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Phenotype analysis: biological-biochemical analysis

Behaviour under specific environmental conditions
Behaviour of specific genetic configurations

Behaviour of progeny in crosses -

Genotype analysis: molecular and physical analysis

DNA Fragments/Molecules
Sequence homology
Sequence
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Genetic Analysis

Phenotype analysis: biological-biochemical analysis

Behaviour under specific environmental conditions
Some examples:

Utilization of specific substrates

Loss fo function (e.g. Auxotrophy)

Induction behaviour
Behaviour of specific genetic configurations

Some examples:

Complementation analysis: e.g. function (auxotrophy) complementation
Cis-trans test = see regulation: lac operon
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Phenotype analysis: biological-biochemical analysis §

Behaviour of progeny in crosses — see also introduction - Mendel

_nkage |: Basic Eukaryotic Chromosome Mapping

Meiotic chromosomes Meiotic products
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Figure 5-7 Intrachromosomal re-
combinants arise from meioses in
which nonsister chromatids cross over
between the genes under study.
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Tetrads
2

Product from sexual reproduction

Specific systems is fungi

Example species Ustilago Neurospora
hordei crassa
(barley smut) (red bread mold)
Coprus  Saccharamycas Aspargqiius Ascobols
EQouE Carasiane rugulans HTHTIEVS LIS
(mushenom) |'J?-=-|'!-B1"5:j|-'ﬂ'|'l$1,.' [graen bread mokd)
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Camydomonas
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Tetrads CIe e Tetrads G‘Elﬂdﬂ
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NoO connection to position in meiosis Position in meiosis reflected
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3- factor cross analysis g
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Genetic Analysis

Genotype analysis: molecular and physical analysis

DNA Fragments/Molecules
Sequence homology
Sequence
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Table 2.3 Some restriction endonucleases, their sources, and their cleavage sites

- Enzyme Enzyme Enzyme
(Microorganism) (Microorganism) (Microorganism)
EcoRlI Hind Il Alul
[Escherichia coli) (Haemophilus influenzae) (Arthrobacter luteus)
Y Y
1“ Target sequence AP | margersequence W
GAATTC o andcleavagesite; —— AAGCTT and cleavage site; —— % %
cu Gk sticky ends w Ak blunt ends ﬁk
A A A
BamHI Pstl Rsal
(Bacillus amyu’oﬁ quefaciens H) (Rhodopseudomonas sphaeroides)
Y
llll'l'l!' Lt
G CATEG
A A
Haell Tagl Poull
(Haemophilus acgyptus) (Thermus aquaticus) (Proteus vulgaris)
\ Y
Wity ey
‘” EERY AGET ETCGAC
) ) A A

Note: The vertical dashed line indicates the axis of symmetry in each sequence. Red arrows indicate the sites of cutting. The enzyme Taql yields cohe-
sive ends consisting of two nucleotides, whereas the cohesive ends produced by the other enzymes contain four nucleotides. Pu and Py refer to any
purine and pyrimidine, respectively.
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Figure 2.12 Gel electrophoresis of DNA.
Fragments of dilferent sizes were mixed and
placed in a well. Electrophoresis was in the
downward direction. The DNA has been made
visible by the addition of a dye (ethidium
bromide) that binds only to DNA and that
[luoresces when the gel is illuminated with
short-wavelength ultraviolet light.

Band from
heaviest fragment |
(moves least) |

hrection
of movement

Band from
| lightest fragment
| (moves most)
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(A} EcoRl enzyme

* K4

h DNA | b |
3
(B) EcoRlI
BamHI
(C) BamHI| enzyme
6 1 ) 4 3 2

) DNA | { { | | | {

k-55%———17.5 H—B5—H—6.5—H—T7.5—h— 8

Figure 2.14 Restriction maps of A DNA for the restriction enzymes

(A) EcoRI and (C) BamHI. The vertical bars indicate the sites of cutting.
The numbers within the arrows are the approximate lengths of the
fragments in kilobase pairs (kb). (B) An clectrophoresis gel of BamHI

and FcoRI enzyme digests of A DNA. Numbers indicate fragments in order
from largest (1) to smallest (6); the circled numbers on the maps
correspond to the numbers beside the gel. The DNA has not undergone

electrophoresis long enough to separate bands 5 and 6 ol the BamHI digest.

