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FEEE: RS IR T B e DR AR A T R B B0 T BRI AR WD AH Y B 2RI 31 2
REZWNEM . HATE 2 R 1 BE B T S AR AT g 1 A 2 IR A ok &, 40
e A A T IOIEE M B RGR B R 145 R A, TS EO B 2RI EAT F
AR . R DL B, FRAIERE T Dynamic Meta-Storms (LA R fEiifk DMS) %
%, WETAEVSEMRGRKEER, EVFKE EX R R R A AT 4 1h b H L
FETHEPIAN A A BRIy, X T H A e RS i RE 2Rl (species) KPS,
DMS SLyFuix sy el 3 R 40K B M HOH 745 | BT EEEG T T R g R 2 s
B SR KRG BB, DMS Sl Hahas . &3 HBUE B R 400K 6 W Rz Ul
)4 b, AT i KRR 2 R P 25 B R AL A5 BRI SRR AR Z TR BE . [RJI, 158 T
HATHHESCR P, DMS il K HIEFETTIRD, RN THEA R ETHE 10 A 24
PRIZHFEAC PR SRR, (U 6.4 DN/ EIRT5E R SofThicA ) DMS B {4 AT 7E https://qit
hub.com/gibebt-bioinfo/dynamic-meta-storms T~ #. i\ %473 R A FEA ¥ Fh 4
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JiJ5, DMS {F ] i+ HFEA 2 A BEES4ERE (distance matrix) , AT a8 B Z R
Hr. HEl DMS B C4 N E 75 MetaPhlAn2 A IAEY HRERM ARG R ERN, H
I B SR P 8 A 3 A8 BRI R G B

K8ER: P T E, Dynamic Meta-Storms (DMS), W5 B, Szt
RIZH, PEESHERE, B ZHEIE

AR F

1. DMS {{FHEAHZ 2 GB RAM (N1F) HIFR#ETHEHLRIF KR 1. N T
RIS HAEYERE, FRATEBUEE A LN JUAS R vH 5L
WNfF: 4 GB +
CPU: 4 %+

LSS

1. DMS %M (Jing et al., 2020) 71217+ Linux. Mac OS. Windows 10 4 & Linux
T RSG5 Unix #:1F 241 . Dynamic Meta-Storms i T OpenMP &3k 523 JF:
TS WM Linux 2G04 %% |7 OpenMP, LR #SMCE. £ Mac OS
W, B FE OpenMP 14w 5%, @ 1U# ] homebrew #4F 5 FEAS, @i
PLR 4 kL & OpenMP J#

brew install gcc
DMS B4 N E T 5 MetaPhlAn2 (Segata et al., 2012; Truong et al., 2015)

HAEKED T REEMRGRKER, L& T MetaPhlAn2 FIBREEE PE b Ay
LB IR . FATE W MetaPhlAn2 i 72 36 K241 7 51U EAT TAC B, 443 2
ZRRMFEEG RN DMS AR SR B (VF Wk PR 2.1) . DMS
B R EEMARGKEWFFEARIEH T B mOTUs. Kraken 25 H A (4443 Hi R 1)
FRERADIMEE . RN, DMS W3 HE A7 K15 B R G K & W
(FEMLSEE PR 3.2) .

KPR
1. %% DMS
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FATEVGEFELIR 1.1 T EB) 2R 7 AR E DMS Bt (B 03 28
KW, AT LMD R 1.2 th )P BR T8 %2 % DMS A,
1.1 H3h=de (HiET%R)

1) MEZHG

git clone https:/github.com/qibebt-bioinfo/dynamic-meta-storms.qit

2) ‘wik
BATLA N 2354

cd dynamic-meta-storms

source install.sh
MR BRI IR, XA AT AFE 1 708 A 22 SR L.
N s A 2 BB N “example” XA TR, ] DL E “example/Read
me” i N A RSRBUE R BT R4 ME B, BEIRIEAT:
sh Readme
SRAE 7 73~ 9] BB 4 A R I RE R R T AL
1.2 Fhed (M%)
1) PEEEY
git clone https:/qithub.com/qibebt-bioinfo/dynamic-meta-storms.qit
2) BCENEAE
RN A B AR E AT (— BRI S 2~/ bashre”)
export DynamicMetaStorms="“Specify the full path to DMS package here”
export PATH=$PATH:$DynamicMetaStorms/bin/

