group will be proportional to the frequency of meiosis
in the parent diploid colonies, the assay can be adjusted by
modulating sporulation efliciency. For instance, hampering,
the sporulation efficiency by manipulating temperature and/
or incubation times should extend the linked region.

[0084] SGAM 1s also useful for the mapping of genes asso-
ciated with multigenic traits, such as traits in which several
alleles are required to confer the mutant phenotype, as linked
groups lacking the mutant phenotype will form around each
requisite allele. Additionally, SGAM allows the identification
of the mutation within the mapped gene by sequencing of the
gene(s) lying within the center of the linked group.

[0085] This invention will be further described 1n the fol-
lowing examples, which do not limit the scope of the mven-
tion described 1n the claims.

EXAMPLES
Example 1
Creation of Double Mutant Output Array

[0086] An example of a starting strain that could be used 1n
this embodiment 1s the Saccharomyces cerevesiae strain
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termed Y2454. The Y2454 strain 1s characterized by being a
MAT[ I mating type with ura3, leu2, his3, and lys2 mutations,
and a HIS3 gene linked to an MFA1 promoter. The ura3, leu2,
his3, and lys2 mutations require the strain to be grown in
supplemented media to survive. They also carry a canl null
allele which confers canavinine resistance to the cells. A
mutant gene, for example, one of the approximately 5,000
non-lethal mutations found 1n Saccharomyces cerevesiae, 1s
introduced into this strain. The deleted gene 1s being replaced
by a NAT gene which confers noureseothricin resistance to
these cells.

[0087] This strain can be crossed with a starting array of
yeast strains of the MATa mating type. The strains 1n this
starting array contain ura3, leu2, his3, and met13 knockouts,
so that they can only survive on supplemented media. These
cells can also contain a mutation of one of the approximately
5,000 non-lethal gene deletions known in Saccharomyces
cerevesiae. The deleted gene 1s replaced with an operably
linked KAN gene, which gives the yeast cells resistance to
kanamycin derivatives like Geneticin. These starting array
strains carry a wild-type CANI1 locus, which makes them
sensitive to canavinine.

[0088] A double mutant haploid cell could then be devel-
oped by the following steps:

[0089] Step 1. Construction of a Y2454-derivative that car-
rics a nat-marked mutant allele, e.g. bnilA::nat where the
given gene 1s deleted and replaced with nat, which results 1n
nourseothricin-resistance, for genome-wide synthetic lethal
analysis.

[0090] Step 2. Mating of the MAT .Y 2454-dernvative to the
array of MATa xxxA::kan deletion mutants on rich medium to
facilitate zygote formation.

[0091] Step 3. Transfer zygotes to medium containing
geneticin and nourseothricin to select for growth of MATa/a
diploid cells.

[0092] Step 4. Transter MATa/a diploid cells to sporulation
medium to 1nduce spore formation.

[0093] Step S. Transter spores to synthetic medium lacking
histidine and containing canavanine to select for growth
MATa haploid spore-progeny.

[0094] Step 6. Transter MATa haploid spore-progeny to
medium containing geneticin and nourseothricin to score for
growth and viability of MATa bnilA::nat xxxA::kan double-
mutants.

[0095] Instep 2, yeast cells are arrayed on rich medium to
allow efficient mating. In step 3, the mating reactions are
arrayed onto medium containing geneticin and nourseothri-
cin, which allows for selected growth of diploid cells. In step
4, the diploid cells are transferred to medium that 1s low 1n
nitrogen and carbon and induces sporulation. In step 5, the
spores are transierred to germination medium that selects for
growth of the haploid MATa cells (this step 1s described 1n
detail below). In step 6, double mutant strains are selected for
growth the two mutations are scored as synthetic lethal/fitness
defect1f the M ATa haploid double-mutants form a colony that
1s smaller than that associated with either of the single
mutants. The mutations predicted to be synthetically lethal
can be analyzed 1n more detail through tetrad analysis of the
heterozygous diploid cells created 1n Step 2.

Example 2
Use of Robotics to Generate Output Array

[0096] Following construction of a natR-marked mutant
for synthetic lethal analysis, simple replica plating or pinning
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manipulations will enable us to complete steps 2-6 of
Example 1. These steps can be carried out through the use of
a robotic colony arrayer, as described below. The Colony
Arrayer used 1n this Example, the Virtek Vision CPCA was
designed by our labs in conjunction with Virtek Vision. The
CPCA 1s based upon a system used for genome-wide two-
hybrid arrays, since the manipulations required for automated
two-hybrid screens are very similar to those required for
automated double-mutant construction and synthetic lethal
screens.

[0097] For arapid genome-wide two-hybrid screening pro-
cedure, we have created arobotic colony array which includes
replica-plate pinhead that transiers 768 individual colonies
from one standard microtiter-sized agar-slab plate to another
in a single move. This cell density allows ellicient mating, on
the order of hundreds of zygotes formed per spot pinned, a
frequency that will easily suilice for genome-wide synthetic
lethal screens.

[0098] The general specifications of a colony arrayer are as
follows:

[0099] 1. 16 input and 16 output plates;

[0100] 2. Replicating Pinming Head with 96, 384, or 768

pins, for high speed transfer of the colonies of different array
density;

[0101] 3. A gripper for handling the plates, and 11 desired
for removing/replacing the covers for full automation;
[0102] 4. Wash/Dry station for cleaning the pins between
runs and includes the 5 stages of water, ethanol or bleach,
sonicator (water), ethanol, and air-drying;

[0103] 5. Controlled environment enclosure, with HEPA
filter, humadifier, positive pressure and internal UV lamps to
ensure full sterilization of the environment before arraying
pProcess.

Example 3
Recovery of Haploid Spore Progeny

[0104] Therecovery of haploid spore progeny 1s mentioned
in step 5 in Example 1, and 1s described in greater detail
below. The MATa starting strain described 1in Example 1,

Y2454, carries two selectable markers, canl AO and MFAlpr-
HIS3, both of which permit efficient recovery of haploid
spore progeny.

[0105] 1) MFAlpr-HIS3

[0106] MFAI1 encodes the a-factor precursor, which 1is
expressed constltutwely in MATa cells. The MFA1 promoter,
MFAlpr, 1s repressed mn MATa and MATa/a cells. The
MFA1pr-HIS3 reporter was constructed by replacing the
MFA1 ORF (open reading frame) with the HIS3 ORF such
that MFAlpr drives HIS3 expression. The MATq starting,
strain, Y2454, fails to grow on synthetic medium lacking
histidine because the MFA1pr-HIS3 reporter 1s repressed in
MATa cells. The cells constructed 1n step 2 of Example 1 will
also fail to grow on synthetic medium lacking histidine
because the MFA1pr-HIS3 reporter 1s repressed in MATa/ o
cells. Following sporulation of the diploid cells 1n Step 4 of
Example 1, the MEFA1pr-HIS3 reporter selects for growth of
MATa haploid progeny. Twenty-five percent of the haploid
progeny generated by sporulation of the diploid cells will be
MATa MFA1pr-HIS3. Other a-specific reporters can be con-
structed using promoters from different a-specific genes (e.g.
MFA2, ASG7, STE2) or different reporters (e.g. URA3,
LEU2, or heterologous genes conierring resistance to antibi-
otics or other chemicals)
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[0107] 11) canlAO

[0108] The CANI1 gene encodes an arginine permease. The
Y 24354 starting strain has been engineered to carry a recessive
canl AO null allele, which renders the cells resistant to cana-
vanine, a toxic arginine analog that 1s transported by the
CANI1 gene product. The knock-out strains constructed by
the deletion consortium are canavanine-sensitive because
they carry a wild-type CANI1 locus. The MATa starting
strain, Y2454, carries canlAO rendering it canavanine-resis-
tant. The M ATa/o.can1 AO/CAN1 diploids 1solated in step 3 of
Example 1 will be canavanine-sensitive. Following sporula-
tion of the diploid cells 1n step 4 of Example 1, the can1AOQ
allele allows for selection of canavanine-resistant haploid
progeny. Fifty percent the haploid spore progeny will be
canavanine-resistant. Other recessive drug resistant genes,
such as cyh2 mutations which leads to cycloheximide resis-
tance, can also be used.

Efficient Selection for Haploid Spore Progeny

[0109] Both the canlAO and the MFAlpr-HIS3 reporter
allow selection for haploid spore progeny in Step 5 of the
pinning procedure described 1 Example 1. The selection
provided by the MFA1pr-HIS3 reporter enables the specific
1solation of MATa cells. It 1s important to 1solate spore prog-
eny of a single mating type when ultimately scoring for the
presence or absence of two marked mutant alleles; otherwise
progeny ol opposite mating type may conjugate to generate
diploid cells heterozygous for each mutation, which would
appear, perhaps falsely, as a viable double-mutant.