Note: In Problem 2 at the end of this chapter (Guide to Problem Solving),
we show how to use the resulis of a double digest to determine the partic-
ular order of fragments for a pair of restriction enzymes.
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(B) Fragments of denatured
genomic DNA
immobilized on filter

(A) Fragments of denatured
and labeled probe DNA

Mix

The denatured probe
usually contains both
complementary strands.

o

GTATAATGCGAGCC :
Renaturation

CATATTACGCTCGG
m / Some fragments in the genomic

DNA may contain a sequence
similar to that in the probe DNA.

Random collisions bring small (c

regions of complementary sequences

together to start the renaturation. Heat-sealed bag

(D) Initial pairing with

incorrect fragment (E) Initial pairing with

TGCAGCCGTTACATGL TCAGGA

{ATIACGC , | cCCBIAIRATECGAG

A
> Co CA LGCTCcGg
Base pairing cannot go farther Base pairing proceeds in a zipper-like
because flanking sequences are not fashion because flanking sequences
complementary; probe falls away. are complementary; probe sticks.

Figure 216 Nucleic acid hybridization. (A) Duplex molecules of probe DNA (obtained from a clone)
are denatured and (B) placed in contact with a filter to which is attached denatured strands of
genomic DNA. (C) Under the proper conditions of salt concentration and temperature, short
complementary stretches come together by random collision. (D) If the sequences flanking the
paired region are not complementary, then the pairing is unstable and the strands come apart again.
(E) I the sequences flanking the paired region are complementary, then further base pairing
stabilizes the renatured duplex.
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(A) DNA is cleaved; electrophoresis {B) DNA fragments are blotted (C) Filter is exposed (D) Filter is exposed to
is used to separate DNA onto nitrocellulose filter to radioactive probe photographic film;
film is developed

Gel T
DNA restriction

fragments
(so many that
individual bands

Heat-sealed bag

'| Filter
/"'_-EPrUbe in Arfay

. IOty Nitrocellulose l\ solution ﬁlm\
markers fllter\\ F'L_": i B = i
E=—- il A -_— -_—
oy | ! | :__“\I T : L] :,__HI. E P — IEE
Gel Fi7] = 5 ‘ ‘ . '__=_,I :_ : :_ _: I:"_Df o \ f
f : o | \/
Buffer Absorbent Nitrocellulose DNA fragments ! Probe hybridizes with Bands on x-ray
solution  paper filter transferred onto filter | homologous DNA film created by
(invisible at this stage) | fragments (still not visible) labeled probe
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(A) .1, — Polymorphic
GAATTC ATTC site GAATTC
CTTAAG ﬁgs CTTAAG
'?|\

Treatment of DNA
with EcoRI

Y

e i e v e T AN e St L

b5 e e e S R G e
Cleavage

Result: Two fragments
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Restriction site Polymorphism 2

site GAATTC
CTTAAG

Treatment of DNA
with EcoRlI

No cleavage

Result: One larger fragment

Figure 2.23 A minor difference in the DNA sequence of two molecules can be detected if the differ-
ence eliminates a restriction site. (A) This molecule contains three restriction sites for EcoRI, includ-
ing one at each end. It is cleaved into two fragments by the enzyme. (B) This molecule has an altered
EcoRI site in the middle, in which 5'-GAATTC-3' becomes 5'-GAACTC-3'. The altered site cannot be
cleaved by EcoRl, so treatment of this molecule with EcoR1 results in one larger fragment.

\

B

markierte Sonde

labelled probe
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’ = > DNA sequence to be amplified

1 Denaturation, annealing

T m—— Polymerase Chain Reaction

oV
vy

Primer oligonucleotides

(B) Second cycle

Amplified DNA
sequences
A

(C) 20-30 cycles

-

- S
o S

Figure 2.21 Polymerase chain reaction (PCR) for amplification of particular DNA sequences. Only
the region to be amplified is shown. Oligonucleotide primers (green) that are complementary to the
ends of the target sequence (blue) are used in repeated rounds of denaturation, annealing, and DNA
replication. Newly replicated DNA is shown in pink. The number of copies of the target sequence
doubles in ¢ach round of replication, eventually overwhelming any other sequences that may be
present.
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primer sequences in

ACATGACGT CTATGCATG Target DNA duplex
TGTACTGCA GATACGTAC (blue), showing
sequences chosen as

the primer-binding
sites flanking the
region to be amplified.

