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HUMAN GENOME PROJECT

Prapon Wilairat
Department of Biochemistry
Faculty of Science, Mahidol University
Rama 6 Road, Bangkok 10400

The Human Genome Project is an ambitious but achievable goal of
sequencing the entire human genome, which consists of 3,000 million base
pairs. This was initiated in 1991, and is planned to be completed m 2005,
covering a period of 15 years. In the process genetic and physical maps of
all 24 chromosomes (22 autosomal, X and Y chromosome) will be
constructed as well as the acquisition of DNA sequences for actively
expressed genes.

This lecture will briefly review the progress made to date and also indicate
the methodologies employed in fulfilling the objectives indicated above.

Historical background

A workshop was held in Alta, Utah, USA, in December 1984 to discuss
the status of detection of human gene mutations and to consider what
future technologies would be required to speed up the process. It was
realized that, although individual laboratories were identifying, cloning and
sequencing human genes, this was wasteful of scientists’ time and money,
and the current rate of progress was unlikely to achieve the goal of the
complete understanding of the genetic basis of human disease. As one of
the sponsor of the workshop, the US Department of Energy (DOE)
initiated the idea of a coordinated effort to order and sequence human
DNA clones representing the entire human genome and issued a Report of
the Human Genome Initiative in 1987 which contained three major
objectives:  generation of detailed physical maps of the human
chromosomes; development of support technologies and facilities in
human genome research; and establishment of a communication network
with computational and database capabilities. As other US agencies began
to sponsor similar research activities, the US National Institutes of Health
(NIH) established a National Center for Human Genome Research to
coordinate among the various groups involved in human genome studies.
The US Congress has approved funding amounting to some $ 3,000
million for the 15-year US project.



International nature of the Human Genome Project

In the US, the major sites of genome research activities are at the NIH
National Center for Human Genome Research and at DOE-supported
Lawrence Berkeley National Laboratory, Los Angeles National Laboratory
and Lawrence Livermore National Laboratory. Outside the USA national
genome projects have been initiated in Europe (Denmark, France,
Germany, Italy, the Netherlands, the UK, and the USSR (CIS), as well as
a transnational program sponsored by the European Union), and in
Australia, Canada, Japan, Korea and New Zealand. The Human Genome
Organization (HUGO) was established in 1988 to coordinate these
different efforts as well as to promote exchange of information and
techniques and to inform the public concerning issues and implications of
the human genome project. In addition to government laboratories, a
number of private companies have been established to obtain information
of human genes and other DNA sequences for commercial exploitation.

Basic strategy

In its simplest term, the human genome project involves generating and
sequencing cloned DNA molecules, and ordering them along the 24
chromosomes. This strategy is shown schematically in Figure 1. A
fragment of DNA (average size of 400 kb) is first cloned into a yeast
artificial chromosome (YAC, constructed from the telomeric, centromeric
and replication origin sequences allowing for replication in yeast cells) . A
smaller fragment (40 kb) is then cloned into a cosmid (plasmid vector
containing cos gene of phage lambda allowing it to be packaged into phage
particles for infection in E. coli in which it replicates as a plasmid).
Finally fragments of 5 kb can be cloned into plasmids for sequencing.
Once the sequences of these DNA fragments have been determined, the
order of these pieces along the chromosome is constructed by aligning
overlapping sequences.

Genome maps

Although the ultimate goal of the Human Genome Project is to sequence
all the chromosomes, two important intermediate objectives are the
construction of a high- resolution genetic linkage map and the production
of a variety of physical maps that will enable the DNA accessible for
further investigation.

The value of a genetic map is that it allows the inheritance of a genetic
disease to be detected in affected individuals by following the presence of
a DNA marker, although the responsible gene or molecular basis of the
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disease has not been identified. The first comprehensive human genetic
map was obtained in 1987 based on the use of 403 polymorphic loci,
including 393 restriction fragment length polymorphic (RFLP) markers.
This provided 23 linkage groups (linear array of linked markers)
corresponding to the 22 autosomes and the X chromosome, but the
resolution was poor (>10 Mb between the markers). Greater resolution is
now available using microsatellite markers (also known short tandem
repeat polymorphisms, or STRPs) as they are abundant (> 10* loci), have
many alleles, are dispersed throughout the genome, and can be readily
typed by polymerase chain reaction (PCR). A comprehensive genetic map
of the human genome using 5,264 microsatellites (short tandem (AC/TG)
repeat polymorphisms) was released in 1996. The map spans a genetic
distance of 3,699 ¢M (1 cM is equivalent to 1 Mb), comprising of 2,335
positions of which 2,032 could be ordered. The average distance between
the markers is 1.6 cM.

A physical map, on the other hand, gives the locations of identifiable
markers on DNA regardless of inheritance. At the lowest resolution for
the human genome, this consists of the banding patterns on the 24 different
chromosomes.  Nevertheless, this allows for identification of the
localization of DNA probes on the chromosome. This has been facilitated
by the use of fluorescent in situ hybridization (FISH) technique which can
distinguish between probes located 100 kb apart. At the next level of
resolution is a contig map. A contig is a contiguous region of genomic
DNA which has been cloned as a series of identifiable overlapping DNA
clones. Figure 2 shows schematically how a clone contig is constructed
for a region LM of a chromosome. A genomic DNA library of the region
LM is produced by partial digestion with a restriction enzyme. Clones
with overlapping sequences are identified and the fragments aligned. This
can be achieved either through the technique of chromosome walking
(directional process) or by random fingerprinting of all clones in the
library. In the former method, a fragment of a DNA clone is used as a
probe to identify all other clones containing that sequence. Another
fragment from one of the newly identified clone is used as a second
“walking” probe. This approach has been useful for finding genes
localized in a small region (< 2 Mb), but it is labor intensive and cannot
extend over large stretches of DNA. Random fingerprinting to identify
clones with overlapping sequences relies on locating sequence-tagged
sites (STSs) in the clones. STS is a piece of DNA that is specifically
amplified by a pair of primers, i.e. is tagged by the primer set. Clones
containing common STSs can be quickly recognized, sequenced and
subsequently aligned.



There has been debate from the outset of launching the Human Genome
Project whether to attempt to sequence the total genome or concentrate at
first just on obtaining the sequences of genes, which constitutes between
3-10% of the genome. The number of human genes has been estimated to
range from 50,000-100,000. These coding DNAs can be determined from
sequencing c¢cDNA clones from such tissues as brain, heart, liver,
lymphocyte, skeletal muscle and testis. By sequencing the 3’-untranslated
region (3’UTR) of a ¢cDNA clone, a pair of primers can be constructed to
produce an expressed sequence tag (ETS) (similar to STS) for this piece of
coding DNA. Current EST databases now represent about half of all
human genes. As ETSs are nonpolymorphic, they can be used to locate
genes from which they are derived on the physical map, thereby producing
a comprehensive human gene map. In October 1996, Science Magazine
published a human transcript map, based on data from a consortium of
laboratories located in Canada, France, Japan, UK and USA. 16,354
genes were mapped relative to a framework map containing about 1000
polymorphic markers. Altogether, 21% of the mapped genes encode
protein products that have been identified.

When one considers that in 1994 only 5131 human genes had been
mapped, the remarkable progress made since then indicate that the goal set
for the compilation of the complete sequence of 3 billion bases in the
human genome in 2005 will be met, and possibly even ahead of schedule.
However large scale sequencing of the human genome has barely begun
(see Table 1). Approximately 60 million base pairs have been determined
to date. The longest contiguous stretch of human DNA sequence in a
public database is less than 1.5 million base pairs. It has been estimated
that seven large-scale sequencing centers, starting in 1998, would need to
complete about 75 Mb/year if the goal of 2005 is to be met (current
centers are able to sequence from 2 to 30 Mb/year). Completely
automated sequencing production lines will have to be established which
will keep track of the clones, analyze the data produced and keep records
of reagents, protocols and machine performance. The rate limiting step is
the reliance on skilled and experienced human “finishers” who examine
data, resolve discrepancies between conflicting sequence results, direct
any required additional sequencing, and evaluate the precision of a
concensus sequence.

Genome centers are required to release their data to the community in a
timely manner. Sequences are available from four large data bases:
GenBank and GSDB in the US, EMBL in Europe and DDDJ in Japan.
Finished sequences are minimally annotated - identification of repeat
sequences, similarity analyses, and some indication of the quality of the
data.



To be useful to the biological and medical researchers, it has become
essential that the biological information in these sequences be more fully
reported. Thus there has been a shift in emphasis from “structural
genomics”, i.e. the construction of high-resolution genetic, physical and
transcript map of an organism, to ‘“functional genomics”. i.e. an
understanding of the function of all genes or proteins at once, conducted in
a systematic fashion, providing new insights into the behavior of biological
systems not available from previous studies involving only single genes or
proteins. An example of a functional genomic approach is the recent work
of Zhang et al (1997) comparing gene expression of cancer with normal
cells, employing a technique called serial analysis of gene expression
(SAGE) to identify and quantify 303,706 transcripts derived from
gastrointestinal cancers. These transcripts represented about about 49,000
different genes that ranged in expression from 1 copy per cell to as many
as 5,300 copies per cell. Although there were many similarities between
the expression profiles, more than 500 transcripts were found to be
expressed at significantly different levels in normal and neoplastic cells.
These data provide insight into the differences in gene expression
underlying malignancy, and should reveal genes that may be useful as
diagnostic or prognostic markers as well as identifying targets for potential
therapeutic intervention.

The complete human genome sequence will be a composite of a few
individuals chosen at random. The Human Genome Diversity Project
(HGDP) was proposed in 1991 by Luigi Luca Cavalli-Sforza, Stanford
University, USA, as an international collaborative effort to collect genetic
material from a large number of indigenous peoples of the world for
systematic genetic studies. The purpose is to understand human diversity,
both normal variation and that responsible for inherited diseases. Nuclear
and mitochondrial DNA are to be obtained from isolated populations that
were likely to be linguistically and culturally distinct, and surrounded by
geographical barriers. Although the original purpose of the project was
anthropological, the results of HGDP will have medical implications as the
prevalence and distribution of disease genes in the world population will
become available. For instance, understanding of the gene or genes
responsible for adult-onset diabetes can be obtained from studies of the
Pima tribe in Arizona, the Old Order Amish, the ‘Gullah’ Islanders in the
American Southeast sand some West Africans, all of whom suffer from an
unusually high incidence of this disease. Concern has been raised
regarding the commercial aspects of HGDP, and whether individuals from
whom the genetic information was obtained would derive any benefit from
the studies. One solution to this problem is to provide any drugs
developed from genetic information free of charge during the life of the
patient of the sample population, as has been agreed upon by the company
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deCode Genetics, Inc. (Reykjavik, Iceland), This commercial enterprise
was established by Kari Stefansson, a Harvard geneticist and native of
Iceland, in order to look for useful genes in the native population of
Iceland since the the island is geographically isolated, has good records of
marriage and medical history, and the population is genetically
homogeneous through two bottle necks - a bubonic plague in the 1400s
that reduced the population from 70,000 to 25,000, and a vulcano eruption
in the 1700s which resulted in widespread famine. The race to find other
suitable populations has already begun.

The human genome project has now moved from structural genomics and
entered into functional genomics. “Evolutionary genomics™ is on the
horizon.

Further Reading

Books

Tom Strachan and Andrew P. Read , “Human Molecular Genetics”, BIOS
Scientific Publishers Ltd., Oxford, UK, 1996.

United States Department of Energy, “Human Genome 1991-92 Program
Report”, Office of Health and Environmental Research, Washington, D.C.,
1992.

Articles

Dib C et al. A comprehensive genetic map of the human genome based on
5,264 microsatellites. Nature 1996; 380: 152-154.

Schuler GD et al. A gene map of the human genome. Science 1996; 274:
540-546.

Science 1997; 278: October 24. Genome issue: building gene families.

Shang L et al. Gene expression profiles in normal and cancer cells.
Science 1997; 276: 1268-72.

Wallace BW. The Human Genome Diversity Project: medical benefits
versus ethical concerns. Molecular Medicine Today 1998; 4: 59-62.
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- =i
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~ —
> e
Pt e

e e PARTIAL NUCLEOTIDE SEQUENCE ~ ~ ~—=——_ _

T {from human B-globin gene) =

GGCACTGACTCTCTCTGCCTATTGGTCTATTTTCCCACCCTTAGGCTGCTGGTGGTCTACCC
TGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGG. . .

Figure 1.  Construction of human DNA clones for sequencing

Cloned DNA sequences must be made progressively smaller
in order to be sequenced. The results are then compiled to
produce longer stretches.

(Source: United States Department of Energy, “Human Genome 1991-
92 Program Report”, Office of Health and Environmental Research,
Washington, D.C., 1992, p. 207.)



. %

4?—- B Omt— v‘”—ll-a—-‘ld

ICInne contigfrom L to M I

(B) | Starting DNA: a population of DNA molecules

ﬂ Partial cutting

| Overlapping fragments [

Figure 2. A clone contig

(A) Clone contig between chromosomal sites L and M
consists of 21 clones arranged as a series of clones with
overlapping sequences. (B) Overlapping DNA fragments are
generated by partial restriction enzyme digestion.

(Source: Tom Strachan and Andrew P. Read , “Human Molecular
Genetics”, BIOS Scientific Publishers Ltd., Oxford, UK, 1996, p. 289.)



Table 1. Current status of genome sequence, as of September 1997.