[0110] Imtially, we tested 1f the MFAlpr-HIS3 reporter
would suffice for 1solation of M ATa haploid spore progeny in
step 5. These tests revealed that, prior to incubation on sporu-
lation medium, a fraction of the MATa/ace MFA1-HIS3/MFA1
cells became competent for growth on medium lacking his-
tidine. This process appears to involve mitotic recombination
between the centromere and the MAT locus on chromosome
III, creating MATa/a MFAI1-HIS3 cells, which express
MFA1-HIS3 and grow on medium lackmg histidine. In a
synthetic lethal screen, these MATa/a diploid cells would be
heterozygous for the NAT-marked and the KAN-marked alle-
les and appear as viable double-mutant haploid cells. To
overcome this problem, we mtroduced a canlA0 mutation
into our starting strain; canl mutant alleles have been used
extensively to select for canavanine-resistant haploids in ran-
dom spore analysis. Analogously, the MATa/a. canlA0/
CANI1 MFA1pr-HIS3/MFAT1 diploids, constructed in steps 2
and 3, can become canavanine-resistant as diploid cells
through mitotic recombination mmvolving the canl AO locus,
creating MATa/a canlAO/canlA0 MFAlpr-HIS3/MFA1
cells. Importantly, prior to incubation on sporulation
medium, we do not observe the formation of cells that are
both canavanine-resistant and competent for growth on
medium lacking histidine. Thus, the frequency of these two
distinct mitotic recombination events 1s below the level of
detection and we will not observe MATa/a. canl AO/canl A0
MFA1pr-HIS3/MFAT1 cells as background during a synthetic
lethal screen.

Example 4

Genetic Exceptions

[0111] 4A. xxxA::kanR Deletion Mutations Linked to
MFEA1pr-HIS3 or canlA

[0112] While the MFA1pr-HIS3 and the canlA alleles are
essential for synthetic lethal analysis via a pinning procedure,
they present a position-based problem. The xxxA::KANR
deletion mutations that are linked tightly to these alleles will
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be paired into the genome of the haploid spores at reduced
frequency and may lead to a false synthetic lethal score.
However, because the position of every ORF 1s defined pre-
cisely, the problematic double-mutant combinations are pre-
dictable. For mutations 1n the vicinity of MFA1pr-HIS3 on
chromosome X, we will employ an MFA2pr-HIS3 starting
strain. The MFA2 gene encodes a second copy of the a-factor
structural gene. Like MFAlpr, MEA2pr leads to a-specific
gene expression and will facilitate selection for MATla spores.
Because 1 cM1n S. cerevisiae 1s roughly equivalent to 1.5 Kb
of DNA sequence and the average S. cerevisiae gene 1s
approximately 2 Kb, we anticipate that 10-30 genes on either
side of the MFAT1 locus will have to be mated to a starting
strain containing MEA2pr-HIS3. Alternatively the MFA 1pr-
HIS3 could be moved to another position in the genome. The
canl AO allele presents a slightly different problem because 1t
cannot be moved like the MATa-specific reporter. To solve
this problem, we will directly introduce the canlA allele into
approximately 10-30 of the xxxA::kanR deletion mutants on
cither side of the CANI1 locus. Alternatively, we could
employ another recessive drug resistant marker, e.g. cyh2.

[0113]

[0114] Some xxxA::kanR deletion mutations may cause
synthetic lethality 1n synthetic lethal starting strains carrying
the MﬁAlpr-HISB and canlA alleles. Because MFAI1 1s a
specialized gene devoted to conjugation, 1t 1s unlikely that
MFA1pr-HIS3 will be associated with any synthetic lethal
interactions unless localized alterations of the genome atfect
the function of neighboring genes. Because the CANI1 gene
product facilitates arginine uptake, the canl A deletion muta-
tion will be synthetically lethal with any gene that prevents
arginine biosynthesis. All the genes required for arginine
biosynthesis will be defined/confirmed simply by creating all
the double mutants with the wild-type version of the starting
strain.

[0115]

[0116] Some xxxA::KANR deletion mutations will be
defective for one of the cellular functions required for double
mutant construction or spore formation. For example, mating,
defective mutants (e.g. ste4A) will fail to form diploids 1n Step
2 of the pinning procedure. A genome-wide synthetic lethal
screen will also 1dentity all the genes required for sporulation
in Step 4. Obviously, diploids that are homozygous for certain
mutations will lead to a sporulation defect; however, other
genes may prove haploinsuificient for sporulation or two
mutations may exhibit nonallelic-noncomplementation, giv-
ing rise to a sporulation defect. To distinguish the mutants
defective for these functions, analysis of the growth of M ATa
MFA1pr-HIS3 canl AO cells 1n Step 5 will be important.

4B. Genetic Interactions with Selection Genes

4C. Defects 1n Mating and Spore Formation

Example 5
Comprehensive Synthetic Lethal Screen 1n Yeast

[0117] A large-scale comprehensive synthetic lethal analy-
s1s can be performed either by constructing approximately
5,000 gene deletions in the synthetic lethal starting strain,
Y2454, or by establishing an automated method to transier
the knockout alleles constructed by the deletion consortium
into the Y2434 starting strain. In this example, we utilize an
automated introduction of the deletion consortium knockout
alleles 1nto a synthetic lethal starting strain. First we switch
cach kanR-marked allele to a natR-marked allele and then
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select for the presence of MFA1pr-HIS3 1n the MAT o syn-
thetic lethal starting strain following a genetic cross and a
series of pinning steps.

[0118] Switching the kanR-marked allele to a natR-marked
allele 1s achieved easily through transformation of xxxA::
KAN strains with a kanR-natR switcher-cassette, 1n which
the natR gene has been engineered so that 1t 1s flanked by
sequences within the original kanR disruption cassette, and
subsequent screening of the nat-resistance transformants for
kanamycin sensitivity. Strain growth and transformation will
be carried out using a 96 well format; therefore, approxi-

mately 52 rounds of transformation will allow us to switch the
panel of approximately 3000 viable MATa ura3A0 leu2A0

hi1s3A1 met]l SAO xxxA::kan strains to MATa ura3A0 leu2A0
hi1s3A1 metl SAO xxxA::nat strains.

[0119] The next challenge 1s to move the approximately
5,000 xxxA::nat alleles from the MATa ura3A0 leu2A0
hi1s3A1 metl SA0 xxxA::nat cells into the strain that carries the
haploid selection alleles, MFA1pr-HIS3 and canlAO. Of the
alleles specific for the MAT ¢ strain, lys2A0 and canl AO are
associated with drug-mediated selections; however, we must
construct a haploid selection marker that 1s functionally
equivalent to MFAlpr-HIS3 and selects specifically for
growth of MATa cells.

[0120] Construction of two tightly linked reporters, one
that selects for MATa cells and another that selects for MAT .
cells, provides a solution to this problem. A dual reporter,
MFAlpr-HIS3::MFalpr-LEU2, will be created simply by
integrating MFalpr-LEU2 just downstream of MFAlpr-
HIS3. As described above, the MEA1pr-HIS3 reporter pro-
vides a selection for haploid MATa cells on medium lacking
histidine. MFalpr controls the expression of the o-factor
structural gene and 1s expressed only in MATa cells. MFo 1pr-
LEU2 provides a selection for MATa cells on synthetic
medium lacking leucine. Because MEFAlpr-HIS3 15 tightly
linked to MFalpr-LEU2 within the context of the dual
reporter, the MATa cells recovered on synthetic medium
lacking leucine will also carry MFA1pr-HIS3. Several varia-

tions of this theme are possible. For example, the MEFAIpr-
HIS3 could be placed at CANI1 locus, creating canlAO::

MFA1pr-HIS3; in this context, growth of MATo MFa.lpr-
LEU2 canlAO::MFAlpr-HIS3 cells can be selected on

synthetic medium containing canavanine and lacking leucine.

Experimental Steps for a 5,000x5,000 Genome-Wide Syn-
thetic Lethal Screen

[0121] Step 1. 96-well format transformation will be used
to switch a panel of approximately S000 viable MATa ura3A0

leu2A0 his3A1 metl SA0 xxxA::kanR strains to MATa ura3A0
leu2A0 his3A1 metl SAO xxxA::NAT strains. Transformants
that grow on medium contaiming nourseothricin will be
screened for Geneticin sensitivity to confirm the switching
event.

