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Construction of high throughput sequencing library for trace samples
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ABSTRACT: Objective To establish an efficient and stable high-throughput library construction method of trace
samples based on Illumina sequencing platform by adjusting the amount of sequencing adapter, the execution of
fragment selection, the number of library amplification cycles and so on. Methods Different types of samples were
used to design the construction strategy of library with different initial DNA amount (as low as 0.1 ng). The usage of
adapter and the number of amplification cycles were optimized, and the quality of library was evaluated by data
analysis. Results The success rate of genomic library construction was 100% for DNA samples with the initial
amount as low as 0.1 ng. For bacteria with small genome, the data assembly effect of 0.1 ng initial DNA was similar
to that of 100 ng initial DNA. For bacteria with large genome and complex structure, the data assembly effect of 0.1
ng initial DNA was significantly worse than that of 100 ng initial DNA, but the assembly effect could be improved by
increasing the amount of sequencing data. For metagenomic sequencing, when the initial DNA quantity was 1 ng, the
microbial community structure of the library was similar to that of the library with conventional initial DNA quantity.
Conclusion The construction method of 0.1 ng initial DNA library established in this study is stable and can be

used in more application fields of microbial genome sequencing and metagenome sequencing.
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LA, T i 55 AR (next generation sequencing, NGS)
BT HGE . AR, ORI T
FR A, Qi SE R A 257 . JuSE R4 25T 4,
HEBUG T T Z B SR, BRI Ah, R Y A
fhREE . BRMAYRI . fEA HISIR I SR T
RAET EEAAET, B0 Bl i a0 Y R T B, RS
R R MRS . BlS . PIREER B R ERE
PSR Z R Z R E YIS R P,

[lumina P77 552 H TR 1209 NGS AR
A0, K AUEE DNA L3470 . RimahP b BE, 5%
B Hlumina 585k (adapter) Bt 34 B IE 8 1005 ) A 1 200
T FERN R SO 4, 153 DNA F BERD A e SczET
JF SCE T i 12 B 5 AR AR A S s i R s i R K 2 —,
JEDRIE NGS 25 R Ll S SO N R AR Z,
DNA JifE . SCEM N DNA AR, LA R 3¢
JEY SRR ECESO HAT, %M DNA SCREM ARG R
—RESRAT 100 ng!™o ST, SLAEREAAR R R | U
BIME . PR Y SR 2 S EOUES 3 281 DNA f T
SCPERG

AR TR B 5T X AR 4R = 0 SC PR A R AT TR,
LN 1 £ 8 F P B (multiple  displacement amplification,
MDA)J5 24 DNA BRI 9 N EC g, DLIK B R
K, ARIXRESs 3 SUR U WY TR TS Gk, S 2 R Y A
PEZBI ST b, AR A HIRIR UG B DNA FEARERIEE
0.1 ng), FETHUAFEEHM T . SRR H ¥ SCEER E
AT, I8 A B A DA SO T, S — Rl
RS B SCEER T 1, DA AR R A o B R 2R )
T3 R 20 I 14 iy FH SRR S

1 MR5ERZE

1.1 X 5EF

Bioruptor UCD-30 F 42 fish =X 8 75 I8 B8 5% AL ( Lk 1) B
Diagenode /A H]); Invitrogen™Qubit2.0 %¢ 611 . Applied
Biosystems PCR #EFFX . 2720Invitrogen™ DynaMag™.-96
)& W% 7142 (3 E Thermo Fisher Scientific /3 ]); BioTek
Epoch 4 K AR (S EA I 254 PR v]); VORTEX-5
A BETR A e (LRI T HAR DR AR 38 A BR 2 wil)

QIAGEN DNeasy® PowerSoil® Pro Kit ({f[ QIAGEN
Z3+)); k574 A (Rapid DNA Library Prep Kit for Illumina) ,
1 7& B (Hyper Prep Kit for lllumina) . Qubit assay kit (3%
Thermo Fisher Scientific 23 A]); EERHEEWI(FEE OXOID A
Fl); TPY WA FRHE(250 g, & Sl AP AR A FRA A,
SAbsrpTat, 2GR AT BRA FD) .