3 IR S B

source ~/.bashrc
3)  GwiFEIEAHY
cd dynamic-meta-storms

make
2. WEERMAFIREGIMEEGEE
2.1 H MetaPhIAn2 3R15 73 K H 1 P Fh 20 B S A X £ S 2. (profiling)
PLERAN 2 B R 40 7 41 SCA-“sample_1.fasta” il :

metaphlan2.py sample_1.fasta --input_type fasta --tax_lev s --ignore_viruses
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--ignore_eukaryotes --ignore_archaea > profiled_sample _1.sp.txt
153 ()% 1L S “profiled_sample_1.sp.txt’#& X~ (1)

1. BARIEREEA F P R AR X B AR B

#Species Abundance
S__Rothia_aeria 22.78
s__Actinomyces_naeslundii 13.9
s__Lautropia_mirabilis 12.49
s__Corynebacterium_matruchotii 11.27

S __Corynebacterium_durum 10.36
s__Streptococcus_sanguinis 8.13
s__Actinomyces_oris 6.24
Ss__Actinomyces_massiliensis 5.67
S__Cardiobacterium_hominis 4.83

S__Porphyromonas_sp_oral_taxon_279 4.33

Hrr, SE—F AP AFR, 5 FNAN FREHEE . R O 2 A 3R
13 7 iz A E B B IR 2.2 PIAR R (WA B R EE
££“example/dataset1.sp.abd”) #H-4 7] LLABEIX AN D IR AHFA T3 Z 2 WA 1)
P AR FHAH [ PR R A 0 2 Bk A 3 7 B TR 4 7 31
2.2 B ZAFERIPAGE B SCH-E T A A MR 32 R
W2 AR 2.1 A BRI FME B SR AR, DB — BRI (s
amples.list.txt) , #&XWF (R 2)
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£ 2. HARYIRME BB TR

Sample 1 profiled _sample 1.sp.txt
Sample_2 profiled_sample _2.sp.txt
Sample 3 profiled _sample 3.sp.txt
Sample_4 profiled_sample_4.sp.txt
Sample 5 profiled _sample 5.sp.txt

HAE—FEMEA ID, 55 2 YAE Bt . J8)R181T DMS 1)
PATN fir 2
MS-single-to-table -1 samples.list.txt -0 samples.sp.abd
53 i % S “samples.sp.abd’#& RN T (& 3)

R 3. VP EER

SamplelD Sample 1  Sample_ 2 Sample_ 3
S__Rothia_aeria 22.78 16.32 7.65
S__Actinomyces_naeslundii 13.9 1.74 9.32
s__Lautropia_mirabilis 12.49 21.18 5.83
Ss__Corynebacterium_matruchotii 11.27 1.22 0
s__Corynebacterium_durum 10.36 7.41 11.38
s__Streptococcus_sanguinis 8.13 14.25 5.8
s__Actinomyces_oris 6.24 17.15 18.46
S __Actinomyces_massiliensis 5.67 18.32 17.07
s __Cardiobacterium_hominis 4.83 2.41 10.95
S___Porphyromonas_sp_oral _taxon_279 4.33 0 13.54

HHE—ATRFEAR ID, F—F2WMarR, R rEUE 2P A
IR R . WER &R T DL A A E R (R B A s
1535 = “example/dataset1.sp.abd”) , WA LLZBEIXAS L IR,

