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Abstract

Pathogenic viruses are a group of microbial contaminants frequently occur in
municipal wastewaters or even in reclaimed waters. Although practice of pollution
control techniques could reduce the concentration of these microbial pollutants, hygiene
and safety problems about discharge or reuse treated wastewater are still being
questioned. Reclaimed water is most commonly used for nonpoTable (not for drinking)
purposes, such as agriculture, landscape, public parks, and golf course irrigation. Given
that bacterial indicators are insufficient to represent actual microbial contamination
conditions, some human enteric viruses (e.g., human adenovirus, HAdV) have been
considered as more suiTable pathogenic indicators. The objectives of this study were to
investigate viral diversity based on metagenomic sequencing and to assess viral
concentration using quantitative real-time PCR assays for a campus wastewater (CWW)
and its MBR-treated reclaimed water (RCW) samples. Results showed that more than
1.87x10°-3.19x10° raw reads were obtained for each sample library which were used
for further contig assembly by using the CLC Genomics Workbench. Majority (96.4%)
of the assembled contigs had a size larger than 300 nt. About 10.76-12.65% of the
assembled contigs were hit with sequences within NCBI GenBank and more than 90%
of hit contigs were identical ‘with some viral genomic sequences for both CWW and
RCW samples. Among the identified viral community, bacterial phages were the most
dominant group (76.51% and 77.60% for CWW and RCW samples, respectively)
including phages of the Myoviridae, Podoviridae, and Siphoviridae families for both
CWW and RCW samples. Besides, 2.44 - 3.23% of revealed viruses were related to
human infections for CWW and RCW samples, accordingly; including Retrovirus,
Norovirus, and Hepatitis C viruses responsible for skin diseases, respiratory diseases,
and gastroenteritis. Additionally, human adenovirus (HAdV), human enterovirus (HEV),
and norovirus group Gii (NoV-Gii) were detected in all CWW and RCW samples by
real-time PCR assays with concentrations ranged from 6.80x10% to 9.75x108 viral
particles/L, from 8.49x10* and 6.51x10° viral particles/L, and from 1.84x10* and

1.37x107 viral particles/L, respectively; while norovirus group Gi (NoV-Gi) were not



detected in all samples. Overall results demonstrated diverse viral communities were
occurred in both campus wastewater and its MRR-treated reclaimed water providing

further viral pollution information of municipal wastewater for public health awareness.

Key word : metagenomic, high throughput screening, enterovirus, norovirus,
hepatitis A virus, Adenovirus, Real-time PCR.
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Fiw (G Hpa ~FRpEs 2 VDA RS DR L RIEF F S 5 B DT LR
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g A g %L:;’;a%'%%;* des AR R B Rk A 95313;95;‘%%?%&:@& sslde e o "L:}%é}
TH 6 R E g RS A e AIS FE B2 BB AR PR @
FRdpmbelFe 2 T L7 2 HICORERE RARETIEREE Y < (CDC,USA)
in 0 j£.1997 3 2000 # 2. Fen232 % o B EEY o 5d GBI 5T 4 @
L5169 2 A E {55 2300 84 RFRAHRpS @ FgE L 2
7 50%ESd S B FEJPIFACTFIREAGT LA BT o2 -
AT AT 2 E (WHO) » #r i did 3017 & ek 1 1F sk #F o i@?@r}ﬁﬁﬂ%’{#fj&i 7 &
N REN

hd s Ae T “Kﬁ)ﬁa?%%mffalﬁp’%ﬁiﬁ'r% TN IR R
(Centers for Disease Control, R.0.C, Taiwan). » % & & et 350 & o1 j€_2005-2014
Ead i A QDA T SR e B L RO 3 1 ik b T 0% &
- F S A g pd FROEfed A & BEIBTR LR 0 Y 2000-2001 # B
AR AT AF AL AL 2008 &S pd R AEFERpBOGF ZF - L
AL TFE S RN~ AR SRR OE ) s B R
iz ¥ o 3o (Green et al., 1997) » %rt T RE 2 Ry SR RRES S g R
R K iR R A 2 RS B L0 B A A A B R KRR
oom SFARGENESE 11 PP 3 PRE . DAFEARFRLAEEAR
(Richardsetal.,2004) - p #¥r#IR 4 R F > 2+ SR ¥ o BBREF B A 2
FHARS RS AR R m R AR R
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2.2 B¢ :}P‘si A HEF R

BX KR B T R S B R ROk s mTR g P R B EET RS
FRETARZEE) 4 GR R R LR KR A PRI LR S BB
HHP R A RS 0 B P AR ks apd kR RS 0 J R R
T;f(Susceptlble individual) &/ ik -k 88 PF 5 #2 B PR 4 b & (Xagamoto et al., 2004;
Hsu et al., 2008; Djikeng et al.2009; Bibby et al.,2011; Bradbury et al.,2013 - ]}t 3
B2 T FER A EREDFELZ 2RI DE G2 o X F Rk
TR ~RER)E R DF R AP RAG AE R iR 4F & % -k (Chen et al., 2008) >
BB 2rg ¥niE 3 #rk (Dagestan) ¥ F 3t 2015 & Bg A APFX B 0 % B 069
FRbY 84% 5 2E o R HE feskdn N BATE L ONE & 0ok kSR R T
NS ”’”erF'J’éT”ﬁ PRNE AT AR RN RE AT A e S P W N A KB
TiEmEE R RO A R EE T BREY RRID Y E HS (EV-AZ, 6, 71)(Hsu et
al., 2009) > S FEE BRI FEEZRICAREFIZRS > F Y LT
KEZAPFREERTOFAZ LT ARIALTEY LR HRF DY RIS
Hl o % 5 S L A avE i (TR EEREA e F A ek A
(Tseng et al.2013) - * éﬁ}?ﬁ#&ﬁ*m,r MERXYZHENIBRE > @ AF AR
ARG ERA RET - RRA R SRE O R A TR T 2
FARARFEIRGARETE RS CRRASEHT BT B RDERS Y
382%H {5 & 0 3 3 % k4 (EV-A2, 71~ EV-B11 ~ EV-G9)(Hus et al., 2008) -

2.3 41% A3 4 HAFRRBEH

Bop4 et Rl X B RCS Hma ] B I o A Uiy JT S < K 40-68%
ﬁ;g@;a%aﬂﬁ@%%g%@,gﬁﬂﬁﬁwﬁﬁ LS ET (B2 =
o~ i AR s AR DR R RS BRBRR S S B N Bln A g B
AE AP @i R B A S R (Williams et al., 1962; Payment et al., 1988; Stetler
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PHRAFLRER C A UNEER 2R AR 5 b 2 AR LR b
WRIES & o 11993 & R & prad 4 F pendiey RAUEEE o 2 PCR Hjiviy
A2 R R e 7 ok F 7 EE Y AR AR RS D
AT A B DR HRE R 28 0 T AP B @ FL X 2
PfEr AR i 1 A AT E DR Y ¢ AR F R L TE RO
o RB R FoRMEFTIRP - ) PCR ### ) Real-timePCR z_ {8 » H 1d
RIFFR ~ &TRF > BaOplE8E ~ 5= 2 B ¢ Bl 2 BB R
o AT s B R R S BT R TR ORSGR AR £ RS BRI R ofToR
¥ it * Real-time PCR &% J5 + kA& (Bradbury etal., 2013; Jothikumar et al., 2006;
McQuiaig et al., 2009; Lee et al., 2002; Kuo et al., 2010; Agidi et al., 2013; Xagoraraki
etal.,2014) - j£.1993 # 12 kK & X KAX 5 % & T L D R o 5 = g A
FRAFFDGRD R E G RE R RBS R RA C §UE e F o

