GO/ Bz $ARRERAREEE FHBEMENENTYL
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Dec. 25, 2020, 36(12): 2525-2540

DOI: 10.13345/j.cjb.200475 ©2020 Chin J Biotech, All rights reserved

- AR S AL -

KREM FTEHFRBAEADFTFZHARLT, FTEHAFRRXFEF R,
A S, BRITIRABGHFHAFR, REAMKAYFH B LB ERMAFLT T EER
FE I, (AMIRZR) HhE, E2NEFRABREDARAT . AMHERK
AWM F R R ARAEHR ., FRRROIEHADE G 2hE S5 RARATEA
A8 X A MCR-17% 25 28 B 2 A 2L B M b9 5 A Fe A 35 R S5

Bz, Y, RiED, REA

1 EREBEHAE I T E R R R AE Y S gt S SEEe s, Jba 100101
2 HEFPIERE RS, Jbat 100049

Bz, FRIE, #R0%, . R [ERAFBRFNORAE I BR T I 18 AR M2 1 284k, AR AR 224k, 2020, 36(12): 2525-2540.
Duan YF, LU N, Cai F, et al. Variations of gut microbiome composition under different preservation solutions and periods. Chin J
Biotech, 2020, 36(12): 2525-2540.

W E MERARESARERGXZE D, BN E AR TGRSR XERGEE, EEETHRMA, &
MEMCE) B IR AR, ERATAR AR K AR R AR, T A T % B4 T REFRAH ARG RARTARAR
REMABET S B AH T AGRBLEH L. THhEZX. EREFLFFHTL, KRB ET 5 LK
ERE, REMNGWERAELRS, BN AR TEMAEMERRET BRARSHEEBERGm, 44T
BERLEROBRAXR. ETRTREM@KETFSHEAR, £5 0. 1. 3. 7. 15, 30 RRRTAFE A DNA,
#47 16S IRNAV3-V4 R ZiB 05, Ko RRRAR, ERR AR MEBHARNY . 4RX2F, &
Rl AR B AR R A 257, St RAML, RERARHRY 8 OUT KEH AR K, RAERA. B
Fo C EH AR L BT, RER D AP I KT MEH AR, 12K E 1T (Actinobacteria) #2/2 A # 11
(Firmicutes) 3¢ 4n; AR RIEK, SRRFRAAGKABRSHBMLY, REREGMKABRSHABREINDE; F
30 KA, SARARAMAK L BB R, MEABARAEMNMREST, R ASHRA MY EZEZ2RE, &
AR EREGEEAER, LR RFIRAN A, KR E0., RRRARSE LK FARATH., £ 2
KFEMREAFE L KARGOEEHAETR YA, REGERC. ERXKILMILAFHE (Bifidobacterium) F &, mik#A
& D M ABXT T & BRARA R E AR ILEAATH (Lactobacillus) ¥ E 24, R4 A. B. C. D 5 BAm L,
SRR Gt 4R E  (Streptococcus) 49 %vh, MRMRAR D 2R KX, RAERC H3TBaFiEgR; KARD

Received: July 31, 2020; Accepted: November 4, 2020

Supported by: National Key Research and Development Program of China (No. 2018YFC2000500).
Corresponding author: Baoli Zhu. Tel: +86-10-64807433; E-mail: baolizhu@im.ac.cn

[ RS4RI (No. 2018YFC200500) ¥EBjj .



2526 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

vt B 2R 1% 98 B 3R #F UCG 003 (Ruminococcaceae UCG 003), H A& ER AR EGATBE£LF AR, REEKA
ARG T PR 2R3 hn K - & KATH  (Escherichia-Shigella) /&, 1R 4% A. B &3¢ 4,1 K E (Klebsiella) +
B, mikAR C. DAE Satilitad. #IKRE, RAERCARTHERAGER ERAEL, LFdidstik
E A E ARG R AR B8 St i B AR, AR RIABEREMEARE. RERET 5, LAhFE
g kA 4L TR B SRR T T A 69408, B 4L 69 AR T AR s AR mh bR AR AT AT M 69 R AR IR A AR A BT 18]