Organism Size Sequenced % finished
(Mb)

Microbial genomes 0.6-4.2 0.6-4.2 100

(~11)

E. coli 4.6 4.6 100

Yeast 13 13 100

Nematode 100 71 71

Drosophila 130 8 6

Mouse 3000 6 0.2

Human 3000 60 2

(From Rowen L, Mahairas G, Hood L. Science 1997; 278: 605.)
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= o L7 cl o L7 d ] = =)
(intercalation) awvinlwsuswalawatldenudasly aukimiinladung 1w ianisnane
Wug weaviigadniels
a o - af d o w4
815 Intercalator UNIRARAIINFINITOIRNISSDILEIAIWHaIUNUALawalae
as 1 cl la s o L 7 = L2R "] 1
um‘snm‘szm‘qeﬂmfmagmmnm.mmﬂﬁtama mlvisananalawalameala) &9
s o £ 7] o = = o s ar d
ﬂ'%ammwwﬂ%nwmamuaaﬁLamanﬂﬂnmmnmiﬁmnuﬁLamafﬂamﬁﬂﬂszq'ﬂ
wr d o e o |
backbone 7adflawia uazanAgdnninnusslalasianlazasvanlugaanunlusassas
o & 1 = a = | - (- o o wvad d
LNRE" (m‘saa‘lmyua:mn) DIFLBWLALNAEL IR f1snsagIaNHuIAISasua AR TuLE
s ar o e = c:f o
JUAUALDWLD ﬁ'ammsmmm‘lzimmmuﬁtamaﬂ‘%ammmumsaanmqﬁﬁmm'i‘lm

lUsAnmruannisrineuzassiiania sanmstanlainldfanafiows Sausunis
TunsinulagerfenisSessrenuruazgusniione TUsdwmarisunsaduiudion
iolasanAuUszgravgwanin uasdawzasgiuaiviniusslalasion  usswanwmesnad
uazlalaslwina nsAnwdsuzasuantuiulusiwnsedudeidielmiinnudla
nIvineuzasdn  Laseasiezasin uaznisvindwsnldidndssloginionisunnd tnums
UAZERFTANTTH

3. msulanalnnisasisaeutadianladidudsslevila

v e o - | o o o la - %
ﬂ"l‘iﬁi’l\'l[ﬂLEIRLEIﬁ']EJYIﬁBGG]ﬂ\‘]?h‘lﬂ']"iL‘iEJGE}Q‘UE]GLUE!I%E{'}EIYIL%%LLN‘NN?H LazRad
a1Auleuled DNA polymerase lunssenrwagsng 7] 989 nucleoside triphosphate (NTP)
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L ar o 4:!' [ w s o ﬂ: J o
Rl nANEdmii WisansadaaTzifiewadiatwdudwausn
= i s ar o ar - |
(polymerase chain reaction) lagaAaende sl DNA polymerase Aaln diagram jﬂﬂ 4

(NTP), d18R
DNA + . |
mmﬁm polymerase SEERaL DNA
. — —> EI']HI.?;H'J polymerase
+ A ” L1l [‘[ S
(NTP), GRLL! +
(NTP),

winaziinaLlewanganislaeis polymerase chain reaction A259zABvfiAawaN
u%qngagiﬁ'ﬁa ud3eldianlest DNA polymerase iisduamduninalasnisildiinfion
waeduazaeiisagauin Ineldiowlesd poymerase vinlvimeiienduaieg uasuen
anegiduaeiersernusan dauiuly

mstiugenisassitanie an9vilalagld nucleoside viSadundrendofilaianaisn
naneidn NTP Aredwsdnmedione sndnemiasdudinisreiinzasonlas DNA
polymerase  uiinavnldisndrnnsosnemdsussimlisafinanladaurafiala dw en
AZT ¥ia ddl uasfedn NTP  wianUasnandasluniswinisiSeedsuiud  (DNA
sequencing) 188 twsnzidudarinliifia DNA AifiAae1asng 9 Auaw
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y & A A
AaNAZNUgIuveInalulal AL UL

- | a das
WAL A3, IUASHAT B3z Tadve
MAIVITAUAT AUSUWNIFAAST A I 1FNIILD

YHIINIALUNAR

AN laNTIWUNULEIIN DNA w3nbin Lﬁumsﬁugn'smlul,ﬂnaa"ﬂaaﬁaﬁﬁ%ﬁa:mmaﬂ
mnwauaj‘lﬂggnmm'lﬁ A eTanunEENUAI M SUEN I RLARZE U BNUNANHIBENIS WA
121239 WauAnaudl a.a. 1970 n1sANEA DNA Lﬂuﬁa'ﬁmnﬁq@llumaﬁa‘ﬁﬂ%'uﬁfn%’aLﬂﬁ 1asann
DNA flnwalugiann dasfinmnlagifdeuriniu ity nmsfinsmsuaaaanuas DNA 31N
lils@u siemsiienzimenugmanianng  udifeduiimsfinus DNA Jaidengaly
UTIETIlANaNIRMY  Imamannga DNA fudnaduwizniadmsiudwaussnala
o s = o . %= & w oo a = { o 'Y & o
Na  uazmIamdseuETes DNA 1ug 16 wsnanddsiimafianinwinannaw 1ou

= = < e Ada o - o
iaanaisuudaimsuaateanvesiulwoasvresriisia  Fensevinlalasmsulasuulas
= o . ° . = . " ' s - = ek ke o o
DNA fiiuadunisladuniianila (mutation) neulgnaunlilwasduesdslisia welw DNA
fsvhlwiasuudaslustugn incorporate 1971ulu host chromosomal DNA  uaziimsuzas

el A dad :
panvasdunug @oldlumenaiw

imnafind1a g ﬁl’ﬂumsﬁnmxﬁﬂmaQaﬁuﬁ%aﬁvn‘lﬁmwama leun  DNA
cloning %38 genetic engineering %38 recombinant DNA technology Famaiiamariiseldin
\umst§iamsinsn DNA 1¥anGannin  neliadnanysznaudetuasuiiand g daee
it

1) mIaaas DNA moiawlesdi$umiz (restriction endonucleases) Favinl¥msuen
Aufidasnsinsnoanunldinein

2) msuswauiuiaulalasmsvh DNA cloning

3) M3 nucleic acid hybridisation AvnlwmssumBuiauladwlileinndu

4) MIMENULLRT8Y DNA (sequencing) Se¥nldnsanmnusuiwevasduuszoiauas
lsduiidwing neauszulasimeanunidulyleinedu

5) msasuudasBufisulaiuiiuslawanisathsiumizanzas  udlansudlule
AR IR Ia Lﬁﬂﬂ%ﬁﬂgammamaanmaaﬁmfulﬁ‘ﬁ%u

luunitezwenanis wannsiesdulumsinm DNA  leoldinaiindneg asldnan
sutens Feaniwdesfiiitumsiisan DNA fisauladansevinle 2 9% Ao

A) mMsfusiuan DNA lavlfioasseiidie wu wafide, fad. 51 984

B) msindwan ONA lapls3s polymerase chain reaction (PCR)
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1) P9ARaIs1wIn DNA Nawladnun (foreign DNA) lagldigaadeiidia
- | o w oo y O IR L o t oy o i
ras il et unflasiunuuedGuiuian  Fe1a5unlainnsyin DNA cloning

ins¥nle 2 uun @e genomic DNA (GDNA) ez complementary DNA (cDNA) cloning  ms

. DNA cloning #ianu@mapniitesanannisaunsanasienyimsiiusiwinbuuasazinle
@IUUAIBNIYN DNA cloning tsaansnfnm lassanuasnsiaadaanuesdundaziunlads
iy
T

1) N13711 gDNA cloning ﬁ%ﬁnnﬁwaagﬂﬁﬁaﬁ (3ﬂﬁ1)

a) MILasuN DNA ﬁa:’lﬁa‘%’ﬁa DNA 8nW&d (chimaera 38 recombinant DNA)
Talsznausay DNA 2 &% 1@un vector DNA was DNA fiaulaasfinmn
(foreign DNA)

b) NN3&NI recombinant DNA (r-DNA)

c) msld rDNA swdhlluadfelidia viaiasdidnthu (host cell) @sam
IngjainaziuassussuuniiGs alWifinsuan DNA finanlafinwy &
L38N3IMSYN  transformation

d) msAaReniaasuunfiGuflasy  recombinant DNA i liugn (positive
clones) laslfinaiia DNA hybridisation

e) MIIaTEH DNA fuimaule lasmsusnuwiudionssualwih (agarose gel

d &
electrophoresis) TFITWMIRITWIOVEI DNA U

1UABUUBINITT gDNA cloning zndnlapazidea lansdalii
=i
a) n13te38 DNA Nazlda3ing r-DNA

@9lensnIudain ~DNA dsenaudas DNA 2 suldun vector DNA Uaz gDNA
aulafinw (foreign DNA) waztsdadsmatias wanlasnisyin DNA cloning LWSIzasiii 13
=3 L = = ﬂ‘: =Y LY Gi‘ﬂl 0 e 4;'

Jadasiimsiasun DNA 13 2 sialii3ansifunew asil

1) nise3yy vector DNA

DNA wilafiazfiudamn (vehicle) DNA finanlavinlifuduwnlwasdish
(host cell) DNA #iazl#iflu vector DNA siumunsniuuneanieiiiu 4 shalnaig leun
1.1) Plasmid DNA
1% DNA mamgiﬁﬁgﬂ'mnamﬂmaLLmu‘i'J@ (closed circular DNA) Wu'le

lwirasvasuuniie, Bad, 57, ABI1WIn Agrobacterium tumefaciens
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1 Construction of arecombinant
DNA molecule

-1 Recombinant
DNA molecule

Vector
Fragment -+
of DNA

2 Transportinto the / Bacteriam

hostcell

Bacterium carrying
3 Multiplication of recombinant DNA
recombinant DNA I i molecule

molecule : _

4 Division of
host cell

5 Numerous cell
divisions resulting
inaclone

7 5 5|
Bacterial colonies
growing on solid medium

st 1 duasunasnsyin gDNA cloning
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anaaGnad plasmid DNA
Qmauﬁ'ﬁ‘ﬁmmzamm plasmid DNA #iaz181iu vector fidaih

- musneinwldluasfidueinadudas: lituiunmsasie DNA vasisss
Wi ilesandusinmiidoniniu origin of replication uaz$wan plasmid DNA lwisag
LTSN copy number @atndasidiwanasud 1 89 wnndn 50 Sudeiwad

- §i selectable marker fizldidudnaiioniaasiTweraslalesy ~DNA 190l
Wi e‘%d;Tna:ﬂuﬁuﬁmuaummﬁa@iamﬂﬁ%mu: (anitibiotic resistant genes) 1T% WONRTRM,
e londan Yay

- fluwawamunz plasmid DNA lapmaldazlvwanmnunanpasud 1-250 kilobases
(kb) usrmaNMINzaETiazlFidlu cloning vector fia 10 kb uazlHiiuminsw foreign DNA 75
2@ bitAin 10 kb wh lulwsafvasuuaiise

: i‘iﬁnmﬁgnﬁwﬂauﬁamaﬂmﬁﬁwm: (restriction sites) Amanzaulusufiaclfiin
cloning site

- mansnlfiilu expression vector F3iu vector 71 cloning site Aanzaulums?
LUMILFAIDBNVEID (gene expression) ﬁlmﬁulﬁmzamﬂ'ﬂﬁ 5% plasmid ans puC
Fanae

ms3unda plasmid DNA siwaslsenwstiaiily p e 1Ty pBR322 (31J°?I| 2) @3
s plasmid Afwaldiuann

EcoRl 436210
Clal 24
! Hindill 29

L/

<285 Aanmi
4171 Sspit

EcoRv 189
| whet 230 Bammi 175

. e Banl 474
Bant <88

Sphil 565
ol

/s-n Accl Hingll 650

3966 Xmni
3928 Hinct
3645 Scal

3737 Peut

3612 Psn

Xrnalll 938 w3
Nrui 9%

3235 Ppal

Beptil 1063

~ Bsmi 1353
T Syt 1369
- Avml ‘14

T Bafl v2eh

s

2475 At TT—
2296 Nael 4y 1 Kmnt 203a
22¢5 Acct Soal | Pyull 2067

2271 A

b.

N2 uWunduas pBR322 DNA Laed restriction sites Waz antibiotic resistant genes

e U
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1.2)  Bacteriophage DNA

= o - P24 = - 4 o . o e <
Wuhiarfianiseradonsig 1 phage  #aansn infeot uuafidyle
Usznaudiud@iuiing g fs DNA (wietnasziamanaiilu RNA A1) uszdaudiilulysaudivn
WiIULTad (capsid) phage #ifloalBiflu cloning vector azannTnm foreign DNA #iluuna

nainin 20 kb i llwsadidnhuld §2 dsaanlvgg dud A use M13 phages i}

anwuiiu head-and-tail uaz filamentous @nu& 6L (U 3) A-phage 1nswiia tu Agti

sansaldiflu expression vector 16 & Mi3-phage % fioalflunsyih DNA sequencing
NUBENILNIHANE

¥*=— Protein molecules
(capsid)
Head

(contains DNA)

DNA molecule

(a) Head-and-tail (b) Filamentous

b

A3 uses A usz M13 DNA Faiilu head-and-tail (4a) waz filamentous phages
(4b) MG
1.3) Cosmid DNA

1 vector hil3uilseanan A-phage usz plasmid DNA sansalsislu
WIREH9zN foreign DNA vwialng) aoue 20-45 kb 1 liluaradidnule

1.4)  Yeast adificial chromosomes (YACS)

Wu  vector Nz wanlensluwuefide wasludad  swsolsiily
wWmzi foreign DNA wwalnaianng (>200 kb) 1w llwesasisncnule Samansiia-lsls

M3ANHDINSUEAI08NYAIE U B §aITUFy (eukaryotic gene expression)
a o = . o ey 3 =
mMuasy vector DNA Fan@vzaglwaasueswvaiisy luiflazvansnfs plasmid

&, e V] s ot iact 4 da Ve . ' = Lo
DNA  1udey #ldwaed?  uadswilsifisalsnueiounsnanasiumsuonlaslsens

(alkaline denaturation) @143BU8S Birnboim Rz Doly (1979) FITWANNNTE 16
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1Un@ plasmid DNA dilasiaing (conformation) 16 3 wuy fe supercoiled, open-
circular W8z linear DNA  thelaansiesuy plasmid DNA 1 fidasidsantauuaidelulZunn
un ﬁﬂuﬁa:ﬁﬂﬁlﬂnaﬁummﬁaﬂmﬂéau plasmid DNA aanun mnﬁ'ﬁuamwaﬂmﬁﬂﬁ’
pH 8Y3zWIg 12-125 Fafignnazit plasmid DNA #iilassaeduuuy supercoiled ﬁ]:hign
MllduaN W (denature) W plasmid DNA ﬁﬁlmaa‘?’mﬂmmuﬁm:Qnﬁﬂﬁl,%ﬂamw"l,ﬂ‘lﬁ'
DNA &t (single-stranded DNA) deantwiadunsaiaysuanaclwifiunas DNA
an denature lUasnsuanduaaiulelng (renature) Gvasiinldasnsliidusaifoy we DNA
\NREFVBY plasmid DNA ﬁa%ilugﬂ supercoiled 3z liuBnaninagus ERUE RS REaPTave
wen plasmid DNA ﬁaglugﬂ supercoiled finonanle Taumisil (centrifugation) @9 DNA
ﬁana‘nﬁl:aglummjamfﬂa (supernatant) plasmid DNA 3ﬂ‘5w] vszatludmuaznas (pellet) 7
asuenioly

2) maasul gDNA

LSIEIUISaNEN  gDNA aanmmnmaa‘wad&'ﬂiﬁﬁﬁLLﬂ:é’ﬂfﬁ@ﬂﬁ%ﬁmjﬁm
i loefidaientn, WRATINNL, LRAnAaLie, ImasuUnfiGe Y8y wanmsdAfile
lumsusn DNA asnannizadeanana e

21) nmlvilosdndasmsuen DNA uandaw  (ysis) leeldmsafifdn
detergent

22) vhmsdanlilsudslduniewlmieneg wu nucleases, lusaudalauiisy
Uiy DNA waaﬁm{%uga Wudu  Taolfewlssd protease  auiwazindedindifunse

AINRDALYINTI
2.3) finmstas RNA lesandpiewlad RNase dasiuaziwdasiudiiilu DNA
LYINTEL

2.4) Yinmsanaznas DNA fuenlaals ethanol wanazaiy DNA siueaesin
naunsatNIWas ANz Y

b) N13&3198 r-DNA

1) N130@ gDNA uae vector DNA @aenaulaidumie (endonucleases)

Restriction enzymes \Huanlansiniia type Il restriction enlonucleases NWENIN
uuaisuumeTia  wesaslanufissdeaansada  DNA MugnUImMwEEon
. S d = Qe [ ﬁlv
palindromic sequence @IdaNWRUEAIA8 L1k
5 s AT TIE——— Eco RI S AARTE=— 3"
3’__CTTA}?G_ 5/ Lol S ST A A (o
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amnlanminaudirauiuganfienis 57 1 37 w83 DNA ®ouulazamgdns S1eulla
el gl P o a ' o v e o L P | o Vv ¢ o
wuazmiloununngd mudunibingnass axfudunisignaalddoewlad  Ecorl
0w lmifiazdy (recognise) nu DNA ldleslfiug 6 ¢2  FsSwmewladiiniu 6-cutter
a s a o = B, w Xow o . ol

wasanaausaazld DNA dUsainilea (sticky end) a3t uananidedl restriction enzymes
aug fiilu 4 wia S-cutter uazwmasndauiazld DNA dmswilsawsedmey (blunt end)
file 1w teulad Al az3unu DNA leslfius 4 67 uszwasandausdazle DNA Ume)

5!

