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The National Laboratory Gene Library Project
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The two National Laboratories at Livermore and Los Alamos have played a
prominent role in the development and application of flow cytometry and
sorting to chromosome classification and purification. Both laboratories
began to receive numercus requests for specific human chromosomal types
purified by flow sotting for gene library construction, but these requests
were difficult to satisfy due to time and personnel consiraints. The
Department of Energy, through its Office of Health and Envitonmental
Research, has a long-standing interest in the human genome in general and
in the mutagenic and carcinogenic effects of energy-telated environmental
pellutants {n particular. Hence, it was decided in 1983 (o use the flow
cytometric and molecular biological skills ot both laboratories to



construct chromosome-specific gene libraries to be made available to the
genetic research community. The National Laboratory Gene Library Project
was envisioned as a practizal way to deal with requests for sorted
chromosomes, and also as a way to promcte increased understanding of the
human genome and the effects of mutagens and carcinogens on it. The
strategy for the project was developed with the help of an advisory

committee’ as well as suggestions and advice from many other geneticists.

'Hembership: P. Berg (Stanford), T. Maniatis and S.A. Latt (Harvard), A.G.
Motulsky (U. wWashington), W.J. Rutter, (U.C. San Francisco), C.W. Schmid
(U.C. Davis), T.B. Shows (Roswell Park), C.T. Caskey (Baylor), F.R.

Blattner (U. Wisconsin). M.H. Edgell (U. No. Carolina) and R.E. Gelinas (U.

Washington) .



The first goal was the construction of small insert (complete digest)
libraries for each of the 24 human chromosomal types. These were intended
mainly for the medical genetics community for use in the study and
diagnosis of genetic diseases by the restriction fragment length
polymorphism method. For such stulies, short DNA probes on the order of 1
kb in size are ideal, and cumplete digest libraries are the easiest to
produce from the limited amounts cf chromosomal DNA available from flow
sorting. We made two sets of libraries, one cloned into the Eco Rl site
(Los Alamos), and one cloned into the Hind III site (Livermore) of the
bacteriophage vector, Charcn 21A. A listing of these complete digest
libraries is given in Tables 1 and 2. They are available from the American
Type Culture Collection, Rockville, MD.

The second goal it the construction of larger insert (partial digest)
libraries in phage and cosmid vectors. These libraries will provide a rich
source of DNA sequences for physical mapping and for studies of gene
structure and function. Our strategy for these constructions is to divide
the human karyotype between the two laboratcries and to produce one phage
and one cosmid library for each chromosome. Our current vector choices
include Charcn 40 and sCosl (Los Alamos} and AGEM11l and Lawrst5
(Livermore). These veciors were chosen on the basis of cloning efficiency,
sequence preservation, and user convenience. As new and impioved vectors
become available, they will be considered tor vse in the project. Partial
digest libraries have been made for chromosomes 16, 19, 21, 22, X, and Y.
The pa:tial digest libraries will also be available foi general
distribution through the American Type Culture Collection.

We expect to be able to complete the partial digest libtaries in 1.5 to
2 years. Our ditections after these libraries are completed are
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speculative and to some extent are dependent on changes in technology
during this period of time.

At this time, a set of libraries for each mouse chromosome would be a
valuable resource to the genetics research commnity. Our advisory
committee had a difficult time in deciding whether the large insert human
libraries or mouse libraries should be given first priority for the current
work in the project. Depending on changes in technoiogy or activities
elsewhere, this need for mouse libraries may or may not exist two years
from now. Our expectation is that this will continue to be of high
priority, and although the sorting of mouse chromosomes will be difficult,
we believe it i5 feasible. We are currently gaining experience in flow
analysis and sorting of mouse chromosomes thrcugh collaborative projects
with outside investigators. Therefore, construction of mouse chromosome-
specific libraries 15 a likely future direction for the project.

We have also been approached oy a group of plant geneticists who would
like to see a national effort organized to begin to sort and prepare
libraries for a plant species. In this instance, a considerable amount of
work will first have to be directed toward developing adequate sources of
isolated chromosomes for sorting.

