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Lecture Objectives

gPCR detection method in Janes lab
Primer design and validation
Troubleshooting primers and amplifications

What we are going to do in the lab today



Workflow for gPCR with
stochastic profiling samples
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What is gPCR?

PCR amplication: Product (P) = Template (T) x (2)"

Plateau stage

» regular PCR,
I gel electrophoresis
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Detection method in Janes lab
SYBR green

Fluorescence increases with concentration of dsDNA.
Detects double stranded products, including primer dimers.



Important controls

blank sample, no template control (NTC):
to check primer dimers and contaminants

no RT sample:
to check genomic DNA



Whether gPCR reactions have produced
single, specific products?

Melting Curves Analysis

Data Analysis - 2014 0328 Rh30 RT10.pcrd =8| x|

. _
File  Wew  Settings Expork Tools PIELtE Setup - '; “Flun:nrn:nphn:nre j

IE Cluantification Cuantification Data Melt Curve % b elt Curve Data I:!I:l ﬁ Fiun Information

Mehl Curve g Mel Peak s

)

EEI! Gene Expression End Fairt '{,\'} Cuztom Data Yiew

soon I 4001

d5nn L. T 00 4

S

= aoon

-d{RFU)dT

200 4

3500 L
100
3000

Temperature, Celsiug Temperature, Celzius

v SYER Peak Type: IF'n:nsiti\-'e "I Step Mumber: IE "’I




Whether gPCR reactions have produced
single, specific products?

Agarose gel analysis

- - 1 « PCR products

.~ < Primer dimers



Primer design

Gene of interest: MRNA RefSeq identification

& NCBI  Resources ) How T

Nucleotide  Nucleotide ||
Limits Advanced

Display Settings: [~] FASTA Send:

Homo sapiens jun D proto-oncogene (JUND), transcript variant 1, mRNA

NCBI Reference Sequence: NM_005354.5
GenBank Graphics

>gi|558695422 |ref |NM 005354.5| Homo sapiens jun D protc-oncogene {JUKD),
transcript variant 1, mRNA
GAGCGCTATAMRGAGCGCCGCACARCGTCOCGCGGCECAGCAGCCEGCCCCCAGTGEAGCGGCCECOCECTGCEET
CECGGCCGEEGCEEGCECAGGECCCAGCGEACGEEEEGECGCEEEGCCCCCCGEEAGECCGCGEOCACTCC
CCCCCOGECCGRCECOLCEEEEEACECEEAGEATCCARMCACCCTTCTACGECEGATCACGGCGCTGACGCCES
CCTGGECEECGECECCAGTEGCAGCGRCEGECACGCTTCGCEGTCCCCGERCCGCTTETTCCCCGGEECECCC
CCEACGGCCGCEECCOGGCAGCATEATGAAGARGEACGCGCTCACGCTGAGCCTGAGTEAGCAGGETGECEE
CAGCGCTCAMRGCCTCGCGECCGCEGCCOGCCTCCTACCCCCOTGCECGCCGACGECECCCCCAGCGOGGCACT
CCCCGACGECCTECTCGCCTCTCCCGACCTGEEECTECTEGAMCCTGECCTCCCCCGRAGETCGAGCGCCTE
ATCATCCAGTCCAACGOGCTGETCACCACCACCGCCGACGAGCTCACACTTCCTCTACCCCARGEGTGECEE
CCAGCGAGGAGCAGGAGTTCGCCEAGGGCTTCETCARGGCCCTECGAGGATTTACACRAGCAGRANCCAGET
CEECOCGEECGCEECCOCTECCECCOCCECCECCCCCECCGEEEEECCCTCCRECACGECCACGEGCTCC
GCECCCCCOGGCEAGCTEECCCCEECAGECGGCCECEGCCOGAMCCGCCTGTCTACGCCARCCTGAGCAGET
ACGCCGECEECECCCEEEECGCEEEEEECGCCOCEGACCETCOCCTTCGCTGCCOAACCTETGCCCTTCCC
GCCGCCGCCACCCCCAGGOGCETTEGGEECCGCCECEGCCTEGCTECGCTCAAGCACGRGCCACAGACCETE
CCCCACGTECCEACGCTTCEGECECACGASCCOGCCOTTGTCGCCCATCGACATGCACACCGCACCGAGCGCATC
ACCCGGAGCECARGCGECTEGCECARCCOGCATCCCCGCCTCCAMGTGCCGCARGCGCARGCTGEGAGCGCAT
CTCGCGCCTGGAAGAGRARAGTCARGACCCTCAAGAGTCAGAACACGCGAGCTGCCETCCACGGCGAGCCTE
CTECGCGAGCACGGTGGCGCAGC TCAAGCAGARAGTCCTCAGCCACGTCAACACGCEGGCTEGCCAGCTGCTEE
CCCAGCACCAGETECCCOOGTACTCAGTCCGCECCCOEEECECATGCGOGGCCACCCTCCCCANGGEECG
GECTCGCGEEGEEETETCETGEECCCCCOGGACTTGEAGAGCETEGCEGECCCTEEGEGRACCCCCCOTCCCCG
ACTETGCCCAGCGARCTCAGAGACGECGCGGCCCCCGGEGATTCCCCCCCCCCCAGGLETGCCCAGGACTCG
ACAAGCTGGACCCCCTECTCCCEGEGEEGCGAGCECATGACCCCCCCGOCCTCGCGCTGCCTCTTTCCCC
CECCCOGCCGCCCCOTETTEGCACARACCCGCCCETCTCGEGCTECCCCCTTTEGTACARCCEGCGCCGOGGARAGS
GEECTCCGAGGEEECAGCAGCCTCARACCCTGCCTTTCCTTTACTTTTACTTTTTTTTTTTTTTCTTTCER
ACGAGAGARGAACAGAGTCTTCCATTCTGCCCTATTTATGTTTCTACTCGGCAMCAARACGTTGETTCGTCETE
TeTCTETETTTTCTTETGT TGETTTTTTARACARRTCCGCRAACARCARARAAMAATTCTCCGCCCCTTTCC
TCEATCTCEGCTCCCCCCTTCGETTCTTTCGACCEEGTCCCCCCTCCCTTTTTTETTCTETTTTGTTTTETT
TTECTACGAGTCCACATTCCTETTTETAATCCTTCGTTCGCCCEGETTTTCTEGTTTTCAGTARAGTCTCET
TACGCCAGCTCCGECTCTCOGCCTCCTTCTTCCCCCGCCGEGECCTGECGEGCTEEEGCEEGECCTEETTLG
CTT