D R, MEERE, mAEME, RER HARE

Variations of gut microbiome composition under different
preservation solutions and periods
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Abstract: Gut microbiota is closely related to human health, and its composition can give us health information. The
large-scale population sampling is required on gut microbiome research; however, fresh feces samples are not easy to obtain,
and rapid low-temperature freezing is difficult to achieve. With the development of technology, preservation solutions are
widely used for sample collection, storage, and transport under normal temperature conditions. Preservation solutions can be
used in large scale sample collection, wide geographical distribution, diverse on-site sampling conditions, heavy workload,
and poor transportation conditions. In this study, five healthy volunteers were recruited. After collecting their fresh stool
samples, effect of 5 different commercial preservation solutions was evaluated at room temperature. Samples in different
preservation solutions after placing fresh stool samples at the 0, 1, 3, 7, 15, and 30 days were collected. All samples were
tested by 16S rRNA V3-V4 high-throughput sequencing to analyze the influence of microbiome composition in different
preservation solutions. The results show that different preservation solutions had distinct effects on the gut microbiome
composition. Compared with the control, different preservation solutions had little effect on the amount of OUTSs; preservation
solutions A, B and C were closer to the control in the composition of the gut microbiota, but preservation solution D
significantly changed the composition by increasing Actinobacteria and Firmicutes abundance. With the time, all solutions
tended to reduce the diversity of the microbiota. Preservation solution E significantly reduced the diversity of the flora; on the
30th day, all five solutions changed the composition; the individual differences in the composition of the gut microbiome were
the main factors affecting the similarity of each sample, and were derived from different stools donors. The same samples, no
matter which storage solution and storage time, were directly closer to each other. Different storage solutions had different
effects on the content of Gram-positive bacilli, Gram-positive cocci and Gram-negative bacteria. Storage solutions C and E
reduced the abundance of Bifidobacterium, whereas storage solution D increased; except that preservation solution E relatively
reduced the abundance of Lactobacillus, but the preservation solution A, B, C, and D were all closer to the control. Except for
the greater difference in preservation solution D, preservation solution C was the closest to the control group on Streptococcus;
preservation solution D reduced Ruminococcaceae UCG 003 than the control group. However, other preservation solutions
were not much different from the control group; different preservation solutions increased the abundance of
Escherichia-Shigella than the control group, and preservation solutions A and B increased the abundance of Klebsiella, but
preservation solution C, D, and E were closer to the control group. Overall, preservation solution C performed better in
stabilizing the composition of the gut microbiota. This study provides reference for standardized microbiome projects.
Subsequent research can choose a targeted preservation solution and preservation time based on this study.

Keywords: stool, gut microbiota, microbiome, preservation solution, sample storage
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Fig. 8 Heat map of gut microbiome composition of different samples at the genus level.
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Fig. 9 Changes in the abundance of different bacteria at different phylum levels in different preservation solutions.
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Fig. 10 Changes in the abundance of bacteria at different genus levels in different preservation solutions.
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Fig. 11 The gut microbiome correlation under different storage conditions in different storage solutions.
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Fig. 12 The correlation network diagram of the gut
microbiome of sample 1 in different storage solutions
under different storage conditions.

R TS T R R SRR AR T, DA R
Jon i S W AL 9 VR P, T LS R R AT
T AEAS [R) B[] s AR A TR DRSS A A 2 b . AR S
K 16S rRNA 4% 7 iy i 2 0 5 AR X 5 1
5 FPLRAF IR AEATXT EE , P I S A VR A e 1 30 d
(4B (] B X SRR A T A A, TR 2 A
P DL R HA AR S 0 4 T 3 R R
SR BN, ANFEGRAFRAE 30 d PN B S 20 T
RELEL R HE R, AT S OR A 5 | A O 25 R
— I 9T R G HIPEAG T 6 FhISMERE S B A7 51,
& 3FPHERLEEE % : 80 C. —80 CH
70%Z . 4 C T0%ZL B 3 FPE AR
SR LI, AR CRAE BT REAS 7= A () AR A A AE
S RLL, AEE A 0 TS AN [ R A T AR
FERR
AR K R EC DNA, B 40 B 2 R A2 0
X A g e R ARG AL B s e AR DN A A S (A
A AERE AT LATE 52 h 22 b 3R 7R TR g B i R H

http://journals.im.ac.cn/cjbcn

DNA &4 T, BAEARRIRTE-80 CHMAT, W
PAZE A 6 /4N A Ask 1A] Lt 288 (o AR A M e 8k
A W EAP, PSSR S E-80 C T
CE 2 4, MAYREE L ILT R BEAR L, B
T OTU it A frai b, FELeRiE OTU =
Ji R T AR

X REAS R A ) 2 R B A BT R, B [
R, B RLAFIAATE o ZREEFR BT R
P X — 580 CAMF T IRAF—3, 7T RERRT
Al 4E K A0 DNA R, 2k AL R
BIrp ] U H, S REHRAERIRAR, BAE
55 30 RIFAEAS Z [ 7E RIS L AFAERE X, 1A 30 d
C 45| i 18 v AL B ek A . DR AT
REZUET, EER MR 2 JJG, Fealhig
BT SR YRS I B AR AR gl R
AP SEC 2 30 d J& , Wl ge s TR 4, ik,
P JE D 1 A 0 X i T R ) 2L B85 T 2 T LA
ez,

