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Table 1 DNA concentration of dust in different

components of the sample tube

Sample p(swab)/ p(sediment)/ p(supernatant)/
number (ng'L™ (ng'L™ (ng'L™

1 1.65 8.92 -

2 1.83 8.30 -

3 0.216 1.04 -

4 0.56 1.08 -

5 1.73 6.20 -

6 8.66 17.40 -

7 3.50 5.68 -

“~” denotes the absence of any observed DNA concentration.
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Fig. 6 Microbial species in dust sample annotated map

24 HRRMWBIXMUL

FIRF KA EY BT e, PR
TR R R T S A L ) B R A RE AR i DNA 1Y
P . GIA T AR A BT K AR REA A T A
a4 s, i# 44 DNeasy PowerSoil Pro 3351 & 5 B -
et i 240 Tk (RIR iR % 1E % 15 min) Xf

b, R AN ) 24 7 206 DNA $2 B2 SR 52 .
K FHA e it Y BT s ST REAS A T A 2R, 5350l
0.5, 1, 2, 4. 8. 16 min 6/ [\) 24k i} 7]
TP IRAREAR A 2L, Rt 4 min i, %
HEZE52 7 4 min RYSETREE RS HARSE D . 45 R
N, fl IR R G A AR A MR, 7 b R AR AR



2024; 51 (12

B, % WERERERERDNARRA ERLHR

3315

DNA ¥ A (11.48+8.88) ng/L; i AWkt i X ot
i LAAS [7] B[] 325 47 241 e 22 i A5 21 7 Ab IR AR REAS 1)
DNA ¢ & 73 9 & (8.91£7.10) pg/L (0.5 min) .
(15.36+13.21) pg/L (1 min) . (19.01+16.15) pg/L
(2 min) . (21.70+18.37) ug/L (4 min) . (19.17+
14.61) pg/L (8 min) . (12.18+9.30) pg/L (16 min),
JK2A> DNA W B Bifi 457 B (8] A S8 i3 hn L 38 S 0gAE
JE BRI, MR HT IR T 1 minf, K42 DNA
VR 80 1 T Ol R i 7235 A SR A 1 A4 L A P - 3] 1)
WBE (7)o LEERPFRAS [R] 5 ok SRk 20 L A5 1Y
JKZE DNA B 22 5, AN[AERAF S K22 DNA R B
AMRMIES 3 A, 8 HAESECS BRAG 55, A4L
PR IO L gt 0. S5 s, R ERE
DR 5 AR S B AR AR HAE 0.5, 2. 4
18 min Z I E] N, DNAWKEA B EEHF (P=
0.018, P=0.028. P=0.018. P=0.018). f# FH:=¥kE
mn P RS AL 24 s, R T K42 DNA
M HEEUHCR , b #2905 [ 24 4 min B DNA R

ey
H A o

p(DNA)/(ug-L™")

4min  8min 16 min

Vortex-Genie2 0.5 min 1 min 2 min
Bead Ruptor 12

Fig.7 Comparison of dust DNA extraction concentration
between the two instruments
*P<0.05.

S A B, SR AR ot 340 S i R4 T 20 L R e
B, FEARTER 2 R E S8 W&, R
KA ) 5 9 B 24 A X DNA $EBUSUR 9 52, 52
B PR DR KRR AR 0735 24 s 6] 47 4 min A 25 4
T, WE AR R G IR BT N 3T KA DNA $2 5.
512 56 {# | DNeasy PowerSoil Pro ia 7 & #F 17 /K 42
DNA &I, BRGS0 B E N 15 sx16 1K
30 sx8 YK, 60 sx4{K ., 120 sx2 K. 240 sx1 K HAH,

BUGE D 5 R A TCE AR VK E BRI 1~2 min, 5259
SRR, AP AL BT AR E SRR 1 240 sx1
U 2R DNA Y i 2 (16.48+15.84) ng/L; HAbE
WG KA DNAMREE SRR - (16.76+12.12) pg/L
(15 sx16 ¥ ) . (18.48+13.48) pg/L (30 sx8 ¥K ) .
(18.97+14.59) ng/L (60 sx4¥K) . (22.17+£17.56) ug/L
(120 sx29K) o FEGUELEE N 120 sx2 I, KA
DNA ¥ JE i, H5 60 sx4 115 sx16 YR M2 52
WA HAA W EZES, PEIN0.043, HALTIA
o & 25 (E18). Lk ) DNA & HUr v Xf
N7 Ab A7 R B A K 2 DNA MR BESF 2 38 in T
91%.

oL ]
=
& 20
=
<
Z
)
QU

15 sx16 30 sx8 60 sx4 120 sx2 240 sx1

Fig.8 Comparison of dust DNA extraction concentration
with different shock times
*P<0.05.

