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Effect of PCR conditions on the accuracy of 16S rRNA gene
amplicon sequencing

ZHAO Feng"?, SHI Ya?, WANG Ying’, LIANG Qian’?, CHEN Huan'?, LI Yinghong’,
DOU Xiaobing*l, HE Luping*2
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2 Hangzhou Digital-Micro Biotech Limited Company, Hangzhou 311215, Zhejiang, China
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and Drug Control, Hangzhou 310052, Zhejiang, China

Abstract: [Background] 16S rRNA gene amplicon sequencing, a culture-independent approach, is
commonly used to identify the bacterial community structure and relative abundance in given samples.
The protocol of high-throughput sequencing technology involves many experimental steps, and the
nuances of each step may be magnified in the final sequencing results, resulting in unexpected
deviations from the actual situation. [Objective] With MiSeq system, we evaluated the impact of five
factors in PCR on 16S rRNA gene amplicon sequencing results: primer sequence, annealing
temperature, template quantity, cycle number, and denaturation time. [Methods] The 16S rRNA gene
amplicon of mock community DNA was sequenced to determine the effects of these five factors on the
accuracy of the results achieved. [Results] Primer had great influence on the 16S rRNA sequencing
results, and primer B (V3-V4, 341F/806R) showed the highest quantification accuracy among all
primers, followed by primer A (V3-V4, 341F/805R). Among the different annealing temperatures (52,
55 and 60 °C), the result of annealing at 60 °C was closest to the theoretical value. As for the DNA
template quantity (2, 10 and 50 ng), the deviation was minimal when 2 ng DNA template was used. The
result of detection with (20+8) cycles was closest to the theoretical value of mock DNA compared with
that of the other three groups (15+18, 25+8, and 30+8). Denaturation time (3 min and 5 min) had no
significant effect on the experimental results. [Conclusion] This study revealed that primer sequence,
annealing temperature, template quantity, and number of cycles were important factors affecting the
accuracy of 16S rRNA gene sequencing results, which laid a foundation for the selection of standardized

methods of library construction.

Keywords: 16S rRNA gene; reaction conditions; targeted next-generation sequencing

BT RGir TARCH 16S tRNA JE[H
PHEF PR, 38 2 B U PR i Uk
V) 5. DNA FIAG 8 SCRE , AT RASRAG K AE b
X FEFHAE R . B TSR T
R4 ES . 5555, 16S rRNA JEHE Y 170 54
ARG R AT FHZ M EELR, &
RIF RS RIS I R B R R F B LAk,
16S rRNA JEPR 4 38 - PR AR 7MY . Tl

PRI A R AR SR GUAR B Tz i R

e P ROR LR A R S, B
A R AR TR ) 2 501 0 ] REAE e 2 90 e 45 2R R
K, RN PER . A RS SR s DAY
D 22 o SCHRFR I A9 152 22 1 i 22 ok I 32 A0 45 R
FELBRBUICR | FEARLEREAAT . VISR B
BORIGHIE | BAREFU(GC &M — 245 H) |
SIYIEEEC . RAEEE R . eIk BEPLAET R
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P AR AR FE PCR ¥ # vl , F7 A6 2 Fh
51 PCR W A IR &, AnoR [R5 P xf
DNA B i i P A ] 1R OB el A8 5 | 2 g
R AR LA . L, 32 s R 43
Wit A D ie T4 S5 P RRAE R, A5 DA X 48 S 06 PR
WA AT IR AL o 4% REA A W 21 2 T 4
il 71 %1 (Microbiome Quality Control Project,
MBQCP) i 7 3LV, A HIF 5 DL ASE 400 4 1 R %
DNA (mock DNAYABFFRXT S, 14 C A4 DNA
HATERIRG, RESHMIEETHTH]. Bk
B B A . TR B E I IR 16S
rRNA J PR 5 -0 7 B AR — S0 F0 i 1 1
SO, S AT R LS S LA I RETR ) PCR
FCRBHL, LI 16S rRNA R 3870 174
AR A P Z FE PR AR 80 S5 Fa il

