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Construction of YLBWI1A (Replacement to YLBW1)

March, 1999

PCR product generated with OM1625 (upstream primer) and OM 1626 (downstream primer)
using pBM2815 as template to yield HIS3 with flanking homology provided by primers.

OM1625: 5’ gttactttattetgetttaacgceattat gattatacaattgtatGGCCTCCTCTAGTACACTCS’
OM1626: 5’ gtgaaataaaataa aggtittaatatacaggttaaaaaataagtaGCGCGCCTCGTTCAGAATGS’

Notes:

1. HIS3 SEQUENCE IN CAPS.
2. Flanking Chromosome 1 sequence between YALO1 1 and MDM(] 0 in lower case

PCR product inserted by recombination into the intergenic region between YALO11 and
MDMI10 in YPH925. Subsequent veast strain was then transformed with BamH1+Not1-cut
pLB353, and the resulting Ura+His- colonies were selected and analyzed by PFGE. 4/4 had a
fragmented chromosome 1. Each was subjected to SFOA treatment to pop-out the URA3 within
pLB3353, with 4/4 again containing the fragmented chromosome 1. This new strain was named
YLBWIA, and its replaces YLBW1 in the window strain set.




Isolation of yeast artificial chromoesomes fre

b

of endogenous

yeast chromosomes: Construction of alternate hosts with

defined karyotypic alterations

(chromosome Tragmentation, karl-mediated transfer / genome mapping)

LisBETH HAMER®T, MARK JOHNSTONE, AND ERIC D. GREEN®S

[or Human Genome Res

by Francis 5. Ok

ABSTRACT An intrinsic feature of yeast artifi chro-
mosomes (YACs) is that the cloned IMNA is generally in the
same size range (ie., =200=2000 kb) as the endogenous veast
chromosomes. As a result, the isolation of YAC IDDNA, wh
typically involves separation by pulsed-field gel electropl
sis, is frequently conf led by the presence of a co
or closely migr ¢ endogenous veast chromosome(s). We
have developed a sir at reliably allows the isolation of
any YAC free of endogenous yeast chromosomes. Using re-
comhbhination-mediated chromosome fra a sel of
Saccharmmyces cerevisiae host strains was systematically con-
structed. Each strain contains defined alterations in its
electrophoretic Karvotype, which provide a large-size interval
devoid of endog 15 chromosomes (i.e., a karyvotypic “win-
dow™). All of the constructed strains contain the kard-Al5
mutation, thereby allowing the efficient ira - of a YAC
nal host into an appropriately selected window
1 using the karl-transfer procedure. This approach pro-
vides a robust and efficient means to obtain relatively pure
YAC IDNA regardless of YAU size.
I'he development of yeast artificial chromosome (Y AC) clon
i 2) has greatly advanced the ability 10 analyee complex
genomes, specifically, segments of DNA spanning upwards of
1Y kb (or more) can be isolated in YACs, thereby allowir
studies that were previously unapproschable using bacterial-
based cloning svstems. However, Y ACs have several inherent
properties that reduce accessibility 1o the cloned DMNA; in
particular, YACS are (f) maint; 1 in roughly sin W in
veast cells, (if) generally in the same size range 2
2000 kb) as the 16 endogenous yeast chromosomes, and (&
linear DNA molecules wit
yeast chromosomes. As a <
d YAC DNA, most ofter
el electrophoresis (PFGE) L vields r vely smi:
amounts of material for subsequent manipulation. Frequently,
the purification of YAC DMA 5 further hindered by the
oF closely migrating endogenous veast
chromosomes, which inevitably results in the presence of large
amounts of unwanted veast DNA, Contaminating yveast chro
[ t demand
of YAC DMNA, such as exon
ect cDMA selection (11, 12)
construction of random libraries for DNA sequenc
and other methods where smaller-insert subclones
biained from the _"l::lllu_':i YAC DNA (14)
To ameliorate this problem, we have developed a strategy
it allows the reliable isolation of YAC DNA free of endog
enous yeast chromosomes. Specifically, we constructed a series

sequencs, he solaton of prLr-

by prepar ¢ pulse

presence of comig

mosomes can hamper subsequent applications tha
highly purified preparations
trapping/amplification (S-110)

IVCES CEFEVE host strains whose endogenous
chromosomes have been systematically altered by recombina-

lion-mediated chromosome fragmentation (15, 16). Ea

strain represenis the product of a different set of fragmenta

tion events and containg a unigue chr ome-free |
3 ¢ karyotype. U the
ire (17, 18), a YAC of
interest dhly moved from its oniginal host into one of
these newly constructed strains, such that the YAC will
migrate within the host’s window during PFGE and thus can
he isolated free of endorenous yveast chromosomes. Here we
describe the construction of the yeast window strains’ |
demonstrate that Y ACs of various sizes can be transferred into
new hosts for subsequent isolation. This approach elimi
or | tation of YAl r and should facilitate
direct use of YACs for a |.||:_' array of maolecular genetic

technigues.