JKRAEFRBUN . & EMERIE . A
TET TR PR, Mt K AR A= 01 B mT LA
TR NS 5 E LB Z AR . Lax
S TR, — A NEEE AU E YRR RO T HE
LL A, PR AT DIRE RIS 52— s i e
HEVE A VCIRCRR BERFIM I N R 25id . e %
SR, KRAEYIUEAE TG A R IEAHERT . Pk IR
(AnERL . IBREFHERDIA) . N EDTL R A
o B GRS B SR e A E N
1o BRI, BEXIARRIREE R IRAAEA, IR R AR
FIDNA$RHUT %, FE5IE BT DNA (52 B0 1
HRFIEIT . AWTTTEE A Tk Dl I
IE W DNA S AL . REEIARBEST . AR DNA
G & B 20 0 SR 7 O 2 DNA R 52 5



3316~ EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (12)

PO EIEAT T Ak, R e d S TSR R R
DNA #2505 % .

PR B 22 B9 PR 28 SR ARl B 2 1 2 44K
e, BIE B CR TR K 4 R R AT
MetaSUB [E Pr B¢ % ''?' & A Copan Liquid Amies
Elution Swab #l Isohelix Buccal Mini Swab B3 15 K
2 Fom AT #ER; WLOH B H ' R A BBL™
CultureSwabs™ IR K F 2 BRGBE I K ARFEAR
JRZE DNA M HEBUSCR 5 REAR (1) R A 37 1k %%
PIMIE, 5T TR TS MR FEE N DU A 7 —
AT DNA BRI, LA A A A AR (1 e - ofe 344
JIDNAMRJE . [FIRA SRR TR EERAE AR T K
7D DNA $EHCR B 22 5, 45 R W] BE R
IBEI, JRZDFEZS Y DNA YR BE R Wi, SRrkE
T 5 K2 DNA M BE S IE A DG o ECRBR AT 1 K
21> DNA ¥ FE7E 2020 em?® B AL 10x20 cm? I [
5%, X AT RESE: BEHLRAE RS SRAE AT i R 95 0 40
M2 SErE N 2 FEAY RFE S AR R AT K
22 DNA MR EEYIRA, FILAT WK 42 DNA B9k BEAN
A5 RFE TR SRR S A B UIBER .

AT, AT DNA R EE A Fh
JER SR . HAR R A1 S N E AR
KF&, [FEHS DNA SRR LA OC 2, Hai™
A0 DNA BRI ¥ E2A W RIS, /3l kE
I P RIRERR TR B, RS RE TR RO R
DNA 2 BUR 7 & I %t H: DNA $2 BUSCR 4T 17 %
b, Horb AR 45 DNeasy PowerSoil Pro i 7 &5 .
TIANamp Soil DNA i #| & , # 2%k & f1
ZymoBIOMICS 96 MagBead DNA i 7] £, S25 45
LA 2 s, 925K H DNeasy PowerSoil Pro i
R G R IKZE DNAVKREE B fei o o3 —J7 1T, 4H 241
J5 OZPAEE DNA SR BUh I 21— 5y, Al
i 0 2> ELBE RS DNA $2BUCR =) (R IbS2 5651
AL TR WA i A= ke i 28 s =, IS
G A b T T . AR RE A
wrESEE Y 2 minJ5 , FEACIREEF- T F 37°C,
4 min 5 P34 2 68°C. Mt Tt B4 K A8 Fll DNA
W fi, ELLR I AN T 4 min, 45 R BR,
A e S AR A TR 5 240, R (A
HJ4min (R RM2IK, 2minik) B, KA
DNA [ $2 UK B e o 4% BRI AR S I IR AR R AR SR
FEFIDNA BEBUTEE, 7E 10x10 cm? iRAEE IS A
T, 7 Ab R A M S A K 2 DNA ¥R S S N
(22.17£17.56) pg/L, RFRIEEH R 50 pl, AEGEHE L