FHF I3 1 K FT 1 1R A% 52 50 58 DA S0 v 43 B9 B
FRAAR; VDTGP F A S 06 38 XS PR vh A B R R RS 4
O A ER TR Rt A0 S50 I T OBUBE A BRI 3K T rp [ R
SEBE R AR O, TSRS CGMCC1.5082,

1.2 LEWFE
12.1 A F DNA RIR5#H#&

AW 5¥ 38 BT ¥ 5 I 4 A fL % BE (guanine and
cytosine, GC) 75 5 AN 7] (4 22 FC B R CR I IR . IR
TR )R 2 PG BH: T (4 5 €0 7 78 R A1 RN U A B B P 4% 1
Mo ZEEFEARE 1 24EEH .,

fdi Fl QIAGEN DNeasy® PowerSoil® Pro Kit, % M&iji
B 45 $ B B 0 2% 8 LRI 41 DNA ., Nanodrop I 5 ¥, R
i 6% JiF (optical density, OP) ODag0/ODyg, fEF T DNA Ky
4l BRI VK R T 4 S K 4 DNA 158 B R
Qubit 2.0 FFHEMfI & AUk DNA IR .

H4 Qubit 75 KL [H 2 DNA YR B, X 4 MREA AT
KRR, iR N4 DNA f9H4 100.0, 10.0, 1.0,
0.5 1 0.1 ng; JCHEPRILIMF 3L 1000, 500, 100, 50, 1 ng
MR EA R . B ERE 34 N ER .
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K 2 R AIR B (A B)SEA R BA R RREA I 7
AP SO A, Forb i SR 4SO R AR & A
ATAeEE, KIGAT AT R B A R DR 28 S [ B SR FH AR
& BT, FrA CR RGO R & B T S0UE
Fro HEAh, A4S DNA B IRE:, kB 50 SORR
H, XTAE DNA R4 i d R i it

FHR PR AR AR A R S 4] DNA AT Fr B
1k, WEERslifk DNA J B 5 1T R B 0 37l ik |
Jr BOE LA R s AP IR . RS SE R 4] DNA R Rt
AR, FEREAS R A9 FFHeSMR BE SOmMAER (R 1), TEHSk %
FERON SRR L IR DNA /N T 1 ng FIFEAR, B9 4 °CHF
HARR, BHAR/NT 1h, DA INEESk 1 8808 . SR &
LR A R B B P AR g SO S RLRR IR 2 DF A AR,
{EJE B R R 2k DNA, R T AR UERERSRAS ] 07 A 3
RSO, Mik2hh DNA f/NT 10 ng B, KRBT v Boik
¥ )5 F PCR M B 4R IE A& HEDW P23k 1) DNA R B, PCR
PPE B % R 4 DNA MR EE RIS N 2~5 MBI GE 1)
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% 1 DNA RIFEF adapter EFAE
Table 1 DNA initiations and adapter usages

U DNA R P R R e WARR mamat re s
1000 15 1x 5 = 10
500 15 1x 5 = 10
100 15 1x 5 = 10
50 15 1x 5 & 10
10 15 5% 5 Ea 12
1 15 20% 5 7w 15
0.5 15 50% 5 N 15
0.1 15 50% 3 D 15

123 LEREENEF

XP R AT (R SO SEA TR0 28 RS, SR A Qubit K ST
B, B WH AR I H Dk ARG T e PR 40 00 ) S Fr BRI #
R A A% B SO, AR TR 0 S A L R A R,
fdi FH#¢ 6 2 PCR Al LabChip Touch #EATHE— 5k, it
B AL,

{81 F§ Tllumina Novaseq 6000 #4730 150 bp (PE150)
BT o FERH NP B AR 1 G i BHEdE
AT, JOREEEM P MEAE I 2 G iRk
O
124 HIB5HT

(DFE P

Yo A5 3] 1) Ji 4 W0 P B (raw data) R AT BT%, 3R
AW (clean data), BRI LRI YW
BB T 5 bp HIFA, KERFAIFR(E 0<19 HIFIE
BB 50% L BRI R, LLAEARRE N B
F 5%8)75