3

AGLCT—s" Alul Bi— AG cT——3'
TCTGA—-s’ e = G

r

m3BunTa  restricion enzymes T =lFENWISIUTAVESTE genus UBILLANLTY
Wudnwsdausnuastaonlasd dusnws 2 62 namesewlmdinazinania species Va4
LuAfI3ERINENT Wezenaasiize strain vasuunfiGodernedavesenlmivwielufifle et
restriction enzymes Idusasliluannaf 1

@139 1 Restriction endonucleases THAGIIY AULNIAUUATISH, SIOUILE, LA

WRLAZTRAV8IUaNY DNA Niaw laiaa Lo

Lo Lars] Tauuadise CRIGHIISTE: sfiavadtaiy DNA i
@@ Lo
EcoRI Escherichia coli GVAATTC sticky
Byl Bacillus globigii AdGATCT sticky
Haelll Haemophilus aegyptius Gelee blunt
Tagql Thermus aquaticus Tdcea sticky

&5 e ek =t o g o o o <

aInuiNanactaIsy gDNA uwaz vector DNA l¥wSandwiumsyin DNA cloning 3=
¢236@ DNA 114 2 T#a ¢ restriction endonuclease(s) (Nal¥iialay fiwsauazitasy DNA
13 2 ofle hdeiwFuiaw (3UN 1)

2) mday gDNA lgs vector DNA

WRIAIINNAA DNA N3 2 THANIY restriction enzymes UAR=YNNSITay DNA 11§ 2
dwtowlal ligase ldle rDNA (3u7 1)
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c) mild R-DNA Whgizaaiantim

i ldlasdsmsNiBonin  transformation lagfinanmsie naasrhlvnismsd
yaauuafiGudiu assulwgjaniu £ coli iegwawionew lasldmsiafisu cacl, vhls
Idaasfidundn competent Haiilevn r-DNA NmJaa'lﬂlwaaﬂmamﬁﬁLfﬁaﬁmmﬁag r-DNA
arlhimzaguuiinvasasdananius:  ~-DNA  azpnibhwinllwasdvesuunfidodnhuld
I@Um'smﬁwu.ﬂmqmmgﬁmaauﬁaa’aﬂnsmﬁamﬂ 42°Cc U 4°C wawmsiBunit heat
shock LoasAlesy  r~DNA wldisnesi3onin  transformant  WA=9=d ANWOAETNINEAN
(phenotype) su/apuuladly iwwduossuuafiGasninwazinnla (sensitive) donUTaus
an  wadusasiugldsy  rDNA W lufesinldnmedueunfiGefiae (resistant) daen
UFusussaninsaaiadulalddluemsidsafenfnygmcey

d) N1IAALABDN positive clones

\Junsvaseuin transformant la 1650 r~DNA 75 DNA fimawla (insert
DNA) atishy aznssvildnaeds nilefifluuiufine msyh colony hybridisation Adlwan
N1 DNA mmé’imﬁﬁmmﬂugwam (complementary bases) n% WHININIVGNUNID
hybridise fwld daiudisdusinsas DNA Fimaula figunin DNA probe #3afsusinm
315§l DNA probe wdtismuiGuLaEesiufianlafioas 10-20 Wwa REENIOES
FuaT=R (synthesise) oligonucleotide mmﬁ'mfﬁuuﬂﬁ \aldidn oligonucleotide probe
s 1F probe dansniludifamurn clone fdGusuas DNA fsanlednmnldee
T euduaeuesil

1) inms@aasn DNA probe %38 oligonucleotide probe §BEITANNUATIH

' 32 a3 - o o e ! 1 o o @ o LV a I
i P, P wislulhatiwnenltmaefitunlilsmsnudueisiiuai@easnild  u

biotin MsiitielfiiudAamum transformant fifisuguuas DNA ﬁmaulaagj

2) ﬁ'mﬁm%ﬂwmﬁuuﬂﬁL‘%ﬂ%ﬁﬂnﬁazl.ﬁq;lﬁu'[ﬂa%i‘:ma’m'l'sl,guu"ﬁva a3y
Laﬂﬂagumw&u nylon membrane 38 nitrocellulose lasns¥in replica plating

3) AT RULUAA S UNLEY nylon membrane L@aN lasmsiau detergent i@z
e ielwiimsysen DNA senunagluziues DNA moi@en ‘?‘igﬂm’%ﬁi’ﬁuum nylon
membrane ﬂ‘su

4) 11 DNA probe faaaanuaaly hybridise NUWAY nylon membrane Padou

LY

5) YINN1393593%1  positive colony N14T% DNA 7iisiaula insert ot laslinadia

autoradiography
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e) MINATEA gDNA naasn1idne lasis agarose gel electrophoresis

S3funsusnsu DNA murweuwiudiunszua Wil laswasanda gONA
Asndeudn Uiy vector DNA U312tk cloning site 88naNeiaL restriction enzyme Wit
DNA ﬁ'l.@l"lﬂgmnuui'u agarose funs=ualih DNA #AfluwaiinazndeniiléiSanin DNA
ffvwalng  dedtiesvnliinmnurweuesin gONA FimaulafigniFeadnliiu vector
DNA ¢

2) N13¥11_cDNA cloning

i%ﬁm:mm:ﬁ'un*mﬁnmm‘mamaan‘na&ﬂuimmLawwzﬁuﬂaaﬁﬂiﬁugaﬁa:ﬂsznau
@8 exon WA intron WANNISVBLMATANLTAS (12:UEN MRNA 2BIsRsRTASaRSALINE
lafinweanandauiin mRNA @snanliainy firststrand DNA %38 complementary DNA
(cDNA) strand Tavaneenewlasd reverse transcriptase %Wmfuﬁaﬁ'lm‘iﬁ’m second-strand DNA
Juan uFlh DNA mugli?ivlﬁlﬂﬁﬁm'i cloning aadBa1eg aelenaaliifesduuda dely

2) m‘nﬁmﬁmm DNA luvinaanaass aais Polymerase Chain Reaction (PCR)

rF=Y 3 = r=4 =% A cl' 1 v & 4::' z o a
e el wd ninadanisnnaldinanisla ﬂuuﬂaaﬂnmﬂnﬁumsﬁnmmaa%
Fnen ledniseuwuiietl a.e. 1985 lap Saiki  wazame IFTIRIUNSIRLSIUIREUT
inanlaatsdimzianzaslunasanassdld nannsuesisinne msas1s DNA (replication)
aan A a o a = P P e, =t
luufidenfiiadn g AunaiL g sau (repeated cycles) (31 4) Tsmsiiuiwanesiuina
1aft 1513 119 1 29NV 1A VIURDBID UN LIIEFRLIVIIF I LA 8N LS1TEUITDFS S

. . = W o Al e Pie a i
oligonucleotide primer #13UNVHUWK waztRus wantuan e

&‘: b
PYUAdUUBINIINIT PCR

uiszsauLas PCR Usznausiutunaulng 9 3 Tuaawledun ‘

1) Denaturation Jumsyinl# DNA mpg usneaniu DNA muaen  leasls
annnililszanmi 95 °C

2)  Primer annealing Lﬂuﬂ‘:umau‘?i oligonucleotide primers =1 ldauny  DNA
U‘%nmﬁﬁﬁwﬁmuaﬁxﬁuﬂwau (complementary base) Q:Lﬁ@ﬁqmﬂgﬁﬁmm:auiﬂm‘hﬁu
YIunnedus G+C mMillSinm GC wnazvinlé annealing temperature gdmu“lﬂﬁw lag
fi’ﬂﬂqmﬁgﬁﬁlﬁ'ﬂ:agi:ﬂiw 40-60 ‘C
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3) Extension tfuluaaumssineais DNA an  oligonucleotide primers #iinliau
(2| - o = T . “ sﬂ' = °
nudundesmfinmainan aznanamngldszanm 72 °C
. P Y = o P - = w
msiudmuiundesnsanmlasds PCR & vnszvihlunasanasesiis=naves
audsznauidnn g 4 athslaun
e | a _oaa e =
1) DNA template @91l DNA Gl NusnanantrasveIRsi T anaulafdnmn
& & o ' = a
2) woulml Tag DNA Polymerase Faifluanlmifinumudamsilfouudasgmngil
uszvhmshhansay DNA fianunmniigas 6@ (thermostable DNA polymerase) tawl@sifinen
annuunfiisete  Thermus aquaticus Wendwagluveshwien  Tagtumunsadszelaan
B G LI
3) Deoxynucleotide 134 @1 leiii dATP, dCTP, dGTP uaz dTTP
L ; ” A4 = <
4) Oligonucleotide primers T4t DNA ®1Ba%g 2w1aUszanms 20-30 bases 813

wundw g MDu forward Was reverse primers & 1%3U3U DNA templeate ‘?1:0 28y
wananiigafiasisuiiudansi PCR 349 1% 1S9 MgClo, KCI 13 PCR buffer
Tapag . mafisdwan DNA Taed% PCR dlezlddmausautssanm 25-30 sou Faac
il d1m2% DNA molecule fi amplify s 2" iflan fedwiusevvasmsvn PCR @
UssANTMwWYeINsyin PCR 1iu 100%
ﬁﬂqﬁuﬁnﬁﬁﬂ PCR ilufsfiie szaan a5 u,azL'?Jumﬂﬁﬂﬁlﬁmmmmﬁwgﬁm

A o 4 e d A da = a P
§UI0TeIAT8S  Thermal cycler Talwatasiianiinsilfougmnpiiowlusunsufiaslilay
aaluld leannae 9 v3sn
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Unamplified DNA

Denature and anneal primers

Primer extension

Denature and anneal primers

Primer extension

Derature and anneal primers

Primer extension

Cycles 4 - 25
At least 10°- fold increase in DNA

=

sUfl 4  WANMIVBINTSYN Polymerase Chain Reaction
3N 4
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selaaiuas PCR wazmwhlyiszandly

dufineuflasiinsdunumaiinit léfinsiiennafianis molecular biology lu/l4#lu
NWITINIUINEFEASISWKNG 1w NS nucleic acid hybridisation  SaiTuansidia
anula (sensitivity) mmm’a‘ﬂﬂaaaulﬁ'go%mwiﬂagﬁ'mé’emnﬁﬁmsﬁuwnmﬂﬁﬂ PCR us?
v[ﬁflﬂ'ﬁﬁ']meﬂ'ﬁﬂ‘fmﬂﬂ‘§$Qﬂﬁlﬁﬁuaﬂ‘1&m‘§'ﬂmEl valushunisuwng  nwasnTy uae
AARIWNTIN 98 Favzvananfsiluidnedoivy

NIATUNTTUNNE

lefimsiinalln PCR lulflumsifiadblsavesifile (diagnosis) Aflawgainms
aﬂL%a (infectious diseases) ﬁ%amnmmE‘mﬂnamdnﬁ&lﬁuf (genetic diseases) LLafl'n'iz‘ﬁLG
nsih PCR lWllumsifiasnlsevasmsnlunssAneunaaa (prenatal diagnosis) As1a3n
nazld dathewameih PCR ludszgndldlumenisunndiinannwane enfivin

1) msitadvlsadaidedngg Mfaan

sﬁ?ﬂ‘;‘f’ﬁ leud  Human immunodeficiency virus (HIV) (Cassol iazamwe, 1991),
Hepatitis B (Yokosuka uwazatue 1991) wse C viruses (Urdea uazAtwe 1991), herpes
simplex virus (Cone uazftke 1991) Y89

E%Bul!ﬁﬁ&?ﬂ letun Mycobacterium tuberculosis (Eisenach Wazatus 1991), Vibrio
cholerae (Shirai WAL 1991) YAY

g§951 leun Histoplasma capsulatum, Coccidioides immitis (Bowman 1992)

Bae  loun Cryptococcus neoformans (Welsh Lazaizue 1990)

winlad leun aa3s (Mullis uazame 1994)

2) mifiaaplsanInswWus 15U Thalassaemia, cystic fibrosis, duchenne
muscular dystrophy, Sluilae (Mullis LazamMe 1994)

3) msanauazifedolsannse, Mfdls yay (Mullis uazame 1994)

1143 ﬁ’]%ﬂ'ﬁlﬂﬂ@]?ﬂ 3N LazaadInnIIN

lafinsduenaiia  PCR 'Lﬂl‘ﬂun’rm‘mmqqa%wﬁﬁaTsﬂluﬁﬂj uaraadatnuIn
8 (Mullis uazamie 1994) vihlwidudsslomstlunsilaann LLa:ﬂ%'nﬂgemaWuﬁ:LﬁaLﬁma
Hiade 1 uafmﬂﬁﬁaﬁm‘aﬂnmaﬁaﬂﬂl’&’lum‘iﬂ%’ﬂﬂgqmuﬁuﬁqa%wﬁﬁmmﬁ'iﬁrgma
QAFWNTINGNGY L% gamwnITuuw, awns, mdnwlse Yay  (alfiunaHEe LRZAAGUNL
menda dusniudszlominedmuaaawnsulasase
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ANAFNHGIMVBIMAulat AU
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WAL A5, Ao as WaAsANS
MAIBIF AN AUZUNNIFAAS H3 TIFNEIUIA
UHMINORYUTAG
a & A g e - LT
mﬂunwupum:wnmthwﬂnun Restriction mapping, DNA sequencing, Restriction fragment
length polymorphism (RFLP) WR: DNA fingerprinting mumaﬁau'mLﬂumnﬁnﬁ'lﬁuﬁ'mﬂﬁﬁﬁmsma DNA