TP P g 2ok BV, BT, ©AVFE SR
HiE T {8 H DNeasy PowerSoil Pro if7 & #1755
DNA #2£ B 57 . R JH DNeasy PowerSoil Pro
WO GHE ROERIOTE , KA DNA MRy (11.48+
8.88) ug/L, MALJ5F-1) DNAWEHK T 91%, MK
7R DNA 2 HUSCR A 48 7. e AR,
MetaSUB HBA ' SRAE T 4 728 A IRBE K AR A i
T M BN, (HARAA TS KR
DNA W BRI , O ARG K22 DNA $2 U
Hewitt 55 2 S XA R T I 28 & s IR 3 1
MR HATH T DNA E &, 54 AR EE BN
4~10 pg/L. Yooseph &5 ' RAE T E WA KA
FEAS, IR T RE 25 (0.9%10°~10.8x10° L),
{BEEAHEA T DNA P A A S 15 ng, FERMITEH:
TR, 38 B BT A AR SR i — T i
T2 DNA 0™ 2 FsT f AR A XE, (R RE R}
SR SE BRI FHAEAT T i DA A Bl 345 L 0
(e B FEAS , 3X L HEREAS T A S A b rh 3R B
DNA {5 BRI . $248 A0 H o BRI, A SO
PRFETH KA RS2 A DNA $2 B i fedt A 1 T84k,
EARM TR T & A R, (URER T 37 DNA £
B & PR BCHCR YT L, HSEBGREAR S Ry 2 A K
RREA, ENRAIREARE AT, 54k
A DL AR 2 N IR A R B A DNA H2 HUSE D7 THT 4%
geflidl, XTI D BT IR

4 & &

g BT, ASSCWRSR T WA R K 2R SR A K
DNA 2B A, SEEa5 R R . JRAREA )
RAETH LS K22 DNA MR S IE ARG, HORASRAE
HFE KT 5%5 cm?; i DNeasy PowerSoil Pro it
R G AT KA DNA $EHC,  FHAEWIHE G ) L 85 3201 7
Yiiff R, 2AEET ISR ADITE, R R
2, 2 min/Yk, G4 min, %055 T KA
H B I DNA MR B2 B e o ASBIESR ST B A v AT
PR KA REARFLELY DNA B, N KRR REAR TS
P IREE 2 B W R A N RS B ST R AT
P&, MEEMERE R B AR S

B WARSCIMZE R (http://www.pibb.ac.cn, http:/
www.cnki.net ) :

PIBB 20230430 Figure S1.pdf
PIBB_20230430_ Table S1.pdf



2024; 51 (12

B, % WERERERERDNARRA ERLHR

:3317-

(1

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Allwood J S, Fierer N, Dunn R R. The future of environmental
DNA in forensic science. Appl Environ Microbiol, 2020, 86(2):
¢01504-¢01519

Barberan A, Ladau J, Leff J W, er al. Continental-scale
distributions of dust-associated bacteria and fungi. Proc Natl Acad
SciUSA,2015,112(18): 5756-5761

Robinson J M, Pasternak Z, Mason CE, et al. Forensic applications
of microbiomics: areview. Front Microbiol, 2020, 11: 608101
Yooseph S, Andrews-Pfannkoch C, Tenney A, et al. A
metagenomic framework for the study of airborne microbial
communities. PLoS One, 2013, 8(12): e81862

Nazzal Y, Howari F M, Yaslam A, et al. A methodological review of
tools that assess dust microbiomes, metatranscriptomes and the
particulate chemistry of indoor dust. Atmosphere, 2022, 13(8):
1276

Park J H, Lemons A R, Roseman J, ef al. Bacterial community
assemblages in classroom floor dust of 50 public schools in a large
city: characterization using 16S rRNA sequences and associations
with environmental factors. Microbiome, 2021, 9(1): 15

Zendoia 1 I, Barandika J F, Hurtado A, et al. Analysis of
environmental dust in goat and sheep farms to assess Coxiella
burnetii infection in a Q fever endemic area: geographical
distribution, relationship with human cases and genotypes.
Zoonoses Public Health, 2021, 68(6): 666-676

Assen A M, Groves P J, Etherington A, et al. Field application of
qPCR monitoring of infectious laryngotracheitis virus in settled
chicken house dust and its role in control of a major outbreak.
Avian Dis, 2022, 66(3): 1-9

Bindari Y R, Kheravii S K, Morton C L, ef al. Molecular detection
of Eimeria species and Clostridium perfringens in poultry dust and
pooled excreta of commercial broiler chicken flocks differing in
productive performance. Vet Parasitol, 2021,291: 109361

Prasetyo A P, Murray J M, Kurniawan M F A K, et al. Shark-dust:
application of high-throughput DNA sequencing of processing
residues for trade monitoring of threatened sharks and rays.
Conserv Lett,2023,16(5): 12971