MATERIALS AND METHODS

Construction of a Universal Fragmentation Vector. pLES(3
{Fig. 1) was constructed fro ollowing components using
dard molecular biology methods (6, 21): (1) a backbone of
I escript (Stratagene), (6 an Xho I ent of pYACS
containing the Terraltymena telomeres and rvening stuffer
veast UIRAS pene flanked by direct epeals
s sequences (20)], and (iv) a PCR-generated
aining the veast CENA sequence (GenBank no,
details about plasmid construction are
st Chromosome Fragmentation, 51 I'wor pairs of
nuche primers were used for PCHE amplification of
adjacent segments of a target gene sequence, For cach
the two segments were designed such that they were slightly
within the open reading
incered Nod 1 sites at their
ia the artificial placement of a Nor 1 recognition
sequence within the internal-most PCR primers), and were
devoid of a BamHI, Sac 1, 1, or an additional Nog r\ill.{
Ihe resulting two PCR products were digested with Nor 1,
ed, and us 1 ¢ for a second round of PCE that
employed ers (i.e.. the ones devoid
of Nor 1 sites). : final PCR produ represented a
1 gene sequence (lack ] v 3 riions of

i -l-.|||'|:_' sequence) with an :\l.u::::._'l:u;._|||:. placed. internal Ner

different in size, were complete
T ol rene, conta 1 &

internal ends (v

sl i"'l'::

disrupted t
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BACKGROUND

The isolation of YAC DNA hy preparative pulsed-field gel electrophoresis (PFGE) is often
hampered by the presence of closely migrating or co-migrating endogenous yeast chromosomes.
We have developed an approach for the reliable isolation of YAC DNA free of endogenous yeast
chromosomes regardless of YAC size [described in detail in Hamer er al. (submitted) and
illustrated in Figure 1]. Our general strategy involves: (1) The use of an established set of yeast
strains with chromosome-free areas (i.e.. “windows™) in their electrophoretic karyotypes (Figure 2
and Table 1); (2) The transfer of a YAC of interest into an appropriate “window” strain (Figures 3
and 4); and (3) The isolation of YAC DNA by preparative (FFGE).
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Figure 1: Isolation of YAC DNA Following Transfer into a Yeast “Window" Strain. Y AC
DNA is typically isolated by preparative PFGE, with the YAC DNA band simply being excised
from the gel. However, as shown in the left lane, this approach can be confounded by the
presence of closely migrating (or co-migrating) endogenous yeast chromosomes. A solution to
this problem is depicted. The center lane shows the results of PFGE analysis of a yeast strain
whose chromosomes have been systematically altered to create a chromosome-free “window™ In
the electrophoretic karyotype (shaded area). Following transfer into the “window™ strain, the
YAC can be readily excised free of endogenous yeast chromosomes, as shown in the right lane.
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To construct the “window"” strains, we used recombination-mediated chromosome fragmentation
as described by Vollrath er al. (1988). Yeast cells were transformed with two small linear DNA
molecules: one harbored a centromere, while both contained a telomere and a sequence
homologous to a target region on an endogenous yeast chromosome. Recombination across the
homologous regions resulted in the fragmentation of the endogenous chromosome and the
formation of two smaller derivative chromosomes (which then typically migrate faster than the
intact target chromosome). We have created a set of “window™ strains (each with a unique
“window™) by the strategic fragmentation of different combinations of yeast chromosomes
(Figure 2).
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Figure 2: PFGE Analvsis of the Yeast “Window" Strains. The results of analyzing the set of 9
“window" strains by PFGE are schematically illustrated. The first 2 lanes from the left show the

electrophoretic karyotypes of AB1380 (the most common YAC host strain) and YPH925 (the
strain used to construct the “window” strains), respectively. The next 9 lanes show the set of
“window™ strains. Note the overlapping electrophoretic “windows™ (depicted as shaded boxes).
Some “windows” resulted from fragmentation of a single chromosome, while others resulted from

the successive fragmentation of 2 or 3 chromosomes. There is a complete overlap from one