< . ety = = " . v - -~ A .
naqlil & DNA fingerprinting %u ujum'smmﬂuguﬂ:mﬂuﬂm«mu DNA mﬂ'::qnﬂi luniiazvanan
damwzmalszunildlvnusuifnginn,

Restriction mapping

Restriction mapping (Physical mapping) Iumsiam=win DNA i clone lswiovin Pcr dlau
Mifn DNA fandnsin restriction endonucleases (RE) UM IQMUMIILAZTHZT=WIUssiUmIRdalH4
dniweniennlawa mﬁmn:ﬁt{mmmfn'lfﬁﬂuﬁ'hiﬁﬂafmuh iu DNA @i flaseshimiomirdieclvia
favusiiluetnsls restriction map Alesaiilu physical map ‘i« genetic map.

iagnmﬁmn restriction map % ﬂ:ﬁﬂﬁ"f‘i‘lmmﬂ:ﬁnmivu DNA fisieldatnals wuanlnuiiom
sulofimenaamzdminll  subclone do  wiethilmufiudufedniamnzdmiiiuiwien
subclone #io % expression vector 'ﬁmm:autﬁaguauﬁaﬁtﬂﬂﬂ:ﬁwmﬁuﬂ msulSsuisy restriction map
s:wiha cDNA fuflwiditnnud clone 1ien genomic DNA fasynlWimmmunaulalusu DNA dw exon
urzeulailu intron Hlueiu

1T restriction map 9zGudEMINY DNA andiasay tewles] restriction endonucieases 31 DNA
AnnlanianuaneenaIniuiIt gel electrophoresis #aozviild DNA uonmawie DNABuMM es395nh
DNA #uum  wasanday gel @it ethidium bromide zminTouesiiudu DNA lelauandoussuv
wwiwpes DNA nmulsvinmsld DNA marker (Bnmuwwae) Siessiiniouls gel @oanw

3:]1‘1 1 UBRSTUABWMIRIIY  restriction map 9NTUYOs DNA wwIR 7.0 kb. ﬁgn cione 11 u
#0thail Tuues DNA fimuntisianlsmiewled Hind I us: Sall tmasGusudumaia DNA #i clone
1§ian 3 fethe fathousndiadan Hind I sRedefisesnasie Sal 1 sawiastefmudanaons Hindr
URz Sal I é‘oﬁ]ﬂ\‘ DNA 'I"I'IIlﬁﬂﬂ'\ﬂﬂ“aﬂﬁ?ula“"ﬁ'ﬁlﬂﬁTd sz DNA marker 'ﬂmﬂmu’liﬁ:l"‘mﬁ'&muunaan
TNiuY gel electrophoresis.  Bvemnlitlszinmamieussiu DNA lumoineld  lumsaia  restriction
map, qugmrmmﬂ'naa'ﬁu DNA fifasinminasmuienled fadt

1. (ilosindu DNA saoewles! Hindm w=l¢ DNA 2 Tw 1w 0.8 kb, URIE2 kb. Hauanyi
3w DNA fiflfnumsisionlaan Hind I 1 fumie

2. iilosnsu DNA shoewlesd Sali o186 DNA 2 Fwuinuwe 1.2 kb, uas 5.8 kb, Heuaas
iniu DNA iliifumisiinalamn sall 1 uwsie

97N 2 feteiluanein DNA Fuiiiiiumisninnladay Hind I uaz Sall 8thaa: 1 fumss  usi
AMUFUNUFYBILANING 2 UuFu  DNA ﬁtﬁﬁ'ﬂﬂf 'fl'mitamm:n'ia'.{ﬁ‘l'lﬁ'tﬂﬂ"m'lﬁi“l Fu DNA enedl
fumisasianlmig 2 1ikuuy model 711 Wie model 712 ('luzﬂﬁ 1)

14 model # 1 fuwis Hind I agmomnﬂmw"'wnfiwm DNA 0.8 kb. Us=fTuWHILas Sal I
ag}i‘nmnﬂmuﬂ’mﬁmﬁ'ui{ 1.2 kb, &% model 2 #unis Hind I ngﬁ'lw'mﬂmuihmﬁwaanm 0.8
kb. 1Bw@eanul model # 1 usi suwmis Sal T at‘i‘.i'iw'lnﬂa'mﬁnf‘lmﬂa 1.2 kb.

m'sﬁi}:g'h model lagn iazdasinaxaTaIMINg DNAZuisoawlesl no 2 wiouin model # 1
9l DNA fiResnmisten 2 wwlsdwiounuivmndln 0.4, 0.8, uar 5.8 kb, lwumEA model 2 3=
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- w A a . - oy A

Yl DNA ifannmsten 2 awlesd wioutwiuwials 0.8, 1.2 usz 5.0 kb. wRnlauanlaanms
B n" L s - B = . A L3

f0%u DNA dauieulad 2 67 wiownw 1l 5.8, 0.8 uaz 0.4 kb. Ugas31 model # 1 andiag

Cloned 7.0 kb DNA fragments

* Hindlll  Sall Hindill Sall
Cut with restriction enzymes and | Model 1
i e = v
loaded on gel for electrophoresis -.P-'s, ﬁ%m‘
: |_-.J A i | '} 3
0 081.2 7.0kb
Cut with Predicted lragments from digestion with Predicted fragments from digestion with
Size Cutwith S9!l cyt with Hindlll and Sall: 0.4 kb, 0.8 kb, and 5.8 kb Hindill and Sall: 0.8 kb, 1.2 kb, and 5.0 kb
markers  UNCUt pingn Hindlll and Saf) r
| I | | Fragments generated by cutting with Hindlll and Sall are
100kh e=== 0.4, 0.8 and 5.8 kb in length, indicating that model 1 is correct.
BOkb e=m
7.0 kb
[ -] ¥
N Sk S.8kb) 4 4 Wandad ot cw
=== o= 'ﬁ_'ﬂ 1 DNA 1 clone Qgﬂﬂﬂﬂ?ﬂ RE usltasiznals
50kh e r o .
gel electrophoresis inuuUNyU DNA marker HRINNIIAAGNIL
' a o v = v A
L3kby === T RE UARMIQNUIUNEIN restriction map 1&un model # 1
O oskb L2 ogw
05kb o= == 0.4 k==

-~ e o Lo A
URE 2 HAaMTANA LD La5s] 2 91‘]11’!11&31'] model 1 1 nnéias

Mmethefiligiliiumathouuding  msn restriction map wlfioulainauiusznuezdondids
BN restriction map ilumslienzviguauidues DNA wwuwits  ussiflalfinafinfinuiumeinan 9
Tweuwauazauavastule mldinghiudssneumvsinlnuhsuasswlnuinifehslssy PRULEN
Inu 1ilu Flanking regions, wianssluuiilu promotor region 1ilueii mapping ﬁatﬁuqm‘%uﬁﬂunmm‘%nu tin
970 DNA 71 clone l¢7 uastismansaganliimmdunsisues mutation Iuiwldandan

DNA sequencing

'[ﬂnﬁ’a'lﬂ{?umaugﬂﬁﬂﬂmmn'l'iﬁnu'l"uaﬂ:ﬁqmwuﬁ'ﬁmae DNA 1 clone 'léu3avh PCR dAdans
ARTmERUATasER DNA W TnmsmudeLwaTes DNA ssvnlimmansadiledsTassstasuns
na"lnﬁmuqumsﬁwmwaaﬁu"léf maialumsiiensfin DNA  dsznaudaniuseslstheldwaniasus
nATTE 40 wAmsWaAGUImIsAed W lnTanenTse 60 1wl 1965 Robert Holley lawnaauiualu
tRNA sflewisdstlsznoudan 74 wa nwilweslFanamemuivnmas 1 T8oudaase lunessw 70 188
anuwmufieswdeuials  DNABN mawaamaimfinmunsamasuurlsiusalugasiam
witeFawi ﬁi:agﬂ'u'lﬁ'ﬁm?aaﬁamfhéfmuauwéﬂuﬁﬁ (automated DNA sequencer) ynliiigaansoiin lu
sunmaulndinesmusommauiualy ONA ldiuduwing we lwnsufssiwdes  mswdeuiwals
DNA gniasnladisalull 1977 & 2 55 Fniladlwdtmaniivamlay Alan Maxam usz Walter Gilbert 3541
iflumsldamsiniida DNA Miusstiessumzianzes (Base-specific chemical cleavage) ua:'i'ﬁﬁ"lﬁgn'lﬁumsm
AIALIWATWIL 4,362 waluwanaila pBR 322 Bndtwieldiowlesd (Enzymatic method) "lé’gnﬁmm%uiau
Fedrich Sanger UazAmis "‘fﬁﬂ.{mﬁuwﬁnmsﬂiﬂmLaqamaa DNA nnasiaTizvilasionlesl DNA polymerase 1 1w
fimmenn 5' 1 3" nswidduiuans 2 ABdudfnieavnlifinems DNA (o) Aflanumadng 9 Nt
uszUjnindesvinuunnule 4 vaeedMILILRUGARLAIINRUEIY  DNA mshi{a:gnuunaanmnﬁuﬁ"m gel

5 . - o - € - i AN e - v
electrophoresis wansUfTonazuuniemisiizoanu lu 4 desues gel nanlanavsfiaunuuadidu DNA
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Gosmuuuutuwiwlalu gel My DNA manfezuonesnaniuldudesiianuuandreanuidise 1 ws Ama an
sudwuwafiszewldonuoy DNA wenii  lufiflesnensnfafaduewzmemdduuslanifues Sanger
uazami  saiwdsaldfuunswany S5imu DNA ﬁazmé'lﬁumm:gnl'ﬁlﬂuu&iuquum‘sé'amﬂn{ DNA
Insituinlavondiewlssd DNA polymerase I uas#ipsedi dideoxynucleoside triphosphate (ddNTP) @i
dumie 3" (wey ribose) auflu 3'-H unu 3'-OH (U 2a wsaslassaieuas ddNTP) vinlvidaedlalng
franodnldoms DNA fAmasdaemaile wifhadlelndmdaluezdnandelaild  (wnsfidumis 3°
299 ribose 1% -H unu -OH Q9nd?) lvmssaenzians DNA v'fawnqﬂmmaﬁmﬁﬂaﬁﬁmﬁﬂﬂvia @9
i mImaeuaiisedunin Dideoxy chain termination method (iWs1¥31 1@ DNA chain termination 20
dideoxynucleotides) ﬂ'lﬂ&"lé"lﬂyllLUﬁTﬂﬂaﬁﬂﬁuﬁﬂﬂ'ﬂugﬂﬁ 2b  luudszufnien (@ Ufndmamuiuans 4
FRANINAIITIIAW) svtlszneuday DNA  Tuiluusivuy,  primer 1 979, tewlasl DNA polymerase,
deoxynucleotide (dNTP) Y4 4 62 (dGTP, dATP, dTTP, dCTP) usr dideoxynucleotide 1 7 & WTLUG
azifnden ieidudanga (DNA chain terminator) msaisme DNA  uudiazilfnden dideoxynucleotide flaz
:‘3agluﬂ?mmﬁé'\ﬁ'ﬂLﬁa'lﬁmmqﬂﬂﬁn‘%maﬁamu DNA  {lummmeauuugs Fovzvnliay DNA ﬁgn
Faansidudanuen ldvinnu ('j‘}uag"ﬁ'u“h dideoxynucleotide Sadmidrluidhumisla) uazudazmoffinna
m'uﬁ'lﬁ'uﬁa:ﬁargﬂ?mmm'id undretnagu TuFn3ndld ddeTP axlimsassans DNA ﬁnqamaﬁwuwﬁaﬁ
utus dGTP m'msgﬂLﬂun1mqﬂunn§uLWﬂ:a:fu 1nanssiezldme DNA fiemandesuannitansnonwllus
uassdunsts doTP wa 16 doTP Whly vie ddeTP wWhld 1 dGTP WAlifesiinmsatheme DNA wuda
16 udith ddGTP whlUnisashaay DNA fuﬁﬁawqam dudu  wassniuEy DNA sritluusdazfnsen
LONNANUENEBNIINNUGIY  denaturing polyacrylamide gel electrophoresis Naﬁ'lé'm%gxﬁ‘mmﬂﬁﬂ
autoradiography lagfiisena@inaain primer 1idn P (daotawlest DNA polynucleotide kinase) riawvinifjndun
mswdsus Wiaimenldiailelndmladawinfeamndan P vie Us (luwnevinlfnimmamaney
wa) Al i lildmstuiunmnisadeinanmn sfieash gel andauseimadia siver stain ke nsdnld

| . o u a - -
LATBIMIANUIURUULER [UIA (automated DNA sequencer) fandlalndudazanzgnaeamnaiuawaeairaisua

o
LUAITIR
h) tal
s - OH RS SR L B
3 % CTAAGCTCGACT S i D—CHy o Base
: I .
0 0 0] <H H
+ H V' H
dCTP. dGTP, dATP. dTTP H H
ddNTF Analog
-
- ddATP « ddCTP + ddGTP + ddTTP
BER GATTCGAGCTGddA B GATTCGAGdC e GATTCOAGCTddG = GATTCGAGCAdT
=E GATTCCAdA == GATTddC = GATTCGALEG = GATAAT
B GdA = GATTCAdG = GAddT
\ \ B ddG /
o .
A c G T ? 51U 2 (a) laseaieues
12 —_— | A v : %
e — i e dideoxynucleoside triphosphate
9 — H C o s I ot
8 —_— | G (b) MIWIRNAUILR lauInVDs
i) G — A
3 — G - -
LR Y : & Sanger WRINLS
+ | _— T
3 i — T
2 k — ; A
1 —_—— J G
Autoradiogram of Sequence of
clectropharesis complementary

gel strand
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o and v a = A o & o
mmaauualasisidnifadguiannmsi DNA deraasizwanlas DNA Polymerase 1 §isauan
v . w A e - ) e o . -
wasvhluan lasmenniwnzunuzes DNA u autoradiogram Miiuwa dsldiinsiunaiia PCR wngauiiiy
[ < o e . w a da i , A = a
mIgsaTzian DNA ludfnsonmsmdauius inafiaiiSundn PCR  cycle sequencing @siilwinaiiafisau
Ld - - “ e bt el ; B el
wmalla PCR  nuwnafiaues Sanger wheawnu  laumafiedh, o DNA szpndaiasivieay Taq DNA
-~ e « ﬂr . o A‘ [ e o -
polymerase uazilfjnitnifsienzi DNA & szanddaslifedwiuvimiunaing sey  iaiulSinmues
; P - ; ; . &
&1 DNA d9asvilunuwes DNA lu autoradiogram (M3eanmisdiause Silver stain) iuannliuaniiuuny
DNA léfaian
- o W Ve ] vd . | A e sl . B . [
mafiamandauwaly  DNA - lddhandsanadineaiuiin - AemdumsdaSusiauuesiudieg
- a - - o v | | o e e ' a A
vasiin Nulssmimugumsuaaseanvasiiv liladessivuazlis@uiianuduiutnuetisls Buiinany
- =t . - - " e G o w“ - ) - - ) Il -t
wusinadelysiuniluntnnseinsls  sauwsluduinltindsadivldnlysdundunfansasoziluatinelsi
A & ' ' - . T A ar
winnla fuwala  Tdwnaulawwvihlesszudazlawuiisnwazuasyinnifetels  wenanimdssmunsam
anuFuRusIznIe l)sausia@onuudd1s species wislumenaunumanadsaiiuanusunusszning

