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Scientific Rep.4: 5737- (Jul 2014)
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Long-range PCR in next-generation
sequencing: comparison of six enzymes
and evaluation on the MiSeq sequencer

Haiying Jia'?, Yunfei Guo®*, Weiwei Zhao* & Kai Wang***

"The First Afiliated Hospital, Jinan University, Guangzhou, Guangdang 510632, China, *Zilkha Meurogenatic Instiute, Kack
School of Medicine, University of Southern Californio, Los Angeles, CA 90089, USA, Dapunman reventiva Medicine, Kack
Schaol of Macicina, Unkversiy of Sauhern Calforic Los Angoles, CA 9008, USA, *Kingmed Diognasiics, Guangzhos,
Guangdang 510330, Ching, “Depariment of Psychiatry, Keck School of Medicine, Universiy of Souther Califoenia, Los Angeles,
CA 90089, USA.

Long-range PCR remains a flexible, fast, efficient and cost- eﬁrmve hmt [ sequencing tamild ate
genomic regions in a small number o fsa.mples il} i
(VGS) platforms. Several long-range DNA polymgrms are ac d msedaz belng bl r.oamphfv pm 15 kb
or longer genomic DNA. However, their real-world d their

N{:S remain unclear. We evaluated six long-range DNA polymerases (lnv)lrogen SequalPrep, Invitr ogen
AccuPrime, TaKaRa PrlmeSTAR GXL, Tal(.lRa LA Tag Hot Start, KAPA Long Range HotStart and
QIAGENL PCR Li , with sizes 0f 12.9 kb, 9.7 kb, and 5.8 kb,
respectively. Subsequently, we used the PrimeSTAR enzyme to amplify entire BRCA] (83.2 kb) and BRCAZ
(84.2 kb) genes from nine subjects and sequenced them on an Illumina MiSeq sequencer. We found that the
TaKaRa PrimeSTAR GXL DNA polymerase can amplify almast all amplicons with different sizes and Tm
values under identical PCR conditions. Other enzymes require alteration of PCR mndh.ion.s to obtain
optimal performance. From the MiSeq run, we identified multiple intronic and exonic single-nucleotide
ntrol Our study provided

variations (SNVs), including one mutation (¢.5946delT in BRCA2) in a positive col
useful results for sequencing research focused on large genomic regions.
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MiSeq Reporter T fZ 45l
(HiSeq TREHT DIZE (XthDAEEHT/\

W luminz Experiment Manager

lllumina Expenment Manaaer
umina Experiment Manager

Sample

e

T34 VN ILETY)

lllumina Experlment Manager
Tllumina Experiment Manager

Sample
PGR. Amplic:
Re:z
San
Thde
Exp
Thwe
Des
Dat
Rez

SEInlel[EN Ilumina Experiment Manager

Samples to inchude in sampl

Sample D
|a-BRCAT
£-BRCAZ
B-BROAT
B-BROA2
C-BRCAT
C-BRCA2

Sample Man

Sample Sheet Status: Val

Reason:

—_—

CWEM Tllimina E;penment Manager

lllumina Experiment Manager

Sample Sh Header i

IEMF”EVEI’"

Investigato Takafumi Kobayashi
Experiment PCR Mextera

4

Date fidiiiaiaiad

Workflow PCR Amplicon
Application PCR Amplicaon
Assay Mextara XT
Descriptior Long Range PCR

Chemistry Default

[Manifests]
A 11 Ampliconhanifest
[Reads]

151

151
[Settings]
FlagPCROL o}
WariantFilte 30

outputgenc  FALSE

Adapter  CTGTCTCTTATACACATCT

TN — MERRSET

[Data]

Sample_ID Sample_MaiSample_Fla Sample e [7 _Index [Dindex
A-BRCAT 1 M7 TAAGGCG A
A-BRCAZ 2 M702 CGTACTACA
E-ERCA1 3 M703 AGGCAGA A
E-BRCAZ 4 M704 TCCTGAGA
C-BRCA1 5 M705 GGACTCC A
C-BRCAZ ] M08 TAGGCAT(A