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 5



w
blo—1 01 www.bio-protocol.org/e2003540 DOI:10.21769/BioProtoc. 2003540

3. f#H DMS 5 B [
3.1 £ DMS W& Rk &MY 7> 2815 Bt B B
MS-comp-taxa-dynamic -T samples.sp.abd -0 samples.sp.dist
o TS B R (5 samples.sp.abd” 3 3 4% 2R R X 5
. H“-0"Z 48 ¢ i S “samples.sp.dist” Bl AN I ATE FEAS 2 18]/ D
MS BEEFERE, T (R 4)

£ 4. FEAZ A DMS B B4ERE

Sample 1 Sample 2 Sample 3
Sample_1 0 0.071088 0.070619
Sample_2 0.071088 0 0.088648
Sample_3 0.070619 0.088648 0

HAE—AT BSR4 ID, R BIE AN DMS R, fE
0-1 . HUEHK, FoseEEBkiz.
3.2 ETHHE X RGKE W AYFh 7> 2815 Bt SR e
1) BEXRGKERAYIF KA I AR DMS J#
H € X DMS JEFE newick iR X RG KB W (In“tree.newick”) , Hf
W45 RONPIR 2 0%, IR 45 Y% A Kingdom £ Species
KRB A 2E R (tree.taxonomy”) , #AUWF (8 5).

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 6
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bio-101

R 5. SERHIEM I RLE B XA

Kingdom Phylum Class Order Family Genus Species
k _Archaea p__Euryar c__Methan o__Methano f__Methanop g __Methanop s__Methanopyr
chaeota opyri pyrales yraceae yrus us_kandleri
k_Archaea p__Euryar c__Methan o__Methano f__Methanoth g Methanoth s__Methanothe
chaeota obacteria bacteriales ermaceae ermus rmus_fervidus
k__Archaea p__Euryar c__Methan o__Methano f__Methanob g Methanoth s__Methanothe
chaeota obacteria bacteriales acteriaceae ermobacter rmobacter_ther
mautotrophicus
k__Archaea p__Euryar c¢__Methan o__Methano f__Methanob g Methanoth s __Methanothe
chaeota obacteria bacteriales acteriaceae ermobacter rmobacter_mar
burgensis
k__Archaea p__Euryar c¢__Methan o__Methano f__Methanob g Methanob s __Methanobac
chaeota obacteria bacteriales acteriaceae acterium terium_formicic

um

2)

MM LSO, A E 5 L) DMS FE:
MS-make-ref -i tree.newick -r tree.taxonomy -o tree.dms
it ) “tree.dms”BI Y H P H 5E X ) DMS .

MR E € SR ARG BRI R 73 2805 B HAEA 2 18] (1) DMS g R
2

MS-comp-taxa-dynamic -D tree.dms -T samples.sp.abd -0

samples.sp.dist

4. DMS ¥t T AR 4
41 BEARTH
1) MS-comp-taxa-dynamic:

W 3.1, ALLEAT

THE BRI 2H 6] 1Y) DMS BRESHERE, 7fil FZ:

MS-comp-taxa-dynamic -h

TEIIZHE B

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 7
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2) MS-comp-taxa: 115 %3 K 4H 5] 38 1) meta-storms FEESHFE (Su et a
I, 2012; Su et al., 2014), %7528 T 77 3 PR 2H A AR 8 B W Fh /K~ 1
sr. Fi%Y 3.1 Fi MS-comp-taxa-dynamic 2840L, A LLiEAT
MS-comp-taxa —h
TR ZHUE R .
42 SR LA
1) MS-single-to-table: ¥ th 2 M HFEA AT (R 1) & IF2[F—5KAHXT
FEET FR3) , mEIHENDE 2.2, AJLUE1T
MS-single-to-table —h
TR ZHUE B .
2) MS-table-to-single: HfAHXSF BRI N A BREAK L A, /& MS-
single-to-table A & 1A . nI LLIg 1T
MS-table-to-single —h
TR ZHUE B .
3) MS-make-ref: ##EH & L HRGKE WY IAE LA A E X DMS
P, RIS 3.2, AT LLEAT
MS-make-ref -h
TR ZHUE B .
5. THEIIE
5.1 KH Meta-Storms BT H 0T LLR 71 B4 TA] 1 BE =
FE LG L VAR AT, 0h T AT LE SR AP0 FH, DMS fi | Meta-Storms 5.
7 (Su et al., 2012; Su et al., 2014) FETWFK T KRG KB W ITHHEE
ZIAIMIFE RS . BRI, Meta-Storms BiETHE B MEARTEMT45mi (WF)
EHEREE (ARK1) , HRIE RS E R T4 5 BRI R IS 1
RNEAILREE SFRE (AR 2) o e, @k P R 45 R A5 2R A (7] 5
AHUE (B 1) .

