


Briet History of Polymerase Chain
Reaction (PCR)

Developed in 1983 by Kary Mullis

Novel Idea: to use short complementary sequences
(primers) to amplify a small region of a targeted sequence
of DNA
The practical application came later with the
discovery of a thermophilic bacterium known as
Thermus aqauticus. The heat stable DNA polymerase
was used for the PCR reaction

72°C functions optimally

Thermo cycling machine developed by Mullis’ Lab
(Cetus Corp of California)



PCREEha Baisias

Three Steps:
Heating (Denaturing)
Cooling (Annealing of Primers)
Extension (Replication of DNA)

Constituents of the PCR Reaction
Buffer
Nuclease free Water
Taq Polymerase
MgCl,
DNA
dNTPs (deoxynucleotide triphosphates)
Primers (Forward and Reverse)




Target
sequence

Extension

Cycle 2
yields {
4
molecules

Cycle 3
yields 8
molecules;
2 molecules
(in white
boxes)
match target

sequence
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Use of the asymmetric polymerase chain reaction
and DNA sequencing to determine genetic
variability of the bean golden mosaic geminivirus
in the Dominican Republic.

Robert L. Gilbertson, Maria R. Rojas, David R. Russel,
and Douglas P. Maxwell
Journal of General Virology, 1991, 72, 2843-2848



Introduction

» Geminiviruses: plant viruses characterized by their

shape and their ssDNA

Two Subgroups (I and II)
Subgroup II

Transmitted by Bemisia tabaci

Affects the common bean plant

Bean Golden Mosaic Virus
Bipartite Genome: Two DNA Components!
High genetic diversity

http://www flickr.com/photos/ajc1/330674785
2/#/



Purpose

“Because of the diverse nature of geminiviruses that
can infect the common bean, there is a need to

develop rapid and specific methods for their detection
and differentiation”

Four Different Strains of Bean Golden Mosaic Virus
(BGMV)

Puerto Rico

Guatemala

Dominican Republic

Brazil



Introduction (cont.)

Amplified

DNA Sequence Data on retion
all of the BGMVs for this

study (databases) _
Highly Variable region of BoMY-DR

DNA-B

DNA on Component of 2508 b
DNA-B
300-400 BP

This can be used two

Fig. 1. Diagrammatic representation of the genomic organization of

dlstln U]_Sh th d 1 ff the DNA-B component of BGMV-DR showing the positions of the
B g e 1 erent common region (CR), the two open reading frames (BR-1 and BL-1)
and the region amplified for evaluation of genetic variability of

Stra‘lns Of the BGMV BGMV-DR isolates [for the purposes of this figure, the circularized
g DNA-B insert of pDRB1 (Gilbertson et al., 1991 &) is shown, with nt 1

fI'Om dlffel‘ent corresponding to the first nucleotide of the common region]. The

locations at which amplification primers (DR-P1, viral-sense; DR-P2,

ge O grap hi C re gi O n S . complementary-sense) anneal to BGMV-DR DNA-B are shown by the

arrowheads.




Experimental Design

The authors proposed “to use the DNA sequence of the
hypervariable region to determine whether the BGMV-
DR infectious clones are representative of BGMV
isolates in the Dominican Republic and to assess
variability among the field isolates of BGMV.”

Basic Procedures:
DNA Extraction
PCR
Asymmetric PCR
DNA Sequencing



Methods

Original field isolates of BGMV from the Dominican
Republic had the DNA-B component cloned and
inserted into the recombinant plasmid pDRB1

5 Samples from different locations were taken within
the Dominican Republic

DNA was extracted from the plant materials
PCR of the hypervariable region

Primers were designed using the sequence present in the
pDRB1 plasmid

Asymmetric PCR of hypervariable region



Asymmetric PCR

Similar reaction set-up as
in the normal PCR
reaction.

Only difference is in the
primer components

50:1 ratio of the reverse
primer to the forward

Creates a large quantity
of single stranded DNA
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DNA Sequencing

Dideoxynucleotide Chain Termination Method
Template Strand (A-PCR)
Labeled and non-labeled nucleotides
Primer (same for PCR Reaction)

TECHNIQUE

DNA Primer Deoxyribonucleotides Dideoxyribonucleotides
(template strand) T ja’ (fluorescently tagged)
5

5?
dATP ddATP
dCTP ddCTP
DNA dTTP ddTTP

polymerase -\
H

C
T
G
A
C
T
T
C
G
A
C
A
A
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DNA Sequencing (cont.