Ao PCRE* 2% BAN R 2% 7 P A FNTL & > Fl 5 PCR ehF i

H—

FERERAFRE R IR ATy gl PCRF B F 3515 7 feds iR AT o ¥R E
PR AFREP S 270 PCR A4 R R R EF PR TS A LA REE KD
Fz 14+ (Stadhouders et al., 2010) > # ‘F!TJZ % Eﬁ‘zﬁhg A= B g A aER o Mk en
TR FpTe F2EF HF o 1Y dANTP {38 7 o g £ 4 F &5 SFenie ¥ T 4 )
Hk o L EFREPEAEAIFAFIEANAT-G-Cents|» B+ &3
99.99% > P e 5F 2pE G H bR > BT B R EEAE
B2 1,000bps 5 U 0 PRk P R Ky 0 BRIFEI[F F R EL > @
Ar— RN T AT R T LA H U] 0 A R OTRBEF lRR T TRAEL A
508 A Poid ek Rl SRR L e A el R 0 762000 E B e s I 2 A
FIZ A2 RDR T pA REAF L 0 R NTARRIDRET 26 fF
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Bibby & Peccia, 2013) -
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¢oavR R E A TR B 05 2973k (Haramoto et al., 2004; Butot 2007; Kuo et al.,
2010; Bradbury et al., 2013; Hellm et al., 2014) > 4o &£ ¥ # 4 2B ? kAR
ﬁ%&%ﬁ%@ﬂi%?$’%ﬂ%tiﬁ@%ﬁkﬁiiiﬁﬁﬁﬂ:ﬁﬁiﬂ
- R /ﬁ“ffﬁali? Fenie 4 > fe & B AR R eh% P 2 (Table 2-2,3,4,5) -
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2 RNA % iz (nucleic acids)#7 s & » *F Zfeii e & F = +% 7 #&(nucleocapsid)
T E T AR R R LS 2 Bk (capsomer)sh kv FTiE S 0 RIRP A
1% @ A (Figure 2-1) > Al & & =ow 48 4] g 8% 27 (helical) ~ & = -+ 5 48 7]
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g A A & kR # (naked viruses) o g F A 8F chik gy bR AR e~ o) (RALD
o) A=y mAE e F R FIRFIRA AT o AP p A SRR ER RS A iR
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¢ (International Committee on Taxonomy of Viruses, ICTV) = ;’;mpfsi VAR L
& 3R SR (-virales) ~ f(-viridae) ~ I #(-virinae) ~ b (-virus) ~ f&(-virus) < i+ 0
FREFF L IEAET 0 W AR F O A (serotype) - Ko it 4 F K A
Bo& & ICTV #7534 A §enF a2 2014 & 30 & cha 518 % A #1413 B (order)
= 2 (family) 2 2 K 2 g dhm A - - o~ i F(Andrew et al., 2011; Adams et al., 2015) -
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Table 2-2 & 3

R H cnY o 2 51

Enterovirus

Primer Sequence Length(nucleotides) Sequence region| GC content Temp';/rlzltttlrr]g (TM) Serotype References
T
Forward CCTCCGGCCCCTGAATG 17 5UTR 71% 59.8
Reverse ACCGGATGGCCAATCCAA 18 56% 56.3 - Samuel and Sunny, 2005
Probe CGGAACCGACTACTTTGGGTGTCCGT 26 58% 71.1
Primer CAAGCACTTCTGTTTCCCCGG 21 - 57% 63.2
Primer TCCTCCGGCCCCTGAATGCG 21 - 70% 66.6 enteroviru 60 of
Primer ATTGTCACCATAAGCAGCCA 20 - 45% 56.4 66 zolletal. 1992
Probe AAACACGGACACCCAAAGTA 20 - 45% 56.7
Forward ACATGGTGTGAAGAGTCTATTGAGCT 26 3 42% 64.6 EV-A),
Reverse CCAAAGTAGTCGGTTCCGC 19 < 42% 64.6 o (('3’/?:)) Kelvin et al., 2010
Probe TCCGGCCCCTGAATGCGGCTAAT 23 3 61% 68.3 EV70 (EV-D)
Forward CTCCGGCCCCTGAATGCG 18 449-466 2% 62.9
Forward CCCTGAATGCGGCTAATCC 19 456-474 58% 59.5
Reverse CACTCGGATGGCC 13 633-644 69% 44
EV, PV, CV Petitjean et al., 2006
Reverse ATTGTCACCATAAGCAGCCA 20 582-601 45% 56.4
Probe AAACACGGACACCCAAAGTA 20 546-565 45% 56.4
Probe AACCGACTACTTTGGGTGTCCGTGTTTCTA 30 539-566 47% 70.8
up-1 GTAGATCAGGTCGATGAGTC 20 5 UTR 50% 58.4
down-1 ACYGGRTGGCCAATC 15 43% to 67% 46 to 51.7
up-2 CCTCCGGCCCCTGAATG 17 5UTR 71% 59.8 HEV Fong et al., 2005
down-2 ATTGTCACCATAAGCAGCC 19 47% 55
Probe TACTTTGGGTGTCCGTGTTTC 21 - 48% 59.5
Forward CCTCCGGCCCCTGAATG 17 - 71% 59.8
Reverse ACCGGATGGCCAATCCAA 18 - 56% 56.3 - Haramoto et al. 2005
Probe TGGGAGGGCGATCGCAATCT 20 - 60% 62.5
Forward CCTCCGGCCCCTGAATG 17 444-450 71% 59.8
Reverse ACCGGATGGCCAATCCAA 18 621-638 56% 56.3 - Katayama et al., 2002
Probe CCGACTACTTTGGGTGTCCGTGTTTC 26 - 54% 69.5
Forward CCTCCGGCCCCTGAATG 17 - 71% 59.8
Reverse ACCGGATGGCCAATCCAA 18 - 58% 56.3 Abbaszadegan et al., 1993
Probe CCCAAAGTAGTCGGTTCCGC 20 - 60% 62.5
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Table 2-3 B R P TiR * hAAPF LS 251+

Hepatitis A virus

Primer Sequence Length(r;;Jcleotide Siggieonnce Co(r?t(ént Melting TemO[(J:erature (TM) Se:)oty References
HAVp1 CTCCAGAATCATCTCC 16 50% 48.2
downstream(HAVp GGAAATGTCTCAGGTACTTTCTTTG 25 40% 62.5
A HAV Atmar et al. 1995
upstream(HAVp4) GTTTTGCTCCTCTTTATCATGCTATG 26 38% 62.9
HAVp5 ATGTTTTGCTCCTCTTTATCATGCTAT GTCTGGTGGTTTTTCAACAAC 48 38% 77.4
Forward GGT AGG CTA CGG GTG AAAC 19 58% 59.5
Reverse AAC AAC TCA CCA ATA TCC GC 20 45% 56.4 Hay  Daniel PaA”IgeligverSity of
Probe FAM-CTT AGG CTA ATA CTT CTA TGA AGA GAT GC-TAMRA 29 38% 66.2
Forward GGG TGA AAC CTC TTA GGC TAA TAC 29 38% 66.2
Reverse TCCTCC GGC GTT GAATG 17 59% 54.9 HAV Kodani et al.2014
Probe CAC CAA TAT CCG CCG CTG TTA CCC TAT CCA 30 53% 733
Forward AAAGTGGAGTTTASTCAGTGTAAAGTGGA_‘I_AG'I:I_TYACTCAGTGTAAAGTGGAATTTACTCAA 63 350 80.2
Reverse ACWGCAGGAAAATTAATCATG 21 33% 53.4 HAV Hellmér et al. 2014
Probe TGAATGTGGTCTCCAAAACGCTGAATGTAGTCTCCAAAACGC 42 45% 77.8
fierst Forward AAYGTTGCTTCYCATGTYAGRGT 23 52% 64.6
HAV Tallo et al., 2003
fierst Reverse ACCADGCCATDCCATCHACATC 22 59% 65.8
Forward TGCAGGT TCAGGGTTCTTAAATCTGTTTCTC 31 42% 69.7
Reverse CAAATCATGAAAGGTCACAAATGAAACACTGG 32 38% 68.9 HAV TELLIER et al. 1996
Reverse TATTTACTGATAAAAGAAATAAAC 24 17% 51.7
NCR Forward TCACCGCCGTTTGCCTAG 18 68-85 61% 58.4
NCR Reverse GGAGAGCCCTGGAAGAAAGA 20 241-222 55% 60.5
NH2-VP3 Forward GGGACAGGAACTTCAGCTTATAC 23 13801402 48% 62.9
NH2-VP3 Reverse TCTACCTGAATGATATTTGG 20 1859-1840 35% 52.3
Inner VP3 Forward GTTATTCCAGTGGACCCATATT 22 1701-1722 41% 58.4
Inner VP3 Reverse TCGTGTACCTATTCACTCTATA 22 2031-2010 36% 56.4
HAV Sanchez et al. 2002
COOH-VP3-F TGTGCAGTGATGGATATTACAG 22 1938-1959 41% 58.4
COOH-VP3-R GTTGTTATGCCAACTTGGGGA 21 2287-2267 48% 59.5
NH2-VP1 Forward AATGTTTATCTTTCAGCAAT 20 2136-2155 25% 48.2
NH2-VP1 Reverse ACAGCTCCAAGAGCAGTTTT 20 2751-2770 45% 56.4
COOH-VP1-F ATGGCCTGGTTTACTCCAG 19 2673-2691 53% 57.5
COOH-VP1-R CCCTTCATTTTCCTAGG 17 3229-3213 47% 49.9
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Table 2-4 B PR * g Rpm S+ Gl 23515