()[R 4 4 %

X I I A5 380 1 v O A SR DR O B,
F SPAdes!" ) Unicycler % 7 51 20 25 5 140 %ot A3 808 kA
Wi, R RE T S5 H AR W contigs 1Y
paired-end Fl overlap &, XJZHLELERMAT0ML, P
GapCloser 1.12 XTI B 45 RIEATIERD, )5 BBRITAR
J7 5045 5] S 22 (1 21 6 45

()T Wi

X oA 5 A9 B 1 v 0T £ G DR AL O e, Sl
i SOAP denovo! AT LI [F 20 21 %, 2% £330 N 3 4
FREA R, RN S, BRI MERSE, R
F metaphlan2" 44047, SRAFARI D RIZHRAT. N H
B R PRI RER SR

2 GR55HH

2.1 EEHEER
3o VR A Sk (v BE R PCR B3RS, 24 DNA M

0.1 ng 1 100 ng A HEEIE R AIREA, FHRFI & A 4Rl
2 P SO, SCIE I T B VR A 4.508~89.026 ng/uL 2
6] o SRR BHEE S LUK 4 R R (B 1), 2R Bok B iy
SCHE, ORI EEAE 400~700 bp, TBA 4 Bk
SCPE, SR A I L A R ICHR o 3 e v A L Tk 4 2R
R BL, IR DNA MM 1 ng FFiR, FEE LG DNA 1
Wb, Bk MY BRI BB 2 . ARG IR
DNA  JIr fill # 4 SCE e B2 A A0, EL D 17 80 s o SO J2 5
AT LA D 0 6 B FpE e 25 SR, e SO iR
R TIT

J T BAEARIRR &5, KBFH AT RES
3 AR, FIRF & B il & AR i DNA &R
FESCHE. N 1 RTRAVE S, WA Zeid i B i SOk
S ZBARI IS Y, 5 Y R I B T, TR
B P ECE Rk, KRG B SURE R ASE N R LG DNA
TR T R Bk, 12O R0 R T R
I RIS Y, SORESRRHEEIRE F VK A 25 3 5 P 2 4
oo BT R Bese BRI, 76 SCHE R 45 3 B2 R 8 253 /3 DNA
FB, SEGEIS DNA B7E 0.5 ng WA 1AM R EREAS 2
PRI, AL AR 1 R 2 R, BRI RIRERY Bk
TR, RAE B A RS H SO B BE AR, H—5
PEEAT, R A B0 A B SR TR S AL R A DR S A
EEOMT. R, 7R DNA BERESIAE] 1 ng I, 8L
FHGN & B 256 R Bk B Jr il 4 S 4 SO

HRAE FRBEREA (R, LU A TE IR 3R AR I 5 1 1 5t
EREAR AT . IRYRFEARSE) LIRS 1 pg DL ERIEHA
DNA. TMiHZif DNA 5 () 22/ A 32 R 41 S22 RE 75 il 4
IR, BT RER AR VIR S5 BT A 2R . LIS
NF R4 5 Mb 344, 1 ng FTCEEI4H DNA 2954 10
TR, T 1 pg SRR DNA WS 142440
o ULAh, AW FREA R EREA, NI SH 2
102 gl 7", #ih DNA Hid RSB gt b,
TG TR H A M AR IR 3L S 2 1 ngo AAWFFE L 30—
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APREAREAR AR G DNA 45 1Y 0 R 4 SCE B = A 1Y
Bl DA IRIRR LG DNA 0 JCHRE R ZH Uk PR 454
BrEs S RE M . R T RERSIRAS B A sk, Dok DRI 4
PEE IR & B 1 7HEE, A2l DNA M 1 ug 3 1 ng
HORINH 4 T IR0, B 1 ng AEHA R & A S0
Fr R BE (2.176~9.05 ng/uL)AIRAl, HAh &R I mAE A
IR E 20 ng/ul PU_LISERA SO, H R BER/ME
5K 2).