“window” to the next, starting with the “window™ at 150-280 kb and ending with the “window™ at
~1140-2000 kb (see Table 1). Importantly, these “windows™ cover the size spectrum of most
YACs. and include the regions where Y ACs are frequently co-migrating with closely-spaced yeast
chromosomes (e.g.. the doublet of yeast chromosomes at 590 kb, the triplet of yeast chromosomes
from 755 kb 1o 840 kb).




Table I: Yeast Strains Containing “Windows" in Their Electrophoretic Karyotypes. The
“window™” strains YLBW 1 through YLBWY are listed along with cach respective genotype,
target(s) for fragmentation [with the corresponding chromosome(s) indicated in parenthesis], and
size range of the “window”. The upper size of the “window™ in YLEWY varies due to the

presence of ribosomal repeats in chromosome XII (indicated by a =*")

Genotype Target(s) “Window” (kh)

YLBWI MATa lew2-Al trpl-A63 wra3-32 ade2-101 his3-. CYS3(1) ~ 1 30-280

Ivs2-801 cyh2” karl-AlS5 cys3

YLBW2  MATalew2-Al trpl-A63 ura3-52 ade?. 1200  METIO0 (VI) ~250-450
Ivs2-801 cyh2” karl-AlS met10 thrd THR4 (11T}

YLBW3 MAT o lew2-Al trpl-A63 nra3-32 adel- METILO (VD) =310-590
lys2-801 cvh2" karl-Al5 met10 thrd THE4 (IIT)
HISS (IX)

YLEW4  MATa leu2-Al trpl-A63 ura3-32 ade- . HIS1 (V) -450-680
Ivs2-801 cvh2" karl-Al5 thrl THRI1 (VIII)

YLBWS  MATolew2-Al trpl-A63 ura3-52 ade2- 101 his3-. METI14 (XI) ~590-755
fvs2-804 cvh2” karl-Al5 metld
YLBWG VAT o lew2-Al trpl-A63 uras-32 adel : ARG3 (X) ~G80-950
fvs2-801 cvh2 karf-Al3 LEU4 (XIV)
RADIG (IT)

YLBWT  MATa lew2-Al trpl-A63 ura3-52 ade2-101 his3-A2( RADIG (I)  ~810-1120
Iys2-801 evh2® karl-AlS ILV2 (XIII)
AROT (XVI)

YLBEWS MAT e leu2-Al trpl-A63 ural-32 ade2- 101 his3- LEUI (VII) ~985-1640
fvs2-8B00 evh2” karl-AlS ADE2 (XV)

YLBWS9 MAT o leu2-Al trpl-A63 ura3-32 ade? A200 GALS (IV) ~1 140-2000°

lys2-801 evh2” karl-AlS
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KAR-CROSS TRANSFER OF YACs INTO YEAST “WINDOW?” STRAINS

Cyh"

©000C

Ura® Trp* Ura™ Trp” Ura™ Trp” Ura* Trp*
Cyh® Cyh? CyhS Cyh®
MATa MATa MATa MATa

Figure 3: Transfer of YACs into New Hosts by Kar Crossing. Y ACs can be transferred into new
host strains by the kar-cross method developed by Spencer er al. (1994) and Hugerat er al. (1994}
Shown in the upper left is a typical YAC in its cycloheximide-sensitive (Cyh’) host of mating ty pe
a (e.z., AB1380). The YAC renders the cell Ura™Trp”. Shown in the upper right is a “window”
strain (i.e., the recipient cell). This strain is cycloheximide resistant (Cyh"), mating type o, and
Ura Trp . Normally, when yeast cells of opposite mating type mate, nuclear fusion (karyogamy)
follows cell wall fusion to form a diploid cell. However, strains with a mutation in the kar/ gene
are deficient in karyogamy. All the “window™ strains are kar/-A/5 mutants. In crosses involving a
karl-Al5 mutant, haploid progeny budding off from the heterokaryon share parental cytoplasm
but have one or the other of the parental nuclei (because the nuclei remain unfused). At a
frequency of 10" to 107, a chromosome from one nucleus is transferred to the other. When the
transferred chromosome is a YAC, the resulting recipient strain is Ura"Trp Cyh" (lower right).
The kari-Al5 mutation is slightly leaky, so that some diploid cells are formed (lower left), and--
since the Cyh® allele is dominant-- these diploids are sensitive to Cyh. However, at relatively low
frequencies, these diploids can become Cyh" (presumably from the loss of the Cyh” allele through
mitotic recombination or chromosome loss). Since these diploids are also Ura™Trp”, they must be
distinguished from the products of authentic Y AC-transfer events, and this can be conveniently
performed by assessing the mating type of the cells. Diploids are heterozygous at the mating type
(MAT) locus (a/a), while the desired Ura Trp Cyh™ haploid cells are mating type .
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Storage and Propagation of Yeast “Window™ Strains