[0122] Step 2. The MATa ura3A0 leu2A0 his3A1 metl SAO
xxxA::natR strains will be mated to MATa ura3A0 leu2A0
hi1s3A1 lys2A0 MFEAlpr-HIS3::MFalpr-URA3 canlAO on
rich medium. The resultant diploid cells will be selected for
growth on synthetic medium lacking methionine and lysine.
As mentioned above, this selection 1s not ideal because the
metl SA0 allele does not completely eliminate growth on
medium lacking methionine; however, because each strain
will only require mating once, we will be able to follow the
diploid selection carefully using relatively large patches of
cells and double replica plating to selective medium.
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[0123] Step 3. Sporulation of the resultant diploid cells and

selection for MATa ura3A0 leu2A0 his3A1 1ys2A0 MFA1pr- TABLE 1
HIS3::MFalpr-URA3 canlAxxxA::LEU2 on medium that
lacks uracil and leucine but contains c-aminoadipate and Cell Role
canavanine. a-aminoadipate selects for 1ys2A0 mutant cells BNI1
and canavanine selects for can1AO cells; 50% of the resultant BEMI Cell Polarity
haploids will be met15A0. The presence of the metlS marker BEM? Cell Polarity
can be scored by successive replica-platings to medium lack- BEM4 Cell Polarity
ing methionine. Egiﬁ gﬂ ED arity
[0124] Step 4. Each of the approximately 5000 MATa CT. A4T CZ pz iig
ura3A0 leu2ZA0 his3A1 lys2A0 MFEAlpr-HIS3::MFalpr- ELMIY Cell Polarity
URA3 canlA xxxA::LEU2 strains will each be mated to the gﬁi . SZ : iig
array of MATa xxxA::KANR deletion mutants and run SWE1Y Cell Polarity
through steps 2-6 of the pinming procedure outlined in BNRI Cytokinesis
Example 1 for systematic genome-wide synthetic lethal CYK3Y Cytokinesis
analysis. EIéSKII g}erm\l;fs;amtenance
BNI4+t Ce Wa Maintenance
Example 6 CHS3 Cell Woll Maintenanes
SKT5¥ Cell Wall Maintenance
Input Array of 5,000 Strains Crossed with Particular CHS5Y Cell Wall Maintenance
: CHS7+ Cell Wall Maintenance
Mutation SLT2 Cell Wall Maintenance
SMI1¥ Cell Wall Maintenance
[0125] In a large-scale application of the synthetic genetic ARPI Mitosis
analysis of the present invention, we screened a bnilA query 3‘81%1 ﬁii:i:
mutation against an array of 4,644 different viable deletion DYN27 MitOSis
strains. The array was propagated on a set of agar plates at a JTNM1 Mitosis
density of 384 strains per plate. For screening, the array was ig;ﬁo ﬁ?tﬂs?s
first pinned manually and subsequently adapted for high- PAC] Mitz:i:
throughput automation using robotics that we designed spe- ATS1 Cell Structure
cifically for the manipulation of high density yeast arrays. To %;%; . SZ ggztﬁz
ensure reproducibility within a screen and to facilitate visual PCL1% Cell Cycle Control
scoring, each gene deletion strain was arrayed 1n pairs, at 768 DRS2 RNA Processing
strains per plate. We scored 67 potential synthetic lethal/sick E};gjg zﬂs?"m-ﬂf %mﬂsp‘f’;f
interactions, 51 (76%) of which were confirmed by tetrad YPT6+ VZZiEEi Tiizgzrt
analysis. To group the i1dentified genes by functional classi- E1P2 Pol I Transcription
fication, we assembled a list of their cellular roles defined by ELP37 Pol II Transcription
the Yeast Proteome Database. As shown in Table 1, these SBC1TY Unknown
interactions were highly enriched for genes with roles 1n cell ?EIET EEEEE
polarity (20%) cell wall maintenance (18%), and mitosis YBLO51ct Unknown
(16%). Pathways critical for the fitness of bnilA cells were YBLO62w Unknown
revealed by multiple interactions with subsets of genes TDR14%c Unknown
involved 1 bud emergence (BEMI1, BEM2, and BEM4), iﬁgiézi EEEZ:E
chitin synthase III activity (CHS3, SKT5, CHSS, CHS7/, and YLR190w Unknown
BNI4), MAP kinase pathway signaling (BCK1 and SLT2), YMR299c¢ Unknown
the cell cycle-dependent transition from apical to isotropic YNL119w Unknown
bud growth (CLA4, ELMI1, GIN4, and NAP1), and the BBl
dynein/dynactin spindle orientation pathway (DYN1, DYN2, REMI Cell Polarity
PACI1, PAC11,ARP1, JNMI, NIP100). Importantly, we 1den- BEM4 Cell Polarity
tified 8 of the 10 previously known bnil A synthetic lethal/sick BNILY Cell Polarity
interactions, which include BNR1, HOF1, CDC12, SLT2, iﬁ; e
BCK1, PKC1, genes implicated 1n polarized morphogenesis CAP2Y Coll Struchure
and cell wall maintenance, and ASE1, DYN1, ARP1, NIP100, PAC10+ Cell Structure
genes 1mplicated 1n mitotic spindle function. Of those that GIM3 Cell Structure
were not identified, CDC12 and PKC1 were not contained in Sfég ge gtmcge
our deletion set, while cells lacking HOF1 grow very slowly CHS5+ CZ Wg_luf M ;meﬂ e
and are apparently beyond the sensitivity of the assay. Intotal, RAS) Signal Transduction
we discovered 42 novel synthetic genetic interactions for ELP27 Pol II Transcription
bnilA, including 10 genes of unclassified function. gég? E‘in T?ﬂsgtﬂptmu;l
[0126] Table 1 below lists a set of synthetic lethal/sick VT R235¢ Uﬂki?illlﬂ A
interactions observed for query mutations 1n BNI1, ARC40, YML095¢-A Unknown

BBC1, NBP2, BIM1, RAD27, and SGS1.



ARC40

ARC18
BEM1
BEM?
CLA4
MYO57
PEA27
VRP1
BCK 1
BNI4+
CHS3
SKTS5
CHS5
CHS6
CHS7
HOC1
KRE1
SLT?2
SPF17
YERO83cT
YKE2
GIM3
GIMA4+
CCT3%
SAC6
GLO3
SAP155%
SEC66
IL.M1
MNNT11
STE24+
CIK1+
RIM101%
RUD?3
SEC22
TEP3
CPR7+
SHF4
SUM1+
YBLO062w
YLR111w?
ARP?

BEM 1%
BEM2¥
CL A4}
PEA27
PRK 1%
RGD1%}
RVS161
RVS167+
VRP1%}
BCK 1
BNI4
CHS3
SKTS5
CHS5Y
CHS6%
CHS7%
HOC1
KRE1
SLT?2
SPF17
YEROR3c
YKE2
PAC10
GIM3
GIM4
SACS6
SACT
IL.M1
SAP1557F
SEC66

TABL
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H 1 -continued

Cell Role

Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Structure

Cell Structure

Cell Structure

Cell Structure

Cell Structure
Vesicular Transport
Cell Cycle Control
Protein Modification
Energy Generation
Protein Modification
Protein Modification
Melosis

Melosis

Vesicular Transport
Vesicular Transport
Small Molecule Transport
Protein Folding
Differentiation

Pol II Transcription
Unknown

Unknown

Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Wall Maintenance
Cell Structure

Cell Structure

Cell Structure

Cell Structure

Cell Structure

Cell Structure

Energy Generation
Cell Cycle Control
Protein Modification

14

MNN1 1
STE24%
BTS1
RUD3
CPR7
SHEAT
SUMI
SRO9
UTHL1+
DEP1
YBLO62w
YDRO18¢
YGL250w
YLR111w?
BIM1

ARPI1
ASEI
BIK1
CHLA4
DYNI1
INM1
KIP3

NUM1
PAC1
SL.K19
BFAL
BUBI
BUB?2
BUB3
MADI
MAD?
MAD3
CSM3
MCK1
CTF8
CTF19
DCC1
IML3
MCM21
MCM?22
PHO23
SAP30
BEM1
ARP6+
GIM3
GIMA4
GIM5
PAC11
FABI

SMI1

ELP2
INP52
RADS54
PPZ1
KEM1
AOR1
TES27
MRC1
RTT103+
VID22
YTA7
YBRO95c¢
YDR149c¢
YGL211w
YGL217¢
YNL170w
YLR381w
YLR386w
YMLO95¢c-A
YPLO17c

TABL.
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5 1 -continued

Cell Role

Protein Modification
Protemn Modification
Protein Modification
Vesicular Transport
Protein Folding
Differentiation

Pol II Transcription
Protein Synthesis
Aging

Lipid Metabolism
Unknown

Unknown

Unknown

Unknown

Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mitosis
Mei10osis
Mei10sis
hromatin Structure
hromatin Structure
hromatin Structure
hromatin Structure
hromatin Structure
hromatin Structure
hromatin Structure

hromatin Structure
1 Polarity

| Structure

| Structure

Il Structure

Il Structure

Il Structure

11 Wall Maintenance
11 Wall Maintenance
Pol II Transcription
Vesicular Transport
DNA Repair

Signal Transduction
RNA Processing
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

00000000000
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TABLE 1-continued

TABLE 1-continued

Cell Role Cell Role
NBP2 CTE4% DNA Synthesis
CAC2Y Chromatin Structure
BIM1 Mitosis ESC2¥ Chromatin Structure
CIN2T Mitosis HST1¥ Chromatin Structure
KAR9 Mitosis HST3 Chromatin Structure
KIP3 Mitosis HPC2¥ Pol II Transcription
PACI10 Cell Structure CSM3¥ Meilosis
GIM3 Cell Structure DOC1 Cell Cycle Control
CAP1Y Cell Structure RPL27A Protein Synthesis
CAP27 Cell Structure RPS308F Protein Synthesis
BNI1 Cell Polarity YDI1 Protein Translocation
FABI1 Cell Wall Maintenance LYS7 Cell Stress
SMI1+ Cell Wall Maintenance SIS2F Cell Stress
VAMT Vesicular Transport SO01 Cell Stress
VPS297 Vesicular Transport FYVI11 Unknown
RPL16AY Protein Synthesis YLR352w Unknown
RPS18BY Protein Synthesis YNL171c Unknown
RPS23AY Protein Synthesis YPR116w Unknown
CPRO6 Protein Folding
FPRI1Y Protein Foldng
CLB47 Cell Cycle Control
REMS30 DNA Repair :Example 7
RTG27 Carbohydrate Metabolism
542?;‘ Sﬂnlg’hﬁ’df ate Metabolism Demonstration that Pinning Procedure Works for
OWIl . .