12 13 14 15 16 17 18 19 M

{¥:: M: 100 bp DNA marker, £y Ak EAE TR 1500.1000,900
800, 700, 600. 500, 400, 300, 200. 100 bp; 1~3: 100 ng Kf#%
FFTA DNA 2451t ; 4~7: 10 ng KIAFF 4 DNA d2lf#; 8~11: 1 ng
KIGFF# DNA #ifH; 12~15: 0.5 ng KIHFTF# DNA #EihH#;
16~19: 0.1 ng KHFTFH DNA i .
LT PR 0 A () s S BN v Tk

Fig.l Agarose electrophoresis of genomic sequencing with
different starting amounts libraries

M1 23 45 6 7 8 910 1112 13 1415 M

TE: M: 100 bp DNA marker, 2547 A FAE KK 1500,1000.,900 .,
800, 700, 600, 500, 400, 300, 200, 100 bp; 1~3: 1000 ng ZEfif
DNA 2 &:; 4~6: 500 ng 25{# DNA L 1H5; 7~9: 100 ng 24{F DNA
TR 10~12: 50 ng ZEF DNA AR 13~15: 1 ng FE4H DNA iz
[Iizpci e
Pel 2 JOHE DR 200 Py AN TR] S e ek SO B i v K
Fig.2 Agarose electrophoresis of metagenomic sequencing with
different initial libraries

22 NFEHERE

Fir A N SCZETE Tllumina Novaseq 6000 Ul FF3F- &, #F
A1 150 bp (PE1SOYECIN o X6 B A5 1) S 2 1
Bt (raw data)iFF TR, S5 R R SCE N ALECE oL,
1ok 8 e 1) TR A I B (clean data) AT e 22 0 3k (K 20 BF
Bk A RIS S5 Ay BT AN SR AP 3RS raw
data 7£ 0.8~2.5 Gb Z[i], Fi##/53k1F 0.3~2.4 Gb Y clean
data. FFASJCRERA SCFEIRTS 1.0~3.0 Gb fY raw data, dE
o IEJEARTE 0.9~2.9 Gb 1 clean data,

LT R NFEAS clean data AOLLE], AILIAF A& A
il 5 1 B R 4 SO, Bl R IR T A IR, 2 R ST
I clean data [LBIECRFREE TR, 4 DNA #24 100 Al
10 ng B /Y clean data LK T 90%, AZ4f DNA -4 1 ng
i) clean data 35 LR 2 62%~77%, AL DNA &2
0.1 ng B clean data WHIFEARE 50%LLF (8] 3A). i
& B 45A  Brase Bl o5 1% 35 R 4 S0 ) e o it Fsk
M A HlEE A SOE, YR DNA &0 1.0 #1
0.5 ng B, SCEEIN P T A8 8088 19 clean data 9 FL KSR & F
90%(45 AR ARSEIR) o (8 FHAH [F] 7 3 i) 28 B JCSE IR 20 SO PR A
BRI clean data Y LRI FRAR 5, 1 ng AU LG DNA HEl
BTN SRS BE R clean data A HLBIHIKF] 96%,
Bl BT B A R4 (1 3B).