Norovirus

Primer Sequence Length(nucleotides) Sequence region GC content Melting Temperature (TM) C Serotyp References
NVKS1-Forward ACAGCATGGGACTCAACACA 20 50% 58.4
NVKS2-Reverse GGGAAGTACATGGGAATCCA 20 50% 58.4
Gl Liuetal., 2013
NVKS3 probe TCACCAGAATTGGCCGAGGTTGT 23 52% 64.6
IAC probe ATCTCAGTTCGGTGTAGGTCGTTCGCTCC 29 55% 73.2
Forward CACCACCATAAACAGGCTG 19 53% 57.5
Gl Richards et al., 2004
Reverse AGCCTGATAGAGCATTCTTT 20 40% 54.3
JIV1Forward GCCATGTTCCGITGGATG 18 5282-5299 56 t0 61% 56.3t0 58.4
JIV1Reverse TCCTTAGACGCCATCATCAT 20 5377-5358 45% 56.4 Gl Jothikumar et al., 2005
JIV1Porbe TGTGGACAGGAGATCGCAATCTC 23 5319-5341 52% 64.6
MON 432 Forward TGG ACI CGY GGI CCY AAY CA  (RNA sence) 30
MON 434 Forward GAA SCG CAT CCA RCG GAA CAT (cDNA sence) 21 52 t0 57% 61.2 10 63.2
Gl Anderson et al., 2003
MON 431 Reverse TGG ACI AGR GGI CCY AAY CA (RNA sence) 29
MON 433 Reverse GGA YCT CAT CCA YCT GAA CAT (cDNA sence) 31
COGI1F CGY TGG ATG CGN TTY CAT GA 20 ORF2 45 to 60% 56.4t0 62.5
Gl Tian et al., 2008
G1SKR CCAACCCARCCATTRTACA 19 ORF2 42 10 53% 53.5t07.5
NV192 (s) GCYATGTTCCGCTGGATGC 19 5282-5300 58 to 63 59.51t061.6
NV193 (as) CGTCCTTAGACGCCATCATCA 21 5379-5359 52% 61.2 Gl Hoehne and Schreier, 2006
TM9-MGB probe VIC-TGGACAGGAGATCGC-MGB-NFQ 15 5345-5359 60% 48.8
COGIF (+)b CGYTGGATGCGNTTYCATGA 20 5291-5310 49.7 t0 55.9 56.4 10 62.5
COGIR (m)b CTTAGACGCATCATCATTYAC 21 5351-5375 38 t0 43% 55.41t057.5 Gl Loisy et al., 2005
RINGI (-)b FAM-AGATYGCGATCYCCTGTCCA-TAMRA 20 5321-5340 50 to 60 58.4 t0 62.5
NoVGIF GCYATGTTCCGYTGGATGC 19 53 to 63% 57.5t061.6
NoVGIR GTCCTTAGACGCCATCATCATT 22 45% 60.1 Gl Wolf et al., 2010
NoVGlprobe TCGGGCAGGAGATYGCGRTCYC 22 59 to 73% 65.8t071.6
Forward CGYTGGATGCGNTTYCATGA 20 45 to 60% 56.4t0 62.5
Reverse CTTAGACGCCATCATCATTYAC 22 41 to 45% 58.4 t0 60.1 Gl Haramoto et al. 2004
probe AGATYGCGATCYCCTGTCCA-TAMRA 20 50 to 60% 58.4 t0 62.5
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Table 2-5 BB e Rl * i * (i Repa Gl 2513

Norovirus

Primer Sequence Length(nucleotides) | Sequence region | GC content | Melting Temperature (TM) °C |Serotyp References
CB1 GGC CCC ATC ATC TTC GAG AG 20 ORF1 60 62.5
CB2 GTTTYARCC CGT ATT CCT TG 20 ORF1 40 to 50 % 54.31058.4
Gll White et al., 2002
CB3 AGC AGC CCT AGA AAT CAT GG 20 ORF1 50% 58.4
CB4 CAG AGA GTG AGG AGCCAG TG 20 ORF1 60% 62.5
NV107a (s) AGCCAATGTTCAGATGGATG 20 5007-5026 45% 56.4 Hoehne and Schreier, 2006
NV107c (s AICCIATGTTYAGITGGATG 21 5007-5026
NV119 (as) TCGACGCCATCTTCATTCAC 20 5100-5081 50% 58.4 el
TM3A probe 'FAM-TGGGAGGGCGATCGCAATCTGGC-NFQ 23 5048-5070 65% 69.9
JIV2Fb CAAGAGTCAATGTTT AGG TGG ATG AG 26 4997-5022 42% 64.6
COG2Rc TCG ACG CCATCT TCATTCACA 21 5074-5094 48% 59.5
RING2-TPc TGG GAG GGC GAT CGC AAT CT 20 5042-5061 60% 62.5
CIPC-Probed TGT GCT GCA AGG CGATTA AGT TGG GT 26 50% 67.9 Gll Gregory et al., 2011
NoV IC Mut Rev ACC CAA CTT AAT CGC CTT GCA GCA CAG TAC GTG CTC AAG TCA GAA 45 5026-5042 49% 80.8
NoV IC Mut For TGT GCT GCA AGG CGATTA AGT TGG GTA GCT CTG GCT CCC AGT TTT G 46 5059-5075 52% 82.4
JIV2F T7 Comp CAC GTA ATACGACTC ACT ATAGGGCAAGAG TCAATGTTT AGG TGG ATG AG 50 4997-5022 44.00% 80.5
QNIF2d (+) ATGTTCAGRTGGATGAGRTTCTCWGA 26 5012-5037 38 to 46% 62.9 10 66.2 Loisy et al., 2005
COG2R ()b TCGACGCCATCTTCATTCACA 21 5080-5100 48 59.5 Gll
QNIFS (+) AGCACGTGGGAGGGCGATCG 20 5042-5061 70% 66.6
NoVGIIF ATGTTYAGRTGGATGAGRTTYTC 23 30 to 48% 55.51062.9
NoVGIIR TMGAYGCCATCWTCATTCAC 20 40 to 50% 54.31058.4 Gll Wolf et al., 2010
NoVGlliprobe CACRTGGGAGGGCGATCGCAATC 23 61 to 65% 68.31069.9
COG2F CARGARBCNATGTTYAGRTGGATGAG 26 35 to 58% 61.7t071.1
COG2R TCGACGCCATCTTCATTCACA 21 48% 59.5 Gll Kageyama et al., 2003
RING2-TPprobe TGGGAGGGCGATCGCAATCT 20 60% 62.5
JViz2y ATACCACTATGATGCAGAYTA 21 33 to 38% 53.4t055.4
JV13Y TCATCATCACCATAGAAIGAG 21 RdRp Gll Vennema et al., 2002
Ni-R AGCCAGTGGGCGATGGAATTC 21 57% 63.2
Forward CARGARBCNATGTTYAGRTGGATGAG 26 35 to 58% 61.7t0 71.1 Haramoto et al. 2004
Reverse TCGACGCCATCTTCATTCACA 21 48% 59.5 Gll
probe TGGGAGGGCGATCGCAATCT 20 60% 62.5
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2.5 A% pd
2.5.1% pi