YDLO63c+ Unknown Synthetic Lethal Analysis
YGL211w Unknown :
VG2 17e T Unknown [0127] The present example demonstrates that the replica
YMLO95¢-A Unknown pinning procedure of the present invention can be used for
SGS1 synthetic lethal analysis. A deletion of the BNI1 gene, bnilA,

| was selected as the query mutation. A test-array of gene
s A ppa deletion mutant bled that included bnrl A, whic
FIPRS DNA Repair deletion mutants was assembled that included bnrlA, which
POL32 DNA Repair 1s synthetically lethal with bmlA. BNI1 and BNRI1 both
RAD27 DNA Repair encode members of the for min family, proteins that appear to
RADSO DINA Repair control actin polymerization in response to signaling by Rho-
SAE2Z DNA Repair GTP G . t cell tain tw o il
ST X1 DNA Repair type ases. Growing yeast cells contain two major fila-
MMS4 DNA Repair mentous actin structures, cortical actin patches, which polar-
MUS81 DNA Repair ize to the cortex of the growing bud and act as sites of
L4 DNA Repair endocytosis, and actin cables, which align along the mother
WSS1 DNA Repair bud ax; d s : h d;
RNR 1 DNA Synthesis ud axis an act as tracks Or myosin motﬁors t a‘E coordinate
RRM3 DNA Synthesis polarized cell growth and spindle orientation. Bnil and Bnrl
YNL218wT DNA Synthesis are required for the formation of actin cables. bnil Amutants
CSM3T Meiosis show defects in polarized cell growth and spindle orientation,
ESC2% Chromatin Structure h birl A disnl by h 1
ESC47 Chromatin Structure whereas bnrl/ mutaqts Isplay no obvious p enotyp.e, 1ndi-
TOP1%} Chromatin Structure cating that Bnil functions as the predominant for min 1n yeast
SWELT Cell Cycle Control cells. The array contained 96 strains, each ol which was
ggj A ﬁi‘;iir;’;iiii included in quadruplicate and positioned next to each other in
SIS 2+ Coll Strocs a square pattern, resulting in a matrix w1th‘384 clements.
SODI Cell Stress bnrl A was included at two positions and enriched the array
YBRO94w Unknown for mutations in other genes with roles 1n actin assembly and
RADYT cell polarnty.
DOC1+ DNA Repair [0128] The array of bnilA double-mutants resulting from
EXO1Y DNA Repair the final pinning and the corresponding wild-type control are
HPRS DNA Repair shown in FIG. 2A. As anticipated, the cells at the bnrlA
ﬁ;@% giﬁ EZE;E positions failed to grow, forming a residual colony with a
MUS81+ DNA Repair reduced size relative to the control. Because the resultant
RAD9 DNA Repair double-mutants are created by meiotic recombination, gene
RADI7Y DNA Repair deletions that are genetically linked to the query mutation
RAD24¥ DNA Repair f doubl d df M h
R ADS0 DNA Repair orm double mutants at a reduced Irequency. Moreover, when
R A5 DNA Repair the query mutation 1s actually identical to one of the gene
RADS5?2 DNA Repair deletions within the array, double mutants can not form. Thus,
RADS4 DNA Repalir we also anticipated that the cells at the bnil Aposition would
RADS35 DNA Repair . . .
AT DNA Repair fail to grow under double-mutant selection. Novel synthetic
SAED DNA Repair genetic interactions were observed with gene deletion muta-
XRS2 DNA Repair tions of CLA4 and BUD®6 (AIP3). Cla4 1s a PAK-like kinase

involved 1n actin patch assembly and the cell cycle-dependent
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transition from apical to 1sotropic bud growth; Bud6 forms a
complex with Bnil and actin to control actin cable assembly
and cell polanty. Tetrad analysis confirmed that both the
bnilAbnrl A and bnilAclad4A double-mutants were inviable
and that the bnil A bud6A double-mutant was associated with
a slower growth rate or “synthetic sick” phenotype, reflecting
reduced fitness of the double-mutant relative to the respective
single mutants (FIG. 2B). This example thus demonstrates
that the replica pinning procedure can i1dentily genetic inter-
actions corresponding to the spectrum of fitness defects from
synthetic sick to synthetic lethal phenotypes.

Example 8

Input Array of 5,000 Strains Crossed with Uncharac-
terized Query Mutation

[0129] If synthetic lethal/sick interactions identily func-
tionally related genes, then some of the uncharacterized genes
identified 1n the bnil A screen should also participate 1n cor-
tical actin assembly and cell polarity. To test this possibility,
we conducted synthetic lethal/sick screen for a previously
uncharacterized gene, BBC1. The bbclA deletion mutant
shows no obvious phenotype and the Bbcl amino acid
sequence 1s not idicative of a cellular role; however, Bbcl
contains an SH3 protein-protein interaction domain, suggest-
ing that Bbc1 may function as part of a complex. We scored 16
potential synthetic lethal/fitness interactions for bbclA, the
majority of which have YPD-classified cell polarnty or cell
structure (cytoskeletal) roles (lable 1). In particular,
bbclAshowed interactions with several genes whose products
control actin polymerization and localize to cortical actin
patches (CAP1, CAP2, SAC6, and SLLA4), suggesting BBC1
may be involved 1n the assembly actin patches or their depen-
dent processes. The results of additional experiments demon-
strated that Bbc1 localized predominantly to cortical actin
patches and that 1ts SH3 domain binds directly to Las17
(Beel), a member of the WASP (Wiskott-Aldrich syndrome
protein) family proteins that controls the assembly of cortical
actin patches through regulation of the Arp2/3 actin nucle-
ation complex.

Example 9

Input Array of 5,000 Strains Crossed with Helicase
Mutation

[0130] To explore the potential for the synthetic genetic
analysis of the present invention to 1dentily interactions for
genes with roles distinct from cytoskeletal organization and
cell polarity, we undertook screens with two non-essential
genes that function in DNA damage and repair pathways.
SGS1 encodes the yeast homolog of the human Werner’s
Syndrome protein, WRN, a member of the RecQ) family of
DNA helicases, while RAD27 encodes an enzyme that pro-
cesses Okazaki fragments during DNA synthesis and repatr.
The phenotype of yeast cells deleted for the SGS1 gene mir-
rors the chromosomal 1nstabilities and premature aging asso-
ciated with Werner’s syndrome. SGS1 1s known to show a
synthetic lethal/sick relationship with YNL218W, which
encodes the yeast homolog of human Werner helicase inter-
acting protein, and seven other genes (SLX1, MMS4, SLX3,
SLX4, HFX3, HRPS, and SLXS8), which are thought to medi-
ate the resolution of recombination mtermediates generated
in the absence of SGS1. In total, we scored 24 potential
synthetic lethal/fitness interactions for SGS1, the majority of
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which were associated with cellular roles 1n DNA synthesis
and repair (Table 1). We identified 6 of the previously known
synthetic lethal/sick interactions; the 2 that were missed
(HEX3, SLX8) had severe growth defects that precluded
propagation through the multiple pinning steps. Several novel
SGS1 synthetic lethal/sick interactions are of considerable
interest: RRM3, a gene that encodes a closely related helicase
involved 1 rDNA replication; WSS1, a gene 1dentified as a
high dosage suppressor of SMT3, which codes a conserved
ubiquitin-related protein that interacts with HEX3 in the two-
hybrid system; YBR094 W, a highly conserved gene of
unknown function with an NH2-terminal SurE domain and
COOH-terminal tubulin-tyrosine ligase-like domain; and
ESC4, which codes for an uncharacterized gene with3 BRCT
domains, peptide recognition modules that appear to be found
exclusively 1n proteins mvolved in DNA synthesis and repatr.

Example 10
Network of Synthetic Lethal Analysis

[0131] Because many of the synthetic lethal/sick relation-
ships appear to involve functionally related genes, the data set
derived from large-scale synthetic genetic interactions should
form a highly connected network in which genes are classi-
fied base upon their connectivities. To build a network of
interactions and further explore the potential of this method-
ology, we conducted additional synthetic lethal/sick screens
with specific query mutations 1n the following genes:

[0132] (1) bimlA, a complete deletion of BIMI1, whose

product localizes to the tips of astral microtubules and con-
trols the orientation of the mitotic spindle.

[0133] (1) nbp2A, a complete deletion of NBP2, gene of
uncharacterized function that showed a synthetic lethal/sick
interaction with BNI1; the Nbp2 product contains an SH3
domain and shows a two-hybrid interaction with Napl.