FERFF YR ZREME I TH, BRAFI D 7EAFIRE
A, EXEHEOA R T 2R X
A RE A2 TR D B LA A RE DB R FE L R i
WEEY), REGE /A MAY RIT 5, KFE R
A BE TN T B T BT R AR R 2 R e B 3
e FELREFPI R B T, PRAFIR D £l i
UIVRIERER 138, JF HAER K, ERHS
Xof REZH TR REA B2 AR . X e 22 R A R AR
P 2B R B —3 . AR RN
InER3FSL, E R AT EERL, R AT R E
OTU AT 3 B 23 Bl A B 1] 4B K i 38 o, 2R B
AN HBAT ST, MRk s % .

S5 D AR, AR AL B, C HITHFE
) 5 % B2 A T T RN K BB 20T . IHAh,
EARFREA S, SE TR, IRAF C S5 E
IcHEI . TEREAR 3 v, SRR R AR E AR
A Co MR D ZEA AR B 2 R A
—ig, SXFREFEA S BEBSRGE . XU B IR



BRI SIFRRERNREHRTHENENANTL 2539

D ELRFF A AL R E T R IAE

FLAARB B A Yy, Xk 2% I BH AT B L
FF A FLER AT B R, A ELXT REAE, PRAFTR AL B
C SXf LA FREAR Y, TIIRAF E SSHRIXTREAR,
TRAFIE D WIAEXT TS o A PF s dogR ) T2
%, AR EFMSSHA R EEER . XF
W2 R PR BR T B M BN, PRI D S FRGX
KW FE, AR C 5X AR, XF 5
2 RBAPER , AR R AR IRCER 23 T o i S 1R 1 L
X T A R AR R AL B S 3E0XH
BN, RAEW C. DA E SR IEZAARY .

MR SRR, 7655 1 KRBT, R C
L5 0T A B R A e, A, FE 4
R ) A5, 55 %o B 4 A DG e i A U IR AP TR C
TE4S 30 KA, U@ IRAFI C RIm ., TEAIR
B E] A5, A OCPERLR Y 2 R A B A E,

TR A, A7 A R C 78 15 d NARE
BT, FTLA RAEA IS ok, 15 d WHEE
— JE I [R] Y et T LS SRR B A, P,
i iz 55 Bf 18] — FBEAE 3 d A2, ARAE IO i B
REMOREERES 4E 4 3 d LU RS F#BE0T UM
o UCERE e IS 2 H R OR Al A IR AT TR
I E Ry par iy A, IR R AR,
AR R AR Sk B =, A B
ARG BT 5t o AR, e PRI R 55 AN FTRE R BRI
L IZ A6 7% BT PR AP VR T R A B DR A WA T
FERRBE, DARAIRAEAS

FEABETE Y, NS I 38 o R 25 4 22 57
B, 16 o F1 B ZFEM D5, #0501 LA H T E
1) 5 NN B A I . . BRI
MATE T X EEF S FREHEH R, FEA
PRB R A 22 524 (AR, il s AR 43 A T LA
B ME R AR R A R PR AE I TRl Y,
FEXS LA o 3 i TR B AR A AR 4L
Ul W R]— A 1 fi 3 R R R A TS RO, E
AN IR E fa BAT — e R M

% : 010-64807509

FEE I RIS AN R RAE O R AS 1 TR R
SR ARfE AN, AR R ZURR B AN ] . 36
(R i E DR A7 2o i 5 200 B 2 g 45 2 AR T i
S o TR A AR R s T I Y AR
A, BB R DL R LR A0 R B A D7 R b 451 1 —
S, X S Y e G B 7 A B AR, T
— SR SRR AT Y TR S B A G A . ORAFE IR AT LA
FEAFRE S TELRAT 30 d J5 55 X6 FERE 5 DR R 225 44 A 1
JEILAAE 90%A o AT UL ZE M FEA LR A7 1 S g
L B RS FE S T REZE A VR

SR FRARAE AT LUK ZE R 5t v 1) i 1 D R
fiARELE 30 d WHIRIRAF, fEEIRFAMT 15 d
PIAT LA RO B I 18 TR R 25 0 e R, 42
DR B AR BB, SRR T LRI 1 TR R R A
M, WARCRAE . BRI AR A, AT LASEER
JEFRRHE . RIGECRAE . 5 Hb ISR 532 i 55 Rk
AT X FEAE R A RRAT

REFERENCES

[1] Graessler J, Qin Y, Zhong H, et al. Metagenomic
sequencing of the human gut microbiome before and
after bariatric surgery in obese patients with type 2
diabetes: correlation with inflammatory and
metabolic parameters. Pharmacogenomics J, 2013,
13(6): 514-522.