(B) Primer (green)

st solt :
ACATGACGT CTATGCA strands of target DNA
GATACGT

(A) Original duplex DNA

I\ ; 1 [[’E (C) First round of
ll.l“l‘ amplification. Newly
P PHITET Region to be ‘ e synthesized DNA is
5 — — amplified Primer shown in pink. Note
miilitiiile that each primer is
A g ’1’5 g % g E 1 extended beyond the

T
TGTA GATACGTAC d beyor,
other primer site. (D)

Second round of
amplification (only
one strand shown); in

(C) Elongation (DNA synthesis) this round, the newly
synthesized strand
terminates at the

G opposite primer site.
c (E) Third round of

B amplification (only
one strand showny); in
5 e this round, both

GT ATGCATG at the primer sites.
¢ TACGTAC Primer sequences are

normally about twice
as long as shown here.

(D) Second cycle—after elongation

CATGACGT
GTACTG CA'III'IIIIIIIIII!

(E)} Third cycle—after elongation P C R

SRR | Polymerase Chain Reaction
AnannansalIRRRRRRRRRRRARNE = cEdeasn

—>u
moo
>
-
.- —
moo
oo
. —i
>~
oo

P -Z:_-
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RAPD primer sets

Set 1 Set 2 Set 3
Individuals g A o0 B o0 C o0 D o0 Aoy B o0 £ 0 Dis A B € o 0 o

Figure 2.25 Random
amplified polymorphic
DNA (RAPD) is
detected through the
use of relatively short
primer sequences that,
by chance, match
genomic DNA at
multiple sites that are
close enough together
Lo support PCR
amplification.
Genomic DNA from a
single individual

X , _ | typically yields many
Polymorphic <=1 o ] : k= bands, only some of
bands ' which are polymor-
phicin the population.

RAPD bands on
electrophoresis

gel

Monomorphic
bands ‘

Different sets of
Fragments that PCR—amphfy with genomic DNA from some primers amplify differ-
individuals but not others, using the same primer set ent fragments of

genomic DNA,
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1500 bp 4

1000 bp

200 bp

Figure 2.26 RAPD polymorphisms in the
stoneroller fish (Campostoma anomalum) trapped
in tributaries of the Great Miami River in Ohio.
Each pair of samples is flanked by a lane
containing DNA size standards; in these lanes,
the smallest DNA fragment is 100 base pairs
(bp), and each successively larger fragment
increases in size by 100 bp. Fragments whose
sizes are multiples of 500 bp are present in

greater concentration and so yield darker bands.

[Courtesy ol Michael Simonich, Manju Garg,
and Ana Braam (Pathology Associates
[nternational, Cincinnati, Ohio).|
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—> Short Primers

—> Bind to many sequences
within a genome

—> Set of amplified fragments
depending on sequence #
defined priming sites
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Pulsed Field Gel Electrophoresis

(A I Slots in ¢el in which uncut (B) 1600 =, =R
DNA samples are placed | | Chromosome
o | |1V, at 1.5 Mb,
/‘\, = «‘n‘ the longest. |
‘ Direction of 1400
electrophoresis |
i {small DNA i S s i
| molecules | 1200 | Dot indicates |

position of
| centromere.

move [arther)

—

Chromosome I,‘
|

|at 230 kb, is
I'tht' shortest.

=

1000

800

Length of chromosome (kb)

600

400 )r‘"

200 1

i
_. =l [ :
The intact DNA molecule | n
from each yeast chromosome |
forms a single band in the gclj

I L Il Iv V¥V VI VO VIl IX X XI

Chromosorme number
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XIT X1 XIV XV XVI

568

Figure13.23 (A) Separation of chromosomes of the yeast Saccharomyces cerevisiae by pulsed-field

gel electrophoresis, in which there is regular change in the orientation of the electric field.

(B) Histogram of sizes of the 16 yeast chromosomes. [@1988 BioRad Laboratories, Inc.; permission
to use this image has been granted by Bio-Rad Laboratories Inc.)

