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Presentation Overview

» Promega STR kits and primer sequence
release

» Primer differences between kits — areas
for potential null alleles

* Basics of primer design

* Analysis of parameters that impact
multiplex primer design
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The attached file contains the primer sequence information for
BowerPlex 16. Sorme of the unlabeled oligos have bases added anto the &'
end. We found that the addition of these bases reduce or eliminate the
amount of split peaks due to incomplete norrternplate A addition by the Tag
DA polymerase
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GenePrint® PowerPlex® 1.1

|Locus  Dye Primer Sequence
CSFIPOF TMR AACCTRAGTCTRCCAAGGACTAGE

Primer Sequences

GenePrint® PowerPlex® 16

:
r 16

v primers

T |AMEL-F TMR CCCTGGGCTCTGTAAAGAA

™ [AMEL-R ATCAGAGCTTAAACTGGGAAGCTG
y: 1 [CSFIPOF | JOE | CCGGAGGTAAAGGTGTCTTAAAGT
5 391 bases

D13S317F ATTACAGAAGTCTGGGATGTGGAGGA
D135317-R_JOE GGCAGCCCAAAAAGACAGA
DT6SFE CRARATATAAGARCTTATARAAAR

. 32 primers
= 769 bases
16 dye labels

: 8 dye labels
O PR RCR G TRT———
GenePrint® PowerPlex® 2.1

Locus  Dye Primer Sequence
D35 1358 ACTGCAGTCCAATCTGGGT
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ATTCTATGACTTTGCGCTTCAGGA

Analysis of Released Promega

Primer Sequences

A basic list of sequences is difficult to fully
comprehend...

1. Examine primer position changes with same
loci between kits

2. Analyze primer sequences with respect to
primer design characteristics

Can we gain a better understanding of multiplex
PCR primer design characteristics based on
successful working STR kits?
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Overlapping Loci between Promega
PowerPlex® 1.1 and 2.1 STR Kits

* PP1.1 and PP2.1 have THO1, TPOX, and VWA in
common, but product sizes and primer positions differ
for THO1 and TPOX

e Summary:
— THOL1 allele 9 goes from 195 bp (1.1) to 176 bp (2.1)
change of —19 bp
— TPOX allele 11 goes from 244 bp (1.1) to 282 bp (2.1)
change of +38 bp

— VWA allele 18 stays consistent in size at 155 bp (1.1/2.1)
but monoplex primers differ for VWA

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Significant Primer Changes for Same
Loci between PP1.1 and PP16

D16S539: amplicon size remains constant
D13S317: amplicon size remains constant
* CSF1PO: amplicon size increases +30 bp (PP16)

D16S539 Primer Changes

A—T near 3’end of
FL ) 24nt reverse primer
—

160 bp

PowerPlex® 1.1 I 288 bp
GenBank =
11 repeats

—
36bp  24nt

3’end of primer

24 nt extended 5 bases

160 bp
bp JOE
29 nt
PowerPlex® 16 | 288 bp "
Same forward seq reverse seq | h d by 5 bases at 3’end;

dye label changed from FL to JOE and labeled strand changed from forward
to reverse; PCR product size remains unchanged

D16S539 Primer Changes

PowerPlex® 1.1 on top and PowerPlex® 16 on bottom

5’ -FL-GGGGGTCTAAGAGCTTGTAAAAAG-3’
-GGGGGTCTAAGAGCTTGTAAAAAG-3’
A>T in black
population
3= GAATGTCTACGTGTGTGTTTG-5'
3’ -CTATG GAATGTCTACGTGTGTGTTTG-JOE-5"

kExtra bases enhance primer binding and prevent
allele drop-out from base change in DNA template

D13S317 Primer Changes

deletion near 3’end
of reverse primer
20t o 81bp
!
—

PowerPlex® 1.1 I 185 bp 20bp 20mt (FL
GenBank =
11 repeats

3’end of primer moved
back by 5 bases

A, 78bp

PowerPlex® 16 I 185 bp

Forward primer lengthened by 6 bases, contains 5’ tag, and is 3 bases
closer to repeat region; reverse primer shortened by 1 base and moved 5
bases further from the repeat region; dye label changed from FL to JOE;
labeled strand remains the same; PCR product size remains unchanged