. - o Gr Ay voa 4 . | - a
species %ﬁﬂﬂﬂ‘ﬁuEUULﬂUUﬁ']ﬂULua‘llm DNA ﬂlﬁ“ﬂﬂﬂa IR UINLLUUALINY

RESTRICTION FRAGMENT LENGTH POLYMORPHISM (RFLP)

AMUUANANITBS Restriction map 1wsw DNA @svnwinfiuuuidienin (Bwhsdestumnaanials
niorailulUsuriiaduany) udananunasdnsnuviliiie Restriction Fragment Legth Polymorphism (RELP)
anuuanensiitile  DNA polymorphism  fiieanmsadiuaddswudasluvnlidumisiidadas  restriction
endonuclease (RE) witluviaifinulnai iflediau DNA #aan RE Sevinliimueaiis polymorphism w89
DNA 9MMANeETesay DNA  fuandenwnasmsdn  eouw DNA  polymorphism unnﬁ%dgnﬁuniﬁ
restriction fragment length polymorphism @ansn2  msilAuuutasiienafing (mutation) wielufing (hutral
polymorphism) wielassasuaswinnaslsauile ludluuvasanldinmemuh fmswfosudsawsuuuilis
nadiallsAutszanmnng 1 1w 200 wa sulnginedwlusuililelfalsin  wensnmsuAsnusseaya
Wpsmitsiuniouds  msifAouudases DNA fiilwnsnemely (deletion) wWiamsifiuighan (insertion)
YoIURNNNT 1 dunsls sawiliie RFLP lensawtmnimswasuutaseonsnil RE fimanzausals
(vIanuaale)  athalsieuung polymorphism Aldsansavinlviia RFLP 16 dwnnhéreuiusves
polymorphism sl RE Naale

31.1171 3 ugawtionanmszes RFLP lugiusasliifiu DNA 2 mip (2 alleles) feneflfatin x wmiannu
uazﬁ%g}ﬁﬁm%ﬂaﬁﬁ'ﬂ'ﬁﬁw RE "A' uaz 'B' afwas 2 duwisagueniuimetis 57 uaz 3" e
ey fin (alleles) ne 2 anaaleeay ewlod A duvsiadivaiu uiduisidadsewled B uandneu
agﬁﬁsﬁwuﬂﬂa (Muantudautns 3')  dsiwilena DNA a9 2 alleles e towled A 9zlémn DNA
wwaviiulidanuuands (L polymorphism fdnunsisdanalacamenlsd A) udilada DNA w89 2
alleles  fdamawled B aldmu DNA Aflenwemlivhin  siufeewlsd B vnlwiAe RELP (wnsd
polymorphism ﬁv‘humﬁaaguanﬁuﬂmuﬁn 3')  imasduunnirse ves DNA  weandldannmein DNA
fnausnAaTsiday  agarose gel electrophoresis aauradlugyl DNA fthandiassy RFLP  enauilu
DNA 9n3lusiay wiseraiilu DNA i clone 13w3e vin Pcr 3fle nsdiiily DNA nniluuinaze
RFLP ldanmisld DNA probe fumansauimmiviuwiomuloswnitsvaslosluloudomanlalasldinaia
Southern Blotting (3zuanafsmadinitlnEes DNA Fingerprintring)
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Enzyme & Enzyme B
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Motecular
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I weight
e

31U 3 usaMANmMITUEY RELP gel electrophoresis

ansnld RFLP wiadunismsnaues RE (restriction site) iilw genetic marker 19 RFLP 2zgn
ENBANIINUENITUUULANUIGY  (codominant alleles) UNZUBINULAR mumﬂmmmmwﬂmuﬂ
genotype Aiwldn RFLP wia restriction site mnﬂumauﬂﬂuaﬂuansuﬁm'lumvnammnu'lﬂ ITCIIR
Aufls@ansl phenotype 717 4 uaasl¥isin RFLP mnnmunaﬂmungmaamumalu.ﬂu3 U

: Parents
1 3 are heterozygous,
i 1is homazygous far C

G'}'

|F1 inherit
ione allele from each parent

&
6] 1

i F2 inherit
:Aor D from one parent,
- B or C from ether parent

il 01
[Alicle A>
IAlkled

= ' a / 4 d a M7, 3
U4 urasmistienea RFLP w38 polymorphism 283& alleles (A, B, C U8z D) fitfiaa1n restriction site
luau 3 su mstensadluldmunguesiuuies

- a & . 0 = vy " e o &l oo - -
esnn RFLP hetwegmldlulasluley Sadwlilédiuns reLp owaglnanuduninuatasny
msifalsameiusnssy  duneesfSuufioy  RFLP %39 restriction map  s=winsaudnduasauthudaolse

“ | % - A, . P ] A . - '
Wusnssulsalalsanitstimanlausawuingd RFLP wiaiidumisuns restriction site wittuanesnuatinaeaIm
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' o el A e P o ' 5 ; - oy L
iuwuind RFLP Muiluanemiziawizuesdihoviaiidiunie restriction site twuiaweludihe udlinuisoluau
- L . SV, o X [ s o d . & oy i A
UnAuansinguntstes restriction site vmaaag‘lnanuﬁunmuwufﬂna'[muu el ldwouenannu lag

A v a ) v a
YUIKNT recombination Eﬂ‘ﬂ 5 uﬁﬂdﬂﬁ?Lﬂ?ﬂULﬁUU RFLP sezwinsaudna ua:ﬂuﬂ‘zr_lmu'[mwugnsm

| a restriction marker is associated with a phenotypic characteristic, the restriction site must be located near the
gene responsible for the phenotype.

Secreen DNA pattems of Screen DNA pattems of
patients with disease normal people os control

g i
el e et [re— ’\q Bend is same in patient and normal >
e 1 '—' | (\ Unlinked polymorphism varies in all samples >
o] o =y ) Band is common to patients

lelzlmbe .
i 41 = i Band is common to normal people /

a4 - ' ~ " w a A s & . F . ma
sin 5 wWSpufisy RFLP 's:ﬁ'naﬂuﬂnﬂua:ﬂumumﬂ‘['sﬂwugmswﬁaamumu neanidnauazawilodani

4 3 L G
RFLP a9l #animuslanisuadnates

o1 P nr B - :: - ) ) e
lunsdliguiinamansoiin restriction site %38 RFLP %% wuilw marker taslunisifiasnlsans

- e . - B L A‘A - -l b rpl . 5 A
wugnssumnmn‘lﬁluwmmmnummﬁﬂ'ﬁ marker #Aamufinsndunauwusnnoliauu lalunaa.

DNA FINGERPRINTING

#AgaIn RFLP ud? 'léfinswu DNA polymorphism wuududn (3und1 *variable number of tandem
repeats” (VNTR) RELP Ao nmaulanuwlasweswanlwiimsmuliviaifedwlnsivasdumsisfiaale
f8 RE @9na1Iua? u,a:Lﬁaﬂmmuwnﬁwda:xﬁu‘ﬁfu DNA nismsaadluresuuufiofwidn (S) viosulv (L)
ududdunssnsaanaouuladlldisn$on polymorphism wuufinidlu biallelic” (ggﬂﬁ 6 a. Usznay) VNTR
Aenmsniuaiwwnitedaiy repetitive DNA iiaduuazi3namad1giu (tandem repeats) unsnagszning
gasiumisfiaaldtan RE uaziioisdndu DNA fidhn RE enamazvnlwiia polymorphism  wuufi3unia
*multialielic® iwmemnAsmsanaziiany DNA iheduldunnniseswe guagﬁuiﬂﬁmuaéwﬁanﬁwaminagmnﬁ’au
ulpuszninsdumisngaledan RE (@31 6 b. sznay)
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Juné U&ad DNA polymorphism &8I : restriction fragment length polymorphisms (RFLPS} Was variable
number of tandem repeats (VNTRs) %% DNA lugdildunsisndialddan RE € mauuanuu ( -—}
a) RFLPs: anmww.umﬂﬂauuuﬂaaﬂmhmmmmmﬂ‘lamtr RE "E" qu-u'u, (E) fiasin allele #
laifidnumis *E 921 DNA Sulnaj 'L s allele Rdidnumsia *E 2219 DNA S ‘s
b.)  VNTR: ifineinassenunsiafiil polymorphism ( == ) & repetitive DNA unsna msdsnulsg
WBITIUI repetitive DNA vinlviia polymorphism naIMIAAML RE €' azvhlviilamalasu DNA
'numwm'zmnunumanwmwu’mwunua’amu repetitive DNA 'numnau
RFLP WlWiasu DNA wasmsaaiinlWaesuuufio L wie s Sa5un ‘biallelic' 3% UNTR vl
\fin%u DNA wasmIae ldunnitgesuuuasen ‘multialielic'

Iudluuosaudl “repetitive DNA" agiaesuuy wanwitsi3uni satelite DNA saudnwanwitsonia
Interspersed repeats. Satellite DNA tisutiseaniilu Microsateliites, Minisatellites URz Macrosateilites 874
Interspersed repeats laud Alu repeats U8s Kpn ('H?EI L1) repeats nIWLIN DNA polymorphism ﬁﬁmuuuu‘%a
RUTAUATIEN l9eaL RE m'lmnﬂummwﬂﬂ'lumsmmeﬂLfm..nuunum'i-ﬂummawmma 33msiiaen
71 "DNA fingerprinting” #9l@iZuduluil 1985 il Jeffreys uanalsiifindn minisatelite DNA snansavinlsifawwy
\i5uue9 DNA Sailudnwoiansasudazawld minisatelite DNA polymorphism #illszTomfannlusu
fuitdnginm vwaves minisatelite a:lddoud 1 A9 30 kb %ueéﬁ'uﬁ repetitive DNA Miilsuny (common
core) Hannuenudlnu (usswismumisaosiuvisfidalasns RE) lunsdt DNA ARadwwasmsaailniu
Inaiiwsnzil repetitve DNA fifuunusmansnn idasldinaiia Southern Blotting lumsgua wdtuwaues
DNA fifindunssmsaaiiusmadnimainsaldinaiia PCR 'I& 7 UEAITUABUMSTN Southern Blotting 49
anysegndlglusu DNA fingerprinting

Polymorphism fildan minisatellite x1J%UVY "VNTR" minisatellites mm-wu"lﬂmuuu "multilocus”
(wunamedunsisludlug) uas "single |ocus"(wuluﬂuuquamummmm} polymorphism fitias n minisatellite
WUy multilocus aziwiuY multiallelic VNTR nanafeasiisng DNA mnﬂmuﬁmmwamu RE vxmwmﬂ'uuau
NUSTWIRVBS repetitive DNA 11Lﬂuunuuawuaunummumgmua ( locus) ludluy polymorphism mnﬂ
27N minisatellite WuY single locus T%UUY biallelic 31J'n 8 W&AI DNA polymorphism 113 3 uuuif3uufinui

Ao RFLP, single locus VNTR 210 minisatellites W8z multilocus VNTR 270 minisatellites 13404
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Chromosomal DNA
(e.g., Suspect 1)

Cleave with restriction
endonucleases.

DNA fragments

Separate fragments by agarose
gel electrophoresis (unlabeled).

= & a
3UN 7 umastunauzednaita Southern Blotting

A ar bt -
FlEMannTI@ 8N UNIN1 Colony Hybridization

A’ - L) Ed v e
lufiilfunisiamaiia Southern Blotting w14
DNA Fingerprint

i ;
2 Radiolabeled
AR5 DNA probe
e e el i e
CTEsE: < 3
=5 =232 [ L
= EsiS=ET i =
: ESs= z =
|- —— | = _ SZEE=-_ - FE= - —>}
- % - Denature | == = 3 g ‘E. = Incubate | = § g = Expose
f— Zon -DNA,and'.._’%EE;__ with — ZE =) xray
| - 3 = | transferto | = = S S e probe, | w= 3= film
| = 2 = | mitro- =] i ZE S| then | = = = = = |topaper.
| = 3 = cellulose | = 'm: &= wash. | = ===
i R = = z - X
5 !
=, &
—t— —
etc. e = ; 4
31U 8 U@y DNA polymorphism 3 uuy @a
Minisatellites
- — - RFLP, single locus VNTR W&z multilocus VNTR
ROLE VNTR = 27N minisatellites
Single locus s
VNTA
Multilocus
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- ' ' . A a pemt -
Tomafoznuauuand9sznineses alleles Tﬂ&lﬂil“m polymorphism MlN@a3INn minisatellites WkEILIN
- ; 'l A Ll % . “
RN INHIUNNINT®YBY  polymorphism YIlNAAIN minisatellites wuy  muitilocus VNTR nlfidu  "DNA
fingerprint lumsAigesiyans (Buyansdvssssduluafenanssy) winigadanuauiuiTnieweuwiuazan’le
pting lsfimunsls multilocus minisatellite VNTR %4 iaut19e1n é"mmv}muwﬂszms'lé’uﬁ 1) luudinaiia
- » A b ; Ll . .
dpafinnusungialilaunniviuues DNA sanin@ (2) inafia Southern Blotting #189M31/531m4 DNA siau
. - A 'S AL S ' f ' "= ad = - = o dAn v
thann lunsdifigafenusuiussmiemeus ussgnasliiflullgwudlunsdiniluadananssy matunlaan
d a o o W o d e § & A v .
ffiamg dneziifannsaiarld DNA fanaldanse:lidisene (3) uwnivizuues DNA nlaasiidwanane
- J Ll - - i 3 IlvA " I‘:
DNA tiazuitwasann yldmsunaseudnamn daslidisuamgyinu
L . L] 2 - . s & v - = N ] -
drumgasnanhlilimei single locus minisatellite VNTR 31l VNTR uuuih (ilu biallelic s
o g - ' A v & " . =
0ldinsle VNTR wuuitszanm 4-6 umsis iielvild uwninsuues DNA 7l polymorphism &3 uasiiuuwn
£ P e a o g, v & s ' =
wiwawzyans lunensdllemanausesnu sxliuwniniudriuanmsld UNTR wuuiinano g duniseraily
a e - o 4 A, 7 - S e «
Tloidins 1 ludwioin 309 9 usmemsld multilocus minisatellite VNTR lumsgasianuduiusszning