Genetic Engineering and Genomics

al'rr.. |
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In situ Hybridization

FISH - (Fluoresence In Situ Hybridization)

www.accessexcellence.org/RC/VL/GG/fish.php



Sample
1 mRNA
(control)

mRNA

abeled with

een fluorescent
ucleotide ;

Reverse
transcriptase

S

Mix
probes

wre13.30 Principle of operation of one type
DNA chip. At the top are dried microdrops,
ch of which contains immobilized DNA

ands from a ditferent gene (A—F). These are
bridized with a mixture of fluorescence-

eled DNA samples obtained by reverse
nscription ol cellular mRNA, Competitive
bridization of red (experimental) and green
mtrol) label is proportional to the relative
undance of each mRNA species in the

nples. The relative levels of red and green
orescence of each spot are assayed by
croscopic scanning and displayed as a single
or. Red or orange indicates overexpression in
»experimental sample, green or vellow-green
derexpression in the experimental sample,

d yellow equal expression.

at serves as a probe for a different gene, A
rough F. At the left is shown the experi-
:ntal protocol. Messenger RNA is first ex-
cted from both the experimental and the
ntrol samples. This material is then sub-
ted to one or more rounds of reverse
nscription, as described in Section 13.2.
the experimental material (sample 2),
2 primer for reverse transcription includes
‘ed fluorescent label; and in the control
iterial (sample 1), the primer includes a
:en fluorescent label. When a sufficient
antity of labeled DNA strands have accu-
ilated, the fluorescent samples are mixed
d hybridized with the DNA chip.

The result of hybridization is shown in
¢ middle part of Figure 13.30. Because
: samples are mixed, the hybridization is

Sample 2

{experiment)

Labeled with
= red fluorescent

‘ | nucleotide

and washing

‘3); Hybridization
EJ ok

Confocal microscope
fluorescence scanning

Gene A is equally
expressed in
samples 1 and 2. |

Gene B is highly
underexpressed
in sample 2.

L S U

Gene C'is highly
overexpressed
in sample 2.

In sample 2, relative to sample 1,
Gene D is moderately overexpressed,
Gene F is equally expressed. and
Gene Fis moderately underexpressed.
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DNA Microarrays

(DNA Chips)

Figure 13:31 Small part of a yeast DNA chip showing
1764 spots, cach specilic for hybridization with a
different mRNA sequence. The color of each spot
indicates the relative level of gene expression in
experimental and control samples. The complete
chip for all yeast open reading frames includes over
6200 spots. [Courtesy of Jeffrey P Townsend
Duccio Cavalieri, and the Harvard Center for
Genomics Research, ]

nd Genomics

580 Chapter 17 Genetic Engineerin,
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DNA Sequencing %" primer

Abb. 915 Prinzip der Sequenz-Reaktion nach

der Didesoxy- oder Kettenabbruch-Methode. o (12P) 4 ATP o (12P) dATP a (32P) d ATP | o (4P dATR

- Vier Ansitze werden parallel vorbereitet, Jeder —— e e — | odATF i
Ansatz enthdlt ein radioaktiv oder anders mar- dGTP dGTP dGTe ‘ dGTP ;
kiertes Nuckeotid (hier o-['P|-dATP) und die drei | | ddGTP |
anderen nichtmarkierten Desosynucleosid-Tri- dCTe dlTP | dTP dCTF %
phosphate. Jeder Ansatr enthilt zudem ein Di- _ ddi TP §
desosynucleotid, antweder ddTTP, ddCTP, ddCTP dTTP dTip | dTTP 1
oder ddATP. |e mach experimenteller Situation | ddTTP :
wird ein Verhaltnis van 1§50, 1/100 oder 1/200
von ddNTP zu dNTP gewdhlt, 5

- Nach Zusatz der DNA-Folymerase beginnt die
Komplementdrstrang-Synthese. Ske kommt 2um
Halt, wenn zufdilig ein Didesoxynucleotid statt
des normalen Desoomnucleotids in das aktive

Zentrum der ONA-Polmerase gelangt. Im ersten \J
Ansatz wird das der Fall sein, wenn die Sequenz
des Matrizenstranges den Einbau eines Thymin- \

MNucleotids verlangt. Mit anderen Worten, im er-

sten Ansatz erhilt man eine Kollektion wan DNA-

Fragmenten, deren Lingen die Positionen ven

Adenin-Resten im Matrizen-Strang wiedergeben. !/ a

Entsprechendes gilt i0r die Lingen der Synthese.