The karf-Al5-containing yeast “window” strains should be stored at -BO0'C in sterile 20
glycerol. For YLBW2-9, routine propagation should be performed in YPD medium. For
YLBWI, routine propagation should be performed in YPD_sdpplemented with 40 mg/liter of
cysteine (Sigma C-T880). YLBW 1 was created by fragmentation within the CYS3 gene of yeast
chromosome 1, making it an auxotroph for cysteine. At low frequencies, the derivative smaller

eliminating the “window"’) and restoring cysteine prototrophy. This effect can be minimized by
the inclusion of extra cysteine in the medium used to culture YLBW 1,

Kar-Cross Transfer of YACs
The basic procedure for transferring Y ACs into the “window" strains {(or other YPH925-denved
strains) by kar-crossing is depicted in Figure 4.

AB1380 YPHS25

&t
Ura™ Trp*
CyhS
MATa

\ Mate /

l Grow on AHC + Cyh

MAT PCR

agax o o @ a a

Figure 4: Experimental Procedure for Performing a Kar-Cross. A YAC clone (e.g., in host
AB1380) is mated with a “window" strain derived from the karl-Af3-containing YPH925. The
cells are plated on AHC medium (to select for the Y AC) containing cycloheximide (to select for
the “window™ strain nucleus and against the starting YAC host nucleus). Most of the resulting
clones represent authentic Y AC-transfer events (haploids), while a minor fraction are diploids
that have become Cyh". These can be distinguished by assessing the mating type, performed
either by MAT-specific PCR (see below) or a replica plate test. Virtually all MATa cells will
contain the YAC in the recipient “window" strain.




PROTOCOL

I. Inoculate 25 ml of YPD broth in a 50-ml tube with an appropriately-selected “window™ strain
(see Figure 2 and Table 1) and inoculate 25 ml of AHC broth in a 50-ml tube with the YAC

clone.

Note: For YLBW 1, use YPD broth containing40 mg/fliter of cysteine (Sigma C-7880).

. Incubate at 30°C shaking at 250-300 rpm for | overnight.

. Determine the cell concentration in each culture using a hemocytometer.

4. Mix 5x10° cells from each culture in a 50-ml tube

Mote: The rest of the cells from each culture can be used to prepare agarose-embedded
high-molecular-weight yeast DNA (see attached protocol). These DNA samples can be
used as controls during PFGE analysis to verify authentic YAC transfer into the
“window" strain.

3. Centrifuge the cell mixture for 5 minutes at 4000 rpm, discard the supernatant, and add 1 ml of
fresh YPD broth.

. Resuspend the cells and incubate stationary at 30°C for 6 hours

7. Plate 300 pl and 500 pl aliquots of the cell mixture on separate AHC+Cyh plates.

Notes:
It is important that the AHC+Cyh plates are poured “thick™ (i.e.. contain 35-40 ml of

medium in an 85-mm diameter petri plate)
For YLBW 1, use AHC+Cyh cantaining 40 mg/liter of cysteine (Sigma C-7880).
8. Incubate plates at 30°C for 4-5 days.

Note: Typically, the faster-growing diploid cells will be seen after 3 days. Wait and

analyze the colonies that become visible on the 4th and 5th day.