[0134] (i) arc40-1, a temperature sensitive allele of
ARCA40, an essential gene that codes for a component of the
Arp2/3 complex, a seven-member complex that functions to
nucleate actin filaments, controlling the assembly, move-
ment, and localization of cortical actin patches in yeast.

[0135] (1v) arp2-2, a temperature sensitive allele of ARP2,
coding for one of the key actin-related proteins of the Arp2/3
complex.

[0136] (v) rad27A, a complete deletion of RAD27, which
showed a synthetic lethal/sick interaction with SGS1 and
whose product functions as a nuclease that processes Okazaki
fragments during DNA synthesis.

[0137] To plot the resultant synthetic lethal/sick interac-
tions as a network, the data set was first imported 1nto the
Biomolecular Interaction Network Database (BIND), then
formatted with BIND tools and exported to the Pajek pack-
age, a program originally designed for the analysis of social
networks. The genetic interaction network shown 1n FIG. 3
contains 205 genes, represented as nodes on the graph, 292
synthetic lethal/sick 1nteractions, represented as edges con-
necting genes. All of these interactions were first 1dentified
using the automated methodology and then confirmed by
tetrad analysis. To visualize sets of genes with related func-
tions, we color-coded the genes according to their YPD cel-
lular roles and aligned the genes based upon both their roles
and connectivity. These relationships can also be represented
by two-dimensional hierarchical clustering, as 1s used for
analysis of DNA microarray experiments. For genetic inter-
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action data, both the query genes and the interacting genes are
clustered based upon the similarity of their patterns of genetic
interactions (FI1G. 4).

[0138] Each of the query genes were biased towards 1nter-
actions with genes of particular cellular roles. Moreover,
subsets of interacting genes with the same cellular roles could
distinguished from one another by their connectivity. For
example, the BIM1 screen identified a large group of genes
involved 1n mitosis (red genes), which include several com-

ponents of the Bub2p- and Mad2p-dependent spindle assem-
bly checkpoimnts (BUB1, BUB2, BUB3, BFAl, MADI,

MAD2, and MAD?3) and multiple genes involved nuclear

migration and spindle orientation during mitosis (BIKI,
MCK1, SLK19,KIP3, PACI11,PAC1, NUMI1,DYNI1, INMI,

ARP1, ASE1), a subset of which also interacted with BNI1

and function specifically as part of the Dyn1 kinesin pathway.
In addition, BIM1 interacted with a group genes that have a
chromatin/chromosome structure cellular role (yellow

genes), many of which have been implicated kinetichore
tunction (CTF8, CTF19, MCM21, MCM22, and CHL4), and

a total of 15 genes of with unknown cellular roles (black
genes). To examine one of these uncharacterized genes 1n
more detail, we conducted an NBP2 screen, which showed

interactions with several genes involved 1n nuclear migration
and spindle function (KAR9, CIN2 and KIP3), actin assem-

bly (CAP1 and CAP2), and de novo folding of actin and
tubulin (PAC10 and GIMS), suggestive of a general role in
cytoskeletal organization.

[0139] The RAD27 screen resulted 1n 33 interactions, the
majority of which occurred for genes with DNA synthesis/
repair cellular roles (FIG. 3 green genes). The unprocessed
Okazaki fragments of rad27A cells are probably recognized
as nicks or converted into double-strand breaks as evidenced
by a large set of previously known synthetic lethal/sick inter-
actions with the genes encoding multiple components of the
recombinational repair apparatus (RAD3S0, RADS51, RADS2,
RADS4, RADSS, RADS7, MRE11, XRS2) and the DNA
damage checkpoint signaling pathway (RAD9, RAD17,
RAD24, DDC1). Intriguingly, we observed novel interac-
tions with HST1 and HST2, two genes encoding Sir3-like
deacetylases and CAC2, a gene coding for a chaperone that
delivers acetylated histones to newly synthesized DNA,
which may be indicative of a functional relationship amongst
the products of these genes 1n chromatin assembly or silenc-
ing. RAD27 also showed a synthetic lethal/fitness with the
SODI1 superoxide dismutase gene, and its copper chaperone,
LYS7, suggesting that the antioxidant functions of Sodl are
required to protect the rad27A cells from accumulated DNA
damage. Finally, RAD27 interacted with 4 genes of unknown
function, for which we predict a possible role in a DNA
synthesis and/or repair.

[0140] We scored 40 synthetic lethal/sick interactions for
arc40-1, most of which have cell polarity or cell wall main-
tenance roles (Table 1), including 2 genes involved 1n Arp2/3
activation (VRP1 and MYQO?3J). From a similar screen with a
temperature sensitive ARP2 allele, arp2-1, we scored a total
of 43 synthetic lethal/sick interactions. Strikingly, the ARP2
screen 1dentified a large subset of 32 interactions that were
shared with ARC40. Both screens 1dentified a relatively small
number of unique 1nteractions, which mcluded genes 1mpli-
cated 1n actin patch assembly (MYOS5 with arc40-1 but not
arp2-1; ARC18 and PRK1 with arp2-1 but not arc40-1) and
may retlect roles specific to each Arp2/3 subunit. These find-
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ings suggest that genes whose products form functional com-
plexes will show a highly similar but umique set of genetic
interactions.

Example 11
Plasmid-Borne Approaches

[0141] The pinning procedure described for the construc-
tion of double mutants provides a simple method to move a
plasmid of interest into the set of approximately 5,000 viable
xxxA::KAN deletion mutants. In this procedure, the Y2454
starting strain 1s transformed with a URA3- or LEU2-based
plasmid and then crossed into the haploid mutants by follow-
ing steps 1-6 of the pinning procedure as described 1n
Example 1 for genome-wide double-mutant construction.
The ability to undertake plasmid-based screens with the com-
plete deletion set greatly extends the number of possible
genome-wide screens including synthetic dosage lethality
and green-fluorescence protein-based reporter screens.

Example 12

Synthetic Lethal/Fitness Analysis via Bar-coded
Deletion Mutants and DNA Microarray Technology

[0142] Genetic interactions for yeast mutant strains that
contain “bar codes” for identification can be analyzed using
DNA microarrays.

[0143] Step 1. The pool of MAT o xxxA::KAN cells, con-

taining the entire set of approximately 5,000 viable deletion
mutants, will be mated to a Y2454-dertvative for synthetic
lethal analysis with a mutant allele marked with NAT (e.g.
Y2454 made bnil A::NAT).

[0144] Step 2. The resultant pool of diploid cells 1s trans-
terred to sporulation medium and MATa canlA MFA1-HIS3
cells are selected on synthetic medium that contains canava-
nine but lacks histidine.

[0145] Step 3. The pool of haploid MATa canlA MFAI-
HIS3 cells are grown on medium containing geneticin to
select for MATa canlA MFAI-HIS3 xxxA::KAN deletion
mutants

[0146] Step 4. The MATa canlA MFA1-HIS3 xxxA::KAN
cells are split into two samples. To determine the set of mutant
cells that mated and sporulated etficiently, DNA will be pre-
pared from one sample and used to probe the bar-coded
microarray. DNA preparation of the DNA 1mvolves 1solating
genomic DNA and preparing bar code probes via a PCR-
based method.

[0147] Step 5. To determine the set of synthetic lethal
double mutants, the other sample of cells will first be grown
on medium containing nourseothricin, which selects for
double-mutant cells, e.g. MATa bmlA::LEU2 xxxA::KANR
canlA MFA1-HIS3 cells. Then, DNA will prepared for bar-
coded microarray analysis. Comparison of the bar-coded
mutants that are present in sample 1 but not present in sample
2 1dentifies potential synthetic-lethal combinations.

Example 13
Synthetic Genetic Array Mapping (SGAM)

[0148] Mapping a Common Suppressor of Lethality Asso-
ciated with cbk1A, mob2A, tao3A, hymlA, and kiclA Dele-
tion Mutations:

[0149] The SGAM method was applied to study the Cbkl
signaling pathway. Deletion of CBK1, MOB2, HYM1, KIC]
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or TAO3 genes 1n the S288c genetic background, 1n which the
complete set of yeast deletion strains stains 1s constructed, 1s
lethal, whereas the equivalent deletion 1n the W303 back-
ground 1s not. Tetrad analysis of crosses between the viable
W303 deletion mutants and an S288c strain revealed that 50%
of the spores carrying a deletion mutation would germinate to
form a colony, indicating that a single W303-based suppres-
sor allele rescued the lethality of each deletion. To map the
suppressor allele, we first created appropriate starting strains
tor SGA analysis by crossing W303 strains that carried URA3
or natR marked deletions of the CBK1, MOB2, HYMI,
KIC1, and TAO3 with an S288c strain that carried the SGA
mating type specific haploid selection reporters (canlA::
MFA1pr-HIS3::MFalpr-LEU2). SGA analysis was carried
out with cbklA, mob2A, hym1A, kiclA, and toa3A as query
mutations against ~4700 viable xxxA::kanR deletion strains
and colony growth defects 1n the resultant double deletion
meiotic progeny were scored. We performed the strain
manipulation robotically; however, SGA analysis can also be
conducted by hand pinning.