sim(x) = min(abd(x, m1),abd(x, m2)) (1)

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 8
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( abd(x,m),if x is a tip node

or

abd(x,m) =< (2)
(1 —len(x,x.left) = (abd(x. left,m) — sim(x. left)) +

(1 — len(x,x.right) * (abd(x.right, m) — sim(x.right)),
\ if x is an internal node

WE 1 s, AR EERAREAR ST/ S2, BN ARG K E Wi
XA, HARE =AM X, Y, Z REANR G, S DRARYE S1 /1 S
2 7E X AY EIC R ERAMNE. R)E, B XY (R 43 Ll 1-Dist
TENENTRSL R EE (B 1. B) , FE4REE X MY Bt e s i 5145
MZ EBATHA (B 1. C) o )E, WS S, AR
SRFALE N 92.8% (1. D) .

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 9
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(A) s1 |s2
0.2 :
0p (2= X30%:40% [ (300 | 20%
LO3 __va40%:20% (v |40% | 20%
ule Z230% :40 % z | 30% | a0%
Reduce:
(B) 20% * (1-0.3) = 14%
o 10%*(1-0.2)=8%
S 02 youi10% T . !
0.b ——14%:8% ;
23y 20%:0 %" — 1l s
= Z230% 740 % SANERADE

Similarity Score = MIN(30%, 40%) + MIN(40%, 20%)
=30% + 20% = 50%

(©) Reduce
oo S%*(1-02)=45%
10% * (1 = 04) =6%

82 . 532 -.
i —<£4.8%:6%
~ | 04
Z0% :10 %-

Similarity Score = 50% + MIN(14%, 8%) + MIN(30%, 40%)
=50% + 8% + 30% = 88%

(D)

0%:1.2 %

Similarity Score = 88% + MIN(4.8%, 6%)
=88% +4.8%=92.8%

& 1. Meta-Storms 2T R4 &k B W RTHE A A 2 B AR A EE B

5.2 K FHRELGE SR H SR R (B I oy
ST ASBE L 2 KT (species level) (B EZE% (tbin)g. FH. HE)
Gy S BBV S EATTAS BE BRI S B A TR 5 IR 145 R A AL 4 A
fltn, 7R 2 HME5KER (taxonomy) 1, J& A IR (9 A, EI¥IFRK
P11 s__A_unclassified) & PN IFER 2 EM RS K EM (phylogeny)
VORI S2 E (s A sp1, s__A sp2, s_ A sp3 fl's__ A _spd) , Hi%

ARG AWM IFBAT IR PR 4E mORRE A (9__A) o Blin L EPY4 7k
FERGUR BRI F Q4SS FONE S b, (HiZ45 s b FTHEINAE T8 B Y

s B sp5flls__ B sp6.

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 10
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R, DMS KoK REAR M B A ACE & Bor, iR 5 2 4y
FKER, NEHITHANBRGRE W HIE S0 B 1RGSR . 2R LS
AL R — 7 KT NI A F 503 B, £E 2 T, KJE A B 2IE S
s_A spl, s A sp2, s A sp3flls A sp4 HIEIMSLH b (RNMoFEHALS
FrPrF) o ZETHE LB YA 45 5B AR ALLRE I AN LA i RS AR RE o, i
A M TE R REAUAS SN, K P I A R A0 A5 R AR RS B e 5 SR