Primer design

Primer3

Amplicon position:
within ~400 bp from the 3' end of the transcripts and
do not typically span introns, because of the abbreviated RT.

Amplicon Length: 150-200bp

Primer length: opt. 20nt
Tm: opt 60°C

Primer3: WWW primer tool e il wiggationet uestions?

pick primers from a DNA sequence cautions
Paste source sequence below (5'->3', string of ACGTNacgtn -- other letters treated as N -- numbers and blanks ignored). FASTA format ok. Please N-out undesirable sequence (vector, ALUs, LINEs, etc.) or use a Mispriming Librarv (repeat library):

NONE

! Pick left primer or use left primer below. | Pick hybridization probe (internal oligo) or use oligo below. & Pick right primer or use right primer below (5'->3' on opposite strand).

Pick Primers Reset Form

Seguence Id: A string to identify your output.
E.g. 50,2 requires primers to surround the 2 bases at positions 50 and 51. Or mark the source sequence with [ and |: e.g. .. ATCT[CCCC]TCAT.. means that primers must flank the central CCCC.

Targets:

Excluded Regions: E.g.401,7 68,3 forbids selection of primers in the 7 bases starting at 401 and the 3 bases at 68. Or mark the source sequence with < and >: e.g. ..ATCT<CCCC>TCAT.. forbids primers in the central CCCC.
Product Size Min: | 100 Opt: |200 Max: | 1000 i

Number To Return: |5 | Max 3' Stability: 9.0

Max Mispriming: |12.00 |Pair Max Mispriming: 24.00

Pick Primers Reset Form




Primer design
BLST: Specificity of primers

v NCBI BLASTI blastn sulte! Formatting Results - WCYSBFPFO1R

‘ @ Your search parameters were adjusted to search for a short input sequence.

Edit and Resubmit Save Search Strategies & Formatting options & Download Youlfi} How to read this page  Blast report description
Nucleotide Sequence (44 letters)

RID WCYSBEPFO1R (Expires on 07-17 21:05 pm)
Query ID Icl|196757

Database Name Human G+T (2 databases)
Description None Description > See details
Molecule type nucleic acid Program BLASTN 2.2.29+ © Citation
Query Length 44

Other reports: pSearch Summary [Taxonomy reports] [Distance tree of results] [Genome view]

) Graphic Summary

Distribution of 200 Blast Hits on the Query Sequence &
|NM_1}01ZEGBGB Hemo sapiens jun D proto-oncogene (JUND), transcript va.. =40 E=0.18 |

Color key for alignment scores
<40 4050 | 80-200
ey ________________________________|]
| | ] | |
1 8 16 24 32 40
BiDownload v GenBank Graphics Sortby: | E value |

Homo sapiens jun D proto-oncogene (JUND), transcript variant 1, mRNA
Sequence ID: ref[NM_001286968.1| Length: 1963 Number of Matches: 2

Range 1: 1843 to 1862 GenBank Graphics ¥ Next Match
Score Expect Identities Gaps Strand

40.1 bits(20) 0.19 20/20(100%) 0/20(0%) Plus/Minus

uemy 2 L

Sbict 1862 GGCGAACCRAGGATTACAAA 1843

Range 2: 1668 to 1687 G ank Graphics A Previous Mateh ﬂ First Mateh
Score xpect Identities Gaps Strand

40.1 bits(20) 0.19 20/20(100%) 0/20(0%) Plus/Plus

Query 1 CGTTGGT':I‘GTGTGIETGTIGT 20

sbjct 1668 CGTTGGTTGTGTGTGTGTGT 1687




Primer design

Order 2 sets of primer pairs
from a low-cost provider of custom synthesis

We order 25 nmole with standard desalting.

