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Experimental Procedures

Apparatus. The real-time fluorescence measurements were performed with LightCycler 96
(Roche Applied Science, Mannheim, Germany). The end point fluorescent images with PCR
tubes were taken with Amersham™ Imager 600 instrument and software (GE Lifesciences).
Excitation light was provided by a blue channel (460nm), a green channel (520nm) and a red
channel (630nm). Confocal fluorescence images were obtained using a commercial high
resolution laser confocal microscope (TCS SP8 STED 3X, Leica) with 100x oil-immersion
objective. Centrifugation were carried out with ThermoSorvallST8R centrifuge (Thermo Fisher

Scientific Inc, USA).

Materials and reagents. All chemicals were obtained from commercial sources and used
without further purification. Bst2.0 WarmStart® DNA polymerase and 100mM magnesium
sulfate solution were purchased from New England Biolabs Ltd. Betaine was obtained from
Macklin Biochemical Company (Shanghai, China). dNTPs were ordered from Generay
Biotechnology Co., Ltd (Shanghai, China). SYTOX Orange nucleic acid stain was ordered from
Invitrogen (Thermo Fisher Scientific Inc, USA). All oligonucleotides were ordered from Sangon
Biotechnology Co., Ltd. (Shanghai, China). Oligonucleotide sequences are summarized in
Table S1. The 380 bp fragments of C gene from hepatitis B virus (HBV), 400 bp fragments of
S gene from type B or type C HBV were respectively screened and cloned into a pUC57 vector
by Sangon Biotechnology Co., Ltd. (Shanghai, China). Viral gene was isolated from peripheral
serum using Viral genome DNA/RNA rapid extraction kit (Bioteke, Beijing, China), and the

sequencing was completed by Sangon Biotechnology Co., Ltd. (Shanghai, China).



Thermodynamics calculations for strand migration reaction

According to the van’t Hoff equation, the AG of locus-oriented reaction are given by

AG=AGO FT + AGO SQ - AGO ST - AGO FQ + RT InQ

(1)

AGy=AGO FA + AGO SQ - AGO SA - AGO FQ + RT InQ
(2)

Where Q is the reaction quotient, R is the gas constant (8.314 J/mol-K), T is the Kelvin
Q

temperature), and G is the standard free energy of species X under 338K (reaction

temperature for LAMP), which could be calculated by using NUPACK software

(http://www.nupack.org/), giving

AGO FT + AGO SQ - AGO ST - AGO FQ= -0.71 kcal/mol
3)

AGO FA + AGO SQ - AGO SA - AGO FQ= 6.02 kcal/mol
(4)

When the reaction is at equilibrium, which means AG = 0, the Q for T and A could be

calculated as 2.88 and 1.28E-4 according to egs 1-4. So the Discrimination Factor (DF)

defined as the ratio of reaction quotient can be calculated to be 2.26 E4

Whereas in basic reaction, the AG are given by

AGr=AGO FT - AGO FQ + RT InQ
()

AGA=AGO FA - AGO FQ + RT InQ
(6)

Where

AGO FT- AGO FQ = -3.97 kcal/mol

(7)



AGO

(8)

FA - AGO FQ=

0.26 kcal/mol

When AG =0, the Q for T and A could be calculated as 370 and 0.68 with a DF of 5.45E2.

Experimental Figures, Table and Data

Table S1 Sequences of oligonucleotides involved in this method.

Name Sequences (5'to 3') Usage
HBVC FIP GCGGTGTCGAGRAGATCYCGAATTTGGAGCTTCTGTGGAGT | Forward inner primer for C gene
TCWGCTCTGTATCGGGAGGCCAGAATAGCTTGCCTGAGTG
HBVC BIP c Backward inner primer for C gene
HBVC LF AGGAAAGAAGTCAGAAGGCA Forward loop primer for C gene
HBVC LB CTCCGGAACATTGTTCWCCT Backward loop primer for C gene
HBVC F3 GCATGGACATTGACCCGTAT Forward outer primer for C gene
HBVC B3 TCATCAACTCACCCCAACAC Backward outer primer for C gene
HBVS FIP GCCGCAGACACATCCAGCGATAGCCAAAATTCGCAGTCCC Forward inner primer for S gene
HBVS BIPB CTTCTTGTTGGTTCTTCTGGACTAATGGTCCGGTGCTGGT Backward inner primer for S gene of type B
HBVS BIPC CTTCTTGTTGGTTCTTCTGGACTACATGGTCCTGTGCTGG Backward inner primer for S gene of type C
HBVS LFB AAATTGGAGGACAACAGGTTGGTGAGTGAC Forward loop primer for S gene of type B
HBVS LFC AAATTGGAGGACAAGAGGTTGGTGAGTGAT Forward loop primer for S gene of type C
HBVS LBB ATGTTGCCCGTTTGTCCTCTAATTCCAGGAT Backward loop primer for S gene of type B
HBVS LBC ATGTTGCCCGTTTGTCCTCTACTTCCAGGAA Backward loop primer for S gene of type C
HBVS F3 CTCTCAATTTTCTAGGGGGA Forward outer primer for S gene
HBVS B3B AGCAGGAGTTGTGCAGGT Backward outer primer for S gene of type B
HBVS B3C AGCAGGAATCGTGCAGGT Backward outer primer for S gene of type C
BHQ2-GATGTGTCTGCGGC/iSp18/GCCGCAGACACA Fluorescence labeled forward inner primer for S
HBVS FIP Hex
NHEXdT/CCAGCGATAGCCAAAATTCGCAGTCCC gene
BHQ2-CGATACAGAGCAGA/iSp18/TCTGCTCTGTA Fluorescence labeled backward outer primer for
HBVC BIP Tex