DNA (template Labeled strands
¢ strand)

>>O>O0-H-H0O>0-
Q.
o
(2]
|
“-H-HO—HOO>>POHO>PO

o
H4HO-H00> %
—“HHOHOOP>>O
—--HO=HO0O>P>O—HO

«Q

Shortest Longest

Direction

of movement t=« Longest labeled strand

of strands v |F=4

LT | —
= Detector

N 9
L)
sz

" Shortest labeled strand

Laser

RESULTS Last base

of longest
labeled
strand

Last base
of shortest
labeled
strand

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

COPPO-HO>0




H
DR=-1 TCATTTGETG ACACTCGCAT ACAACTGATR AACTGAcCRA

D=2 TCATTTGETG ACACTCGCAT ACAACTGATA AACeahoChA
nR-3 TCATTTEETE ACACTOGCAT ACAACTGATA AACTGAeCAR CURAMGAGATT
DR-4 TCATTTGETE CTCSCAT ACRACTGATA AACTSAcCRA CORAGAGATT
LR=5 ATCA-TTaeTG G RCAACTGATA AACAGACCAA CURAGAGATT
pURB-FCR  TCATTTGGTG ACACTC BORACTGATA AACTGARCAA AGRSATT
pORAL TCATTTGETS ACACTCGCAT ACRACTGATA AACTGRACAR CORMGAGATT
- o - L
51

Di=1 ATGAANTAGT TTATATTGAT A & RTTGTGTATS ©

DR=2 TTATATTGAT RTTCTGTATG VTAG
b 4 DR-3 TTATATTGAT ATTGETETAT
lgure 2 ng t S OWS Df-4 ATGARATAGT TTATATTGAT ATTGTGTATS THGE
nE-5 ATGRARTRAGT TTATATTGAT 1+ BTTGTGTATG CTTATRTAGH
pURB-FCR  ATSARRTAGT TTATATTGAT ATTGTGTATS CTTATATAGE
th DN 3 pDRBY ATSARAATAGT TTATATTGAT ATTGTGTATS CTTATATAGE
q 101

” CRGTTGTATG COPTTATATC GCX it ; TTATTTAGTT
IR GTTCTATE ;i ! TTATTTAGTT
produced after using the S - ok ataces
] G CTTTATATC SeB AAASAACATA TTATTTAGTT

TTTATATC GO i AARGRACATA TTATTT aTT
GCCTTTTGAR RAMGARCATA TTATTTAGTT

Ld o -

Dldeo HUCleOtlde - CRETTGTATS ' GOCTTITGAA ABAGRACATA TTATTTAGTT
)( y . . . p

L] ° o 150
‘ h aln I ermln atlon . ANTATGTTAA TGTGTTTTAT TTGARCATGR TATATATATC GGATATATAT
- AATATGTTRA TGTGTTaTAT TTGRACATGR TATRTATRTC GGATATATRT
R ARTATGTTAA TGTGTTTTAT TTSAACATGA TATATATATC SGATATATAT
: RATATGTTAR TGTGTTTTAT TTGARCATGA TRATATATATE sGATATATAT
M th - EATATETTAE TETeTTRINT TTGARCATGA TATRTATRATC CORTATATRT
e O ARTRTGTTAR TSTGTTITAT TTGAACATEA TATATATATC GGATATATAT
POREL ARTRTGTTAA TOTGTTTTAET TIGAACATGA TATATATATS GUATATATAT

3 L3 - -

200
OR-1 ATT  (5E%)
DR-2 AIT  138%)
Dk-3 RTT  1%BH)
DR-4 ATa | 58%)
DR=-§ ATT  [55%)
pORE-ECR  ATT (100%)

pORB1L ATT

.

Fig. 2. Alignment of the DNA sequences of the amplified hyper-
varigble region of five BGMV-infected bean field samples from the
Dominican Republic and from the cloned BGMV-DR DNA-B
{pDRB-PCR), with the previously determined hypervariable region
sequence of the BGMV-DR component DNA-B (nt 2279 to 2481 of
pDRBI). Variations in nucleotide sequence of the amplified fragments
from the pDRB1 sequence are shown as bold lower-case letters, and the
positions of these variations with respect to pDRBI are indicated by an
asterisk below the pDEBl sequence. The percentage sequence
identities of the amplified fragment with the pDRBI] seguence are
shown in parentheses after the sequence of each fragment.




Conclusions

The pDRB1 clones are representative of the BGMV
isolates collected from the Dominican Republic.

This approach could be used in future studies to detect
as well as identify different strains of geminiviruses.
Characterization of the wide range of geminiviruses

Finally, the authors provide other cases where this
method of virus detection could be beneficial.
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Extra Information

Table 1. Percentage nucleotide sequence identities between the hypervariable regions* of
BGMYV isolates and BDMV

Nucleotide sequence identity (%)}

Geminivirus isolate BGMV-DR BGMV-GA BGMV-PR BGMV-BZ BDMYV

BGMV-DR 86 75 46
BGMV-GA = 70 44
BGMV-PR - 52
BGMV-BZ —
BDMV

* The hypervariable region is the intergenic region of component DN A-B that lies between the initiation
codon of open reading frame BL-1 and the beginning of the common region.

+ Numbers are the direct percentage nucleotide sequence identities rounded to the nearest whole
number, All comparisons were made using the GCG program GAP.




