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Abstract: With the development of next-generation sequencing technology, a large number of 16S rRNA gene reads have been collected.
A key and important issue is to develop novel methods for mining the hidden information among those data. Sequence clustering aims to
find the natural groups of large-scale data which can help us to understand the species, functional and structural diversity of microbial
communities. This present work proposes a heuristic clustering method based on Neighbor-seeds, named NbHClust, for 454 sequencing
data. The results show that this method can reduce extent of overestimation of operational taxonomy unit (OTU) and have a good robust
and high clustering accuracy.
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Fig.1 Flowchart for the heuristic clustering method based on neighbor-seeds for 454 sequences
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FEX 1. 16S RNA [ S &5 XFEF I ES CC={4,C,G, T} _EWFH, b S()ERIFH S 14 i NITE,|S]
REFH S K JE.

EX 2. S(ij)2 ST E § ZObTAVE j T EHL R S()=S3+1)=S(i+2)=...=S¢), WF T 175 S3iy)
R KL N i+ 1| R AR, 12 A Si(i ).

EX 3. LHFEH S' HFEH S (W2 S RIEECh 6,9 B2 SO T[] S8 A A g, U FR S = S 1 S5-4B 38741
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(¥) 2-48 30751 S-ABIR T 5. A 512 B . v STE U R 2.
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(1) Mgt Neighbour 5(S),Neighbours(S)«—S;I } [RIZR K JE M, 6 0 5 R SOV 25 Sl 4.

IARHE 454 D0 PP ASCRE 2, 52 br N L1 5 SBT3k 3 5 2

(2)  While i<|S], if 3j(G<|S])i#i /L |Sp(if)| = 1(>0),iE FALE j,SH—SHA].

1138877 S F I i R d N K BE SR A 1 I ) SR AT 7 4

(3) For (j=1,<, i++)
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Bk 2 SLFANEUT A e R AR

LNl X={S],S2,...,SN . BEBEa. BEPITGKPARSE MinClusterSize;

T X R C.

Step 1. WK I TG Seeds={D},1=3,6=2.

Step 2. TELHIAIFI "5 R 45 4 5 (1 B B, W B3k, AL Sim (S Seeds®) = a, WKt STIRZY Seeds” Xif v

HIER S .0, 75 %% Step 3. /1Seeds® T T T 44 Seeds W IRES k 475
oTUS" = OTUS*" +§', 11 OTU*" 55 FE 31| Seeds® %ot 7 [ 98 2 . 7
label(S") = arg,, ,(Seeds"). /18" 55 Seeds® FLATARIR] 155 B0k 5

Step 3. M AR T A4 W FIL (L V)= P41 S 1) 5-28 307 51 Neighbour s(S').
Step 4. THFI T /FHIE S
Seeds<—Seeds+Neighbours(S’),
ClusterNum=ClusterNum+1; //ClusterNum K/~ IS c i H
OTU® ={S'}.
Step 5. HNJTHNES X 27058 5 5 2 % Step 6,75 W), #% Step 2.
Step 6. #R¥5S4L MinClusterSize XF ¥ 4G A 45 AT L9
X TV n, MR |OTU,|<MinClusterSize, W3t T e if A R H LM B IT n(OTU,) )T 51 H7 5
28, RV K SR O 55 FLER 8 T 1) SRS BT 75 L% Step 7.

If Vn,|OTU,|<MinClusterSize H|OTU,| 3R 7 BRI B TG|OTU, | i3, B 3R 28 B 6 K/
For (i=1:|OTU,)|)
label(OTU, ;) = argmin(d(OTU, ;,0TU )
L
subject to:| OTU,, |> MinClusterSize /IOTU,; RKARTISHTC OTU, 1IN i 45741
kK#n
End For
End if

Step 7. firH M ATER KL R.C=C+OTU,,.

V:d(OTU,0TU)=min d(OTU.y),y e OTU,d(X,Y)=1-Sim(X,Y).
1.4 iFMIEHR

S T BRI A ST AT R 40 SR T B SE B 4R Cloned3IP U B4 il 48 Gum V6 #EAT HVEVEAL, KM
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PrFa AR AE L NID A 5 34 S L OF B 2 Vd — 4 40510 F-value I3RS T UERG R 5 A HR JF & T 4
— /N SEI 45 B NID 5 F-value )€ X F:
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Fig.2 Clustering results for the dataset Clone43
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Fig.3 Effect of Parameter MinClusterSize (size of cluster) on clustering results
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K BERISORAE Gum_ V6 HEAT ST I T4 165 rRNA FEFISEFAHT P, i1 T8 2 S W MR 4, DR 4R A4
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BRI 97%IK 3 SR AL L 7 81, 25 5 45 22 S W b (species) i B IR 91 LK/ T 10 AR89 Fl 260 g
SRR T MU ~310k 467 5 IEMESCRSE, )8 1 119 AN BARE B R ,97% 1 SRS X B 119 AN
76,55 Clone43 AHEL,Gum V6 SR 73 45 #y it CLANA 6 T B B 5 Gum V6, SRR M e H X AN NID
HLn P 4 Jios.