9. Assess the mating type of 10 independent,

medium-size colonies by MAT-specific PCR
analysis (Huxley et al., 1990), as follows:

A. Prepare an appropriately-sized master PCR cocktail based on the number of samples to
be analyzed. Be certain to include 3 extra reactions for testing: (1) a known MATa
strain (e.g., a YAC in an ABI1380 background), (2) a known MATwo strain (e.g., a
“window™ strain}, and (3) a blank sample (no added yeast cells),

Per Reaction (5 )
Sterile Water

5X PCR Buffer
[50 mM Tris-HCI (pH 8.3), 250 mM KCI, 12.5 mM MgCla]

dNTP Mixture { @2.5 mM)

Primer Mixture (3 primers, each at 25 M)
SAGTCACATCAAGATCGTTTATGGS
JOCACGGAATATGOGACTACTTCGS
SACTCCACTTCAAGTAAGAGTTTGS

AmplhiTag Polymerase (5 umits/ul) 0.05 pl

B. Dispense 5 [l of the cocktail to the bottom of each PCR tube

C. Lightly touch the pointed end of a sterile toothpick to each yeast colony, place in a tube
containing the PCR cocktail, and twirl the toothpick briefly to suspend the cells

Notes: A "large” amount of yeast cells will inhibit the PCR. The optimal amount
to add is a "barely visible" collection of cells at the tip of a toothpick. Be
absolutely certain not to touch the agar with the toothpick, as components in the
medium can inhibit PCR.

D. Overlay samples with mineral oil (if necessary), and then subject samples to 35 cycles of
92°C for 1 minute, 583'C for 2 minutes, and 72'C for 2 minutes.

MNote: These conditions have been established using a Perkin-Elmer TC1, 480, and
9600 thermal cyclers. The use of another brand of thermal cycler may require
prior optimization to establish the appropriate conditions.




Analyze PCR products by agarose or acrylamide gel electrophoresis
PCR Productis) MAT Tvpe Freguency Interpretation

404 bp MATao Maost Desired YAC Transfer
404 bp and 544 bp MATo/a Intermediate Diploid
544 bp MATa Rare Starting YAC Strain

1. Select at least 2 MATa colonies, and inoculate each into a separate 25-ml AHC culture (in a
a0-ml tube).

Incubate shaking at 30°C for 2 days.
. Prepare agarose-embedded high-molecular-weight veast DNA (see attached protocol).

Analyze purified DNA by PFGE (see Table 2 for suggested conditions). Include the
following samples: (1) a lambda concatamer; (2) the initial YAC clone: (3) the “window”
strain; (4) each of the Y AC-transfer candidates (MATw colonies from step 11).

Naote: Because of the presence of “remmnant™ homologous sequences among the various
fragmented chromosomes (deriving from the fragmentation vectors), there is the
possibility for recombination (and therefore the formation of new derivative
chromosomes). Therefore, the starting “window" strain should always be tested by PFGE
in parallel with the initial YAC clone and all YAC-transfer candidates. Such analysis
allows confirmation that the “window™ is still devoid of endogenous yeast chromosomes.

Table 2: Suggested Parameters for Analysis of “Window” Strains by PFGE. The indicated
conditions are based on the use of a Bio-Rad CHEF System, 1% SeaPlaque GTG agarose (FMO),
0.5X TBE maintained at 12°'C, and a 120" angle used during electrophoresis

Switching Time Total Time of
Strain “Window"” (kb) _(Linear Gradient) Electrophoresis

YLBWI ~150-280 1 5-25 seconds 24 hours
YLBW?2 ~250-450 20-35 seconds
YLBW3 -3 10-590 35-60) seconds
YLBW4 -450-680 50-70 seconds 14 hours
YLBWS -590-755 50-80 seconds 36 hours
YLBW6G -680-950 60- 100 seconds 36 hours
YLEW?7 -B10-1120 70-120 seconds 48 hours
YLBWS -085-1640 #0=130 seconds 48 hours
YLBWY -1 140-2000 100- 160 seconds 48 hours

24 hours

24 hours
:
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Preparation of “High Quality” Yeast DNA for Gel-Purifying YACs

{Adapted from Southern et al. { 1987 ) and Anand et al. (1989)]

I. Inoculate each YAC clone in 25 ml of AHC medium (in a 50-ml tube), close caps to the point
where they will remain in place duning vigorous shaking (or spinning), and incubate at 30°C
shaking at 250-300 rpm (or spinning) for 2 overnights.

Note: Alternatively, a 25-ml YPD culture can be inoculated and incubated for a single
overnight at 30°C. YPD medium must be used for culturing yeast strains devoid of a
YAC.