1 #H57%

1.1 78
1.1.1 E#

13 Ffr il TR ¥ ok W 7 35 [ R R AR RO
(American Type Culture Collection, ATCC), FfifHid

%1 mock DNA BEMIEE
Table 1 Strains information of mock DNA

16S rRNA JERSHTRAN 4, A5 B IR 1.
1.1.2 FERFIFLEE

DNA #2HUi 5 &, Qiagen 22 7] ; PCR 5147,
i REm AW T RA R A A ; 2xKAPA HiFi
HotStart ReadyMix, KAPA Biosystems /3 r] ;
2k, Beckman 23 ] . 3 K §7 11 . NanoDrop 2000
R CEEE T . Y863, Thermo Fisher 23
H ; MiSeq PE300 {5 i 5 Il /5 4% , llumina A #] .
1.2 DNA AJ3REL

YTETE 35 °C £555% 2448 h J5 JT] DNA $2Ht
T o AR AR Bl 4 1R L R 4 DNA L 28611 5E
5 ANV SR 41 DNA MR, BUAS 5 4 45 TR PR S K]
ZH DNA JR4 8 mock DNA, HkkAY 16S rRNA
LD DL E=[DNA Jfi it /(GE R A F R xEER &R
BOIXEFREINL 16S rRNA FERFE D%, Ar it
Bl=TRtk 16S rRNA ¥ DL EUI A FEik 16S
rRNA B4 DUE B FIGER 1),
1.3 CEMMERNF

PR AWIAE PCR, 55— 4 PCR Xt
Z0TE 16S rRNA FEN ) V3-V5 X791, 3~
HEIYH 3% 5 16S rRNA FEKDCTHED, 5% 58

R 2% B

Strain name 16S rRNA gene copies

16S rRNA FEH 5 U1 %L dsDNA 4> F &

DNA Jii & Jit o5 L ) (B 1)

dsDNA molecular weight DNA quality (ng) Proportion (theoretical

value, %)
Bacillus cereus 13 3343 160 354 2.02 35.15
Stenotrophomonas maltophilia 4 2998 302 813 3.92 23.48
Staphylococcus aureus 6 1 742 835 154 0.87 13.48
Enterococcus faecalis 5 1988 020 140 0.78 8.85
Streptococcus mutans 6 1255876 752 0.22 4.73
Deinococcus radiodurans 4 1637 006 459 0.39 4.30
Acinetobacter baumannii 6 2678 611 494 0.39 3.95
Brevundimonas diminuta 2 2092 323 336 0.39 1.68
Micrococcus luteus 1 1 546 003 127 0.57 1.66
Pseudomonas aeruginosa 4 3871 812 507 0.20 0.91
Salmonella enterica enterica 7 2971 604 759 0.08 0.83
Escherichia coli 7 3031 848 776 0.08 0.81
Curtobacterium citreum 1 2 134431 388 0.08 0.17
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T80 R5 — 4 PCR WS ZE A0S . Sh—H
PCR JZ WA & (25 pL): 2xKAPA HiFi HotStart
ReadyMix 12.5 uL, . F##519(10 pmol/L)
% 1uL, #iH(10ng) 1 uL, TR KA E 2
25 uL. PCR [ 41F: 95 °C 3 min; 95 °C 30 s,
55°C30s, 72°C30s, 25 KAE#R; 72 °C 5 min,
F 85 R e ARGk 2lifl . 55 — 2 PCR X35 —
PCR AT 1, ¥ 5100 SmZE 3%
£ 5 e 2k 2 41 . barcode JE A I 55—
PCR W45 & )74 . 5 =4 PCR KWKk FR
(50 uL): 2xKAPA HiFi HotStart ReadyMix 25 pL,
F. RS0 pmol/L)%& 2 uL, itk 4
5 uL, KFEH4KENEZE 50 uL. PCR 5%
. 95°C 3 min; 95°C305s, 55°C30s, 72 °C
30s, 8 IKMEHR; 72 °C 5 min, S 455 F
Hafift.