[iTexRAdT/CGGGAGGCCAGAATAGCTTGCCTGAGTGC

C gene

HBVS LFB FAM

FAM-AAATTGGAGGACAACAGGTTGGTGAGTGAC

Fluorescence labeled forward loop primer for S

gene of type B

HBVS LBC Cy5

Cy5-ATGTTGCCCGTTTGTCCTCTACTTCCAGGAA

Fluorescence labeled backward loop primer for S

gene of type C

LF Block BHQ2

CACCAACCTGTTGTCCTCCAATTT-BHQ2

Quencher labeled primer complementary with

forward loop primer for S gene of type B




LB Block BHQ2

GAAGTAGAGGACAAACGGGCAACAT-BHQ2

Quencher labeled primer complementary with

backward loop primer for S gene of type C

LF template of type B

TGGCCAAAATTCGCAGTCCCAAATCTCCAGTCACTCACCAA
CCTGTTGTCCTCCAATTT

The sequences from type B for recognition of LF

LF template of type C

TGGCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAA
CCTCTTG TCCTCCAATTT

The sequences from type C for recognition of LF

FP-ASPCR CCACAGAGTCTAGACTCGTG Forward PCR primer for S gene
RPB-ASPCR GACAACAGGTTGGTGAGTGAC Backward PCR primer for S gene of type B
RPC-ASPCR GACAAGAGGTTGGTGAGTGAT Backward PCR primer for S gene of type C

The underlined regions in all oligonucleotides represents the stem sequence of hairpin probes.
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550225 AAACCTGCAC GACTCCTGCT CAAGGCAACT CTTT JCCTCATGT sTACAAAAC CTACGGATGG AAATTGCACC
M57663 AAACCTGCAC GACTCCTGCT CAAGGCAACT CTATCTTTCC CTCATGTTGC TGTACAAAAC CTACGGATGG AAATTGCACC
X97851 AAACCTGCAC AACTCCTGCT CAAGGAACCT CTATGTTTCC CTCATGTTGC TGTACAAAAC CTACGGACGG AAACTGCACC
M54923 AAACCTGCAC GACTCCTGCT CAAGGAACCT CTATGTTTCC CTCATGTTGC TGTACAAAAC CTACGGACGG AAACTGCACC
DO0329 AGACCTGCAC AACTCCTGCT CAAGGAACCT CTATGTTTCC CTCATGTTGC TGTACAAAAC CTATGGATGG AAACTGCACC

D23680  AGACCTGCAC GATTCCTGCT CAAGGAACCT CTATGTTTCC CTCTTGTTGC TGTACAAAAC CTTCGGACGG AAACTGCACT
V00867 'TCCTGCT CAAGGAACCT