Manifest

GenomeFo Sample_Prc Description

Homo_sapiens¥UCSC¥hgl 9¥Sequence¥wholeGenome FAST A
Homo_sapie ns¥UCSCY¥hol 9¥Sequence¥WholeGenome FAST A
Homo_sapie ns¥UCEC¥hgl 8¥Seguence¥wholeGenome FAST A
Homo_sapiens¥UCSC¥hol 9¥Sequence¥wholeGenome FAST A
Homo_sapie ns¥UCSCY¥hol 9¥Sequence¥WholeGenome FAST A
Homo_sapie ns¥UCEC¥hgl 8¥Seguence¥wholeGenome FAST A

llumina'



Manifest File MYERL (Pcr amplicon workflow{E FDESI= B EI= 4 Y £ F)
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Create New Amplicon Manifest Step 1 . N
— LE NI LBED
) le— T—ER—RERER

[ Homo_zapiens¥JC50%¥he 1 3¥5equence®¥ivholeGenomeF azta

Manifest Entries

1 Amplicon Mame | Chromosome Amplicon Start | Amplicon End Upztream Probe Leneths | Downztream Probe Lene
Amplicon 1 chri? 41194339 31195210 &0 50 Step 2
Amplicon 2 chri? 41207139 41215625 a0 1] e N A
J— (N
R—y T HMEEE

CEEYAETY:

B m

.
*RIERERTSI7AILE

it ER L. BMLTEIRT S
CELARETY,
-:: - Can cel
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MiSeqf+/& Y 7 FMiseq Reporter T
DHYRPTINEHAT7AMILEER

&7

| Summary | Details |A.r|ﬂlysis Info | Sample Shest | Logs | Errors |

B
z
E Samples (1) E |11 34943 117234985 117235027 1117235070 117235112 1117235154 |
3 ﬁZuu'n Al - 117234943 117235198
[/} # Sample ID Sample Name  Cluster PF Cluster Align Mismatch NoCall | Coverage Het SNPs |
1 14718 NA13507 392811 375878/373876  6.33560  0.00/0.00 70543 - NA18507 / cftr_Exon (1738681)_725155.1 o e
— 14K jJ /\ I/ v &
2 14719 NA13507 385626 368805/367004  6.15/543  0.010.00 69235 B 12 ]
g
3 147110 NA18507 416699 303407/395788  6.17/545  0.000.00 74724 5 2 \_ E AV v a‘-
=
413147/409543  6.91/6.14  0.00/0.00 7739.9 5 % [ )‘
a

416243/413690 6.87/6.09 0.01/0.00 78077
433962/430202  7.10/6.29 0.00/0.00 8129.5
395152/396015  6.02/5.32 0.00/0.00 74731
ANTSANVAN3AAR | A 187544 nonman | 7832 1

3
Targets 2 @ i

m @ N m om o@m @
L

Qscore
L R

b

ggé SNP/indel

#  TargetlD Chr | Start Position End Position | Cluster PF Mismatch | Py 3' 3 5 — ~ -~
347 4497 3504 4509 4 —_
1 cfir_Exon (1738681)_725155.1 chif 117234943 117235196 93193/98915 o Tt Wt 147? Wi* / 7 v 3J
2 | Intron22_UserDefined (1896016)_725169.1 ch7 117279984 17280248 110640109594 043045 | .
Variais 1 5
3 cfir_Exon (1738689)_725127.1 chr7 117227758 117228020 54024/54247 037038
o7 117250536 17250760 1074391107055 | 0.40/0.33 # Sample ID Sample Name | Chr  Position Score  Variant Type  Call Frequency Depth Filter
chi7 | 17292767 17293041 111916/110573  0.4200.43 U | TR L G | UEESES Sl S TE
ohi7 | 117144276 17144546 30965/81406  0.530.34 > j; ) [/ ZB J: Zﬁak E
chi7 117254636 117254308 24353/24217  0.350.43 H =
T A4TATAOAS 447474007 ARAONMAATONT N ECN 33 F

J 4 4

= 7354 A2 k& Smith-Waterman
= REIO—IVIICATKM#IEARTE. ARt ZE £ I Starling
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Application Mote: Sequancing I I u m I n a‘

Analysis of Skeletal Remains Using Deep
mtDNA Sequencing

MiSeq® system aids In identification of skeletal remains by sequencing mtDNA hypervariable regions.