—
25bp  49nt ( JOE

D13S317 Primer Changes

PowerPlex® 1.1 on top and PowerPlex® 16 on bottom

5’ -ACAGAAGTCTGGGATGTGGA-3’
5’ -ATTACAGAAGTCTGGGATGTGGAGGA-3’

Added sequence to Deletion in black
promote non-template population

addition
3 JACAGAAAAACCCG FL-5'

—-AGACAGAAAAACCCGACGG-JOE-5"

Shortening primer avoids 4 base deletion region that
can cause allele dropout in some DNA templates

CSF1PO Primer Changes

91 bp

128 bp 2ant
PowerPlex® 1.1 I 315 bp
GenBank =
12 repeats
JOE 7 24 nt
—> 238 bp
—
3bp  22nt

1
PowerPlex® 16 I 345 bp

Both forward and reverse primers are completely non-overlapping...

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Relative Primer Positions

Null Alleles

 Allele is present in the DNA sample but fails to
be amplified due to a nucleotide change in a
primer binding site

« Allele dropout is a problem because a
heterozygous sample appears falsely as a
homozygote

» Two PCR primer sets can yield different results
on samples originating from the same source

» This phenomenon impacts DNA databases

» Large concordance studies are typically
performed prior to use of new STR kits

Apparent Null Alleles Observed During Concordance Studies

7113 CODIS loCi _Locus Kits Compared _Resuits Reference
DI3  PPLIvsPPI6  Lossofalleles 9,10, and 11 with Promega meeting
affected so far vs ProPlus PPL.1; fine with PP16 and ProPlus Oct 2000

ega meeting
000 (P#23:

D16S539 PP1.1 vs PP16 vs COfiler

Loss of alleles with PP1.1 in Black population samples;

fine with PP16 and COfiler
Y

D8S1179 PP16 vs Profiler Plus or SGM Plus

Loss of alleles with Profiler Plus/SGM Plus in Asian samples;

fine with PP16

P, =

FGA  SGM vs SGM Loss of allele 26 with SGM Plus; Cotton 2000

Plus weak amp of same allele with SGM

CSF PP16 vs COfiler ~ Weak amp on allele 14 with COfiler; ~ Promega meeting
fine with PP16 Oct 2000

CSF PP16vs Profiler  Weak amp on allele 8 with PP16; fine ~ Promega meeting
with Profiler Oct 2000

TPOX PP16vs Profiler  Weak amp on allele 9 with PP16; fine  Promega meeting
with Profiler Oct 2000

Amelogenin Null Allele e~ ot
T
bl T S 0
A lification of the A i I ! i:
Locus Typed by AmpFLSTR® Profiler Plus™ | | .. o0 L _l
Amplification Kit | =
Jalprakash G. Shewale. Stephan L. Richey, — —— . -
Siaha ] -
R T )\ =
http://www.fbi.gov/progr — s
oct2000/shewale.htm L =

3 out of 7,220 males typed
exhibited loss of X-allele

“The most probable explanation for this anomalous phenomenon is that these
samples had a mutation on the X chromosome within the primer-binding
site for the specific primer provided in the AmpFLSTR® Profiler Plus™
amplification kit.”

Summary of Amelogenin Primer Information
from the Literature

« Amel-X allele dropout reported to occur in ABI kits (see
Reliagene article in Oct 2000 Forensic Science Comm.)

» According to Cotton et al 2000, ABI primers are the same
as Forensic Science Service (Sullivan 1993)

* AMEL-F is 5 bases shorter in PP16 at 3'end; AMEL-R is
identical between ABI kits and PP16

AMEL-F (PP16) 5’ -CCCTGGGCTCTGTAAAGAR
AMEL-F (ABI) 5’-CCCTGGGCTCTGTAAAGA 3’

AMEL-R (PP16/ABI) 3’ -GTCGAAGGGTCAAATTCGAGACTA-5’

Primer Design

* Typically performed with assistance of computer
program to identify possible primer that are then
tested empirically

» Various computer programs:

— Gene Runner (PC), Oligo (PC/Mac), Primer Express (Mac)
— Primer 3 (web based)
+ Critical parameters examined:
— Predicted T,, (melting temperature)
— Primer dimer and hairpin formation
— Contiguous base runs (usually <5 bases)
— GC content (number of G and C nucleotides within primer)

Optical Melting Curve

All duplexes broken (all single strands;

PN
| ) Piactmroen=

The transition melting temperature
(T,,) can be used to estimate the
temperature at which 50% of primer
molecules are bound to DNA
template

Absorbance @ 268 nm

All duplexes intact

low Temperature °C high

Predicted T, does not account for the issues of kinetics, mis-priming,
and secondary structure formation associated with performing PCR.