% 4 (Enterovirus, EV) » &4 88 P L4 2 5w df L W H 48 RNA 54
b gd = L i R £ 4 (Protomer) e & & T=pseudo 3 = & f2 3k > £ B R A
BMEd e B 5esEs > VPL-VP2-VP3-VP4s @ VP4 43 p BRI 20 5 3 4= &
1930 % A A FIE R 7.2-85Khy 2 A FIAFIA F & 204 542 % (SNCR)>
BH(PL) ~ 2% 4 (P2 P3) ~ 3 54255048 % (3'NCR) > 5 342 %08 % 4 & Al id- &
éf?ﬁ#’@;?ﬂﬁmﬁ &5 % GC z & B PL W% - "5’?"‘51331‘#%?] s
P2{cP3 % S/ 2 5 Mahgif by AFl oL L5 A BRI BA N g
d A 4 eh 8 vk~ 3280 v ok (Fecal-oral) & #% w2 i (Respiratory) (% ~#% 5 5)
Bh o § 54 BT zwﬁww\%ww\ﬁaﬂ%\ﬁawaﬁﬁ%\%@i
i gﬁ}%  BE PF O Lo de® RAL IS R SR ~ 3 SRR R e R A
BRI RNTAI RS HARART A EF LR SRER L SR
1445 2 6

q.
3

\l

2.5.2 % %4 Al

”‘-‘J"{?f}a’afr A 7| (hepatitis A virus, HAV) » &4 % 5 + 3 [}554 Zo%w Sp o H 4a
RNA 54 > ¢ &d = =+ i & 4 (Protomer) 2 £ = T=pseudo 3 <= + & 42 3£ 3]
A BREMED =B 57535 ) VPL-VP2-VP3 VP4 49 RBEMe L » B
X302 AFIER 7478 Kb XA FIR SIS X w kWA 5o gmEE
(5'NCR) ~ B4 (P1) ~ 25 (P2 ~ P3) ~ 3 24 2578 % (3'NCR) » 5 34 2L 40 /% % 1 &
B s SRR i rﬁﬁu’mplﬁﬁﬁ”i”“.%ﬁ%?PEYZﬁP3
BB AT G M R AT e 5 L T RSl R o FR o ¥ s
e Pl rh R A AT L R A 5 R AR S5 fj&.g}é A5 A AT o 3
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http://zh.wikipedia.org/wiki/%E8%85%B8%E7%97%85%E6%AF%92
http://zh.wikipedia.org/wiki/%E8%85%B8%E7%97%85%E6%AF%92

“‘o

R A FRABFEE LRI SR R R IR IR B 2
2R m o AV TRAEMKRDEER §EESLH ed e - BFRFD 128 F
RRAFETY A RpE o B ATl 2 SRRk R LR
” °1‘}£”1‘§U?'v‘%? B NRERIFH LR R ELFY P RY AL -

Q.

;ﬂ\rt

2.5.3 R4

# %o (Norovirus, NV) » a8 b 5 ma 2 % 2 31 R H L8 RNA Jjz# >
hED - F AL BVPL IR T=3 = L a2 34> 8 /&~ %3840 2

) A FIE R 7.3-83Kb > B A chRNA T 0L i 55 4 B 54 2 FF ¢ mRNA -
TEG @AM BRREGF A BAAFRAF S LRI o v FEY E G B
@A B0 200 m A SER T AR B0 - SR A &GO TR S R
MAE S 2 Evep R % o k- SR 125 60 ] PEiEp (7T 0 mopd e
CuF2EH 2+ o wWHHIGHET 0 F F AL RK TR E ek (Patel et al., 2009;

Robilotti et al.,2015) -

2.5. 4 W HH

i )18 (bacteriophages 2 phages) 1 & 2 '] 5 1 dhp 4 o 8 Al envh AL
e N L Lo L SRS S 2 P JC LR TR
Th & SR 08 9% DNA & g% > & 1 RNA e#ga] » $1 £ & ¢ 5k-5000k bps
2o RTREY 7RG i e (k3N > B f st @ F e i

P AR (lytic) g Ar
%l 2 (lysogenic) v At o HfFErg AHE 2 wmFf o AR F f #2 j % e
BEFM O TRl B FrERMAA RS 0 ];-‘]JI&WK}% iz (lysis) m

FRB 7= o ¥ - fi5 RfdeE A D $OF fofd o (temperate) HEFRE 0 v F R

TR BT A et fﬁ"".‘kﬁ]%ﬂ"glqm'*\‘yﬁkﬁ
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http://zh.wikipedia.org/w/index.php?title=%E6%80%A5%E6%80%A7%E8%82%9D%E5%8A%9F%E8%83%BD%E8%A1%B0%E7%AB%AD&action=edit&redlink=1

FRREER R E R T A EAML B LSBT 3 e (0 3
B F G ) bod MRS S HA R §CTV) R 2 B fopii 4 210 4
P 23nt 4 B ok (families) #® &g % ‘w7 (bacteria) 2 + f#(archaea) » # @ = %

B RNA 4 5 T %7 *Fs(envelope) i # -

2.6 &3 2 FHpIHEM
2.6.1 147

2 % ¥y pc (deoxyribonucleic acid, DNA) & - f&+ 14 e = il @ ip £k
F o3 F PpEP R ehiR A 0 2 BAG T 40 Skt (Adenine, A) ~ 7 eife (Cytosine,
C)~ 5 &+4 (Guanine, G)£ %3 Hﬁ&vﬁ%v{(Thymine, T exHE-faPiHp 28
GEPUEGHE S G i chk AR E B B B 5 A FI(DNA) 2L dk 28 /- ¥ DNA £
gt m SR v BN B RE 0 £ FIRAR A | & S chikdy o 1
A G TR AR B gk 2 B e chit 4 s LA S
W@ FEE 2B AL HL R AFRL FA G ehfl M foida
3 EAESL oo

Fl#* g it BRI mbe ¢ A BEH DNAS 44 § Jofe ppsdljir » A S
Bk A BHEEY 3R EF A ER R R RIE A
FEANH BB RSL N FEEE G BT S RIZ e DNA oA PR P B
LT A HEE S L F RS hA 3 R 0 DNA > SRS B B P e o

B3 mre B DNA 60 20 p o B ¥ L F L5 B4 1 2 (Column Purification )

k_
7

B PEBEF IS 2RI & E L FF A SDS (Sodium dodecyl sulfate) &
SLS (Sodium lauryl sulfate) & 75 5 (fmPe %2 2 48 % % cW0) & 42 > 2 4] DNase
FE R ME(S 4e ~ Fod BRaR DNA L+ ehdey FiEdg- ¥ %00 5 5 DNA R £ 4
Fr B Ed? o DNA g g it g ¢ o i(Silica membrane)iEig s & 0 H v