[2] Turnbaugh J, Ley RE, Mahowald MA, et al. An
obesity-associated gut microbiome with increased
capacity for energy harvest. Nature, 2006,
444(7122): 1027-1031.

[3] Perry RJ, Peng L, Barry NA, et al. Acetate mediates
a microbiome-brain-p-cell axis to promote metabolic
syndrome. Nature, 2016, 534(7606): 213-217.

[4] Dickson I. Gut microbiota: Diagnosing IBD with the
gut microbiome. Nat Rev Gastroenterol Hepatol,
2017, 14(4): 195.

[5] Nakatsu G, Li XC, Zhou HK, et al. Gut mucosal
microbiome  across  stages of  colorectal
carcinogenesis. Nat Commun, 2015, 6: 8727.

[6] Thorburn AN, McKenzie CI, Shen S, et al. Evidence
that asthma is a developmental origin disease

. cjb@im.ac.cn



2540 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

influenced by maternal diet and bacterial
metabolites. Nat Commun, 2015, 6: 7320.

Kang DW, llhan ZE, Isern NG, et al. Differences in
fecal microbial metabolites and microbiota of
children with autism spectrum disorders. Anaerobe,
2018, 49: 121-131.

Vogt NM, Kerby RL, Dill-Mcfarland KA, et al. Gut
microbiome alterations in Alzheimer’s disease. Sci
Rep, 2017, 7: 13537.

Hill-Burns EM, Debelius JW, Morton JT, et al.
Parkinson’s disease and Parkinson’s disease
medications have distinct signatures of the gut
microbiome. Mov Disord, 2017, 32(5): 739-749.
Chen Z, Li J, Gui SW, et al. Comparative
metaproteomics analysis shows altered
microbiota signatures in patients with major
depressive disorder. Neuroreport, 2018, 29(5):
417-425.

Ma JL, Sheng LL, Hong Y, et al. Variations of gut

fecal

microbiome profile under different storage
conditions and preservation periods: a
multi-dimensional evaluation. Front Microbiol,
2020, 11: 972.

Shaw AG, Sim K, Powell E, et al. Latitude in
sample handling and storage for infant faecal
microbiota studies: the elephant in the room?
Microbiome, 2016, 4: 40.

Voigt AY, Costea PI, Kultima JR, et al. Temporal

and technical variability of human gut metagenomes.

Genome Biol, 2015, 16: 73.

Lauber CL, Zhou N, Gordon JI, et al. Effect of
storage conditions on the assessment of bacterial
community structure in soil and human-associated
samples. FEMS Microbiol Lett, 2010, 307(1):
80-86.

Gorzelak MA, Gill SK, Tasnim N, et al. Methods for
improving human gut microbiome data by reducing
variability through sample processing and storage of

http://journals.im.ac.cn/cjbcn

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

stool. PLoS ONE, 2015, 10(8): e0134802.

Cardona S, Eck A, Cassellas M, et al. Storage
conditions of intestinal microbiota matter in
metagenomic analysis. BMC Microbiol, 2012, 12:
158.

Dominianni C, Wu J, Hayes RB, et al. Comparison
of methods for fecal microbiome biospecimen
collection. BMC Microbiol, 2014, 14: 103.

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

Pruesse E, Quast C, Knittel K, et al. SILVA: a
comprehensive online resource for quality checked
and aligned ribosomal RNA sequence data
compatible with ARB. Nucleic Acids Res, 2007,
35(21): 7188-7196.

Schloss D, Westcott SL, Ryabin T, et al. Introducing
mothur: open-source, platform-independent,
community-supported software for describing and
comparing microbial communities. Appl Environ
Microbiol, 2009, 75(23): 7537-7541.

Liang YL, Dong TY, Chen MJ, et al. Systematic
analysis of impact of sampling regions and storage
methods on fecal gut microbiome and metabolome
profiles. mSphere, 2020, 5(1): e00763-19.

Carroll IM, Ringel-Kulka T, Siddle JP, et al.
Characterization of the fecal microbiota using
high-throughput  sequencing reveals a stable
microbial community during storage. PLoS ONE,
2012, 7(10): e46953.

Bai GY, Gajer P, Nandy M, et al. Comparison of
storage conditions for human vaginal microbiome
studies. PLoS ONE, 2012, 7(5): e36934.

de Paepe K, Kerckhof FM, Verspreet J, et al.
Inter-individual differences determine the outcome
of wheat bran colonization by the human gut

microbiome. Environ Microbiol, 2017, 19(8):
3251-3267.
(KT MRZETe)