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 4
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How is T,, predicted?

For non-self-complementary
duplexes the “T " can be Tm
calculated from the equation

AH
AS + R In(C/4)

above equation

*Values for AH and AS have been evaluated for duplexes with varying
sequence content and context -- creating “nearest neighbor” data sets

*Evaluated parameters for AH and AS are used to estimate T, in the

+C; represents the total strand concentration

Owczarzy, R., Vallone, P. M., Gallo, F. J., Paner, T. M., Lane, M. J., and Benight, A. S. (1997) Predicting
sequence-dependent melting stability of short duplex DNA oligomers. Biopolymers. 44(3): 217-239.
Santalucia, J. (1998) A unified view of polymer, dumbbell, and oligonucleotide DNA nearest- neighbor
thermodynamics. Proc.Natl.Acad.Sci.U.S.A. 95(4): 1460-1465.

The Effect of Salt on Predicted T,, of a 20mer
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Primer Characteristics: Calc Tm
Calculated primer annealing
temperatures determined b
using nearest neighbor Anneallng Tel I Ip -
thermodynamic values .
32 primers from PP16
74.0
720 71.0 D13F
L] " .
007 4 L]
m g L]
68.0 an . = . - u
=660 {m LI " L
3 LA [ ]
£ 640 u =
o
3 620 64.1 PentaD-R
3 600 -
2 Promega PCR annealing
© 580 temperature: 60 °C
56.0
54.0
52.0
50.0 Promega PowerPlex™ 16 primers
Ave: 67.4£1.9 °C

PP16 Results when Amplified with Higher Annealing Temperatured

WX joo g g0 175 200 2 0 275 s ms 0 s 40

] VWA D21S11.__ TPOX
$99] D3S1358" " THot D8S1179 CSFPO Standard Protocol
4000 | D75820 D16S539 FGA PentaE

-AMEL AD135317 D18S51 pentap| (@nneal at 60 °C)
2000 ] -

s Y IR Wi Jh 4 iy
= Das135‘x;WA TPOX  Cor1pbr Penta E

1 enta
£ AMEL p1sssir D16S539 62 °C
400] D21S11 18551

o] iy i [N W ﬂ lll
00, JHO1 CSF1PO

] WA
400 D138317 TPOX FGA pentaE 63 °C

] D21S11 D16S539
200 |

o]

FGA

500 1 VWA
400 64 °C
200 JMT"“

o

VWA FGA

I |
VWA-F 70.4 °C THo1 | THO1-F 68.6°C FGA-F67.4°C |65 oC
VWA-R 68.8 °C THO1-R 70.1 °C FGAR 68.8 °C
T n

Primer Characteristics: Length

Primer Length -

Number of Primers
w

Promega PowerPlex® 16 primers

Ave: 24.0 £ 4.3 bases |

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Primer Length (bases)

Primer Characteristics: Fraction GG

#GCltotal
———— | GC Content
1.00
0.80
2
£
&
S
S
£
H
o
o
These primers are longer in Promega PowerPlex® 16 primers
000+ length in order to fall into target
T, range Ave: 42.9 £ 8.5 %GC

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 5
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Primer Characteristics: Primer Ends Primer Characteristics: Primer Ends
Primer Ends | |77 <8 | 5°-Nucleotide

Last Base for Primer Opposite Dye Label
Promega PP16

* 5’-end of impacts non-template addition

— Only primer opposite dye label impacts

fluorescent data collected A1116 | )
100% purines! | ATT” added to 5~
. G: 5/16 end of 7/16 primers

* 3’-end critical to primer annealing

— Where degenerate bases might be placed if a T: 0/16
polymorphic nucleotide is known to occur in C: 0/16

various DNA templates .
Impacts non-template addition
placing the sequence GTTTCTT on the 5' end of reverse primers resulted
in nearly 100% adenylation of the 3' end of the forward strand...
(Brownstein,M.J. et al. 1996)