E & § BRI A A R Bt I B e A B F A ) o0 DNA ik
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®igH oA &% % DNA i A Fl«h2_ A 1 4£(Chang et al.,2009) -

2.6.2 Bz R

TR hi EigiRA2 0 DNA B2 chs 47 5% * KA 4724 chle = 4 RNAS
v Fu 2 AL T & Reag fe b (% (Soon et al., 2013) 5 - T R A2 H BEREE S
A F - e S %5}% # %7(Lee and Chuang, 2010) - 3 % B~ {8 % 3 B 2t 0 3o
P e F 2 BER » A 1 2 A B FIMADF LE > 2p FRETH A7
(Chang et al.,2009) #_F& #jitr 2. 1980 & L 2 B = 7 > 5 FjFe K % # &1 Maxam-
Gilbert @ A% » 2467 2 7 M & DNA MERFRTEI A F A > Flig * L5
b kL AR B R Ze 0 AR Sanger @A E Pk o IR R eh Sanger @A B
EPEE A1 B E P Pr(dANTP) k8 0k & fis £ = (7% o 4 DNA # KA 4 =
v B E PR A F o # BE R 3or BiREGRF P E(IATP-dGTP-dCTP-
dTTP)f- DNA R & fiv > L v » 46 S s éhr fhdk AL 2 — nfEsi § 5 3 fe(ddATP>
ddGTP ~ ddCTP ~ ddTTP) > :£ {7 PCR F &R ¢ 2 4 % | & & e DNA » ¥ i i 5%

WA AR ik BHRPEA T T B DNA A B BB AT

\\,ﬁ

¥ 1000 Bagk A - Erp A 99.999% 0 = A 5 0.5 % 4 > Sanger A E T 5 FT- K E
B i+ 2.k #F i& & (Shendure and Ji, 2008) -

2.6.3 =+ N2 B2

AF N A HEIFE- L - ke 4T3 P oS S R SRR
(Next-Generation Sequencing, NGS) ; % £ ¥] z_F& ;# (Metagenomics Sequencing) » i%
P E LI RRENDRE R RPN AT FTAPRRKEETTIEZE vk R
WRIEEBER > P PEHPR S BE ST DNA B A7 = P

% 7|(Lee and Chuang, 2010) » - == 2 A %] 2R m%l BB T R
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» & bgrE MO g copE I (Soonetal., 2013) 0+ 2005 # Roche 2 @ 7 B #02 A
%] Roche/454 % & % » ¢ B e LEFEGATR ROEPRRE S
FE Aoz FIVF R BN P RO kR shE e L3 454 P ow Helicos
D PREBR 7 Fﬂ*\q‘ii B % 5 21,000-35,000 Mb/run > 454FLX = & & H = & 7| &
BBk 800 dk 2 0 & = 7 3 P-4 -5 4% & 1-0.0001%% T (Barzon et al., 2011) -
TERFTHRLE?  AFIZRPITRE LR L - FRAFIR T 0 Y
FFE EREMAS L ET R FLEFREY O REBRFEREY AR D
o FAFERBOREL L FHREEF O RRNFA I RPN LA
g s gt ] (Djikeng et al. 2009; Rosario et al. 2009; Tseng et al. 2013; Charlop-
Powers et al., 2014) -

2.6,4 ZAFIERZ R

AP 2% llumina 28 &> AP S B ITE RO 2k > & 5 =
SR RFEIRA] 2 R REERR S LA A T g LR FAL G R R 0 LR
AT e PR BT A ER O DNA R R PR ERIELR
# ¢ % 300-500 bps ™ Klenow fragment #-3':# 4=+ 33 Hﬁvam\(Thymlne T)» £ 2
ﬂf}iv%vé (Adenine, A) T &%= N P EBREA|F L - 1% BT A7 B
Lok F It ¢ B IR J|ALE caprimer 2 PCRE 73+ » gt BF DNA 03 L
He i3 e Rk flowcell 2 oligomer f& < s 4 o & 5 £ oligomer &% & #
R B AEF T flowceell * i8 a2 7453 PCR - 43¢ PCR 12 flow cell * £ oligomer
% 513 »denaturation P £ B35 4 B > 3584030 flowceell F S'=3 Rl s> F Bt ¢ o
priming F# £~ 5 524 € 44 27 flow cell F &3] 3 i3l + A » I3+ extension Fg
BxAuE o F BHH A 5 cluster(F1 7 & 15 5 546> floweell » 025 5] E &) - 4%
Wrxfshede - SRRV HEBERZ T A2 primer 53513857 &3 T A
2o A E BTt Y ANTP BB 4F » @ 7 pE 34 5 OCN3 A > @ 2 F de 2
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A FksF 53 OCN3 A 7 4 DNApolymerase #7553k » 4k & 0 @
Foka S g A2 ¥Ry Floluster # kiR S k- DNA> 5463 PCR #r3% < i
F - ERFIE P4 - BANTP i@ %0k & - A= Midple ey L WEL > @ T/ KT
BRI RMELT e st o R UEEZF BER i ¥k &+ fo gt
OCN3 z iz 4 = DNApolymerase ¥ 338 OH £ i £ 4 » B 4AF:E e dNTP :
4opt B % 4e ~ dNTP ~ 3 2 ﬁ%"fix;ﬁr:@ HHELTARSEE 5 HE- DNA 2
= cluster ¥ = /2 B3I @ flow cell 3 m 7 §3-ehcluster e pFse i3 P (B
24) @ %A n- (R BT & F - Wenl iAo AR 3 BAEF I M A
7% B (R2) > ¥ 7 ik R2&E RLF e 5 b sk o

2.6.5 R e preag s &

¥ ¢t B & pridasl & B (Polymerase chain reaction, PCR) e & = 4 & 3 4 3+ & )
e el A#F B 2 0 = Mullis #7 @2 1983 £ £+ PCR 4 + 2 # ¥ Bl #&
Mo 71993 & RKEE L 5K Bk P wdh DNA chf iy A ficd et Y
BN F R R TRt P R e ] o e 4 # %2 (Maluquer de Motes
etal., 2004) -+ % -k(Chapronetal., 2000)~ # A ¢ -k (Papapetropoulou and Vantarakis,
1998) ~ 4 * -k(Heerdenetal., 2005)* &R m+ B E L F F AR 2 #5 R fhs]
+ (Primer) % @t % 8 1% & = (Polymerase)dp 3!+ chA Fl1 R B > ¥ A8 PR
< g B2 # hPCR F B & 7 3% 24 71 P B3 ik 5-(Josephson et al., 1993) -
PCR Jfk3 - {34 P RAFIR 7P pa A/ 2] 31 5 (Primer) » 1% 5 R & fis (£
shAc gm0 AF R F R R B 95U P L DNA fst e ¢ 74 A 4> B ¥ E &
3 B5C# F313F i 537 A Flfe¥t(anneal) » 2 (S £ #®2 3 ad F B OB L FehR
BB R 72C » # ANTP EER LR AP IR DA T - X - Bl F &
TR R R 25-40 B P 1R FlAF /L 20 & cndic & (Figure 2-2) o
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2.6.6 R & PR F