2. Centrifuge the culture at 2000 rpm for 10 minutes and discard supernatant.

3. Add 20 ml of 50 mM EDTA (pH 8.0), resuspend cells by gentle shaking, repeat step 2, and
briefly invert tube to drain

4. Add 100 pl of Selution I per 200 pl of cell pellet and resuspend cells by gentle vortexing at
the lowest speed.

lHﬂIutinn I [1M sorbitol/20 mM EDTA/14 mM 2-mercaptoethanol]

91 g of Sorbitol

20 ml of 0.5 M EDTA (pH 8.0)
S00 Ml of 2-Mercaptoethanol
dH>0 to 500 ml

3. Add 25 pl of 10 mg/ml Zymolyase-20T (ICN, prepare fresh in sterile dH20) per 100 pl of

Solution I added in step 4.

0. Immediately add 1 to 1.3 volumes of 2% SeaPlaque GTG agarose (FMC) prepared in
Solution I, melted, and equilibrated at 50-60°C. Using a blue tip, mix thoroughly but
carefully (bring up and down 3-4 times with the pipetman, avoiding formation of air
bubbles), and place mixture in an individual plug mold that is sealed on the bottom with tape.

7. Chall the mold at 4'C until the agar is solidified.




S

&. Dislodge the sohidified plug using a bent 2 1-gauge needle or a pasteur pipette and place
in an individual well of a 6-well culture plate containing 8-10 ml of Solution IL.

Solution IT [1 M sorbitol/20 mM EDTA/14 mM 2-mercaptoethanol/
10 mM Tris (pH 8.0)/0.5 mg per ml Zymolyase-20T |

99 ml of Solution 1
1 ml of 1 M Tris (pH 8.0)
50 mg of Zymolyase-20T (ICN) [Note: Add immediately before use]

9. Incubate at 37 C for 2-4 hours.

10. Carefully remove solution (e.g., using an aspirator) and add 8-10 ml of Solution III.

[Solution I [1% lithium dodecyl sulfate/100 mM EDTA/
10 mM Tris (pH 8.0)]

5 g of Lauryl Sulfate, Lithium Salt (Sigma L-4632)
100 ml of 0.5 M EDTA (pH 8.0)

|5 ml of 1 M Tris (pH 8.0)

{dH20 to 500 ml

FILTER STERILIZE AND STORE AT ROOM TEMPERATURE |

11, Incubate at 37°C overnight.

12. Repeat steps 10 and 11.

. Carefully remove solution, add B-10 ml of 0.5 M EDTA (pH 8.0), incubate at room

temperature overnight, and repeat twice

Note: Alternatively, plugs can be taken immediately from Solution I1I and loaded in a gel

(as long as the gel is then equilibrated overnight in the circulating buffer prior to

electrophoresis)

Store plugs in 0.5 M EDTA (pH 5.0) or TE (pH 8.0) at room temperature or at 4 C.
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TIPS FOR IMPROVED VISUALIZATION OF YEAST CHROMOSOMES AFTER PFGE

Gel Volumes: Large Bio-Rad Casting System 80 ml
small Bio-Rad Casting System 85 ml

l. Sample Loading: Create loading “trough” by excising entire top 1-2 ¢cm of gel
ace plug directly on side of remaining gel (in trough)
Pl g directl 1 g gel (in troug]
Be certain that there is no air trapped between plug and gel
Seal plug in place with melted agarose equilibrated to 50°C
Seal plug in pla th melted a lil | to 50°C

Pour in rest of melted agarose to fill “trough™

. Equilibration: Equilibrate gel in 0.5X TBE at 12°C overnight in gel chamber
Circulate TBE with pump set at *“90"
Remove as much air from the tubing as possible
Be certain that the TBE is well circulating

4. Electrophoresis:  Lower amperage to ~100-115 mA by removing TBE from chamber

Level of TBE should be only 2-3 mm above the gel
Be certain that the gel chamtzr is level




MEDIA

AHC Medium

A rich -Ura-Trp ("double drop-out”) complete medium for the routine culturing of YACs. The
acid-hydrolyzed casein contains no vitamins or nucleosides and is low in salt, but provides
virtually all of the necessary nutrients for yeast growth except for uracil, tryptophan, and adenine.
Adenine is added such that growth is limited, and the red pigment forms as a consequence of the

nonsuppressed ade2 mutation.
1. Dissolve the following components in water:
Per 1 liter:
Yeast Nitrogen Base Without Amino Acids (Difco 0919-15) 6.7 g