We are also considering the possibility of the construction of sets of
humar: chiomosomre libraries in one of the new large fragment accepting
vectors (YAC, phage P1). Such libraries will probably be necessary for
closure of physical maps. Currently, cloning efficiencies would not permit
the use of flow sorted chromosomes as a source of target DNA; however,
these efficiencies could improve markedly in the coming two years. Other
possibilities fo. the construction of these libraries include the use of
monochromosomal hybirids as a soutce of DNA and the selection of human
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clones after library construction. Our ability to monitor hybrids for
specific chromosomal content by flow analysis would be advantageous if this

approach had to be used.
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Table 1

Characteristics of 28 Chromosome-Specific DNA Libraries
Cloned into the EcoR1 Site of Charon 21A

Frequency Starting Starting

Library . Independent of non- Chromosome Chromgsome CHromPsomcs DNA

1D No. recombirants recombinants equivaients® source (x 10 (ng)
LA 01 NSO1 1.3 x 100 <0.01 N UV24KL10-12 0.5 250
LA Q2 NSO1  7.C x 10+ 0.04 1.8 UV24HLS 0.5 260
LA Q3 NSO1 2.7 x 10+ 0.04 0.8 J14-b 0.4 160
LA QINSO2 2.1 x 100 0.08 6.4 N4 0.4 180
LA Q4 NS0T 5.1 x 104 <0.01 1.6 UV20KHL21-27 09 aro
LA 04 NSO2 7.4 x 10* <0.01 2.3 UV20HL21-27 09 370
LA Q5 NSO1 1.3 x 100 <0.01 43 840-12 0.4 130
LA Q6 NSO1 4.8 x 10* 0.06 1.7 UV20HL15-33 19 700
LA Q7 NSO1 2.4 x 10¢ 0.06 9.2 MRA3 316TG6 01 40
LA OB NSO4 3.6 x 10 0.10 1.5 UV20HL21-27 05 150
LA 09 NSO1 1.6 x 100 0.07 7 MHSF-7 0.3 90
LA 10 NSOt 4.0 x 10° <0 .01 18 762-8A 0.3 90
LA J1NSO2 6.2 x 10 0.17 2.8 80H10 04 100
LA 12 NSO1 6.0 x 10 <0.01 27 81PSd 15 210
LA 13 NSO3 7.5 x 10° 0.14 4.2 HSF-7 0.4 80
LA 14 NSO1 8.1 x 10 <0.01 36 1634 0SS 118
LA 1§ NSD2 4.0 x 10° 0.06 20 81PSd 0.3 N
LA 15 NSO0J 6.8 x 10* 0.09 4 1634 0.4 82
LA 18 NSO2 4.0 x 10 0.08 2 HSF-7 30 590
LA 16 NS03 3.3 x10° 0.03 217 HSF-7 08§ 100
LA 12 NSO3 1.1 x 10 0.01 7.9 GM130A 06 110
LA 10 NSO4 2.5 x10 0.02 19 HSF-7 05 8
LA 19 NSO3 1.1 x 10 0.16 1 MSF-7 05 1)
LA 20 NSO1 1.6 x10¢ 0.24 1.8 HSF-7 0.5 72
LA 21 NSOY 1.1 x10% <0.01 17 HSF-7 09 07
LA 22 NSOJ 9.3 x 10 0.19 n MSF-7 () 55
LA QX NSO? 2.1 x 10¢ 0.02 85 81psd 12 380
LA QY NSO1 1.1 x 10° 0.10 1.8 HSF-7 0SS 64

Lagands

C The 1D Code consisis of 8 alphanumeric tems The first two tems indicate which laboratory made the iibrary 1 e |
LL = Lawrence Livermore National Laboratory and LA = Los Alamos National Laberatory. The next 2 items are under-
lined and indicate chromosomae type (in the one case of a mixed 14/15 ibrary. chromosome typa s designated as 45)
The fitth tem is & letter indicating chromosome status. |.e . N for normal T for trantiocation, etc  The sixth item s
either S (for smal insert, compiete digest ibraries) or L (for large insert, partial digest kbraries). The final 2 tems
represent kbrary construction number.

(3 x10°% )0 65)(1)
°*Number of recombinants for | chromosome eQuivaient = 4100

where: 3 x 10%bp is the size of the human hapioid genome: 0.6S is the clonable fraction: f is the fraction
of celidar DNA in particuar chromosome . 4100 bp is the average fragment size.

COI Ines from which metaphsse chromosomes were lsolated:

a) Norma diploid human tibroblast lines 761, 811, HSF7 d) £38 X human lyumpnocyte lines (human
b) Apparently normal human ymphoblastold ine GM130A ctvomosome content) §1P%a (X 12 1§)
and muttip'e X lymphoblastold ine 1834 (48, XXX). V1o x
) human 1o v (murnan
€} CHOx human lymphocyte lines (hurnan chromosome content) — * Ry TreToe & x e
UVaers (#2. X) UV20ML18-20 (#8, 0. 13 18, 17, 20 21)
Jte-1p (#3) UVaire (4 0)
UVZ0HL21-27 (4 8. 21) 76284 (210
640-12 (#5 8 12) LV24HL10-12 (#1.3 11 1))
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Table 2 BEST AvAal' »r = copy

Characteristics of 28 Chromosome-Specific DNA Libraries
Cloned Into the Hind Ill Site of Charon 21A