. : 4 : :
Wo, §n ussvaw  §u3UN 10 uaas single locus minisatellite VNTR

o A & o
5119 u&Aa DNA fingerprints @l DNA
probe §"3U multilocus minisatellite VNTR

£ .
UWNLYIHYBI DNA luenutasass

N Lﬂuwﬂagnmu. ﬁﬂﬂﬂﬂﬁﬂm’? Lazwe

(&‘mﬁﬁné&'ﬂm}lmamﬁnﬁLﬁﬂmngnmn)

_ UWNLY3RYB3 DNA 910118 3 fatng Jing

| - awimiloniude WOUAZANEANTBUNY
a" ; e @ 62 % FIUWBLAZANUBIANAY Inilaun

78 % waftleih usnsitienuiiuwevas

= A a wal = -
mnmnamnw;ﬂugnmmw

= A& aH a
5UN 10 uREILWNLNITUVBI DNA #itha
N 10

[ -4 Constant

910 single locus minisatelite VNTR  sias
UNTR ffissnainges alleles vasiiunits
( immunoglobulin heavy chain gene }luﬁ‘i
wiui udazaudl DNA Sulngififivwe
Yl 1N #WU@ (Constant band) ussil
polymorphism (VNTR) FavinlWiin DNA

4'.:' - : ﬂ‘ " e
TULRAN 2 TUNUANAIINUNNAL
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a - i W [ ar & v A

lusnigewm DNA  fingerprints ‘lagnldidundngluenanoudil 1988  waftldon  DNA
fingerprints  azdipanniuNAIeTsAURzAnNulapaiMIRUIIMIEDA (statistics),  Tamavesanusiresiiiu
(probability) unsilszansWugenans  (population genetics)  VNTR allele wsinziumsazgndwInindloms

. !y A o o Lo i)
wotsndsslaludszrnimald Wekh UNTR anwaie  alleles  anldfasyinlvisiaansonileéd’ DNA
da X ooy < a o o ' - a : F

fingerprint Afiauvznuldvonsslaludszannimaly  fsld UNTR snndnumiis fiasvinl? DNA fingerprint
AN v a | & a o - o . Y v
Ylvl.ﬂkﬂ%ﬁnHm:L%W']:iT‘Iﬂﬂﬂlﬂi.‘lﬂﬂﬂﬂuﬂ3.I"!n‘1|'u Temanezwuludszmnsmalifiosanss  wndrethagn
VNTR 3 énunis dlamawuludszannsmaliids 1 14300, 114 100 uwaz 11w 1,000 mudey  DNA
" < o o & o . o o V
fingerprint Aleonmsld VNTR 14 3 dumsisnsaanuazilomanuludszrnsymaluifios 1 1 30 duen i
& a ; w =t o & ' v oA - o w ad
Wi manwitluauwiaa DNA fingerprint azithanfiunumidmetnannluvausuiifnming mlvinalulaid
& e o Pl & i
Aasbasuanuanle uazlimsnam NN TRe AR aALIN
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WATUIABALOULANI9NISUANS

as r

Wid A787udR W, Ph.D.
AAATITINAL]
ANSUNNEANARTATININEILNG
UL LNUAR

nstnmalulagaduann 1 lumanisunndldBuandunaindn 10 Tuda aduls
ar o d I
daaupa nstinmalulagizasnisi@iensdetiu (recombinant DNA technology) 311 luns
| Y o A Hal o P = - ¢l 2
a3 99Ty Wue lullaqiiul malulagaduevaeaiin wenwtisainnisdessiotu 1d
dnanfiunuamluwdsinemisnisunndunnau visluud nastlesiulsn, nsdeanisitiags,
N125NE, NINENITIAUATNIIAAAINNATBINITINEY 29NV N9FugRIsinglunIatin
wgangn  lwnl azensedessmaimatuladfsuesn i lunmanisunngdsnugng
= A::] o (] ar . g .
walulagndueminldetnindreaaalullaqiiaa DNA mapping, DNA amplification,
DNA cloning, DNA sequencing, mutation analysis, chromosome analysis, functional and
positional cloning, WAL expression of recombinant DNA
el o ' = - 4 = a ey
wAlulaEAEUeaL1USNAD DNA %38 gene mapping MNIEDWMATIATI LT ULILILAL
IJ ar A:J ar ‘l: =3 rl (=3 ar o ar L d
(pattern) 289EUNALlaNEUAIANNARTUABUBTUAaBUTETRAAIWIE  FeULLUaY
P o -l P Co o S 7 -l i
gasfiuviranswetiasiinnauasuulasdfiuiufinnsGassafialil  (DNA  rearrangement)
wATA DNA mapping Wsinsande 1) AdueNfAeNNIATaday 2) wudadinannwiy 3)
electrophoresis 4) Southern transfer 5) AUEATIAAL (DNA probe) WA 6) autoradiography
FiaatinaLtL N9ASREL O thalassemia IUGL
= 1 - :In 4 ar 1 1 -« 1 <
walladalluazilumatiantenldiuetiunivarauasihulsslamipgnauinae
wAllA PCR (polymerase chain reaction) TvmARAlunUazialddniumatiaiugulunis
ar = 4 1 - s o i
Uszensildnumalindusalildan wmatia PCR feiinnsfulaeuuazlssgnalunisldan
d] ] o (] 4 & % =
Tuaresin9iu 11 multiplex PCR, nested PCR, in situ PCR, RT-PCR, long PCR ilusiu atla
PCR mmsnmmﬂﬁ..,qnm"mumammwmﬂ“lﬂLn'aunnmu umtﬂuﬁqumﬂmﬂmmauﬂ
mutation analysis InenAtiA mutation analysis Tnunena Lﬂﬂuﬂﬂiﬂuﬂﬂﬁ'ﬁli"J’Wﬂﬂ’l‘i
WasulasesdiEe v 1fRnlsmisen minnuBalsnAestwiy - Sennswlasuulas
al g AJ © Lo =l -] - - =l 1’3 b:- Ad
gapauem liifalsaritanisvinauiiatmnavestiuiy eraduldnsuuundinasaname
L b : o e N
Tusiaus wilsua@nlil (DNA deletion) WauuLRINsunLMUas WAt LAt ingy
(point mutation, 138 base substitution) waRAtisznavlidaenisldmatiananaasnegon
fu leun physical mapping, DNA cloning Y58 DNA amplification, screening DNA WaATIAUN
o = g 7 A :‘i’ =l o -
n19ilaguulasesniau, electrophoresis WaueNTud1UUBIALA1E WAL DNA sequencing

39



3 ° =~ P
nasavan1seavne i aasiu (DNA deletion) anavinlddanmaiia PCR lunsdifi
=3 i = =3 d I!’ =3 -
adwenamellinnagn  aduwefinameldisnaluiy  Aenaldwaiia
Southern analysis usitnABWETIAMe T IuaIngjun azdeldinafin PFGE (pulse
field gel electrophoresis 99 FISH (fluorescence in situ hybridisation) ANFLNITATIAN point
mutation  TRATUIENINNdszTlua s aasisannndNsIaave U ve R eI
& i - :Jo o 1 1 - % L] 2
Asaalsianndy uarPCR hunealiafdndtyetnanlunismsatl waliatianaasinunld
\nea visentandnatinefeldsanny Eudusliasmny (restriction endonuclease) W&ngan
= e ;i = = ° & e go O or 3
NIIAANIINANEWLEG (mutation) UsEuRanlaty M FEudasiaswIzaIunFaRLE L
& = 2’1 ¢ A [ [ d‘ ] = [N - | [} nu:h:lill =1 81
wvisatiuiuldvisall wansnsanillenauianisnaneuguiel  Atenafunigdndu
restriction enzyme analysis WASFIRINITAULILILKY (pattern) BNEUAILAITNLANFAISVEA
mmmmmmﬂﬂLﬂuLam'ammmﬂmwmmtm a1a3aNn 199 1AT restriction fragment length
polymorphism (RFLP) siaatinswasnislfinafiatiluntstlasiuieriiunalsn N1FQULIL
WHUUREU apo E (apo E genotype) Faihduinansvisairalilsmuiides luntsaudelaaas
= ar  ar o G ar = = ar & o
asaa lunszuadenlldriy wnlfsiulnnamesealufensanas  Jpoauduiusiunig
- ar = a o 3 ar b
nnlsailaadesndasiiananuaandenidssinlafiu (coronary heart disease) Wil
" W P o i adm é al s - =
ApjlaeniiEy apo E Mlluuuuay Wuwuunfinonuidesgs azilanafisziuluivluben
v " v P PP aa P =0 G s B
geldsnnnanguleaniiiu apo E Mlluuuweuduniunfaau@essn agneliidrAtums
aa Sl el e el a 4 v = -
atp At nRwuDuNwresEUTLLLNTAINIAENGY AesiBeEnIsAILANEIMNT YiTe
2 $rar ar = Qs Srar - ] 9 S d
paslafuenanlaiuluden uasdedldfunisinmuguastradinmnualnddn wetles
ar 4 c,; ar =l = ar =i A;II '
nuaaniaanaevinlasy uazinalsarlasnadasuniaessalyl
o 1 4& I el . . e
‘é‘nmwmmm‘lﬁm‘iﬁﬂmqumLﬁ@u‘lurg’ﬂ'mgqmﬂ (Alzheimer’s disease) Tuilaqiiu
WL ﬂumnmmmnuhﬂuu 4 fusnenuAe fu amyloid precursor flu presinillin 1, £
presinillin 2 LAY apo E 10ef 4 NUIUULLHLEIMENT ansaRuanRateai
dlegthefangsnnandly

GJ ar ] A e = 2 =l 2
Aseh 1. pretnlsanannsannenisiiald  aannisasaguuunueesiiulag 14
walulatinidwe

=l =l 2
1sm gunnentiag

Hypercholesterolemia

Apo E

Huntington’s disease

tandem repeat (CAG),

Familial breast cancer

BRCA 1, BRCA 2

Alzheimer disease

Presinillin 1, 2
Amyloid precursor protein

Apo E
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- :‘ - :‘/ = |a:J =
daumatianlalunis screening DNA 1 lumaiialwminldlunisasaaniduedon
A9 Azil mutation ialudauiiuvideld matiawanléun DGGE (denaturing gradient gel
electrophoresis), SSCP (single-stranded conformation polymorphism) WWAE CCM (chemical
cieavage of mismatch method) Tmﬂwmﬂuﬂmmm u'an'l.mmmﬁmﬁmaumﬁmmmmm
511 mutation agvisalil  wid siesnmauestieazifeauiuaudn  mutation Yu (A
pounidle  dudnwnuzluy  agsasiinisamatiudu e ldlaeldmelia  DNA
, e _ i
sequencing laeimAliaTinawly gold standard lun19A593481 mutation  ANMATANTLNL
=l b a : ; P a A o o A S
HUEIUNITINA point mutation NRANHUTALAEAN LA LA stop codon LHALNA mutation TUAD
WMATRA protein truncation test HqiiLlss Tﬂmuﬂmamn‘lﬂmwmmmamwwwmmhm
WASINA mutation WU multiple nonsense Y98 frameshift mutation Hwlugy APC
(adenomatous polyposis coli) 1ulsA familial adenomatous polyposis LAY fiu BRCA 1 lunzise
il umy
nsliwATiA mutation analysis NdAtYataNnlunIenIsunngansuviepe 14
doglunnsitiadalsn  leanlutlagiiutimalulatinidweiidoudon lunsitadena Tsanna
ar “=n j 1 o ar L% 2’/ o
wugnasu uazlanRnmaqadnsne] dwdulsanisiugnssuniu maluladifdue wanain
[l = e ar 9 s ar el ] wd.ﬂid - = ar qi 1
azgqtdtiadelsalugiliauds  delldaugoanmagniauiialsna lunsauniofienadianan
1 wazfaiipudrdtylumsatadalsanugnasunewdaunmsnluasadldandas  dou
1 - s - é!‘ -l :’t =l B el o =J-=u 2 &
nnsteeAtladelspRAnmaqaTwiily uanaInaa PCR uae  waluladndweitaulfuals
g detnsunivane waslitdimsneudnuede n1sld nucleic acid probe WANNNS
109mATiALAIATAMTUAILIRIANIR LGNS TN e Taqa T luRdensaaTasdilog 1w
=) tt:ll cd 2 2 1 9] 2 o ar £ 73 =l
wen vz uazau] wbinaasuudadnaghiliinauaniuansiugnasnaestilea Tnad
AMNANNITFRTRR WYL deRresnisldmaliafidosAe  adunsamsaanLAnlg
=l ar 1l Jd 2 = :" 1 o =l [} G "
nasnzasgaTw et widTiules wazqatintiulisdusesii@@ney uaslinanting
2IALFY ﬁ'\‘lﬁuwm?aﬁmm’lﬁmﬁnmLmz‘lﬁﬂflﬁgnﬁfaq'aimmmﬁo WANAIMNUUUAY
mﬂTuTﬂﬂmﬂum mqnmm’bﬁ’[umﬁ‘ﬁnmﬂ?m'\mwm'ﬂmL‘n@ mmmmwumawuﬁmm
X
vnammsa#:mm mum’lﬂumsmmfamﬂumﬂﬂwmaﬂ‘nwmq'] ANNASOTN NN AREN
g
mmwmqm&wmﬂmeqLmuLmuﬂmﬂumnm‘nmnum?mam paatinaie  nasuawielyl
1R8I U catalase-peroxidase qzmmmmnumsmﬂm isoniazid ¥7ANNS nmﬂwuguuumi
& : & L 1 : e &
wnuwalugiu RNA polymerase beta subunit AzNEHeaLNIsAREN rifampicin 124L98ND
Teadnulsn (usi
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- 4 A % &
AsNT 2. eaeatnnaqiiuatunsn lmaluladfiduensmaaauld uasiinisudngs
AIAANFAgUAMNE

- = c-ll
TUALBIATN LB

Bacteria Chlamydia trachomatis
Neiseria gonorrhea
Group A Streptococcus
Legionella pneumophila
Gardnerella vaginalis

Mycobacterium tuberculosis

Virus Human papillomavirus
Herpesviruses
Human immunodeficiency virus

Hepatitis B virus

Fungi Candida species

Protozoa Trichomonas vaginalis

Plasmodium falciparum

guiunistatAtiadelsa uanaInwAlla PCR UULIANYT 3997 allele-specific PCR
w21l AslAnaat19Fu wmATIAYeY nucleic acid probe 14 dot blot hybridization, Southern
blot hybridization fiuntianthanldsiaeduin Tnaawiz dot blot hybridization AzgnNinaN
Hinamsaaaan N1INAIWUEULIL point mutation, 21 Southern blot hybridization 154 Tigisl
s ar ﬂ] 1
unnsmaaaaau nisuavnelasstiundiawnalun