S Epe O g _C—f C
s_C_sp8 O - _
s B sp7 I:I —

s_ B_sp6 A X —-g__B

aw A0 g [
s_ B sp5 [] i=: _
s A sp3 A O

palissejoun s

_g_A
s__A sp2

D .
s__ A spi A |:|

Phylogeny %, U0 My Ny Taxonomy

B 2. 3t FaRDUFIKTF2RE B RFERST, DMS RIERERERDRE
B, BIBHMBARRGER TN T ESAE R RIS RORTHE N B K TR
i 3

ERESH
N T Bk DMS S HERTE . TS S TR RS, A TAERA A RN A B E (R
6) X} DMS HiE#H TR, 5 Weighted UniFrac fl Bray-Curtis B 347 EL 52

R 6. MAHFESR

HEE AR RE

Synthetic Dataset 1 40 FTF 48 NP AP LA BOFE AR
Real Dataset 1 2,355 Human Microbiome Project Phase 1

(Peterson et al., 2009)
Synthetic Dataset 2 100,000  %:T 3,688 N4 i ¥ Ff I BLALL & HOFE A

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 11
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DAL BT B s SR S T AE DMS B0 3 0TI ) “Supplementary™ ¥ 73 H F
o
1. ETEHUEHE ) EERIE
RAE I 3. A BIREA A RSN & BRI RE A AL RS K, 14Ul 4 AR LRI RE A (B
24 10 4, 3£ 40 4; Synthetic Dataset 1) . FIHIFREAFE B /& 3. B fizn, Bl m1
5 m2 Z2HMEE KT m1 5m3 2iEE (Casel) Hm15 m2 ZHEEE K
T m15m4 ZAEE (Case Il) . 7 5%IHFH DMS, Weighted UniFrac £l Bray-
Curtis FETHFEIHERBAERE, JEEAT F 480504 (PCoA) RIKAGH B Z eI/ i

s_ C_sp9 —
— =P O Lo C=—1C
s_ C_sp8 (@) —
s_ B_sp7 D ——
s B_spb A X e B
e A spd
A O i f_AB
s_ B spb D H:
i
s A A O 5 —1, A
- e
s__ A_sp2 D P8 ]
b =11
s_Aspl A 0Oig: —
Phylogen b
ylogeny %, @e %% % Taxonomy
B Casel Casell
m1 m3 m2 m1 mé m2
Expected pattern Expected pattern
dist(m1, m2) > dist(m1, m3) dist(m1, m2) > dist(m1, m4)

A 3. MOFXRAREH (A) SHHREAER (B)

K4 s R E R, R DMS BB 45 5 5 WAHST, Bray-Curtis FE 2l 1%
2 ey M) 3L EE RS, 7E Case | #1111 B4 Weighted UniFrac fE 5
T2 T RERE R K BWHT45 5 (B species /K°F) K%y, 7F Case Il ¥

H Y
HTRo

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 12
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Dynamic Meta-Storms Weighted UniFrac Bray-Curtis
o A 0O X O A O X o O X
m2 m1 m3 m4 m3 mi1 m2 m4 ml m2 m3 m4
% ®
f\ P EE
5 © Z z 3
a o O 2 o Q
8| @c° 2 8 N S
a & E o a
-3 W
PC1 (36.1%) PC1 (36.7%) PC1 (29.2%)

& 4. T DMS, Weighted UniFrac Al Bray-Curtis FEE ] PCoA 45 32

2. HT HESEWE R EIE A
WNRBAEMATR] (HMP) 55 1 BBt (Peterson et al.,, 2009) # ) 2,355 M H
KN Z TR AR IR SRS CRAME. D R RN A FEE DY A B 44
#B847; Real Dataset 1) 4 7%IF]F DMS, Weighted UniFrac #1 Bray-Curtis 5%t
PR SR, Anosim £33 (1,000 (XEE) 45 R Eox DMS #HE Aefg 5 A 3 X

IIREASKIR I SRS (R = 0.965, P = 0.01; A 5) .