Frequency Slarting ‘ Starting

Library , independent of non- Chromosome Chromgsome Chrom 9oomn DNA

ID No. = recombinants recombinants equivaients® source (x 10 (ng)
LL Q1 NSO1 8.3 x 103 0.04 2.1 UV24HL10-12 0.5 270
LL Q1 NSO2 1.3x10 0.01 32 (20)  UV24HLE 0.5 270
LL N2 NSO1 6.6 x 10° 0.08 16 (5)  UV24HLS 0.5 270
L Q3 NSO1 1.6 x 10° 0.10 a8 314-1b 0.5 220
LL 04 NSO1 2.3 x w; 0 02 0.8 UV20KHL21-27 1.0 400
LL 04 NSO2  §x 10 0.27 10 UV20HL21-27 0.5 210
LL 05 NSO1 3.4 x 10° 0.26 113 (30)  640-12 0.5 200
LL S NSOT 7.6 x10° 0.06 27 (20)  UV20HL15-33 0.4 135
LL Q7 NSO1 3 x 108 6.01 1.5 GM131 0.9 310
LL OB NSO2 2.2 x 10° 0.03 93 (20)  UV20ML21-27 0.7 210
LL 09 NSO1 3.0 10° 0.02 13 UVATHL4 0.4 120
LL 10 NSOV 2.4 x 10° 0.01 10.8 762-8A 0.5 150
LL 11 NSO1 1.1 x 10° 0.05 .9 UV20HL4 0.2 50
LL 12 NSO 7.5 x 10° 0.01 24 (200 81P5D 0.4 120
LL 13 NSO1  2.2x 10: 004 1.3 761 1.0 240
LL 13 NSO2 8.5x 10 0.03 47 (200  GMI% 0.5 120
LL 14 NSO1 2.3 x 10° 0.06 13§ GMIN 0.5 110
LL 45 NSO1 2.6 x 10° 0.02 152 (30) 811 1.0 210
LL 18 NSO1 7.0 10* 0.08 Yy GM131 1.0 110
LL 38 NSO3 7.6 x10° 0.02 §1  (20)  HSF7 0.8 100
LL 12 NSO2 3.4 x 10" 0.02 24 (20)  HSF7 0.5 95
LL 18 NSO1 8.9 x10° 0.13 72 761 10 170
LL 19 NSO1 1.6 x 10° 0.02 s (10) 8 1.0 130
tL 20 NSOT 3.9 x 10° 0.01 34 (200 8n 1.0 140
tL 21 NSO2 4.7 x10% 0.34 6 (200 81 0§ 45
LL 22 N301 6.1 x 10° 0 0§ nooan 0s 50
LL 0x NSOT 2.1 x 10° 0.33 84  (30)  UV2eHLS 05 170
LL QY NSO1 2.5 x i0% 0.02 27 a1 1.0 15

O The ID Code consists of 8 alphrnumeric terns. The first two tems Indicate which laboratory made the Hbrary. i s
LL = Lawrence Livernore National Laboratory and LA = Loe Alamos National Laboratory. The next 2 tems are under -
#ined and indicate chromosoma type (in the one case of a mixed 14/18 Wbrary, chromcsome type is designated as 45}
The fifth ftem e a letter indicating clromotome status. |.e., N for normai. T for transiocation, etc. The sixth item 1
either § (for small insert, complete digest ibraries) or L (for large insert, partial digest Kbraries). The tinal 2 itama
represent brary oonstruction number.

(Ix 10 }(0.65)11)

4100

“Nurmber of recombinants for 1 olvormoeome equivalent s

where: 3 x 10%bp ie the slze of the human hapiold /me: 0.65 is the clonable fraction: f Is the fraction
of celar DNA in particular chromosome: 4100 bp e the average rragment size.

Numbers In parentheses refer 10 represontation of ampified ibrary . for very iarge lbraries,
only a fraction ot the packaging reaction was ampified. 214-10 (13)

*Ceot ines from which metaphase ctromosomes were leolated: UVIOrL21-27 (#e. 8. 21)
8) Normal diploid Fuman fibroblaet ines 781, 811, HSF7 $40-12 (8. 0. 12)
) Apparently normal human fymphoblastoid ine (M 131 UVZOH16-33 (/6 0 13 18 17 2¢O
€) CHOx human iymphocyte ines (human clvomosome content) — UVairde (#8 9 13 18 10 V)
UV2arL10-12 (#Y. 208! 3 11, 13 10) TeZ—8A (110 V)
V24l (4, Zuei, I7. 11-13, 147, 187 19} UV20ria (#1 46 11

14-16
VR4
2. x) '\PED (012 1§ ¥
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