- %3 (¥4 ! o 1 t:id ar - B -] s

lunsafiadalsanaiugnesnunalsn  SswniansnisnaeRugaeaiiuwaavin i
=y el 1 = ar 1 1 ﬂd 1 o
Nalsa Aldvansmiumi n1ensanaeRan1snanatadnsiuazlsigzaon Wasandnsasn

° T [ 2 Wod v Siel o X T T (|
nsasaannstumiimiaadullly  [aldfinsimunmaluladifduetunnaniauiisae
ddn’ ] g (=3 = 1 ar I
ABNEUNIN reverse dot blot probe T4azld AiEuAsIaAaL (DNA probe) lURABEjALILKL
membrane W AWEWBLRIELAENINNG hybridize MUAGWEAIAAaLFIlA AUaAINE
ar -« ‘J o 1 :"f L 1 1] ar -
thefinnsnaisiufurastunaiuminis doetragululsa wisdadills anunsaiiaann
= - - A o ] o 1 g 1 o 1
AuAnlsnRvastiu wenlnady HRnumkladiuikuiialdunnndn 20 Aumds  nasld
= é’d e ar 2

wetataadulseTand wazlssuinnanleuan

ludruniswensnilsatiu walla mutation analysis ARAIUAAITUAYL  Faatined
o b | T« [ - & e ] =3 k2 ﬂlb :?I’ =
thanlReniswensaineantiulsanaieiild, s Taedidiaalsatiaciinng
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nensailsan mwmwﬂwuﬂu p53 wng  wsinnswennsnilspazlaintnudngiload
mutation RABLlLEYE g
ANMFUMATIA chromosome analysis vy ﬂﬂn'1mmfaqgﬂmwm?ﬂﬂﬂwuu wawn
mawlasunlasresinoulasiulindon  JoinldlnedinnsiGendn  karyotype,  FiSH
(fluorescence in situ hybridization) WA somatic cell hybrids
watalwinEian dunlunisusaunisaasiis Aa positional cloning (ANGEEN
1 A o 1 tal ﬁ’ ar ar o«
91 reverse genetic) lflunissumiszasiiulasduarnniswenanuvnlasTulaundnig
o 1 :l’ i’) -J ar o o .
nulsanan antidasesntuunlaslulsimdniusiulsn dnnsa¥e genetic map uas
‘ J J e el e e
physical map Aulungaanunsanazmmwmiasduiinidialsatild 3atuansneann
functional cloning @ENARANNNITNENe N TUsRuRRAUsnA lulsptiuten  u&aldlshy
- 5 =l et -l - L =
WA EUNEaa Isauiulaatiuiumnainnis cone  anntAssingusil@dnsnlu
seaziat s 1l
A ] . ! =
mumﬂTu‘[aﬁm'aammaumﬂu (recombinant DNA technology 198 expression of
recombinant DNA) uaz Adualaauila (DNA cloning) 1 Humuandndty vislugiunistias
ar ar ] ar d’ (-3 2 ar = = ar =i :fﬁl 0
fulsauaznisine e luwdaesnistlasiulsandividdaiaune nisuanspduiEandn
g # o " ar =i d' - Adt‘ﬂ‘ o Y 8 ar i 1 =4
recombinant vaccine mammﬂﬂnumﬂﬂmmﬁu LLﬂﬂﬂ&mﬁ uzm't*nﬂuﬂmmwmmﬂﬂﬂ
el o P e ] ; o . Al s e |
Taauilasniulsalefasuaniausiin § (recombinant hepatitis B vaccine) TneifidaTudildis
- :: ar A 2 1 - = ar
VAN 'lé’u'V-nnmmﬂnTﬂ?ﬁuﬁJm‘Lasﬂ'ludmwﬂs::mu'l,ﬁmqmﬂuuﬁm%’wqquﬁ’unu
(antigen) ﬂ@nmmmﬂm‘nmqﬂqﬁ‘[eﬂu mm'luumﬂﬁuﬂ vaidelsafiludienn wasis
tiun g nananlaedan  liresldiuanulisniiatanndnenaiifn @ el sasusniay
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Genetic Engineering Organisms
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PREPARATION OF A TEMPLATE DNA FOR DIDEOXY SEQUENCING
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Dideoxy DNA sequencing of a theoretical DNA fragment.
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Polymerase chain reaction
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Geometric amplification of DNA by PCR.
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AAINITING polymerase chain reaction
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The polymerase chain reaction (PCR) for selective amplification of DNA sequences.
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Estimated Sizes for Human Chromsomes

Chromosome Length (Mb)
1 263
2 285
3 214
4 203
5 194
6 183
7 171
8 155
9 145
10 144
180 144
112 143
13 114
14 109
15 106
16 98
17 92
18 85
19 67
20 12
21 50
22 56

X 164
Y 59
Total 3286

N Magee PT. Department of Genetics and Cell Biology,
University of Minnesota, USA.

http://alces.med.umn.edu/
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NIH - Glossary

Understanding Gene Testing

Glossary

Acquired mutations:
gene changes that arise within individual cells and accumulate throughout a person's lifetime; also
called somatic mutations. (See Hereditary mutation.)

Alleles:
variant forms of the same gene. Different alleles produce variations in inherited characteristics such
as eye color or blood type.

Alzheimer's disease:
a disease that causes memory loss, personality changes, dementia and, ultimately, death. Not all
cases are inherited, but genes have been found for familial forms of Alzheimer's disease.

Amino acid:
any of a class of 20 molecules that combine to form proteins in living things.

Amyotrophic lateral sclerosis:
an inherited, fatal degenerative nerve disorder; also known as Lou Gehrig's disease.

Autosome:
any of the non-sex-determining chromosomes. Human cells have 22 pairs of autosomes.

Base pairs:
the two complementary, nitrogen-rich molecules held together by weak chemical bonds. Two
strands of DNA are held together in the shape of a double helix by the bonds between their base
pairs. (See Chemical base.)

BRCAL:
a gene that normally helps to restrain cell growth.

BRCAI1 breast cancer susceptibility gene:
a mutated version of BRCA1, which predisposes a person toward developing breast cancer.

Carrier:
a person who has a recessive mutated gene, together with its normal allele. Carriers do not usually
develop disease but can pass the mutated gene on to their children.

Carrier testing:
testing to identify individuals who carry disease-causing recessive genes that could be inherited by
their children. Carrier testing is designed for healthy people who have no symptoms of disease, but
who are known to be at high risk because of family history.
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NIH - Glossary

Cell:
small, watery, membrane-bound compartment filled with chemicals; the basic subunit of any living
thing.
Chemical base:
an essential building block. DNA contains four complementary bases: adenine, which pairs with
thymine, and cytosine, which pairs with guanine. In RNA, thymine is replaced by uracil.
Chromosomes:
structures found in the nucleus of a cell, which contain the genes. Chromosomes come in pairs, and
a normal human cell contains 46 chromosomes, 22 pairs of autosomes and two sex chromosomes.
Clone:
a group of identical genes, cells, or organisms derived from a single ancestor.
Cloning:
the process of making genetically identical copies.
Contig maps:
types of physical DNA maps that consist of overlapping segments of DNA (contigs) that, taken
together, completely represent that section of the genome. (See Physical maps.)
Colonoscopy:
examination of the colon through a flexible, lighted instrument called a colonoscope.
Crossing over:
a phenomenon, also known as recombination, that sometimes occurs during the formation of sperm
and egg cells (meiosis); a pair of chromosomes (one from the mother and the other from the father)
break and trade segments with one another.
Cystic fibrosis:
an inherited disease in which a thick mucus clogs the lungs and blocks the ducts of the pancreas.
Cytoplasm:
the cellular substance outside the nucleus in which the cell's organelles are suspended.
Dementia:
severe impairment of mental functioning.
DNA:
the substance of heredity; a large molecule that carries the genetic information that cells need to
replicate and to produce proteins.
DNA repair genes:
certain genes that are part of 2 DNA repair pathway; when altered, they permit mutations to pile up
throughout the DNA.
DNA sequencing:
determining the exact order of the base pairs in a segment of DNA.
Dominant allele:

a gene that is expressed, regardless of whether its counterpart allele on the other chromosome is
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NIH - Glossary

dominant or recessive. Autosomal dominant disorders are produced by a single mutated dominant
allele, even though its corresponding allele is normal. (See Recessive allele.)

Enzyme:
a protein that facilitates a specific chemical reaction.

Familial adenomatous polyposis:
an inherited condition in which hundreds of potentially cancerous polyps develop in the colon and
rectum.

Familial cancer:
cancer, or a predisposition toward cancer, that runs in families.

Functional gene tests:
biochemical assays for a specific protein, which indicates that a specific gene is not merely present
but active.

Gene:
a unit of inheritance; a working subunit of DNA. Each of the body's 50,000 to 100,000 genes
contains the code for a specific product, typically, a protein such as an enzyme.

Gene deletion:
the total loss or absence of a gene.

Gene expression:
the process by which a gene's coded information is translated into the structures present and
operating in the cell (either proteins or RNAS).

Gene markers:
landmarks for a target gene, either detectable traits that are inherited along with the gene, or
distinctive segments of DNA.

Gene mapping:
determining the relative positions of genes on a chromosome and the distance between them.

Gene testing:
examining a sample of blood or other body fluid or tissue for biochemical, chromosomal, or genetic
markers that indicate the presence or absence of genetic disease.

Gene therapy: .
treating disease by replacing, manipulating, or supplementing nonfunctional genes.

Genetic linkage maps:
DNA maps that assign relative chromosomal locations to genetic landmarkseither genes for known
traits or distinctive sequences of DNA - on the basis of how frequently they are inherited together.
(See Physical maps.)

Genetics:
the scientific study of heredity: how particular qualities or traits are transmitted from parents to
offspring.

Genome:
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all the genetic material in the chromosomes of a particular organism.
Genome maps:
charts that indicate the ordered arrangement of the genes or other DNA markers within the
chromosomes.
Genotype:
the actual genes carried by an individual (as distinct from phenotypé’that is, the physical
characteristics into which genes are translated).
Germ cells:
the reproductive cells of the body, either egg or sperm celis.
Germline mutation:
(See Hereditary mutation.)
Hereditary mutation:
a gene change in the body's reproductive cells (egg or sperm) that becomes incorporated in the DNA
of every cell in the body; also called germline mutation. (See Acquired mutations.)
Human genome:
the full collection of genes needed to produce a human being.
Human Genome Project:
an international research effort (led in the United States by the National Institutes of Health and the
Department of Energy) aimed at identifying and ordering every base in the human genome.
Huntington's disease:
an adult-onset disease characterized by progressive mental and physical deterioration; it is caused
by an inherited dominant gene mutation.
Imprinting:
a biochemical phenomenon that determines, for certain genes, which one of the pair of alleles, the
mother's or the father's, will be active in that individual.
Inborn errors of metabolism:
inherited diseases resulting from alterations in genes that code for enzymes.
Leukemia:
cancer that begins in developing blood cells in the bone marrow.
Li-Fraumeni syndrome:
a family predisposition to multiple cancers, caused by a mutation in the p53 tumor-suppressor gene.
Linkage analysis:
a gene-hunting technique that traces patterns of heredity in large, high-risk families, in an attempt to
locate a disease-causing gene mutation by identifying traits that are co-inherited with it.
Melanoma:
a cancer that begins in skin cells called melanocytes and spreads to internal organs.
Molecule:

a group of atoms arranged to interact in a particular way; one molecule of any substance is the
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smallest physical unit of that particular substance.

Mutation:
a change in the number, arrangement, or molecular sequence of a gene.

Newborn screening:
examining blood samples from a newborn infant to detect disease-related abnormalities or
deficiencies in gene products.

Nucleotide:
A subunit of DNA or RNA, consisting of one chemical base plus a phosphate molecule and a sugar
molecule.

Nucleus:
the cell structure that houses the chromosomes.

Oncogenes:
genes that normally play a role in the growth of cells but, when overexpressed or mutated, can foster
the growth of cancer.

p53:
(See Tumor-suppressor genes.)

Penetrance:
a term indicating the likelihood that a given gene will actually result in disease.

Phenylketonuria (PKU):
an inborn error of metabolism caused by the lack of an enzyme, resulting in abnormally high levels
of the amino acid phenylalanine; untreated, PKU can lead to severe, progressive mental retardation.

Physical maps:
DNA maps showing the location of identifiable landmarks, either genes or distinctive short
sequences of DNA. The lowest resolution physical map shows the banding pattern on the 24
different chromosomes; the highest resolution map depicts the complete nucleotide sequence of the
chromosomes. (See Contig maps.)

Precancerous polyps:
growths in the colon that often become cancerous.

Predictive gene tests:
tests to identify gene abnormalities that may make a person susceptible to certain diseases or
disorders.

Prenatal diagnosis:
examining fetal cells taken from the amniotic fluid, the primitive placenta (chorion), or the
umbilical cord for biochemical, chromosomal, or gene alterations.

Probe:
a specific sequence of single-stranded DNA, typically labeled with a radioactive atom, which is
designed to bind to, and thereby single out, a particular segment of DNA.

Proofreader genes:
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(See DNA repair genes.)
Prophylactic surgery:
surgery to remove tissue that is in danger of becoming cancerous, before cancer has the chance to
develop. Surgery to remove the breasts of women at high risk of developing breast cancer is known
as prophylactic mastectomy.
Protein:
a large, complex molecule composed of amino acids. The sequence of the amino acidsand thus the
function of the proteinis determined by the sequence of the base pairs in the gene that encodes it.
Proteins are essential to the structure, function, and regulation of the body. Examples are hormones,
enzymes, and antibodies.
Protein product:
the protein molecule assembled under the direction of a gene.
Recessive allele:
a gene that is expressed only when its counterpart allele on the matching chromosome is also
recessive (not dominant). Autosomal recessive disorders develop in persons who receive two copies
of the mutant gene, one from each parent who is a carrier. (See Dominant allele.)
Recombination:
(See Crossing over.)
Renal cell cancer:
a type of kidney cancer.
Reproductive cells:
egg and sperm cells. Each mature reproductive cell carries a single set of 23 chromosomes.
Restriction enzymes:
enzymes that can cut strands of DNA at specific base sequences.
Retinoblastoma:
an eye cancer caused by the loss of a pair of tumor-suppressor genes; the inherited form typically
appears in childhood, since one gene is missing from the time of birth.
RNA:
a chemical similar to DNA. The several classes of RNA molecules play important roles in protein
synthesis and other cell activities.
Sarcoma:
a type of cancer that starts in bone or muscle.
Screening:
looking for evidence of a particular disease such as cancer in persons with no symptoms of disease.
Sex chromosomes:
the chromosomes that determine the sex of an organism. Human females have two X chromosomes;
males have one X and one Y.