23 TRIEREEEANFCESEREBHEKHN
A

VERE T 4 PPN EA TR [FIAC 4R DNA 2 3L R4 SO 2,
AL4E 2 22 QI B CORIBAT R FIVD T QTR )Rl 2 g 22 [
B P (4 5 €0 26 R A RIDBUBE AP 1), LA scaffold i Al
NS0 FKEEARITAG A [FIE i DNA S0 0 35 PR 4 20 25 Fg 5
Wi, — BB, WP SCESS — PR | 0 45 o i
AR IRl A JE DR 20 20 2 )5 745 scaffold B /0 NSO K,
IR IE R L 5E4E . scaffold HURZS A BIR (K 4), fir
FREAFLS DNA HE7E 1 ng UL I, 4135745 scaffold %X
BILFTES, MERE DNA BREIE, RRIERI L
1) scaffold $i AR fbAT BT ARIA] . RIAFFIRTER i DNA HEF%
# 0.5 ng B}, scaffold AR BCR R EERG ;YT TR, I
DNA = [#LE] 0.1 ng B, scaffold A B AFERENG &5 T4
B OB AR AU AT 7R LG DNA 2F%E] 0.1 ng B,
scaffold ZU{UMEA FHmg o B T I3 S04 o a2 A s 500 o o
Gb, FEFA MRV Z R 2550 scaffold K, &
IR 74, scaffold k2 . ARG RER, KIGFF
B scaffold R TE 80~106 4>, VDI 1K EETE 48~87 1, 4
ERFBRBEAE 26~52 4, Wi XUSAT IR 1) scaffold B A
11~19 A KIGFF RS T IR IR 5L R 41 = 23 A 7E 4~6 Mb
JEEIN, GC SRTE 50%A AT, 4 i 0 25 3K 1 A BUB AT T
Y FE R 41 B AP AR AE 2~3 Mb YRR N, GC & 143 A 7E 32% 11
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2% A A o LE b, ABFSE A IR E AR . G5B AT AR,
scaffold Hirit %l SC 28 ] £ iyt AR AURR, 1T S 25 Ak 4y o
AFEMES GC £ b4 TE AL R L2545 5% ] 5 AR TR DNA
GRS MR IENAPHEE NS0 B KE, KRR
WAL DNA B8k, NSO A bita$ ke LBl —E

ZE5t . KIGFFEIN NSO Bkt DNA J (9 REAR U A FEAR;
XU ANVSTTERER A9 NSO JU7E DNA G B 0.1 ng AL

REEBEREA; SO EERFE RS DNA /0T 1 ng i,
N50 FO{ELH BUE R AT, (HEAE S MFEAR) NSO R
KBS I 22 AR
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Fig.3 Data QC analysis of libraries constructed from different input DNA
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Fig.5 NS50 lengts of libraries constructed from different input DNA (n=3)
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2.4 FTERFEBNFIFEREIESESCEMEDHERK
AT AR AR B G IE 4] DNA SCZE XS 3 R 4
TP A 520, X A AN 6] DNA - i o 1) oo 5E [
2[5 ] metaphlan2 XT4E T, . B, B, J&§. #
6 AT T YRR, SR BR, SRR
SCIE B RIS A R BE AR S i RGO R 22 57, B
3 (B 6) o AT 5% T FH 28 8 AR AR A6 A [] 43 257K SF- 119
PR H T 4R WO R H 11 Fr . Bl 22 F
J& 32 B, Bl 76 b, HAN R R SARRNS AL P, WTET]
ST b, AP EEREN 2 A HEERE L 97%
VL E, 205 MIUFTF# 1] (Bacteroidetes, 39475 45.4%)
HERED ] (Firmicutes, 3% i 51.9%), 5 3CHkifiE
F10 26 8 R AR LA T 2B — BP0 HE R 4 JOKF |

PR BRLE R, FIEARN DAN b4 ) 4 5 8 41 S0 %
ST A5 00 5 25 5 AN 43 5% o 3k DR 000 0 ) 5 R R R R
m, b, X HER B R A A 2 R 30 DNA /AN
JEH LA AR, AT 3 2 oo R AL e A T 5T O
BN TSR 45 R .

3 Zw5itie

A S i O A S A R R, X TR 4G R R
0.1 ng FREAS, AIFGE 58 MR N 41 SO A, HOW A5 A
LI AN, AT e im0 e e 4 7k i v 4 ek
R, IREAE R UG R BB B e R . AR
SO 5 G A SR A A P B #3250 RO i o A
—E R X TOCEE ALY, #hhE N 1 ng DNA il #&

HUFT R (Bacteroides, V32315 34.8%). Blautia J& (V- FIR I 7 S 5 RS I e o 5 0 BE TR 2E SO, T e
W2y di 19.3%) Fl B 5L & (Megamonas, V- 2y 5 SERAHIE . WA SR AT A R E My S A e . Do
18.0%) 3 M@ I F 3] T 70%Lh b o 456 5 B K% LI ) L U A S 2
A K MK
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90 90
80 80
8 70 K 70 -Gan!m'apmteabacteria
# 60 60 = Bacilli
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5 40 . Actmab?cterm 40 « Be la;l:v teobacteria
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Fig.6 Bacterial composition and abundance of libraries constructed from different input DNA (top10)
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