The cost is $0.35 per base
In the scale of 15-60 bps.



Primer validation

Verify that the single product is produced:
first-stand cDNA sample vs the blank sample
In melting curve or gel electrophoresis.

Quantitative accuracy and amplification efficiency:
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Considerations for gPCR of stochastic samples

Large dilution in H20O to reduce competition from AL1 primer

Amplification
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Troubleshooting primers

Primer dimers:
Detections: melting curve, gel electrophoresis
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Troubleshooting primers

Primer dimers:
Detections: melting curve, gel electrophoresis

Solutions:

proper primer design that prevents the
formation of hairpins, self dimers, and
cross dimers.

decreasing primer concentration two-fold
in the RT-qPCR reaction



Troubleshooting primers
Amplification efficiencies of gPCR primer:

Slope of standard curve in the range of -2.9 to -3.9,
corresponding to amplification efficiencies (E) of 80-120%
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Troubleshooting primers
Amplification efficiencies of gPCR primer:

Low efficiencies:
Main reasons:
bad primer design (2nd structure,
not appropriate Tm);
not-optimal reagent concentration.

Solutions:

increasing the primer concentration two-fold
in the RT-gPCR reaction



Troubleshooting primers
Amplification efficiencies of gPCR primer:

exceedingly high efficiencies:
Reasons:

1. the presence of inhibitors of

polymerase enzyme in cDNA samples.

Most concentrated samples should be omitted.

2. primer dimers:
Decreasing the primer concentration two-fold
iIn the RT-qPCR reaction

3. contamination, inappropriate dilution series



Troubleshooting primers

Pipetting issues:
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Troubleshooting primers
Pipetting issues:

use barrier tips

In serial dilution for a standard curve:

1. change tips to prevent the
carryover on the tips.

2. not to vortex the tubes so vigorously
that the liquid hits the cap and produces
contamination when opening it.



Troubleshooting amplifications

gPCR cycle thresholds are all very low ( < 15)

Possible reason: cDNA is overamplified

Solution: Reduce AL1 primer amount or PCR cycle numbers
gPCR cycle thresholds are all very high ( > 25)

Possible reason: RNA in tissue is degraded or amplification is defective
Solution: Perform an amplification with ~100 pg of purified RNA

Possible reason: cDNA is underamplified
Solution: Increase AL1 primer amount or PCR cycle numbers



Anticipated results

Optimized small-sample cDNA amplifications in three distinct biological contexts
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What we are going to do
In the lab today:

1. Standard curve with purified amplicon

high-abundant genes: GAPDH, HINT1
middle-abundant gene: MRPL33
low abundance gene: ANGPTL4

2. Optimization with Stochastic Profiling Samples



Standard curve with purified amplicon

1 2 3 4
A NTC NTC NTC NTC
B standard standard standard | standard
-2 -2 -2 -2
C -3 -3 -3 -3
D -4 -4 -4 -4
E -5 -5 -5 -5
F -6 -6 -6 -6
G -7 -7 -7 -7
H
initials,
gene names




Thermocycler #:

10

11

12

G

H

initials,
gene
names

Standard curve with purified amplicon




Optimization with Stochastic Profiling

Samples
1 2 3
AL1:10 AL1: 25
A NTC ] ]
25 25
B NRT
30 30
C
35 35
D
40 40
. AL1:5 pg AL1:15 pg AL1: 50 pg
cycle 25 25 25
F
cycle 30 30 30
G
cycle 35 35 35
H
cycle 40 40 40
initial and

gene name




Thermocycler #:

10

11

12

G

H

initials,
gene
names

Optimization with Stochastic Profiling Samples




gPCR setup

4.5 yl of each samples

Standard Curve: dilute 1 ul of amplicon of 449 ul of H20

Stochastic Profiling Samples: Step 50 in Nature Protocol paper
dilute 1 ul of amplicon of 449 ul of H20



gPCR setup

3 ul of primer master mix

Fwd primer
Rev primer
H20

/i




gPCR setup

N

) ( 7.5 pl of

2X RT-gPCR master mix

2 mm
Taqg DNA polymerase
100x SYBR
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