W pE R & prédgy kO (Real-time quantification PCR)#_PCR R I jiw4 g # o
& PCR F J? ey & 8 K3UBLH = 515 47 £-(Probe) » p* 7 4+ 57552 37544 v
4 & Reporter f- Quencher & f&¥ k4= [ § F 45 FHR B> A ¥ L T2 F
FABFLER AFk S TEEHEFRRLEI N B L EFF R FHREHFL T
51+ (Forward/Reverse) 2. [ 15 1> PCR # 3 crile B > 3% 444 B _& fis -k % > Reporter
# Quencher jj»u ¢ g 3 2y kg (Kubista et al., 2006)(Figure 2-3) » £ 1 * £
BB RIRMEREXTPCRF Bl iiicild T £ LY 433k
& - Real-time PCR Z I p#i% & PCR & Ji12 2 Probe «hif i2 > g 2 5 Wl FR
FARREF > BrE o B - 2 P 5 iRER(Kitajima et al.,2010) > ¢ F A R A FR &
B o 4 Ok & fie Rl (Hewitt et al., 2013; wong et al., 2012; Loisy et al., 2005) -

Polymerization R = Reporter
Forward Q = Quencher

s primer Probe
N, ’
77777777, S 5
5 :
7777777777778
) Reverse
Strond Displocemenl primer
Probe
I )
SI/12712777777 : 5

5 777777775
Y%
@
Cleavage /x\.\

g%mmmww? 3 5
> LIS SSLSLSSS g:
[ |

Y
-~
Polymerizationj‘i ;
/N - o~ ’

v

I > 2>
g RIS ASA S LSS LSS AL AL AL A LSS AL A LSS LSS S A AL A SIS g )
g, KA A A A A A A A LA A A A A A A A A A A A A A A A A A A A A A A A LA A A A AL A A A A A A A A g:

Figure 2-3 Real-time PCR * &+ R B
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F=2% Mgz

AFETRDLB AR pd S REE LS EREPER B L
B PR B2 A R A K (CWW) 2 A 4 e 2. w -k (RCW)

o R

-ty

RS MZATFIRAZ AR REES > 2 ZRERE A F

“Eﬂ
.bu

Ay izE LHY A p T —jil‘?}”’ﬁ\—"p%fﬁi—* ‘F?We‘.[ﬁr‘y—*i A'q']’”‘l\fﬁa-& {8 * T pE

L prAag R @k Y g m;?ai ER ;A o A74e Figure 3-1, 2 o

Agw
\Tﬁ?

CWW and RCW samples collection

(campus waste water and reclaimed water samples for WWTP in Tunghai University)

Samples processing
\ 4

Concentrated viral samples

(Viral particles were concentrated by using US EPA organic flocculation approach)

Further processing

Y

Centralize viral particles
(Filtrating samples using commercial silica membrane to bind freely-suspended bacteria genomic DNA)

DNA extraction RNA extraction

A 4 A 4

Viral DNA Mix solution Viral RNA
_I—> Solution contain viral 4—|__| ------------ I

c¢DNA and DNA : RNA was reverse

| transcript and mix with
1

1

DNA
I—TT T T T T T T T T T T T TS 1
i Shotgun |
+ Metagenomics :
intaieiatel Bttt 4
High throughput HAdV HAV HEV NoV
sequencing
N RCR for HAdV RCR for HAV partial ~ RCR for HEV partial ~ RCR for NoV partial
Sequenc | ng data. partial Hexn genes VP1 genes 5’NCR genes RdRp genes

Metagenomic Ct value was calculated and

analysis MEGAN performed as virus particles
\ 4 v per liter
Viral diversity Viral quantification

Figure 3-1 ## % ﬁ*%ﬁ%flﬁai PREGREZERTRITLF HRIAL o
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1
X v I
\Zi | al— )
Campus waste Ly Reclaimed
water water
O
OQo
00
o
Equalization tank Nitrogen MBR tank Sludge tank  Effluent tank

removal tank

Figure 3-2 ##7 3 #7#7 7 97 7K @g@gﬁ#@ o

3.1 &5 &

B ERBEREF };%’ﬁ}?ﬁi *y »02 1IMDS i),%“i&‘ﬁ-‘)ﬁai % (Viradel )
S EEBRY ARY ’%;g),%* (Foutetal.,1996) 2% * iz 4 * 1 £ 5 4 & T it
F e Bk P iRdEH & o # kR i IMDS jg %(Lenntech, Delft, Netherlands)
SRR 5 R T B KRR 3 e 4 A )T s 0 A 2 RE
FERF G e thE 0 B P RRRE D] 30 psi BF iR E f BeoRAR 0 T e SR R AR
FEERSLpCHEFTACT T2 PR R okt A5 5 LA F W

PP ERIEHEY Y e B 3(4,6,9,11 7 )rHEERSTR LG RFIE LA
B K (CWW) 2 504 4 rd® 2 v 2K (RCW) & 4k &

%9 1IMDS g < 'm;}?a* spkoemd 1L 2 g 5 P~% (1.5% of beef extract
powder, 0.05M glycine, pH9.0-9.5)i% 5% 1IMDS jg« » fI% B4 R § F 4o RiE#
L EBRd RSP oA ke hRD A B 0 IMDS KR pFiR
o2 Addits o BRIL A p PR 2N R TR P RR o B CWW 2
RCW # #% /%12 IM HCI 2 % pH 2 3.5 £ # %" 30 min & » 2 4C™ 5,000xg
gr.o 15 min & iR F kP 0 125 30ml 57 0.15M NapHPO4 « 7TH20 * 3 itk 2 34
BpH I 95 gLtk £t 4°C 2 7500xg &~ 10 min > A& pH 3 7.5 ¥ i iF
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0.22um jjg A 2 i R RS s MEE ) R SRy (O

EF I+ Silicon filter # T § i v stk & ¢ 53 DNA » #5505 B ok
& 1,000uL if 3§ Zymo-SpinTM IC column » I 4% 13,100xg & 2 » 48 > L
TR T oS FH - AU RN BT R ERF I PCR &£
¥ e 16s rRNA gene i (743 > %51+ & 27f 2 1492r» = =x PCR F & ¢
7z 12.5 uL & Master mix (EmeraldAmp® MAX HS PCR Master Mix) > 10 mM &
Forward £2513 1 uL (B%F BER 5 400 M) 2 ERAR &=/ 10mM 5
Reverse 51+ 1puL » &34 » 2 7 RNA " ji2fz2 Sz -k 3 F BHMA - 25l -
16s rRNA gene 78 F)4% 3 & * & F & PCR £ J& & (Mycycler Thermal cycle PCR,
Bio-rad, USA): ¥ F B & 1L 94 C# 8 5 248 0 4% 94°C ¢ % DNA 4~ 4 30
#)~55C 1 515 4. & DNA3O#)~72CRE S peda &5l 5 a£ # 30 4) % 757k 45 = -
Bofs 4% 5 4480 T2CHx % PCR & B = = 4 5 o Frsnil 5 16s rRNA gene 2 12 »
Wi g R B A 2 7 58 DNA ik & o

3.1.1DNA 2 RNA 54 @5

*# 37 2 ZR Viral DNA KitTM (ZYMO Reserch,lIrvine, USA) & #%:{B’»:)gqi
DNA > § 2% = £ % ZR Viral DNA Buffer 4c > 2 5 B3k st s * 2 f-
mercaptoethanol i & % k& 5 0.5% (viv) > ¥ *t & DNA Wash Buffer 4c » ¢ fi
(ethanol) @ DNA if *¥icik o Ajnfzgt.c — & * 13,100xg < ; 7 L+ 200ul
2 & Jk i ¥2 800pL ZR Viral DNA Buffer % 1.5mL &t~ 3R & & f§ & &
FloFpmS e T8 2 a3 ETHE 5 #8EHHRERH ~ Zymo-SpinTM
ICcolumn » ¥ % & % Collection Tubes &g {5 2 /i d17% 5 2_ {8 4c » 300uL 2. DNA
wash buffer X Spin column I #.< 3 jn d1j - g4 BT s X o A fd 3 p A -