produkte in den anderen Ansitzen, w
- Der kritische methodische Viorgang ist die genause
Auftrennung der Syntheseprodukte. Dazu werden
Matrize und synthetisierte Komplementamtrange T r— T G A —
durch Denaturierung voneinander gelost und auf rﬂ
diinnen, besondars zubereiteten Polyacrylamid- —
Celen analysiert. Die Markierung der Synthess- | g

O
0'0¢
900

b B
FEECT
[ ('l
a3

-

fal

produkte ermégiicht ihre Darstellung durch Au-
toradicgraphie oder gesignete Firbemethodan,
Die Auswertung der GelElektrophorese ist hier —
gezaigt. Durch das kleinste, am weitestan ge- '

wanderte Fragment wird das erste Mucleotid in |

der Sequenz angezeigt, durch das nichst grifite e
Fragment das peeite usw. [nach 13]. =
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Next Generation Sequencing — Deep Sequencing
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: ABI3730xl lllumina
Sequencing Genome RIS (32 Genome ABI SOLID
platform FLX
Analyzer Analyzer
Sequencing Automated Sanger | Pyrosequencing | Sequencing-by- | Sequencing by
chemistry sequencing on solid support | synthesis with ligation
reversible
terminators
Template In vivo Emulsion PCR | Bridge PCR Emulsion PCR
amplification amplification via
method cloning
Read length 700-900 bp 200-300 bp 32-40 bp 35 bp
Sequencing 0.03-0.07 Mb/h 13 Mb/h 25 Mb/h 21-28 Mb/h
throughput
Applications:

Genome sequencing, Metagenome Sequencing,
Transcriptome Sequencing (incl. Non-coding RNA)
Gene Expression profiling

www.seas.gwu.edu/~rhyspj/fall09cs144/presentations/sam.ppt
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APPLICATION HISEQ MISEQ PACBIO oo Fix++ GSJUNIOR+ ION

2500 RS II PROTON
De novo sequencing of bacterial & | v v WL v v v v

fungal genomes

De novo sequencing of higher v vV v v

eukaryotic genomes

Resequencing of genomes
T e N De novo transcriptome sequencing
30 2 3 Ultra deep amplicon sequencing
AMPLICONS § 57711 sequencing S Y s

Our ratings are based on factors such as data output, read length, turnaround time, data quality and cost efficiency.
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d DNA fragmentation b DNA fragmentation
. - — — g - — =
%.u | I I %.\ I I I
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‘\ | — [ | ~ | — | — [
\ | — [ | — \ | — | [ [ —
In vivo cloning and amplification In vitro adaptor ligation
—— ce——
—> = = —> )
) m =
Cycle sequencing Generation of polony array

3-... GACTAGATACGAGCGTGA...-5' (template)

5'-... CTGAT p (primer)
...CTGATC ,O
...CTGATCT ’
...CTGATCTA ,O
...CTGATCTAT ,
...CTGATCTATG p
...CTGATCTATGC ,O
Polymerase .CTGATCTATGCT <
dNTPs ...CTGATCTATGCTC ,.
Labeled ddNTPs ...CTGATCTATGCTCG
Electrophorsesis Cyclic array sequencing
(1 read/capillary) (>1 0% reads/array)
Cycle 1 Cycle 2 Cycle 3
G
—C Q
— (c] (7
=-—-> W\ B
= - e
—icC What is base 1?7 What is base 27 What is base 3?7
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SEQUENCING AND IMAGING

N P

DATA ANALYSIS

Journal of Investigative Dermatology (2013), Volume 133
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Sample multiplexing

DNA Fragments
Sequencing Reads
— Reference Genome
Sample 1 Barcode
= Sample 2 Barcode

>y

A B C D
_..._-"
/’:—-—
xx =

T

barcodel } ‘\ / } o } -
t t - ~ ~ ——r
T =z ™ —

barcode?

Codes defined by sequence of adaptor
http://www.illumina.com
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The Roche 454/GS FLX Sequencing Technology
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Aided by the adaptors individual
fragments are captured on their own
unique beads. A bead and the bound
fragment together with a water-in-oil
emulsion form a microreactor so that
each fragment can be amplified
without contamination via the so called
emulsion PCR (emPCR). The entire
fragment collection is amplified in
parallel.
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The emPCR amplifies each fragment
several million times. After
amplification the emulsion shell is
broken and the clonally amplified
beads are ready for loading onto the
fibre-optic PicoTiterDevice for
sequencing
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H.Schwab pyro-Sequencing — 454 TeChnOk)gy
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Figure 1. Scanning electron micrograph of etched well in 454
PicoTiter sequencing plate.