[0150] Because it was likely that a single W303-dertved

suppressor mutation rescued the lethality of each deletion, we
pooled the resultant genetic iteractions and examined those
that occurred for at least four of the five Cbk1 pathway dele-
tions. In total, 31 deletions interacted with all five of the
pathway members and 85 deletions iteracted with four of the
pathway members (see Supplementary Table for results of all
screens). We designed an algorithm (discussed herein) to
identily chromosomal regions that were enriched in genetic
interactions. For a single colinear set of 48 genes, spanning an
89.6 kb region (~28cM) of chromosome IV (MAPS), we
identified 13 genetic interactions, which represents a statisti-
cally significant enrichment (FIGS. 6, 7) and presumably
mapped the location of the W303-dertved suppressor. This
same region could also be i1dentified from the primary data
collected for three of the individual screens (hymlA, kiclA
and tao3A, see FIG. 7), but pooling the data from all five
screens provides a method for removing false positives asso-
ciated with the high throughput analysis.

[0151] Mutations 1 SSD1 Restore Viability to Strains
Defective in Cbkl Pathway Signaling:

[0152] Random spore analysis enabled us to determine the
frequency of recombination between the putative Cbk1 path-
way suppressor and the kanR marked deletion alleles 1n the
region. The mob2A::natR SGA starting strain (Y3968) was
mated to each deletion strain in this linked region. Viable
MATa mob2A::matR meiotic progeny were selected for and
replica plated onto media containing G418 to determine the
percent of viable MATa mob2A::natR xxxA::kanR recombi-
nants (FIG. 8 A). For gene deletions such as dpp1A/ydr284cA
and sur2 A/ydr297wA, <10% of the viable MATa mob2A::
natR meiotic progeny would also grow on the G418 medium,
as expected 11 a W303-based suppressor was linked to these
deletion alleles (FI1G. 5). In contrast, for ssd1A::kanR, ~50%
of the viable MATa mob2A::natR meiotic progeny also grew
on the G418 medium, suggesting that ssd1A::kanR sup-
presses the lethality associated with the mob2A::natR dele-
tion. Indeed, unlike other deletions 1n this region, ssd1A::
kanR showed no synthetic interactions with any of the Cbk]1
pathway members by SGA analysis (FIGS. 6 and 7). Tetrad
analysis confirmed that ssd1A::kanR suppressed the lethality
associated with all five deletion strains, cbklA, mob2A,
hymlA, kiclA, and toa3A (FIG. 8B). These results suggest
that the W303-derived suppressor of Cbk1 pathway deletions
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1s erther a hypomorphic or null allele of SSD1. SSD1 1s a
putative RNA binding protein implicated 1n the regulation of

cell polarity and cell integrity whose gene product may physi-
cally mteract with Cbkl (RACKI et al. 2000 EMBO 1. 19:
4524-32; HO et al. 2002 Nature 415: 180-3). It has been well
established that SSD1 1s polymorphic in laboratory strains of

S. cerevisiae; most S288c¢ strains carry the dominant SSD1-v

allele, while W303 harbors the recessive ssd1-d allele (SUT-
TON et al. 1991 Mol. Cell. Biol. 11: 2133-48). Thus, the
lethality associated with perturbation of Cbkl pathway sig-
naling can be suppressed by either the ssd1-d allele or the
ssd1A deletion allele. We sequenced the ssd1-d allele 1n the
W303 background and compared it to the SSD1-v allele
sequenced as part of the yeast genome project (GOFFEAU et
a. 1996 Science 274: 546, 563-7). A point mutation at base
pair 2094 (C to G) of the SSD1 open reading frame creates a
premature stop codon in the W303 ssdl-d, resulting in a
truncated protein with a predicted molecular weight of ~77
kDa. These findings are consistent with the observation that
ssd1-dis expressed as a truncated ~83 kDa protein (UESONO
ctal. 1997 J. Biol. Chem. 272: 16103-9). While this work was
in progress, Du and Novick identified mutations 1n SSD1 as

suppressors of cbklA and tao3A, by a transposon 1nsertion
mutagenesis approach (DU and NOVICK 2002 Mol. Biol.

Cell 13: 503-14).

[0153] To confirm that the SSD1-v allele present in the
S288¢c genome 1s toxic to W303 strains lacking the Cbkl
signaling pathway, we used a plasmaid loss assay. cbk1A and
congenic wild-type cells (W303 background) were trans-
formed with a plasmid containing the CBK1 gene and main-
tained with the UR A3 selectable marker. The plasmid rescued
several cbklA phenotypes (see below). These strains were
then transformed with either a LEU2-marked plasmid hous-
ing the SSD1-v allele or the empty vector. The four Ura™Leu™
genetic combinations were cultured and plated on SD leu-
and SD leu-containing 5-FOA. On both types of plates, the
absence of leucine maintained the LEU2-marked plasmids,
but on the plates containing 5-FOA, cells possessing URA3-
marked plasmids were selected against. In wild-type trans-
formants, 1n either the presence or absence of SSD1-v, some
of the plated cells formed colonies on SD leu-containing
5-FOA as these cells could grow 1n the absence of the URA3-
marked plasmid (FIG. 8C). Further, cbk1A cells transformed
with the LEU2-marked empty vector formed colonies on SD
leu-containing 5-FOA. However, cbklA cells transformed
with the LEU2-marked vector housing SSD1-v did not form
colonies on SD leu-media containing 5-FOA (FI1G. 8C), indi-
cating that in the presence of SSD1-v, cells lacking CBK1
(carried by the URA3 plasmid) were not viable. When intro-
duced 1nto the W303 background, the SSD1-v allele rescued

the inviability normally associated with CBK1 deletions.

[0154] Synthetic lethality with genes encoding Cbk1 path-
way components: The SGA screens used for mapping the
Cbk1 pathway suppressor also provided many candidate syn-
thetic genetic interactions at loci1 unlinked to SSD1 (FIG. 6A).
Here, we directly examined a subset of the strongest synthetic
genetic mteractions. Tetrad analysis confirmed that 9 dele-
tions unlinked to SSD1 are important for growth in haploid
cbkl A:: URA3 ssd1-d cells and hym1A:: URA3 ssd1-d cells
(Table 2B). Four of these genes are involved 1in reorganization
of the cortical actin cytoskeleton (BEM1, BEM2, BEM4,
SAC7) and play key roles in bud emergence and develop-
ment. Another gene, NBP2, has been generally implicated in
cytoskeletal organization because nbp2A 1s synthetically
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lethal with several genes mvolved in spindle orientation and
actin assembly (TONG et al. 2001 Science 294: 2364-2368).

Moreover, the Nbp2 ortholog in fission yeast, Skb5, appears
to bind and activate the PAK-like kinase Shk1l (YANG et al.

1999 1. Biol. Chem. 274: 36052-7) and shklA shows syn-
thetic lethality with a deletion of the gene encoding the Cbk1
ortholog, Orb6 (VERDE et al. 1998 Proc. Natl. Acad. Sci.
USA 95: 7526-31). Two other genes (GAS1, KRE1) are
directly involved in cell wall maintenance through beta-1,6-
glucan crosslinking and assembly. Finally, two of the genes
(BST1, GOS1) are involved 1n vesicular transport. All of
these genes function directly or indirectly 1n polarized cell
growth, which could explain their essential role 1mn ssdl-d
cells defective for Cbkl pathway signaling.

[0155] Ordered arrays as mapping tools: Ordered arrays of
the marked yeast deletion strains provide an inherently pow-
erful tool for high resolution genetic mapping. When com-
bined with SGA methodology, this mapping method can be
automated and carried out 1 high throughput. Although the
test case shown here demonstrated mapping the suppressor of
an essential gene deletion mutation, SGAM can be applied to
any allele that leads to an epistatic phenotype that S288c¢
strains do not normally display. These phenotypes include
suppression of conditional alleles of essential genes, cyto-
toxic drug resistance and filamentous growth. SGAM may be
ol particular use for rapid mapping of dominant mutations,
which can be challenging to clone with standard techniques.
Furthermore, we expect that the rapid exploration of all null
phenotypes, as allowed by the yeast deletion sets, will even-
tually lead researchers to a fuller exploration of genetic space,
as provided by screens for dominant alleles. In theory, several
alleles responsible for complex, multigenic quantitative
traits, such as the high temperature growth phenotype of
pathogenic S. cerevisiae, could be mapped in a single round of
SGA analysis (IMCCUSKER et al. 1994 Genetics 136: 1261 -
9; STEINMETZ et al. 2002 Nature 416: 326-330). To further
enable the mapping process, the unique oligonucleotide bar
code tags built into each yeast deletion stramn may be
exploited for quantitative analysis of growth phenotypes of
meiotic progeny by hybridization to DNA microarrays
(SHOEMAKER et al. 1996 Nat. Genet. 14: 450-6).