" i, Primer Characteristics: Primer Ends
Impact of the 5’ nucleotide on Non-Template Addition
N > 1
— 3’-Nucleotides
NN Promega PowerPlex 16
Most important portion of (out of 32 primers)
+A +A 5,'ACAAG e primer for annealing...
Last Base Last Two Bases Last Three Bases
e e Last Base for Primer A 7 AA 1 GAA 1 AGG I
Onnosite Dye Label TA 3 GG 1
GA 3 TTA 2 AAC 1
T 5 e > AGA 1 GAC 2
GGA 2 ATC 1
A +A G 11 ar 2 TTT 1 TTC 2
CT 1 GTT 1 CTC 1
) AG 3 AGT 1 TGC 1
5 QCAAG e c 9 | GGT 1 TCC 1
%A:22%  %G: 34% GG 2 TCT 1
178.13] [182.06 %T:16%  %C:28% C 4 Ao 2| 240utofea
4outof4 GC 1 GG 2 possibilities
possibilities cc 1 CTG 1
13 out of 16 possibilities
Primer Characteristics: Dimers - — | Primer Characteristics: Dimers
Numerical values indicate the
ot 23100 8 2% % 0s 0 20 5l number of bases that are Analysis of D3-F Primer
2 1 complementary and can potentially Qlige:[ACTGLAG T CLAATCTGGG T from PowerPlex® 16 Kit
i By = interact between two different Mol W <Sensn oligny  Shandl Molecula
& | Thon.F primers T T || Erom| - ~ Top | 7 DMA
& | mur L s I Files Tmc T || Lenc [19 '_ Lo | HMA
o | woxn [T ST PP J 6L Ta || Edit anlisense | Switch oigos
HE
i GLsAT T Froe eneigy [d5] Temp:  [ohn
n| meF [] I Mal/AZEL: Probe con fpico Motl 10000 00
12| D3R B ugfAZED: Salt con [mili Moll 300
13| D&F 5
: = S HGE: X Fnmamde: [Toa
5 5 D3-F vs. D3F | dG: Fendlerc[7  Dmemnis[t
. : . dH Pallonse [0 Stemlends[T
" : > - | - | d5: Das - .
: et ol DISIIBEF versus DISTSEE I Predicted to be stable at 5 °C
= 5-ACTGCAGTCCAATCTGGGT-3 "_FM L ( gl 77| Of — (no.t .Slgnlﬁcant under
T R T Eisiepin boops = D e PCR conditions)
3-TGGGTCTAACCTGACGTCA-5 5" ACTECAGTCCARTCTEEET 37
g ll::ncmm:c}égll:ll:lll:nlr 5 8 contiguous bases
= . . . . . STACK AT 1 15 & BP LONG. capable of dimer formation
Potential primer dimer interactions —
were scanned for all primers with [ -
. OK__| CAMCE ELP i Delaults
the aid of a computer program [ LRy L= (U]

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 6
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] Hairpins -

Promega PowerPlex 16

AMEL-R
(same as FSS/ABI kits)

5° ATCAGAGCTTAARG -

I 1 -~701°c
3 GTCGAAGGGT

Summary of Results

sy il de ckafe 5.5 dnodr ckadde shodr clogl

Some primer positions have been moved between
various Promega STR kits that amplify the same loci

Concordance studies are important to see if typing
results differ with new primer sets and can be greatly
aided by knowledge of primer sequence positions

There is nothing unusual about the primers included in
commercial STR kits...they fall within typical primer
design parameters

Careful evaluation of released primer sequences that
come from empirically balanced multiplexes can lead to
a better understanding of optimal multiplex PCR primer
design parameters

STRBase =

Short Tandem Repeat DNA @
Internet Database e

Published in Nucleic Acids Research Database Issue Jan 2001
downloadable pdf on home page)

Forensic Interest Data  Supplemental Info
*FBI CODIS Core Loci 1373
*DAB Standards *Technology Review
*NIST SRM 2391 *Addresses for Scientists
*Published PCR Primers «Links to Other Web Sites

*Y-Chromosome STRs

. Released Promega
*Population Data sequences now listed
e *Validation Studies

@ http://www.cstl.nist.gov/biotech/strbase
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