X75656 2

X72702 I CAAGGAACCT

M32138 CACTCCTCCT CAAGGAACCT CTATGTATCC CTCCTGTTGC TGTACCAAAC CTTCGGACGG AAATTGCACC

KM606751 GAACCTGCAC GACTCCTGCT CAAGGCACCT CTATGTATCC CTCCTGTTGC TGTACAAAAC CTTCGGATGG AAACTGCACC
AB106564 GAACCTGCAC GACTCTGGCT CAAGGAACCT CTATGTTTCC CTCATGTTGC TGTTCAAAAC CTGCG ATTGCACT
L.24071 GAACCTGCAC GACTCTTGCT CAAGGAACCT CTATGTTTCC CTCATGTTGC TGTTCAGAAC CTTCGGACGG AAATTGCACT
X75604 GAACCTGCAT GACTCTTGCT CAAGGAACCT CTATGTTTCC CTCATGTTGC TGTTCAAAAC CTTCGGACGG AAATTGCACT
X75663 AAACCTGCAC AG T CAAGGAACCT CTATGTTTCC SCTGTTGC JCAAAC CGGACGG AAACTGCAC
X75658 AAACCTGCAC AACTCTTGCT CAAGGAACCT CTATGTTTCC CTCCTGTTGC TCCAAAC CCTCGGACGG AAACTGCAC
X69798 AAACCTGCAC AACTCTTGCA CAAGGAACCT CTATGTTTCC CTCCTGTTGC TGTTCCAAAC CCTCGGACGG AAACTGCACT

Figure S1. Sequences alignment of S gene is partially shown with representative sequences
of each genotype (A-F). The isolates numbers are obtained from National Center for
Biotechnology Information (NCBI). The variant locus of type B and type C are highlighted in

red.
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Figure S2. The gene fragment sequences and positions of primers used for C gene. The
sequence was obtained from GenBank with the accession number KX660678. Two inner
primers (FIP: F1-F2 and BIP: B1-B2), outer primers (F3 and B3) and loop primers (LF and LB)

are underlined respectively.

201 ACAGGCGGGG TTTTTCTTGT TGACAAAAAT CCTCACAATA CCACAGAGTC TAGACTCGTG GTGGACTTCT CTCAATTTTC 280
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281 TAGGGGGAAC ACCCGTGTGT CTTGGCCAAA ATTCGCAGTC CCAARATCTCC AGTCACTCAC CAACCTGTTG TCCTCCAATT 360
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Figure S3. The gene fragment sequences and positions of primers used for S gene (type B).
The sequence was obtained from GenBank with the accession number X97851. Two inner
primers (FIP: F1-F2 and BIP: B1-B2), outer primers (F3 and B3) and loop primers (LF and LB)

are underlined respectively.
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Figure S4. The gene fragment sequences and positions of primers used for S gene (type C).

The sequence was obtained from GenBank with the accession number D23680.1. Two inner
primers (FIP: F1-F2 and BIP: B1-B2), outer primers (F3 and B3) and loop primers (LF and LB)

are underlined respectively.
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Figure S5. The experimental verification of the thermodynamics discrimination via basic
reaction path and oriented sequence enrichment reaction path. The error bar indicates the SD

from three independent experiments.
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Figure S7. Comparison of extension between matched primer and mismatched primer. The
extension efficiency of matched primer (black line) with rate above 60x10'3 nt/min is defined as
100%, and mismatched primer (red line) with rate only at 0.2x10'3 nt/min can be calculated as

0.33%. The discrimination factor (DF) is greater than 300.
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Figure S8. Schematic illustration of locus-patterned sequence oriented enrichment.
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Figure S9. Confocal fluorescence image of locus-patterned sequences enrichment without

template. Scale bars=20 ym
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Figure S10. Real-time fluorescence curves obtained from locus-patterned sequence

enrichment of heterogeneous genes.
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Figure S11. The effect of hairpin primers (HBVS FIP Hex and HBVC BIP Tex) concentration
on the performance of proposed method. Primers concentration are involved at 0.2 yM, 0.4 uM
and 0.6 pM. The diagonal column and shaded column represent type B and type C respectively.
Ch.1, 2, 3 and 4 correspond to fluorescence signal from Texas Red, Hex, FAM and Cy5
channels. The time to positive (TTP) of each channels are determined by the default threshold
and TTP equals 180 min represents negative signal. The bold concentration is selected for
subsequent experiments due to its earliest TTP. The error bar indicates the standard error from

three independent experiments.
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Figure S12. The effect of labelled complex primers (HBVS LFB FAM-LF Block BHQ2 and
HBVS LBC Cy5-LB Block BHQ2) concentration on the performance of proposed method.
Primers concentration are involved at 0.4 yM, 0.8 uM and 1.2 pyM. The diagonal column and
shaded column represent type B and type C respectively. Ch.1, 2, 3 and 4 correspond to
fluorescence signal from Texas Red, Hex, FAM and Cy5 channels. The time to positive (TTP)
of each channels are determined by the default threshold and TTP equals 180 min represents
negative signal. The bold concentration is selected for subsequent experiments as its earliest