[0156] Other methods for rapid mapping of mutations have
been devised. For mnstance, thousands of markers provided by
the allelic variation between difierent strains of S. cerevisiae
have been detected with high-density oligonucleotide arrays
and exploited for mapping novel mutations (WINZELER et
al. 1998 Science 285: 901-6). When the mutant phenotype 1s
amenable (see above), mapping with SGA analysis may be
preferable to mapping with oligonucleotide arrays because of
the potential for higher resolution. In the first stage of SGA
mapping, a starting strain 1s crossed to ~4700 deletion stains
to 1dentify a chromosomal region(s) centered around the
mutation. In the example presented here, a 89.6 kb (~28 cM)
region was detected (FIG. 6). This mapping resolution 1s
similar to that obtained 1n test applications of high-density
oligonucleotide arrays (WINZELER et al. 1998), which
detected 11 to 64 kb regions surrounding 4 known loc1. How-
ever, 1n the second stage of SGA mapping, random spore
analysis of the meiotic progeny derived from deletion strains
in the i1dentified chromosomal region pinpoints the gene(s)
tightly linked to the mutation. While S. cerevisiae genetics 1s
particularly suited for automation and large-scale genetic
analysis, the construction of ordered arrays of gene deletion
mutants would enable this type of approach to be applied to
other model organisms.

[0157] Yeast strains and media: Yeast strains used 1n this

study are listed 1in Table 2A. S288c-derived strains are con-
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genic with BY4741 (BRACHMANN et al. 1998), except at
indicated loci. W303-derived strains are congenic with
W3031A (HIRSCH et al. 1991), except at the indicated loci.

YPD 1s 2% peptone, 1% vyeast extract, 2% glucose and 2%
agar. Sporulation media 1s 2% agar, 1% potassium acetate,
0.1% yeast extract, 0.05% glucose, supplemented with uracil,
histidine, and leucine. SD media 1s 0.2% amino acid drop out
mix, 0.17% vyeast mitrogen base without amino acids and
ammonium sulphate, 0.5% ammonium sulphate, 2% glucose,
and 2% agar. Filter sterilized solutions of L-canavanine
(S1igma, 50 mg/L), G418 (Gibco-BRL, 200 mg/L.) and clon-
NAT (Werner Bioagents, 100 mg/L) were added to cooled
(<30° C.), autoclaved media where indicated. In cases where
SD media was supplemented with clonNAT or G418, the
ammonium sulphate was replaced with 0.1% monosodium
glutamate.

[0158] SGA analysis: SGA analysis was carried out as
described in the preceeding examples. Starting strains for

SGA analysis were generated following two backcrosses of
the viable W303-derived deletions, cbk1A::URA3 (Y3576),

hymlA::URA3 (Y1360), mob2A:matR (Y3732), kiclA::
URA3 (Y3400), or tao3A::URA3 (Y3377), to S288c-derived
strains. First, the deletion mutants were crossed to Y3068
(MATc.  canlA:MFAlpr-HIS3::MFalpr-LEU2  ura3A0
leu2A0 his3A1 1lys2A0) and MATa canlA::MFA1pr-HIS3
progeny carrying the URA3- or natR-marked deletion alleles
were 1solated by tetrad dissection. These strains were then
mated to Y3655 (MATa canlA::MFAlpr-HIS3::MFalpr-
LEU2 ura3A0 leu2A0 his3Al1 lys2A0) and MATa canlA::

MFA1pr-HIS3::MFalpr-LEU2 progeny carrying the URA3-
or natR-marked deletions were obtained by tetrad analysis.
Tetrad analysis revealed that 50% of the cbklA, hymlA,
mob2A, kicl A or tao3 A deletion mutants were viable suggest-
ing that a single suppressor allele segregated in the crosses

and rescued the lethality associated with each deletion. For
SGA analysis, MATa starting strains, cbklA::URA3

(Y3717), hymlA::URA3 (Y3716), mob2A::natR (Y3968),
kiclA::URA3 (Y3713), or tao3A::URA3 (Y3714) were
mated to ~4700 individual MATa xxxA::kanR S288c¢ haploid
deletion strains. Yeast arrays were manipulated with a CPCA
robot (Virtek/ESI, Toronto). Diploids were selected on SD
ura- lys-plates or YPD plates supplemented with G418 and
clonNAT for 1 day at 30° C. and then sporulated for 5 days at
room temperature. To select for MATa canlA::MFAlpr-
HIS3::MFalpr-LEU2 meiotic progeny, spores were germi-
nated on SD his- arg-media supplemented with L-canavanine
for 2 days at 30° C., then transierred onto a fresh plate of the
same media for a turther day of growth at 30° C. The resultant
colonies were then transferred to SD his-arg-supplemented
with L-canavanine and G418 to select for MATa xxxA::kanR
mei1otic progeny. Finally, cells were transierred to either SD
his- arg- ura-supplemented with L-canavanine and G418 orto
SD his- arg- supplemented with L-canavanine, G418, and
clonNAT, to select for M ATa double mutant meiotic progeny.
SGA analysis was carried out 3 times on each starting strain
and a synthetic interaction was scored 1f a gene deletion was
synthetic lethal/sick 1n 1 or more of the 3 screens.

[0159] To confirm some of the synthetic genetic relation-
ships between the Cbk1 pathway deletions and gene deletions
unlinked to SSD1, 31 deletions that appeared synthetic lethal
in S outof 5 screens were mated to the cbk1A::URA3 (Y3376)
and hym1A::URA3 (Y 1560) starting strains and subjected to
tetrad analysis. A subset of 17 deletions that showed synthetic
interactions 1n 4 out of 5 screens and had known or suspected
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roles 1n cell polarity or structure were also subjected to tetrad
analysis with cbklA::URA3 and hymlA::URA3. Spores

were separated and germinated on YPD media. 9 out of the 48
(19%) interactions observed by SGA analysis that were not
linked to SSD1/YDR293C could be confirmed by tetrad
analysis. The relatively high false positive rate may be due 1n
part to the large number of loci (5) that must segregate to
generate viable Nat”™ (or Ura™) Kan™ meiotic progeny and/or
the sporulation defect associated with abrogation of the Cbk]1
signaling pathway.

[0160] Algorithm for detecting significant groups of linked
genetic interactions in SGA data: A list of gene deletions that
were synthetic lethal/sick with at least 4 of the 5 Cbkl1 path-
way deletions was queried versus the list of ~4700 kanR -
marked deletion mutants contained in our arrays. First, the
marginal probability (p, ) of a synthetic interaction was cal-
culated from the total number of interactions divided by the
total number of deletion strains screened. At each gene rep-
resented by a deletion strain, the number of synthetic inter-
actions 1n the region surrounding that gene (5 deletions 1n
cach direction) was calculated. The probability of observing
this many interactions by chance alone was determined from
a binomial distribution, assuming the probability of an inter-
action at any given gene 1s p,,. A Bonierroni correction was
employed to account for multiple comparisons.

[0161] Random spore analysis: 21 strains deleted for genes
surrounding SSD1, for SSD1 itself, and for four ORFS lying
at a great distance from SSD1 on chromosome I'V were mated
to the mob2A::natR (Y3968) starting strain for SGA analysis.
The heterozygotes were sporulated for 10+days at room tem-
perature and subjected to random spore analysis. Spores were
released from asci by a 30 min incubation at 30° C. with 0.6
mg/ml. zymolyase i 1M sorbitol, followed by 1 min of
vigorous vortexing. The separated spores were diluted in
distilled water and spread on 2 SD-his-arg+l-canavanine+

clonNAT plates to select for germination of MATa canlA::
MFA1pr-HIS3::MFalpr-LEU2 mob2A::natR spores. Plates

Nov. 20, 2008

were mcubated at 30° C. for 3 days. 50-400 colonies were
obtained per plate for each strain. Each plate was replicated
onto SD-his-arg+L-canavanine+clonNAT+G418 and incu-
bated for 2 days at 30° C. to determine what percent of viable
MATa mob2A::natR spore colonies were Kan®”.

[0162] Sequencing: A ~4 kb fragment containing the entire
SSD1 open reading frame, as denoted 1n the Saccharomyces
Genome Database (SGD), was amplified by PCR with the
Expand Long Template PCR System (Roche) using the prim-
ers oMTI1183/SSD1-UP (5" GTCACTTTAATATCG-
CAAAACAG; SEQIDNO: 1)and oMT1182/SSD1-DOWN

(3' GGATACTGAGGGGTGAAGC; SEQ ID NO: 2). Fifteen
individual PCR reactions were pooled, the fragment purified
with a Qiaquick PCR Purification Kit (Qiagen), and the cod-
ing strand sequenced (ACGT Corporation). No mutations
were detected 1n bp 1-2093 of the SSD1 open reading frame.
A single base pair change was detected at nucleotide 2094, a
C (SGD) to G (W303) mutation, that creates a premature stop
codon resulting in a truncated protein with a predicted

molecular weight of ~77 kDa. An i1dentical mutation was
found 1n the ssd1-d allele of a S288C-derived strain, JO371.