454's technology is based on performing hundreds of thousands of
simultaneous sequencing reactions in 75 picoliter (44 um) wells. All
molecular biology reactions—DNA amplification, sequencing by
synthesis, and signal light generation—occur in a single well.
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The Roche 454/GS FLX Sequencmg Technology =

Polymerasa
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9 ‘Eﬂ- Sulfurylase
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Sequencing is accomplished by synthesizing the complementary strands of the
bead attached templates. In a number of cycles the four bases (ATGC) are
sequentially washed over the PicoTiterPlate. The incorporation of a new base is
associated with the release of inorganic pyrophosphate starting a chemical
cascade. This results in the generation of a light signal which is captured by a
CCD camera.
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DNA Sequencing with lllumina (Solexa®) Technology =

FIGURE 2: SEQUENCING TECHNOLOGY OVERVIEW

1. PREPARE GENOMIC DNA SAMPLE

2. ATTACH DNA TO SURFACE

3. BRIDGE AMPLIFICATION

-

T
- a
a s

DNA ﬁ iiﬁ

i

Adapters

Adapter

DNA
fragment

/Dense lawn
of primers

/’ R

Randomly fragment genomic DNA
and ligate adapters to both ends of the
fragments.

Bind single-stranded fragments randomly to
the inside surface of the flow cell channels.

Add unlabeled nucleotides and enzyme to
initiate solid-phase bridge amplification.

www.illumina.com/documents/products/.../techspotlight_ sequencing.pdf
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4. FRAGMENTS BECOME DOUBLE 5. DENATURE THE DOUBLE-STRANDED 6. COMPLETE AMPLIFICATION
STRANDED MOLECULES
a ) N\ N\

Attached
terminus

| | i | Clusters

{3
The enzyme incorporates nucleotides to Denaturation leaves single-stranded Several million dense clusters of double-
build double-stranded bridges on the solid- templates anchored to the substrate. stranded DNA are generated in each channel

phase substrate. of the flow cell.
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7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND BASE
4 ' 4 )

Laser
A ¥, 9 >
First chemistry cycle: to initiate the first After laser excitation, capture the image of Second chemistry cycle: to initiate the
sequencing cycle, add all four labeled reversible emitted fluorescence from each cluster on the next sequencing cycle, add all four labeled
flow cell. Record the identity of the first base reversible terminators and enzyme to the

terminators, primers and DNA polymerase

enzyme to the flow cell. for each cluster. flow cell.
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10. IMAGE SECOND CHEMISTRY CYCLE

r

»
®e o

\.

\

/

After laser excitation, collect the image data
as before. Record the identity of the second

base for each cluster.

11. SEQUENCE READS OVER MULTIPLE
CHEMISTRY CYCLES

Yy

N

L A A
o

@®
\_ \— GCTGA..

Repeat cycles of sequencing to determine
the sequence of bases in a given fragment
a single base at time.

l
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12. ALIGN DATA

e N

T
..GCTIGATGTGCCGCCTCACTCCGGTGS

CACTCCTIGTGG
CTCACTCCIGTGG
—3 GCTGATGTGCCACCTCA
GATGTGCCACCTCACTC
GIGCCGCCTCACTCCIG
CTCCTIGTIGG

Unknown voriont

idantfiad ond collad SNP collad

\ v

Align data, compare to a reference, and
identify sequence differences.
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lon Torrent Sequencing

Polymerase integrates a nucleotide.

Hydragen
a
Pyrophasphate

Polymense

Hydrogen and pyrophosphate are released.

,{ dNTP Polymerase ,( ;

Template Stran

The nucleotide does not compliment the template - no release of hydrogen

_______

The nucleotide compliments the template - hydrogen is released.

( b@@@—) ( :E}ibq """ D<”><]H>

http//enWlklpedlaorg/W|k|/I0n se The nucleotide compliments several bases in a row - multiple hydrogen ions are released.
miconductor_sequencing