= & % 4 DNA wash buffer 7 4115 4v » if % %84 6~10uL = DNA elution
Buffer(Z A 12 & B 5 20uL > PCR B 30 uL) 3 Spincolumn ¥ # % 1 4~ 48> %
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» Frenggs F 4 3o J B DNA o % DNA Gt 9152 %% %5-20C -

RNAZ 2= 5 12 ZR Viral RNA KitTM (ZYMO RESERCH, Irvine, USA) # 2~
RNA > [ #R3 & 4 » B-mercaptoethanol{-Ethanol**RNA Bugger{-wash buffer® -
AR - 2 % 13,100xg4E.w 1.5 min > ¥ Fx i & RNA' f2fs Tk 8 7 3 1F -
#200ul 2. :fl‘ﬁ:“% k ‘ﬁ{—”’i» 221600uL ZR Viral RNA Buffer +1.5mL &g < ? AL T :fﬁ

KAEE R R {ofS # B 2 min > ¥R &% # >~ Zymo-SpinTM IC column I & &

‘_
T

Collection Tubes t » . 3 i g% 5 20 {8 4c »~ 300uL 2. RNA wash buffer = Spin
columnit gftow i i > BT A X o BfS 3 F 4 - R AR TRNA
wash bufferi 1 78 4r » 10uL DNase/RNase Free Water = Spin column = # % 14 4% >

£ Frehgs ¥ 1 g B % RNAGR dk £ TPk ie (7 K 4§ 45PCR o
3.1.2 F fhds

RNA i€ #1778 )38 3 s & 7% 2 AP+ i fs (RNase) » f# wo i 2 48 <
4] f& #1374 DNA(CDNA)- & # 45 2 1 High Capacity cDNA Reverse Transcription
Kits (Applied Biosystems, California, USA) k34 7 4% > 4 2uL 10X RT Buffer -
0.8 pL 25X dANTP Mix (100nm) ~ 2 pl. 10X RT Randon Primers ~ 1 pL. MultiScribe
Reverse Transcriptase ~ 1 uL RNase Inhibitor ~ 3.2 uL. DNase/RNase Free Water > ;& &
AREA 10Ul F dEdra friefs > 4e L aEE B2 10uL RNA 55 9% ¢ 2404 5
20uL > T AT IR BRRTHEF @& 25CHES 10 miny 2E 3 37CT 120
min 34 7 ¥ #4% > ¥ 4 85T T 5min % cDNA 2 5 #4215 » 55200 % * o

4 ZAFIZA LA
3.4.1 ZRAFZAFIAZL BRI

= RIE & 2 BOK(CWW) 2 s b a2 2w fo K (RCW) # 5 4 5
Held o H-CWW 2 RCW= 4 3. 2/408 2k 55ik & B~ImLi 5 46 5 % & > e ]
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DNA¥ 5 B~RNAT F #45= cDNA> £ #-DNA2 cDNA £ > 2 NanoDrop (Green
BioResearch, Rahway, USA) iR ® DNA &8 &2k & i &2 R #7& RepH 0l ik @

BEEL T/ NP o AT DNAE B4 Tl mdZ o B0 8 E i & R o 3%
P ECDNAR Z I F & fF iz 4F 3 3% ¢ Klenow & L A-tailed 3% ¥ i (7 10~18 1% i
B PCRE &> 8 g i3 & i cDNA T £ o §1* QPCRER#E &P £ > aﬁ\%)’]‘u
#e F1* lllumina miseq4% %_F (Figure 3-3) » & § 2% % A %] =& 4 % YourGene
BioSciencei% it » #_& & % lllumina Genome Analyzer V2.5 A= T B 3%k TA4cT

F- 7|Library ##g = Wholegenome library: 2 # F# & 5 2GB> 2 A 3 ;% % paired-
end > 5 & &R R1% 300bp > R2 5 300bp -

Purified Genomic DNA

A 4

Purify Ligation Products

!

Fragment Genomic DNA R
PCR Amplification
1 ]
Repair Ends Validate Library
| !

Adenylate 3’Ends

[llumina Sequencing

A 4

Ligate Indexed Adapters

Figure 3-3 % A F] T & 7 Sk i A2 °

26



342 TR ESAFEEIHLE

TR pARNIR2EFNREDFEF » I /EZ R L REFRIRT &
Bl - P fz Bk wkix i 5 100bp? -+t 10 mismatch ¢ ¥ 4% e 2 o ik
& % % en B 7)) 2 National Center for Biotechnology Information (NCBI) emBasic Local
Alignment Search Tool 2. BLASTN™ ;4 pe AL E (i Ppe B 7 (v P A
71]) > ¢ * Metagenome analysis (MEGAN) #r 42 3% B’»BLASTnﬁL?J 4 exmlFg - MEGAN
fc %8 ¢ & g BLAST e % % 2 4 4~ #f /% (Biological classification) 2. 4 #f Fif
(taxonomic ranks) %l Ak B] > & A Bk ) & T #cF

3.4.3 3 2 Fa LA TR

DNA 5 7]} 7 rl %% o Fengta 4L 5 Open Reading Frame (ORF) >
W ¢ mAcds R 48 (initiation codon )ATG B 43 % 1+ % #% =+ (termination codon )
TAA-TAG & TGA 2 5iik »m Z AFI T A7 o § PR AT A7 6 =8
#0104 % MetaGeneMark #1481 £ k& T2 A S5 h @M > P %%-f]%a hATdn B AE
FEE I E B R RS R E AP E e s iFL D
5o e A E e P EARAB S 2 50 B 03§ g iR S E ek Bt

B 7

i
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3.2 $1* PCR gl
Fl* PCR ¥ 4= #l 2 e & @ A7 5 P A% ¥ 4 & Real-time PCR

FoHRPEADFL > PREDES Y REAFPRFPUEFEESFET o8 AT
T 5T RRIRE RS 2 T pRErR il Aligment £ & & 5 4 > & 7]

AT B3 £ F G 3% R PCR i 2 hffa) 3 2 7 4csh » 41T Bt Rk
BHERA 2AFUSB RIS 0 A kTP % E 54 -HADV, HEV, NoV-
gi, NoV-gii, HAV -

P& 7] % HAdV-Hexon, HEV-5’NCR, NoV-gi-RdRp, NoV-gii-RdRp, HAV-
VPL % %] > PCR & fe#ti¢ * crbtilip e > % m3l+ s HEV ~ NoV 7 & %484 4
ME AR s 5 PCR K B & 7 125 uL &1 Master mix (EmeraldAmp® MAX HS
PCR Master Mix) - 10mM 7 Forward £ Reverse 31+ & 1 uL (&%~ BER &
400nM)% 2.5 pL 5 B2 & DNA - #fdse » 7 7 RNA ¥ 2 g ki 3 F
XA 5 25 ul o fie ¥ 4F B H ik ik F @ * A8 & PCR & & % (Mycycler
Thermal cycle PCR, Bio-rad, USA)A £ 8 B 17 & 2 94 CH § 5 » 45 » £ F 04T i@
B2 DNA 4~ 30 ) ~ 51 + %L & DNA 30 #3(HAdV : 60.2°C, HEV : 59.8C, NoV-
gi : 57.3°C, NoV-gii : 59.5°C, HAV : 60.1C) ~ T2CEF & prdx &£ 513w # 30 ) ¥
Jh %k 45-50 =x > B fS Wi 54 g T2'CAE % PCR F = & 93 » &£ ¥ %-PCR A +
W T A A 4 DNA % 2]2f PCR £ Ji ¢4 & (Table 3-1) -

Bor g

%“g

323 HEFBPMT A

DNA% + 7 f&d DNAY 28 - £ 48 pe3-45 474 | T hir it~ 3 -2 5 R DNA
AR AR AL IR E MY B8 AaDNATPERER T F
LIMBEERLEY R LB A2 FNLE AR L E