Dynamic Meta-Storms WEIQhIEd UniFrac Bray-Curtis
© e © <
~ g o ~ N
13} ° ° &) 3]
o é o [a
o
000
o
PC1 (12.1%) PC1 (12.1%) PC1 (7.3%)
R=0.965, p=0.001 R=0.882, p=0.001 R=0.952, p=0.001
O Gut O Oral O Skin OVaginal

& 5. #33E DMS, Weighted UniFrac #1 Bray-Curtis I 5 i#4T PCoA 447 #l
Anosim %6

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 13
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3. BEIRIEAT RN

BEHLEECAFIZCH (A 10,000 ] 100,000) (3 F A BFE A (Synthetic Data
set 2) , FIf DMS &kt B HEE R, FFH Striped UniFrac £ (McDonald
et al., 2018) E NS, LWEINE ) KRIZATIS AIAT RAM (WAF) 1SR Al AR
BT A MASITE Rl — A~ B 80 ANMERFR M AR 547 2 B se k. Bl 6 hifgs R R,
DMS 5 10 iR AREA PR RS A RS, U 6.4 N/NRTRIRT5ERE, HhS Ty
M 20%, HAT 40% LA BN AEIEAE. B 2R AR AR I B R K
BETRER R A B R ITE .

¢-Dynamic Meta-Storms

2Ried Striped UniFrac
[ ]
EIZO,UOO
v @
E
F 10,000
@
0 : v T T T "
0 20,000 40,000 60,000 80,000 100,000
120
o 90
e
2 60 o
o
g o
= 30
@
0 [ v ot
0 20,000 40,000 60,000 80,000 100,000

Number of samples

&l 6. DMS 5 Striped UniFrac 7+&AN R £ A< 1 BE 25 78 K Bir{H #E 101247 i TR A0
A P BRI B

L
7] 5 1
ZRHPIR: “make; g++: command not found”
IR R s Y % %E DMS JIT s B g++4 1R 45
T IR FERERIE RS, FIRAMRI 6223 g+, W WIERIE RS

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 14
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Ubuntu £%t: sudo apt-get install g++
CentOS £%i: sudo yum install g++
MacOS #%4;: brew install gcc

] 7 2
BT IR “MS-comp-taxa-dynamic: command not found”
) R R R PR AR R R R U
R ITiE: WS HE SRR 1.2.2 h T EAEARE R DMS i 2 13
155 A% BN N 20 B SR

] & 3
Z1T#E78: “Error: Please set the environment variable "DynamicMetaStorms"
to the directory”
5] S A . DMS SO A e B B A B AR B
fRITik: EZHELRPR 1.2.2 h T EAE AR RN DMS ST
BRI ARE .

i) 71 4
B47H7~: “Error: Cannot open file: XXX,
) R AT AN T AR NS S SRR A
fRRTT 5 BRI A IEM A SRR (WTEERA F Tab A M), JFRR
et B AR N A R I SRR .

] & 5
BT “Argument #X Error : Arguments must start with -
[ S A IE8AT o T SRR A R AT, “-7 Ik
FRTTIE: TER A X NMSHFHHFHIE.

7] 7 6

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 15
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1B1THE78: “Error: Features: s_ XXXX does not have XX Samples”

Al R SN AR R, Mdl “s_ XXXX” FREAT I =F (5 B A EU S FE A
AL —,

R TEHEIEER 3 RS, REREARE (B—1T) 5 “s_ XXXX” FiETHI
FEEEMRT 8 WREREAP A S ZIM, WA 0. Wi A/
A BRI (AR —ATRR — MR, B SRR — A |, B7EIEAT M
S-comp-taxa fll MS-comp-taxa-dynamic B/ #4140 “-R F”,

Brig
AR TAEER T HF | RBIE 4T 2 31771463 1 32070086, 1 [EHF2F% KFZD
-SW-219-5, 11754 ARRI ¥4 4 ZR2017ZB0421 11 ZR201807060158 [ Bl »

S0
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