Lennartz C, Kurucar J, Coppola S, et al. Geographic source
estimation using airborne plant environmental DNA in dust. Sci
Rep,2021,11(1): 16238

Danko D, Bezdan D, Afshin E E, et al. A global metagenomic map
of urban microbiomes and antimicrobial resistance. Cell, 2021,
184(13):3376-3393.e17

Scheibe A, Steffens C, Seven J, et al. Effects of tree identity
dominate over tree diversity on the soil microbial community
structure. Soil Biol Biochem, 2015, 81:219-227

Habtom H, Pasternak Z, Matan O, et al. Applying microbial
biogeography in soil forensics. Forensic Sci Int Genet, 2019,
38:195-203

Dlugosch L, Poehlein A, Wemheuer B, ez al. Significance of gene

variants for the functional biogeography of the near-surface

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

[33]

Atlantic Ocean microbiome. Nat Commun, 2022, 13(1): 456

Dunn R R, Fierer N, Henley J B, et al. Home life: factors
structuring the bacterial diversity found within and between
homes. PLoS One, 2013, 8(5): 64133

Grantham N S, Reich B J, Pacifici K, et al. Fungi identify the
geographic origin of dust samples. PLoS One, 2015, 10(4):
€0122605

Chase J, Fouquier J, Zare M, et al. Geography and location are the
primary drivers of office microbiome composition. mSystems,
2016, 1(2): €00022-¢00016

Afshinnekoo E, Meydan C, Chowdhury S, et al. Geospatial
resolution of human and bacterial diversity with city-scale
metagenomics. Cell Syst,2015,1(1): 72-87

Sinha R, Abu-Ali G, Vogtmann E, ef al. Assessment of variation in
microbial community amplicon sequencing by the Microbiome
Quality Control (MBQC) project consortium. Nat Biotechnol,
2017,35:1077-1086

LiuM, Xue Y, Yang J. Rare plankton subcommunities are far more
affected by DNA extraction kits than abundant plankton. Front
Microbiol, 2019, 10: 454

Sui HY, Weil A A, Nuwagira E, et al. Impact of DNA extraction
method on variation in human and built environment microbial
community and functional profiles assessed by shotgun
metagenomics sequencing. Front Microbiol, 2020, 11: 953

Amin H, Marshall I P G, Bertelsen R J, et al. Optimization of
bacterial DNA and endotoxin extraction from settled airborne dust.
Sci Total Environ, 2023, 857: 159455

Karaday1 S. Assessment of the link between evidence and crime
scene through soil bacterial and fungal microbiome: a mock case in
forensic study. Forensic SciInt,2021,329: 111060

Edgar R C. UNOISE2: improved error-correction for Illumina
16S and ITS amplicon sequencing. BioRxiv, 2016. https://doi.org/
10.1101/081257

Edgar R C. Search and clustering orders of magnitude faster than
BLAST. Bioinformatics, 2010,26(19): 2460-2461

Lax S, Hampton-Marcell J T, Gibbons S M, et al. Forensic analysis
ofthe microbiome of phones and shoes. Microbiome, 2015, 3:21
Worrich A, Musat N, Harms H. Associational effects in the
microbial neighborhood. ISME J,2019,13(9): 2143-2149

Nagler M, Podmirseg S M, Ascher-Jenull J, et al. Why eDNA
fractions need consideration in biomonitoring. Mol Ecol Resour,
2022,22(7): 2458-2470

Stewart K A. Understanding the effects of biotic and abiotic factors
on sources of aquatic environmental DNA. Biodivers Conserv,
2019,28(5): 983-1001

Haarkotter C, Saiz M, Galvez X, et al. Usefulness of microbiome
for forensic geolocation: areview. Life, 2021, 11(12): 1322

Bruner E A, Okubara P A, Abi-Ghanem R, et al. Use of pressure
cycling technology for cell lysis and recovery of bacterial and
fungal communities from soil. Biotechniques, 2015, 58(4):
171-180

Yu V M. Bead beating offers high-performance homogenization



3318

EMUFESEYIRHR

Prog. Biochem. Biophys.