TTP. The error bar indicates the standard error from three independent experiments.
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Figure S13. The effect of dNTP concentration on the performance of proposed method.
dNTPs concentration are involved at 0.4 mM, 0.8 mM and 1.2 mM. The diagonal column and
shaded column represent type B and type C respectively. Ch.1, 2, 3 and 4 correspond to
fluorescence signal from Texas Red, Hex, FAM and Cy5 channels. The time to positive (TTP)
of each channels are determined by the default threshold and TTP equals 180 min represents
negative signal. The bold concentration is selected for subsequent experiments as its earliest

TTP. The error bar indicates the standard error from three independent experiments.
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Figure S14. The effect of enzyme concentration on the performance of proposed method.
Enzyme concentration are involved at 8 U, 12 U, 16U and 20 U. The diagonal column and
shaded column represent type B and type C respectively. Ch.1, 2, 3 and 4 correspond to
fluorescence signal from Texas Red, Hex, FAM and Cy5 channels. The time to positive (TTP)
of each channels are determined by the default threshold and TTP equals 180 min represents
negative signal. The bold concentration is selected for subsequent experiments as its TTP
reaches plateau. The error bar indicates the standard error from three independent

experiments.
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Figure S15. Real-time fluorescence PCR curves of target type B and analogues type C

template via allele specific-PCR.
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Figure S16. (A) Fluorescence responses from multiple channels of the locus-patterned
sequence oriented enrichment. The amounts of standard template DNA is 107, 108, 105, 104,
103, 100, 10 and 1 copies/uL. The reactions were incubated at a constant temperature of
65°C, with fluorescence read steps at intervals of 2 min/cycle. (B) The linear correlation
between time to positive (TTP) and the logarithm of template amount in channel 1 (Texas
Red). (C) The linear correlation between TTP and the logarithm of template amount in
channel 2 (Hex). (D) The linear correlation between TTP and the logarithm of template
amount in channel 3 (FAM). (E) The linear correlation between TTP and the logarithm of
template amount in channel 4 (Cy5). The error bar indicates the standard error from three

independent experiments.
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No.

13
17
21

Code
[1, 1,0, 0]
[1,1,0,1]
[1,1,0,1]
[1,1,0,1]
[1,1,0,1]
[1,1,0,1]

No.

6
10
14
18
22

Code
[1,1,1,0]
[1,1,0,1]
[1,1,0,1]
[1,1,1,0]
[1,1,0,1]
[1, 15 05 1]

No.

11
15
19
23

Code
[1,1,0,1]
[1,1,0,1]
[1,1,0, 0]
[1,1,0,1]
[1,1,0,1]
[1,1,0,1]

No.

12
16
20
24

Code
[1,1,0,1]
[1,1,0,1]
[1,1,0,1]
[1,1,0,1]
[1,1,0,1]
[1,1,0,1]

Figure S17. The binary codes generated from clinical samples.
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Samplel o 7 ¢ ac A GG AT Sample2 ¢ 1 cac A G G

1, 1,0,0] HIA [1, 1,1, 0]

Sample3 + 7 ¢ A« A G G AA Sampled4 , . . , i B

(1, 1,0,1] 1,1,0,1]

SampleS | | . | A G G AA Sample 6, cAcC A GGy

[1,1,0,1] [1,1,0,1]

Sample7 4 1 ¢ 4« AGGAA Sample8 A 1 cAaC A G G A

[1,1,0,1]

[1,1,0,1]

g ,,/\\J"

Sample9 + 1 ¢ A C A G G AA Sample 10« C AGGA
I1,1,0,1] /| [1,1,0,1]
Sample 11 2 C AL A G G A Sample 12 & 1 CAaC AG G
[1,1,0,0] AL [1,1,0,1] |
Sample13 s T cACc A G G A A Sample14 ¢ 1 c s ¢ 4 ¢ G .
1,1,0,1 AA L1L1L,0] /) all
Sample15 4 1 c s c 4 G G aa Sample16 &4 T CcaC A G C
L, 1,01 ,»"“ Yy [1,1,0,1] )‘;

Sample 17 CAC AGGAA Sample18 ~ 7 c A ¢ & G @
i1,1,0,11 AAAAA A B/ [1,1,0,1] N
Sample19 A T cac 4 G G aa Sample20 + 1 c s ¢ 4 G

11, 1,0, 1] [1,1,0,1]

Sample21 A T CAC A G G AA Sample22 A T ¢ A C A G G |

o1 ALNA AL 1,011 F A AL

Sample 23 » 1

~
-
-~
-
-~
-~
-
-3

Sample24 1 1 C A ¢ A G G s

Il’ 19 05 1]

N Y [1,1,0,1]

Figure S18. Sequencing results of S gene extracted from clinical samples.
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Figure S20. Clinical performance on sample No.13 to 24. The quantification results present

the amount of viral in per mL blood.