Figure 1: Flacovery of Human Remaing

Introduction

Foraneic
mmmnmmmmmaﬂmmlml In tha war-

1orn couniries of Vietnam, Keoeown, end Somalla. Dentsl racords and
DNA collactad fom

‘skeletal samples Is ypicaly highly degreded, contaminated, and pres-
antIn =mall quankties. Tha poor quality of thasa samples ImHs the
‘success of corwentional ehart tanoam rapest [srnmpnmmkpsa
In contrast, DRA (LD
anatyzing thesa BAMpiee, offerng the iolowing a\:lvumagse
= It sbunidant and presant In hnoreds of coples par cal compered
1o nudeer ONA.

MiSertashnolagy s g o ek uran shoktal e

= It hes a kow mutation rate. zuch as thase, recs n Vistnam. 'I'hncbmnnm ated
nlsrnamrummsu End 3088 Not UNdengo 5 emel mm‘“‘d"‘"‘“" uman shoaktal remaing ing in mass graves

enabing matermal

SCIOGS enerations. Figure 2: NGS miDNA Sequencing Warkfiow

For yaars, hava usad capilary
(CE)-based Sanger saquendng to perform mADMA anaysis. Wik the
11 MICNA genome 18 Bpprodmately 16 kb, the mypervarebla | and 1
(HVI and HVI] reglons B2 usualy tha trgets of MEDMA sequencing for
Fumen derification. Tress reglare are ocated within 2 1.1 ko reglon
callad tha *DHop”. Gapahie of providing deeper coverage of Epecific
reglons of Imerast, next-genarstion saquancing [NGS) sysiams enaia
MIDINA sequEnchg o ba performed &t Righ hroughpLt, using
Smplar workfaws.

The Iumina MSeq system |s & Ll integrated NGS Narument, pro-
widing arapi that Is Ida-
dnor aememrqsmalgemnmmplwnmpls&mmaam
D-loop raglon of MDMA. This sppiication nota dascaribes tha use of
e MiZeq system for desp saquancing of tha HWl and HWI ragions In 1 Poct

Pool e
DN BN Mo i o ekt Samples s fp
OF hman skeleta emans found In Mes graves In Viehem [FgJra 1}

mtDMNA S ing of Bone Fi nt:

Forareic scintists usad the MSsq system to sequancs bons

Fagments uncovared &t B Mass grave et In Vistiam afe DA enaly- MiSeq Run i e
sts o the saMpies Using CE-besad sequenchg faled. Tha process

began wih the exdractian of tofal DA from blacd and bare samples

Using estabiishad mathods. Four ndwdusl emplcons spanring the

HW1 and HVII reglane were ampifiad fom miD using FGR primers

Epecific o tha D-oop/Control ragion*= (Agura 2). Lrery prapars-

Aon was performed wsing tha Mectera® KT DA Sample Praper e amphccn

Kit. The semples ware than sequenced on the MISeq system using hh&qmm alx imtpl\npubml

http://applications.illumina.com/content/dam/illumina-marketing/
documents/products/appnotes/appnote_vietnam_mtDNA.pdf
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Structure of mtDNA

[ribosomal RMA small subunit) .
125§ rRNA origin
origin

[ribosomal RMA, B N
large subunit) e 4
165 rRNA <& Ve
NN 16,569 | 1

D-Loop (Hypervariable) Region of mtDNA

{Contains the HVR1 and
HVRZ regions. Has no
functional genes but
accumulates mutations