DLER BN i, TEULIERE BT
Y1 2). B KIREE(S2. 55 F1 60 °C), HiAR
AE(2. 10 A1 50 ng). 25— PCR IEIE+
—H PCR IGEFRER(15+18, 20+8 ., 25+8 F1 30+8) .,
ARPERFB](3 min AT 5 min)ZF R R, B4 LKIE

14 E£YEEE0H

XoF 00 7 25 SR %) e 91 ot R A o 4 AR ek v
ZBRIARIE X 79 S AR, BB A .
FIF UPARSE V8.1.1861 4% fif A5 A ) 4>
#B effective tag #E1TRIS, BRIALL 97%09 — S 1
(identity) ¥f J7 51 K B{ 2y OTU. Hl QIIME
V1.9.1 #1158 UniFrac FEE . #94 UPGMA
FEARRER . MR IR Z R

2 X504

2.1 PCR 5| F 45 RATR MRS 1
K 4 A 51950 04T PCR 474, 97447
Yy 7 25 5 5 mock DNA I FRS{EAE OTU /K-
AT RSN, 1 AL B A C I R{H S
M EEE, M5l D 5 H & &ix
(B 1) DN (B 5 B (E = (8] 7Y 35 5 A 2
(root mean square deviation, rms.)Z 7~ mock
DNA EALRHEREE, 5190 AL B Al C (=R
BAF, 519 D PR 2 (8 2).
2.2 PCR B AGEE XM FF 45 R 06 55 4
B KRR PCR Jh B EHNE

BOSAER . SO TR E R, FESUFE 4 A5G EIRE (TEWE 2 s, AR5
R4, R MiSeq PE300 - &7 . NEAGIYEET 3 MR KIREG2, 55 Al
F2 AWMRFASY
Table 2 Primers used in this study
GIEY| g X (AN 519551 PR E s ik 1
Primer Amplified region Location Primer sequence (5'—3) PCR product (bp) T, (°C)
A V3-V4 341F F: CCTACGGGNGGCWGCAG 464 59.2
805R R: GACTACHVGGGTATCTAATCC 46.3
B V3-V4 341F F: CCTAYGGGRBGCASCAG 465 55.8
806R R: GGACTACNNGGGTATCTAAT 44.0
C V4-V5 515F F: GTGYCAGCMGCCGCGGTAA 411 67.7
926R R: CCGYCAATTYMTTTRAGTTT 53.1
D V4 515F F: GTGYCAGCMGCCGCGGTAA 291 67.7
806R R: GGACTACNVGGGTWTCTAAT 44.0

Note: N: A/T/C/G; W: A/T; H: A/T/C; V: G/A/C; Y: C/T; R: A/G; B: G/T/C; S: G/C; M: A/C.
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Figure 1  Cluster analysis of four pairs of primers at OTU level.

60 °C), LA BB K BE X P 45 R AR . 2 I Ee(E . L, RS SRR IS 1 A Bt
TR m2EA R R, IBAREXT 51 D MER 1. BAIREESIRER, 4 ASIYAEA
EHARREN, XHA 3 A5/ 1B KR XS 22 R G2 )RR
(# 3). 519 A TEIR KR EE S 60 °C ZE R &A% B (&l 4),
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£ 005 — / g
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0.00 L - Primer name
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Primer name _ . . X
3 =#PCRBMEEMMIARBE S
B2 MASIRERED R Figure 3 Root mean square deviation analysis of
Figure 2 Accuracy analysis of four pairs of primers. three PCR annealing temperatures.
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Figure 4 Effect of annealing temperature on accuracy of species abundance. A—C: The species abundance at

annealing temperature of 52, 55 and 60

annealing temperature of 52, 55 and 60 °C respectively with primer B; G-I: The species abundance at

annealing temperature of 52, 55 and 60 °C respectively with primer C; J-L: The species abundance at

annealing temperature of 52, 55 and 60 °C respectively with primer D.
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Figure 5 Deviation analysis of template initial
amount on sequencing results.
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Figure 6 The effect of template initial amount on
the accuracy of species abundance. A: 2 ng; B: 10 ng;
C: 50 ng.
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Figure 8 Effects of PCR cycles on accuracy of species relative abundance. A: 15+18; B: 20+8; C: 25+8; D:

30+8.
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S15F/806R At M5 A A1, A7k H
EFXF V3-V4, V4-VS5 I V4 X3 4 4519,
PEAL T 51085 mock DNA K6 45 5 vt 14
PSSR A I, 514 515F/806R HyH:
MME5S mock DNA HHXT=E B i) #H8 E 1 22 Fx
K, Bl¥ A (V3-V4 [X), B (V3-V4 X)fl C
(V4-V5 DORyHERMEELF . Ik, XA FZE
FEACY) 16S rRNA BE[R 15 48 X HEA 1A 850t P4l
DL ST VX FIERST 5 | ) 0 8 43 R 0 T A%
TR VR A T R B B

eI I AR, B AR G R
Xt Pt S vl R U AR R PCR Y
I HUAS T4 SR B R . — Rl , DNA AR
M )3 B R A — o P L, FE Y N BE
DNA HH My Z; MRl 2 4%
e SRR A B, R R A SR A HERPE . NZ
FPELR 4 DNA FBLiT, SEARSEde i1
FBAE G EAT T — AR (9 1R B
HHERMIE . BB ELERIE 5%45%Z
[ B TT A R, w1 AR A
WERf HOAS I mock DNA FF 4% B (AT 1

30 S A A A R R AR i O Fe /MK PCR IR PR 4K
REA RO SRR i, R — Rl e 25 R
WabER A ORI ARBFIEXT 4 R B A
(20+8., 15+18, 25+8 Al 30+8), RIEIEIFRES
A 28, 33, 33 I 38 AU EAEMEA T HLEL .
E I E R /0 59 20 591 (20+8) Al i i Fe 422 3 mock
DNA MHIE . % PCR ¥ HGAYUEFT, mock
AR DNA 2 i B S (A ) e 22 9l 20 it
K, TEIRBOR 2 RS R . Ritk, fEg

JE 3 2 PCRAE IR B F1) 00 7 25 SR 1 o
iR

B GRE5m PCR B[N &K, 5 PCR
T2 P A S A SRR e A OG . IR IR
AT S BCEARFE S 3, 3B JORLEE 2 /5 W52 1
I SERMEES, WML PCR 9353005
AR T 4 D515 04 3 R KGR
(52.55 F1 60 °C) T I A, HXTF 51 HFIE,
AN T) AR A Sk A 0 30 X ) ) 5 SR 190 M 1 552
BN, X5 Gohl ZEMAgHF o 4 B —8. A8k
J& PCR P ¥ AR AT sl iy — A5, A8 1 isf i) e )
P VARG, S il A 14 8 W, HA AT
AE BB BH P 5 0 P s ] 2 D) 460 235 i 0
AW FE 45 S B, A P s R X 25 SR G B B
S, LR R AT RE S 16S rRNA LR Y GC & &
B —5, ASVERTE] g 3 min 2 LAFT T XSS5

i Bk, AWFEEERIA N 16S rRNA JE
Y350 pdr, B iRs 2 ng. 5149 B
(V3-V4,341F/806R) . P 1% PCR (54 20+8)
JGRKGREE 60 °C 244l 5 [ s
S LI RAIREN

16S rRNA 3l FpEoAR B4 T 1 o
REFI AR SR ), (HEMR K
A RAEYEZ B R ZH R, Hrp
PCR U 55— N R . AT AN [FH]
. BXREE . Bt RS . PCR JEFRECH
S I [R] S5 25 AT B4 1 D0 e o3 A 4l SR kA T
TR, RUGIYREE . BORE G R PCR
6 PR U B 52 Wi A= 0 0 7 0 25 SR 170 o 8 A
2, WATEBGEREGEW T, IR B
G Al PCR G, AHIFIE b e B br Ak Jr vk
HEAT LR B E T ST A
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