2024; 51 (12)

[34]

[33]

for molecular biology downstream processing of tough and
difficult samples//Micic M. Sample Preparation Techniques for
Soil, Plant, and Animal Samples. New York: Humana Press, 2016:
85-97

Simon C, Daniel R. Achievements and new knowledge unraveled
by metagenomic approaches. Appl Microbiol Biotechnol, 2009,
85(2):265-276

Foster N R, Taylor D, Hoogewerff J, et al. The secret hidden in

[36]

dust: assessing the potential to use biological and chemical
properties of the airborne fraction of soil for provenance
assignment and forensic casework. Forensic Sci Int Genet, 2023,
67:102931

Hewitt K M, Gerba C P, Maxwell S L, et al. Office space bacterial
abundance and diversity in three metropolitan areas. PLoS One,

2012,7(5): €37849



2024; 51 (12) B, %. PERERKLERENDNARE T ER TR 3319

Optimization of Dust Collection and DNA Extraction Methods on
Object Surfaces’

YANG Qi'"?, PENG Jia-Jin®», WANG Le”, LU Qi”, MEI Hong-Cheng”, GE Wen-Dong®,
ZHANG Tao”, JI An-Quan®, YE Jian®", KANG Ke-Lai®*"

("School of Investigation, People’ s Public Security University of China, Beijing 100038, China;
DKey Laboratory of Forensic Genetics, Institute of Forensic Science, Ministry of Public Security, Beijing 100038, China;
ISchool of Forensic Medicine, Kunming Medical University, Kunming 650500, China;
YForensic Science Division of Fujian Province Public Security Department, Fuzhou 350003, China;

SXPCC Public Security Bureau, Urumgi 830001, China)

Graphical abstract

Sem  10em 20 cm
e S e S

}lOcm

Different
dimension

Swab Sediment

20 cm

Dust collection Combined extraction Sampling area

FU
Cell lysis /\ » Fragment analysis
Method / Method 2 = =
- RFU bp
) Bead Rupt W00y O g i
vone?( ?/u zer:iu Xug :i):;]es 1004 D2S441  D19S433  THOI " CE bASEd DNA typlng

l l + Spin column-based method “ | ; ; 1 ; « 16S Sequencing
« Low DNAyield « High DNA yield - Magnetic bead-based method |

Lysis method DNA yield evaluation from 3 kits Quality control

Abstract Objective Dust has steadily emerged as a frontier research in the field of forensic science because it
is a material evidence with significant features and application potential that carries rich environmental DNA
information. However, as a crucial foundational step in forensic applications, the collection and DNA extraction
research of dust on object surfaces from the perspective of practical applications in forensic science are still in
urgent need of development. Methods Dust was collected from object surfaces using a Copan Liquid Amies

Elution Swab. DNA was extracted separately from the swab head, sediment, and supernatant within the sample
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collection tube to evaluate DNA content, thereby determining which components within the tube should be
processed and lysed. Dust samples were collected according to five different sampling areas (25-400 cm?) and the
DNA concentration was measured to determine the optimal sampling area. The extraction efficiency of three
commercial DNA extraction kits for dust samples was compared. The size of the DNA fragments extracted from
the dust was analyzed, as well as the presence of human DNA. Additionally, 16S rDNA amplicon sequencing was
used to analyze the bacterial information in dust DNA from object surfaces. This process aimed to establish a
quality control method for dust DNA extraction. Regarding the critical step of cell lysis in DNA extraction, the
quantity of DNA extracted was compared and evaluated under different cell lysis methods and varying vortexing
times. This was done to establish an appropriate cell lysis method for dust DNA extraction. Results The
sediment and swab head in the dust sampling tube are the primary sources of DNA, and both should be included
in subsequent extraction processes. The sampling area of dust is positively correlated with dust DNA
concentration, and it is recommended that the sampling area be larger than 5x5 cm? Using the DNeasy PowerSoil
Pro kit can yield a higher amount of DNA. Additionally, there were no significant differences in the sizes of DNA
fragments extracted by the three different DNA extraction kits. No human DNA was detected in the DNA
extracted from the dust samples, while bacterial DNA was present in the dust from object surfaces. Furthermore,
there were differences in microbial species composition between different sampling points. Additionally, using a
biological sample homogenizer to grind and lyse for 4 min (2 minx 2 times) resulted in the highest concentration
of dust DNA. Conclusion The extraction of dust DNA is influenced by the sampling area, extraction kits, and
lysis methods. It is crucial to establish a comprehensive and suitable dust DNA extraction scheme. This not only
lays the foundation for researching and extracting environmental DNA data from dust, but also provides a

methodological reference for forensic case work involving environmental samples.

Key words dust DNA, dust collection, DNA extraction, microbiome
DOI: 10.16476/j.pibb.2023.0430