Sickle-cell anemia:
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an inherited, potentially lethal disease in which a defect in hemoglobin, the oXxygen-carrying
pigment in the blood, causes distortion (sickling) and loss of red blood cells, producing damage to
organs throughout the body.

Somatic cells:
all body cells except the reproductive cells.

Somatic mutations:
(See Acquired mutations.)

Tay-Sachs disease:
an inherited disease of infancy characterized by profound mental retardation and early death; it is
caused by a recessive gene mutation.

Transcription:
the process of copying information from DNA into new strands of messenger RNA (mRNA). The
mRNA then carries this information to the cytoplasm, where it serves as the blueprint for the
manufacture of a specific protein.

Translation:
the process of turning instructions from mRNA, base by base, into chains of amino acids that then
fold into proteins. This process takes place in the cytoplasm, on structures called ribosomes.

Tumor-suppressor genes:
genes that normally restrain cell growth but, when missing or inactivated by mutation, allow cells to
grow uncontrolled.

Wilms' tumor:
a kidney cancer (tumor) that occurs in children, usually before age 5.

X chromosome:
a sex chromosome; normal females carry two X chromosomes.

Y chromosome:

a sex chromosome; normal males carry one Y and one X chromosome.

Previous page: Attention: All Readers
TOC page: Table of Contents

Next page: Table of Contents
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1

Learning About the Human Genome Project and Genetics
Through the World Wide Web

The Web offers the easiest path to learning about the Human Genome Project and related
genetics topics. Some useful sites to visit are included in the list below compiled by Denise K.
Casey, Science Writer/Editor, Human Genome News, Human Genome Management Information
System, Phone: 423/574-0597; Fax: 423/574-9888, Email: caseydk(@ornl.gov

7% e A S D T S 8 s e TP Pt e A RS S 8 5 S el e bt

Human Genome Project

Human Genome Project Information, http:/www.ornl.gov/hgmis
Comprehensive site covering topics related to the U.S. and worldwide Human Genome
Projects. Useful for updating scientists and providing educational material for nonscientists,
in support of DOE's commitment to public education. Developed and maintained for DOE by
the Human Genome Management Information System (HGMIS) at Oak Ridge National
Laboratory.

U.S. DOE Human Genome Program, http://www.er.doe.gov/production/ober/hug_top.html
Devoted to the DOE component of the U.S. Human Genome Project and to the DOE
Microbial Genome Program. Links to many other sites.

NIH National Human Genome Research Institute, http://www.nhgri.nih.gov
Site of the NIH sector of the U.S. Human Genome Project.

DOE Human Genome Program Publications

[* indicates hard copy available from HGMIS]

*Human Genome News, http://www.ornl.gov/hgmis/publicat/publications. himl
Quarterly newsletter reporting on the worldwide Human Genome Project.

*To Know Ourselves, 1996, http://www.ornl.gov/hgmis/tko
Booklet reviewing DOE's role, history, and achievements in the Human Genome Project and
introducing the science and other aspects of the project.

*Primer on Molecular Genetics (1992)
http://www.ornl.gov/hgmis/publicat/publications. html4 primer
Explains the science behind the genome research.

Ethical, Legal, and Social Issues Related to Genetics Research

HGMIS Gateways Web page, htip://www.ornl.gov/hgmis/links.html Choose "Ethical, Legal,
and Social Issues."”
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National Bioethics Advisory Commission (NBAC) home page,
http://www.nih.gov/nbac/nbac.htm
The bioethics committee offers advice to the National Science and 1 echnology Council and
others on bioethical issues arising from research related to human biolo gy and behavior.

National Center for Genomic Resources, Atip://www.ncgr.org
Comprehensive Genetics and Public Issues page; includes congressional bills related to
genetic privacy.

Center for Bioethics, University of Pennsylvania, Attp://www.med.upenn.edu/~bioethic .
Full-text articles about such ethical issues as human cloning; includes a primer on bioethics.

Eubios Ethics Institute, http://www.biol. tsukuba.ac.jp/~macer/index.himl
Site includes newsletter summarizing literature in bioethics and biotechnology.

ELSI in Science, http://www.lbl. gov/Education/ELSI/ELSIL himl
Teaching modules designed to stimulate discussion on implications of scientific research.

MCET- The Human Genome Project, ht(p://phoenix.mcet.edu/humangenome/index.html
ELSI issues for high school students and a selection of images.

Courts and Science On-Line Magazine (CASOLM), http://www.ornl.gov/courts
Coverage of genetic issues affecting the courts.

Genetic Privacy Act, htip://www.ornl. gov/hgmis/resource/elsi. html
Model legislation written with support of the DOE Human Genome Program.

The Gene Letter, htip://www.geneletter.org
Bimonthly newsletter to inform consumers and professionals about advances in genetics and
encourage discussion about emerging policy dilemma:s.

Your Genes, Your Choices, Attp://www.nextwave.org/ehr/books/index.html
Booklet written in simple English, describing the Human Genome Project; the science behind
it; and how ethical, legal, and social issues raised by the project may affect people's
everyday lives.

Medical Genetics

Online Mendelian Inheritance in Man (OMIM), Atip://'www.ncbi.nlm.nih.gov/Omim
A comprehensive, authoritative, and up-to-date human gene and genetic disorder catalog
that supports medical genetics and the Human Genome Project.

List of inherited-disease genes found by positional cloning,
hitp://www.nebi.nlm.nih.gov/Baxevani/CLONLE/index. him!

Links to OMIM

GeneCards, http://bioinformatics.weizmann.ac.il/cards
A database of more than 6000 genes; describes their functions, products, and biomedical

applications.

Support groups for people with genetic diseases and their families,
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http.://www.kumc.edu/gec/support/groups.html
Directory of National Genetic Voluntary Organizations and Related Resources.

Gene Therapy, htip:/www.mc.vanderbilt.edu/gcrc/gene/index. html
Web course covering the basics, with links to other sites.

NIH Office of Recombinant DNA Activities, htip://www.nih.gov/od/orda
Includes a database of human gene therapy protocols.

Blazing a Genetic Trail, http./www.hhmi.org/GeneticTrail
Illustrated booklet from the Howard Hughes Medical Institute on hunting for disease genes.

Understanding Gene Testing, Attp://www.gene.com/ae/AE/AFEPC/NIH/index.html
Illustrated brochure from the National Cancer Institute.

Promoting Safe and Effective Genetic Testing in the United States (/1997),
http://www.med. jhu.edu/tfgtelsi
Principles and recommendations by a joint NIH-DOE Human Genome Project group that
examined the development and provision of gene tests in the United States.

General Genetics and Biotechnology

Many of the following sites contain links to both educational and technical material.

HGMIS Community Education and Outreach Gateways Web page,
http://www.ornl.gov/hgmis/links.html

Access Excellence site, htip://outcast.gene.com/ae/index. html
Extensive genetic and biotechnology resources for teachers and nonscientists

MIT Biology Hypertextbook, Atip://esg-www.mit.edu:8001/esgbio/7001main.himl
All the basics.

Virtual Courses on the Web, http://lenti.med.umn.edu/~mwd/courses.html
Links to Web tutorials in biology, genetics, and more.

Genetics Education Center, University of Kansas Medical Center, htfp./www.kumc.edu/gec
FEducational information on human genetics, career resources.

The Why Files, htip://whyfiles.news.wisc.edu
Illustrated explanations of the science behind the news.

Classic papers in genetics, htip.//www.esp.org
Covers the early years, with introductory notes. See also Access Excellence site above for
genetics history.

Mendel Web, Attp://www.netspace.org/MendelWeb
Explores the origins of classical genetics, introductory data analysis, elementary plant
science, and the history of science.

86



Learning About the Human Genome Project and G...

Human Genome Education Program at Stanford Human Genome Center,
htip.//www-shge. stanford.edu/bio-ed
Includes genome curricula and numerous resources, especially for K*12 teachers.

Cell & Molecular Biology Online, st1p://www.cellbio.com
Links to electronic publications, current research, educational and career resources, and
more.

CERN Virtual Library, Genetics section, Biosciences division,
hup://www.ornl.gov/TechResources/Human Genome/genetics.html
Includes an organism index linking to other pertinent databases, information on the U.S. and
international Human Genome Projects, and links to research sites.

Genetic and biological resources links,
htip://www.er.doe.gov/production/ober/bioinfo_center.html

Welch Web, Attp://www.welch.jhu.edu
Links to many Internet biomedical resources, dictionaries, encyclopedias, government sites,
libraries, and more, from the Johns Hopkins University Welch Library.

Howard Hughes Medical Institute, stp.// www.hhmi.org
Home page of major U.S. philanthropic organization that supports research in genetics, cell
biology, immunology, structural biology, and neuroscience. Excellent introductory
information on these ftopics.

BIO Online (Biotechnology Industry Organization), http.//www.bio.com
Comprehensive directory of biotechnology sites on the Internet.

BioTech, htip://biotech.chem.indiana.edu
An interactive educational resource and biotech reference tool; includes a dictionary of
6000 life science terms.

Careers in Genetics, itip.//www.faseb.org/genetics/gsa/careers/bro-menu. him
Online booklet from the Genetics Society of America, including several profiles of
geneticisis. See also career sections of sites specified above, such as Access Excellence.

Cloning: In Our Own Image,
http://www.latimes.com/HOME/NEWS/SCIENCE/REPORTS/CLONING
Special report from the Los Angeles Times, with links to bioethics sites.

Bugs 'N Stuff, Attp.//www.ncgr.org/microbe
List microbial genomes being sequenced, research groups, genome sizes, and facts about
selected organisms. Links to related sites.

Microbial Database, http.//'www.tigr.org/tdb/mdb/mdb. html
Lists completed and in-progress microbial genomes, with funding sources.

Carolina Biological Supply Company, ht(p://www.carosci.com/Tips.htm
Teaching materials for all levels. Includes mini-lessons on selected scientific topics, two
online magazines, What's New, software, catalogs, and publications.
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Database of Genome Sizes, http://www.cbs.dtu.dk/databases/DOGS/index. html
Lists numerous organisms with genome sizes, scientific and common names, classifications,
and references.

Genetics Glossary, htip:/www.ornl.gov/hgmis/publicat/glossary.himl
Glossary of terms related to genefics.

Hispanic Educational Genome Project, http://vflylab.calstatela.edu/hgp
Designed to educate high school students and their families about genetics and the Human
Genome Project. Links to other projects.

Natural History of Genes, Attp://raven.umnh.utah.edu
Genetic science activities and hands-on experiments for teachers and students.

Science and Mathematics Resources, At(p.:/www-sci.lib.uci.edu
More than 2000 Web references, including Frank Potter's Science Gems and Martindale's
Health Science Guide. For teachers at all levels.

Opportunities for student internships around the United States:

Tripod: Internships, htip://www.tripod.com/work/internships

Genome Data Repositories

HGP goals are to generate maps for 24 different human chromosomes with biochemical
landmarks spaced at least every 100,000 bases and, ultimately, to determine the sequence of the
3 billion DNA bases in each chromosome.

Genome Database, http://gdbwww.gdb.org
GDB is the worldwide repository of human genome chromosome mapping data.

Genome Sequence DataBase, htty://’www.ncgr.org/gsdb
Relational database containing nucleotide sequence data from all known organisms.

GenBank, http://www.ncbi.nlm.nih.gov/Web/Genbank/index. htm!l
Annotated collection of all publicly available DNA sequences.

Try It! Images on the Web

Gene map from the 1996 Genome Issue of Science, htip://www.ncbi.nlm.nih.gov/SCIENCIE96
Click on particular areas of chromosomes and find genes.

Lawrence Livermore National Laboratory chromosome 19 physical map,
http://www-bio.llnl.gov/bbrp/genome/genome.himl

Los Alamos National Laboratory chromosome 16 physical map,
http:/;www-Is. lanl. gov/DBqueries/QueryPage. him!

Cells Alive!, http://www.cellsalive.com
Images (some moving) of different types of cells.
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Cytogenetics Gallery, http://www.pathology. washington.edu:80/Cytogallery
Photos (karyotypes) of normal and abnormal chromosomes.

Bugs in the News!, http.:/falcon.cc. ukans.edu/~jbrown/bugs.html
Microbiology information and a nice collection of images of biological molecules.

Images of Biological Molecules, Attp.//www.cc.ukans.edu/~micro/picts.html
3-D structures of proteins and nucleic acids obtained from Brookhaven National Laboratory
Protein Database and others.

DNA Learning Center, Cold Spring Harbor Laboratory, htip://darwin.cshl.ore/index.himl
Animated images of PCR and Southern Blotting techniques.

Cn3D (See in Three-Dee), http://www3.nchi.nlm.nih.gov/Entrez/Structure/cn3d.html
3-D molecular structure viewer allowing the user to visualize and rotate structure data
entries from Entrez. Highly technical for researchers.

Journals and Magazines

HGMIS Journals Gateways Web page, htip://www.ornl.gov/hgmis/links.html Choose
"Journals, Books, Periodicals."

Biochemistry and Molecular Biology Journals,
http://biochem.arach-net.com/beasley/journals.himl
Comprehensive list.

Nature, Nature Genetics, and Nature Biotechnology, http.//www.nature.com
Abstracts of articles, full text of letters and editorials.

Science, hltp.//'www.sciencemag.org
Abstracts and some full-text articles.

Science News, hitp.//'www.sciencenews.org
Online version of weekly popular science magazine with full text of selected articles.

Science in the News

The Science Guide, hitp.//www.scienceguide.com
Daily news and information service and free science news e-mailer. Also contains directories
of newsgroups, grant and funding resources, employment, and online journals.

Genomics Today, http://www.phrma.org/genomics/documents/today. html
A daily update on the latest news in the field. Many links. Website a joint project of the
Pharmaceutical Research and Manufacturers of America and the American Institute of
Biological Sciences.

FurekAlert!, http://’www.eurekalert.org
Short summaries of major stories.

HMS Beagle, htip://biomednet.com/hmsbeagle
Web magazine featuring science news, essays, book reviews, and bioweekly e-mail
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notification of this site's contents.
Science Daily, http://'www.sciencedaily.com

Headline stories, articles, and links to news services, newspapers, magazines, broadcast
sources, journals, and organizations. Also offers weekly bulletins for updates by e-mail.

ScienceNow, hitp://www.sciencenow.org
Daily online news service from Science magazine offers articles on major science news.

Web Search Tools

"Search the Net,"” http://metro.turnpike.net/adorn/search.html
Comprehensive list of search tools, libraries, world fact books, and other useful information.

Yahoo!, hitp://'www.yvahoo.com

Biosciences Index to WWW Virtual Library, http://golgi. harvard.edu/htbin/biopages
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