[0163] Rescue of cbklA iviability in the W303 back-
ground by SSDI1-v: cbklA::kanR (Y1748) and congenic
wild-type (W3031A) strains 1n the W303 genetic background
were transformed with plasmid P3763, a dertvative of YEp24
(2u, URA3) that houses a genomic fragment containing the
CBK1 gene. P3765 rescues both the “crusty” colony and cell
clumping phenotypes of Y1748. Individual Ura™ transior-
mants were subsequently transformed with either plasmid
YEpl3 (2u, LEU2) or plasmiud MTP251, a dervative of
YEpl3 that houses a genomic fragment containing SSD1-v.
Three Ura™ Leu™ transformants were picked and inoculated
into SD ura- leu- and grown to saturation at 30° C. Cultures
were serially diluted (four 10-fold dilutions) in SD ura-leu-
then 5 ulL of culture and each dilution was spotted onto SD

leu- and SD leu-containing 0.1% 5-fluoro-orotic acid
(3-FOA). Plates were photographed after 2 days at 30° C.

TABLE 2A

Yeast Strains

Strain
Name Background Relevant Genotype Source
W3031A W303 MATa ura3-1 leu2-3, 112 his3-11 15 trpl-1 J. Hirsch
ade2-1 canl-100
Y3576 W303 W3031A cbklA::URA3 This study
Y1560 W303 W3031A hymlA::URA3 This study
Y3732 W303 W3031A mob2A::natR This study
Y3400 W303 W3031A kiclA::URA3 This study
Y3577 W303 W3031A tao3A:URAS This study
Y1748 W303 W3031A MATa cbkl::kanR This study
BY4741  S288c¢ MATa his3A1 leu2AO ura3A0 metl1 5A0 BRACHMANN et
al. (1998)
Yeast 14:
115-32
Y3068 S288c¢ MATa canlA:MEAlpr-HIS3 ura3A0 TONG et al.
leu2A0 his3A1 lys2A0 (2001)
Y3635 S28%cC MATa canlA:MEAlpr-HIS3::MFalpr- TONG et al.
LEU2 ura3A0 leu2A0O his3A1 lys2A0 (2001)
Y2806 S288c¢ MATa canlA:MFEFAlpr-HIS3 leu2AO TONG et al.
his3Al lys2A0 (2001)
Y3717 W303/5288¢c MATa canlA:MFEFAlpr-HIS3::MFalpr- This study
hybrid LEU2 ura3 leu2 his3 lys2 cbklA::URA3
Y3716 W303/5288¢c MATa canlA:MFEFAlpr-HIS3::MFalpr- This study
hybrid LEU2 ura3 leu2 his3 lys2 hym1A::URA3
Y3968 W303/8288¢c MATa canlA:MFAlpr-HIS3::MFalpr- This study
hybrid LEU2 ura3 leu2 his3 lys2A0

mob2A::matR
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gtcactttaa tatcgcaaaa cag

<210>
<21l>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 2

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial

FEATURE :

OTHER INFORMATION: PCR primer

SEQUENCE: 2

ggatactgag gggtgaagc
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TABLE 2 A-continued
Yeast Strains
Strain
Name Background Relevant Genotype Source
Y3715 W303/5288¢c MATa canlA:MFEFAlpr-HIS3::MFalpr- This study
hybrid LEU2 ura3 leu2 his3 lys2A0
kiclA::URA3
Y3714 W303/8S288¢c MATa canlA:MFAlpr-HIS3::MFal pr- This study
hybrid LEU2 ura3 leu2 his3 lys2A0
tao3AURAS
TABLE 2B TABLE 2B-continued
Genes important for growth 1n the absence Genes important for growth 1n the absence
of the Cbkl pathway signaling of the Cbkl pathway signaling
Gene Gene
Name ORF Functional Information Name ORF Functional Information
BEMI1 YBR20OW Bud site assembly and cell polarity, NBP2 YDR162C Unknown function, has an SH3 domain.
SH3-domain protein that binds Cdc24, SACT YDR389W Cell structure and actin assembly,
Sted, Ste20, Rsrl. GTPase-activating protemn for Rhol.
BEM?2 YER155C Bud site assembly and cell polarity,
member of the family of Rho-type
GTPase-activating proteins. Tetrad analysis confirmed that these genes are synthetic lethal
y 2 y
BEM4  YPLI61C Bud site ﬂs?timbly H—I}d Riﬂ” polar ét%’P or sick with cbk1A and hym1A. Gene functions were obtained
interacts with severa o-type ases.
RSTH YET 0750 Vesicular transport, postulated to from the Saccharomyces Genome Database and the Yeast
negatively regulate COPII vesicle Proteome Database.
formation. . _
GAS1 YMR30O7TW Cell wall maintenance, regulates OI'HER EMBODIMENTS
beta-1 =6I;glumlﬂil cr GSSllPklﬂE%:fﬂUll [0164] While the invention has been described in conjunc-
mutant has cell separation delects. : : : .o gt :
GOS1 YHLO31C Vesicular transport, SNARE protein in EOH Wlth ﬂ.le. dEtaélzd deils cription tgllereif.; Fheh foreg(jlngf
ER to Golgi docking complex. esgrlptlop 1S 1nt§n e to ullustrate and not limit the scope o
KRE1 VNI 322C Cell wall maintenance, needed for the invention, which 1s defined by the scope of the appended
beta-1,6-glucan assembly. claims. Other aspects, advantages, and modifications are
within the scope of the following claims.
SEQUENCE LISTING
<1l60> NUMBER OF SEQ 1D NOS: 2
<210> SEQ ID NO 1
<211> LENGTH: 23
<212> TYPE: DNA
213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 1

23

19



US 2008/0287317 Al

What 1s claimed 1s:

1. A high density output array of multiple yeast strains,
wherein each resulting yeast strain 1n the output array con-
tains at least two resulting genetic alterations, and wherein the
resulting genetic alterations are different in each resulting
yeast strain, the output array being the mating product of at
least two 1nput arrays, wherein at least one of the input arrays
comprises multiple starting strains of yeast, wherein each
starting yeast strain carries at least one genetic alteration, with
the genetic alteration being different 1n each starting yeast
strain.

2. The output array of claim 1, wherein the resulting yeast
strains are 1n the diploid state.

3. The output array of claim 1, wherein the resulting yeast
strains are 1n the haploid state.

4. The mput or output array of claim 1, wherein the starting
and resulting yeast strains are selected from any yeast strain
that has two mating types and 1s capable of meiotic and
mitotic reproduction.

5. The mput or output array of claim 4, wherein the starting,
and resulting yeast strains are from either the Saccharomyces
cerevesiae or the Schizosaccharomyces pombe species.

6. The mput or output array of claim 1, wherein the yeast
strains are located on plates, with between about 9 and about
6200 yeast colonies on one plate.

7. The output array of claim 1, wherein the resulting
genetic alteration 1s a double mutant, the double mutant
involving a mutation of two different endogenous yeast
genes.

8. The output array of claim 7, wherein the double mutant
carries the deletion of two different non-essential yeast genes.

9. The output array of claim 8, wherein the double mutant
1s erther a synthetic lethal double mutant or a synthetic fitness
double mutant.

10. The output array of claim 1, which comprises between
about 1,000 and about 25 million resulting strains of yeast.

11. The input array of claim 1, wherein the starting genetic
alteration 1n at least one starting yeast strain 1s selected from
the group consisting of itroduction of genes coding for an
aptamer, mtroduction of a protein-protein interaction detec-
tion system, expression of a heterologous gene from a viral,
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prokaryotic, or eukaryotic genome, with the heterologous
gene either having or not having a yeast homolog, transiec-
tion with a promoter operably linked to a reporter gene, and
mutation or deletion of an endogenous yeast gene.

12. The mput array of claim 11, wherein the aptamer 1s
either a peptide aptamer or a nucleic acid aptamer.

13. The mput array of claim 11, wherein the aptamer per-
forms a function selected from the group consisting of inhib-
iting expression of a gene, increasing expression of a gene,
inhibiting protein-protein interactions, enhancing protein-
protein interactions, mhibiting the activity of a protein, and
enhancing the activity of a protein.

14. The mput array of claim 11, wherein the protein-protein
interaction detection system 1s selected from the group con-
sisting ol a yeast two-hybnd system, the Ras recruitment
system, the split ubiquitin system, and protein fragment
complementation systems.

15. The mnput array of claim 11, wherein the heterologous
gene 1s a human gene.

16. The input array of claim 15, wherein the human gene
comprises a set of alleles, each differing by one or more
SNPs.

17. A method for generating a high-density output array of
resulting multiple yeast strains, wherein each resulting yeast
strain carries at least two resulting genetic alterations, and
wherein the resulting genetic alterations are different 1n each
yeast strain, the method comprising:

a) generating multiple starting yeast strains, each strain

carrying a starting genetic alteration;

b) mating sets of two starting yeast strains, wherein each of
the two starting yeast strains contains a starting genetic
alteration; and

¢) recovering multiple diploid yeast strains which carry a
resulting genetic alteration, wherein the resulting
genetic alteration comprises the starting genetic alter-
ations from each of the two mated starting yeast strains;
and

d) arraying the genetically altered yeast strains 1n a high-
density diploid output array.

e i e e i
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