N D-loop$ffi(1.1kb)
BiEFEa— FLAEVVEET
=DLLaqp(mT.tainsHVR1mdmﬂzdoesmtmmainmndimmgenes) :O@Eﬂ%ﬁﬁiﬁ (HVl/HV”) ’E?#’f:')
Ecw:w:ammmm_:m ) —— Coding Region %Eb§§*§—é &_) é T: &)lﬁ{f'ﬁgiﬁ jé_ § < ﬁj- é
EFrHEMEEHR S5IZZY Y TILEFTHATERE

1) mtDNA and its role in ancestry. Genebase Tutorials. Retrieved October 1, 2014,

from
2) Journal of Human Genetics 56, 689-694
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Long Range PCR » Nextera XT Kit

%3844 2 JI)LEMiSeqd 1 5 > THEHT (Nextera XT Index Kit V2% £ F)




Long Range PCR & Nextera 70 +a—JLfl-1

(EF£S oy K1Y 7DNARET)

ErS oYy F) 7DNADER ZfEHT
(16,569 bp)
— 220 Long Range PCR TIEIiE
— 9.1kb & 11.2kb
— Takara LA Taq IZ TI&ig

Long Range PCR #&IZ4 JL = FNextera XTIZ
T4 735 —%4ERK

— Nextera XT DNA Sample Prep Kit

— Nextera XT Index Kit

=T R
— MiSeq 150bp x2
— MSR (MiSeq Reporter Sotware) mtDNAT 5 4
A VI TZRERHT
— mtDNA Variant Analyzer [CTH 73

23

Human mtDNA Genome
For the lllumina Sequencing Platform

Bead-based Normalization
Pool and Load from Bead-based Normalization
Bicanalyzer-based Normalization

BHRmsgEz e ke

Pool and Load from Bioanalyzer-based Normalization
Analysis
Supportmg Information E

IMPORTANT :“ kS v i ’b ¥ Dumina technology that has
y and may be omers.
NOTICE Provided asis and is ot an IIumina product and s Nt accompanied by any Tights or
warranties. C: or ' 2 obtan any Acenses
i s

3 pEng
from authorized Ty
for research use only unl iced otherwise this
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Stepl) PCRERF / D IEiE

ErS a2 KR 7DNADOEER (16,569 bp) A —/IN—Z v TEHT
1.200 pg/pl in 2 DD A & L TLong Range PCR (30 cycle) [Z T&E,
10 pl Total DNA,
MTL-F1+ MTL-R1: 9065 bp
s PCRATplten MTLF2+ MTL-R2: 11170 bp

Consumables

dMTP
uf al N < ~
pae DR ZENTNF LN D,
PCR Primers

TaKaRa LA TagDMA Polymerase

4 Primer Sequence
MTL-F1 5- AAA GCA CAT ACC AAGGCC AC -3
MTL-F2 -TATCCGCCATCC CATACATT-3
DA 12000 Kit
RSE
MTL-E1 -TIGGCT CTC CTT GCA AAGTT -3
MTL-R2 - AAT GTT GAG CCG TAG ATG CC -3

Stawski, H., B. ]. Bintz, E. 5. Bumnside, and M. Wilson. 2013, Preparing Whole Genome Human
Mitochondrial DNA Libraries for Next Generation Sequencing (NGS) Using Ilumina Nextera XT.
Poster presentation at the 65th Annual American Academy of Forensic Sciences Conference. In:
FProceedings of the American Academy of Forensic Sciences, Washington, D.C.
www.aafs.org/sites/default/files/pdf Proceed ingsWashingtonDC 2013, pdf
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=1 AMPureE—XTREIT 74 v —&RE#E.
Stepl) PCR%H‘U)E'IIE i /& ZBioanalyzer T&tiHl,

MTL-F1+ MTL-R1: 9065 bp

Figure 2 Example of Electropherogram of the MTL-F1 + MTL-R1 PCR Amplicon

=] FLE] §
. . s
1-200 pgfpl in
10 pl Total DNA : |
0
- 300
First PCR Amplification
Consumables 200 \
dNTP 4 |
LA PCR Buffer || ' !
Nuclease-fres water 109 l e
PCR Primers [ | &
TaKaRa LA TagDMNA Polymerase il SR
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Figure 6 Example Region Of Interest
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