Casein Hydrolysate Acid, Low Salt (U.5. Biochemicals 12852) 10.0 g
Adenne HemisulfateeH~0 (Sigma A-9126) 0.02

Mote: Instead of the above yeast nitrogen base without amino acids, 1.7 gfliter of yeast
nitrogen base without amino acids and without (NH4)25804 (Difco 0335-15) plus 5 gfliter

of (NH4)2504 can be substituted.
. Bring volume to 950 ml and adjust pH to 5.8 (with HCI).
3. For plates, add 20 g/liter of Bacto agar

Note: Difco brand is highly recommended, otherwise a precipitate may form
upon autoclaving,

4. Autoclave 20 minutes (for 1 liter) and allow to cool (1o 65-B0V'C).
5. Add 50 ml of sterile 40% (w/v) glucose per liter and mix well,
Note: Alternatively, 20 g of solid glucose per liter can be added before autoclaving;

however, the resulting medium will be markedly darker in color (although still usable for
Y AC culturing).

. For AHC+Cyh, add sterile cycloheximide (Sigma C-7698) to a final concentration of 3 pg/mil.
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YPI» Medium
. A general purpose non-selective, complex medium for the routine culturing of yeast. Yeast cells
grow vigorously, regardless of the presence of a YAC. Promotes growth to a high density, but is
not selective for YACs.
Dissolve the following components in water

Per 1 liter:

Yeast Extract (Difco 0127-01) 10g
Peptone (Difco 0118-01-8) 20 g

-

2. Bring volume to 950 ml and adjust pH to 5.8 (with HCI).
3. For plates, add 15 g/fliter of Bacto agar.
. Autoclave 20 minutes (for 1 liter) and allow to cool (o 65-80°'C).
3. Add 50 ml of sterile 40% (w/v) glucose per liter and mix well.
MNote: Altemnatively, 20 g of solid glucose per liter can be added before autoclaving;

however, the resulting medium will be markedly darker in color (although still usable for

yeast culturing)
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probes provided by the community. An addition, repeat sequences can cause severe

I

problems. 'Figs N = N show a 1-jé:l""ig.rq.f of probings having different degrees of

interpretability. (Efforts werg/ﬁq;de to overcome these problems by prehybridistion

P

to eliminate repetitive SQ{;/ulences from probes (ref Southern), but without success).

Directe

A few recalcitrant ions-have_been mapped in some detail as a result of intensive

efforts to locate a particular gene. A good exarnple of the complexities that can arise

is seen in the cloning of tra-1 (LGIIR) [Hu-d%]l;-:in 1987, 1993). Attempts to clone
of

this gene by transposon tagging had I:}e?'( unsuccessful. A number of Bergerac-
PR i L W
derived Tcl polymorphisms were | éﬁtifiediand mf!p{md relative to genes
surrounding the tra-1 locus. None Appeared likely to be within 200 kb of tra-1
(interpolating between genetic aad physical distances using wa_}l}: was thought to be a
typical metric for the chrommosome arms). Unique fragments adjacent to three Tcl
insertions (eP1, eP2 gj_,nd eP10) were selected as start points for walking. No
positive phage (Iaml::-rdi 2001, plated on the standard rec+ host Q358) were found by
hybridisation with t IE eP1 fragment ( believed to be the closest to tra-1) but two
YACs were detected. Theseinturn_led to the identification of a small previously
unmapped cosmid contig. RFLP analysis of rt.:.ra”rrangcment alleles showed that this
contig was in the region of tra-1. The ccsm[d___tl:l:mt:g was oriented by differential
screening of lambda clones with the two cusn]ﬁ; that wholly represented the cosmid
contig. Walking in the required direction fj'-éi‘l’l this contig was only achieved by the
isolation of phage clones from an unaraplified library of lambda 2001 clones plated
on the rec- host CES 200 (recBC spcB) (Wyman et al). (Other hosts were assayed
but were not as satisfactory). _E:-Etensinn of the cosmid contig was determined by
fingerprinting of the isolated fambda phage. These extending phage then led to the
isloation of a further YAC which was used to indentify two more small cosmid contigs.

Overall, the region around tra-1 was found to contain at least four sites that cannot
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