25000 - — 0.7
——— CD-HIT  WIEREHKHITHH: 119 |
20000 - e Uclust //11)
—————— DNAC]lust // :
iz | — ¥ — NbHClust B
= 15000 s
> g
& 10000 - 4
© - 0.3 . -4 Uclust
| . —&— CD-HIT
5000 024 .~ ¥ - DNAClust
—¥ —NbHClust
0¥ T ; " 0.1
95 96 97 98 99 95 96 97 98 99
SRR B B 18 AR R B
(a) ANFIZRIEHE T IR 2R A o H (b) ANFZEEBIE T M NID {8

Fig.4 Clustering results for simulated dataset Gum_V6
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Bk L7 A T ~7 500 S8 2K BT, A R ) NID {4 0.60;% T DNAClust 803, 577 4 T ~6 300 /N5 i e, M1
1) NID {H /2 0.58. 45K B 96%HT,4 Fh &3 1¥ NID {55351 24 0.47,0.57,0.54,0.16.

IR B TOH H R E L AE 97% RIS T4 FhELEEAEAE OTU I v il &, {H NbHClust W & BEAR T 1
il TFFR B2 A0 AH 7] 19 58 287K 1 ,NbHC Lust [ 28 28 5 7o 508 8 B/ T30t LR 550922, 3 B AT R BRI T 2R 28 0t
(OTUSs) I Ak v [a] J 67 B 1) NID A R/ T~ HoAts JURP 532,38 W NbHClust B A7 B8 iy (0 SR SRS B 28 2R ME et T H
il JURR L.

H TR U R R 97% IR BIE LR AIE T Fovalue SHRZFEHRICHATAN 0T BT RE—A
FLSR R (W) B TG T REME 4 o 2 MR e, H e LB F-value A5 MR CR B R T R
F-value(F, = max’_ F,,i AYIF i, A B P IuHoh), i 545 Rl 5 Bros. /& NbHClust,CD-HIT,DNAClust
Al Uclust 3X 4 FSL7E A B2 45 Fep 23 94T 71,42,37,34 DB IGH) F-value KT 0.5. 5% /2 ¥, £E NbHClust
f10 &5 S v ZR IS m B B o T M 2 S [ e TR 2R P ST I RIS P 5 58 Bk BE 4 45 1 NbHClust SR8 45 v,
B 11 AESEEN F-value 2 0.9<F.<1,W] 2 & T CD-HIT(3),DNAClust(3)5 Uclust(1). WE 2 50 F 1
F-value &%, NbHClust 50324 B i 1~ Jo At LA 550923, % B NbHClust 55092 547 T & 11 2R 8 RG JE

100 0.5
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801 I CD-HIT 1
[ DNAClust P
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Fig.5 F-value results for the simulated dataset Gum_V6
5 FIIBESE Gum V6 ) F-value 45 %

VRS R R R EVE N — AN E BN AN T I 5 B A ST A Rk AT D BE R B 4R
Gum_V6 FEEHLEEE T 500 4FF5(Gum_V6_R500)7E A 7] 1 BIME (90%) N 282K, HE T 48 k- 45 50 W% 1.

Table 1 Time costs for the compared methods
F 1 FRRHE]EHFE(Gum_V6_R500)

ik THFERT I (s)
NbHClust 2.1
Uclust 0.2
CD-HIT 0.2
DNAClust 0.4

MF 1 HAT L H NbHClust 3% 1 8 B I T ~2. 18, R K F Uclust 2580 ({HIZ /N FARMER) 2 IR R B,
1 Mothur S35 KBRS [1>40s). 55 bx b B 5E )7 0P BE N LAY HI BT 7 (0474 25 11 O(L), S K R 2B %ot
Hoh CHANREPITTON b A S-483)7 5, W A SCH P NbHClust B2 B B 240 OKLC), I R B 2% K 0
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