DNA® £ » # izPCRyFH * B & R i § kR DX F R o ek 1L.5% N E%
£8 > 2~0.3g =7Agarose (AMRESCO)#= % ** TAE Buffer (Tris-base 40 mM, NaOAc 20
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mM, EDTA 1 mM, pH 8.3, BioTechnology) ® » * % ik 4c £ 8 Agaroses s % f#
® 31 TAE Buffer & si5 PP t5 & B f ™ '8 3 H o 4 » EtB”Out”Nucletic
AcidStaing Solution » i # * jk & : 5x10° % (Yeastern Biotech, Taipei, Taiwan) - #-

B LP o BT (S PR R e > 2 TAE Buffer 44 ¢ > #5-10ul 2
PCR A%/ » it F? » ¥ 53 =5PCR AF 5 &+ ] » ¥ :4-100-3000 bps
ladder (Fermentas, altham, USA);x » ¥ - 3 24/F ¥ - & &frladder ¥ 3 > {& > 1250
V i 7ok 0T A 40-50 mine B {8 12 T A R PR % % st(Major Science, Saratoga,
USA)# % 2 F L 5 7RI chRF X3 PCR %% -

3.3 % i fi#% Real-time PCRE it & 5

By v AR AR R AR E - gl EE T > BiERS L4
FAAFINEL R TN T R RF AL E P ERE AR R
et BA S BOEHARE AL - AR LHH YRS L

i * 513 MU A (Human Adenovirus)at Fidt AFETERAD ST SFE T it
:f};‘a% 513 2 ¥4 5 :}1%% (Human enterovirus) ~ ;g?g:f}%* (Norovirus) ~ A 3]+

%op # (hepatitis Avirus) #7213 5o < FRAES LS TR R s LR S o R o
%‘i K F ¥ RS B FE R ufgp%lﬁ}?{‘*\n_ /%—J” W gl &

3 ¥f 4+(Table 3-1,2,3,4) -

331 B A F SHUA

AL RBRRIRE R e e 515 2 F L A Y sl 2
FEARZ B AT B LB G pF  FRES 2 ALFURS 2 2 AR
BAFERTESRRIOP RAT] A WITHRE LT HAFIF B AT R Y psr
91 RIFIRB SR T PCR 3 p ARA T 2 TR R ¢ ot gl kb
AT A B D RAF] A A3 &SP HRATFT A BEArE & hffangd
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F](target gene) 2. DNA = 4% & §“ 48 (pBlueScript Il KS+) & f& » *5 iz 'w *2 (DH50)
LEEFATEA BRFECRANTAEEEE AT FL AP 2

T a A RSP EPRATSE S pES SRR oAk

HAdV-F41 3| ~ ’?%:I)%Jr & U wR Y St ke HEV-B12 4] » & 3% g&}?ﬁ—a— GI,Gl

axd
P

e

x
&= =
£

It

MEAAPF R BA AR RIRB Y A P RA T I A3 g s B
om g2 E & TR 7 G NoV-GI: U04469 - NoV-GlI: X86557~HAV: AB623053
PR A

F1* PCR F &4 HAdV ~ HEV ~ NoV-gi,gii ~ HAV 3L 7] 3 £ » #-PCR A&
# 12 yT&A Cloning kit (Yeastern Biotech, Taipei, Taiwan) & {7 g £ > »+ 0.1 mL PCR
FJsg ¥ B4~ & 1yl ligation buffer A {r ligation buffer B » 2 uL T&ATM
clonging vertor(Figure 3-4) » Su. PCR & i~ 2 1 uL. yT4 DNA ligase > & % 4CH & °

R yT&AT 1813 % 22 PCRE e g ¢ R &% #-4 »~ Escherichia coli DH5 o
competentcell » 2z Jf-RBE15mL o g p 25 i mie f2 40 912 MFEL 2% E
Rk o #PCR FEREPR T R ER 2N B F P T HERTL Fyo 342
C ki d45%) > 4e » 200uL 7SOCH & 4 (2% (W/V) Tryptone > 0.5% (W/V) yeast
extract » 0.05% (W/V) NaCl > 2.5 mM KCI 10 mM MgClI2 - 20 mM glucose) i #37°C
TRF2) P EF L P10-50~200uL5 & % iF 3T 2 3 4o~ Ampicillin(100mg/ml) ~
IPTG(24mg/ml) ~ X-Gal(20mg/ml) LBz % 4 (1% peptone, 0.5% yeast extract,0.5%
NaCl, 100pg/mL of ampicillin) F #3253 % 4ris » 237TCHRRE R - BB X 4E 5
e Sk iE R R AR A - S BB T - LB AE R -
Z3TCTHrE -

2 R H - Atk 7 Colony PCRex:RPCR#EH * £ —«L;’L i\ £ - *>PCR
F J& g ¢ 4 » 1250l Master mix » £ 4 » yT&A Cloning kit #7 *t ¥ M13
Forward/M13 Reverse & 1uL(Figure 3-5) » 4% % 4v » 10.5uL H20 ¢ 388 4% = 25uL >
£ R E T BPAe SR R AR EPCRE i E (62 FPCRF J& » PCRE i R
4T 19ACH S 44k~ 2 25 YA (94°C,30sec ~55°C,30sec ~ 72°C, 50 sec) B
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6 AT mIin 72°C o KT A BRI UPCRIBH F A 2F 5 = :4 » ETRY o

G ColonyPCR #zzuiT88 2 7 ¥4 & £o 6> m5mLiR 3 LB & A3 £ 16-18hr>
2 Gene-Spin™ Miniprep Plasmid Purification Kit (Protech Technology, Taipei ,
Taiwan)4 B~ %‘W?*” A Az - 2013,100xg8 s 5 B R #BmL R AT gL B s 15
min- ¥ 3 f 7R R 3T ik e 4o » 200uL solution | (50 mM glucose, 25mM
Tris-HCL, 10 mM EDTA)* & F = & {5 » ¥ % 4v » 200uL solution II (0.2M NaOH,
1% SDS) i fsig gt .« ¥ 7 = @372 ® & » £ 4 » 200uL solution III (3M
sodiumacetate) & £ s gt~ ¢ T =0 ¥ 32w 5min - 2 & Spin columnf-Collection tube -
Regpoo ik # 3 Spin columndes I 3 g ik o 4e » 700l Wash Solution i s
£ 4 » — st Wash Solutiong.w & @ i dl o HF A 235 min 2 ffiz gk o
Spin column# » At o ¥ 5 4r » 50~100pL sElution Solution# ¥ 2 min {5 &< >
% DNA 73R 7 13 33t-20C -

2 Nanodrop 4™ s 56 B &R iRI £ 1+ Fp 014 B2 8 2 260mmit £ TRk R 3%
B R R (ng/ul) v E e S & H R4 chcopies #c v 4o T i

c (’;—?) X 6.022 % 1023 (%)

2950(bps) x 10%(3) x 660 (Frote xTps)

® C A~ kkp@hid£260mmarip @ kR -
® 6.022x10% 5 IMk & T 3L 12 5 4 copiestik ©
® 2050 bp % 3.5.1% Ferit * A £ R 2728bpste + #rid 4} hPCRA 4
bps % 2950 bps -
® 10°: F]=t3k & » @ 660(g/molexbps) 2 DNA = - Bi:H peenTian + £ o
oot gl OB REIE & K 10° (copies/uL) > #-t K B -8 2 5x10° (copies/uL) 0 ¥
B R AR @610 n=2-8 2 BRIk AR - 3-20T -
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Kpn | (434)

LacZ

Sma | (436)
EcoRI (441)
[Hind IIl (448)]

M13 Reverse Primer

Figure 3-5 3 & £ §Y 48 ¢ “Tak 4 = § % Colony PCR #f% 31

32

-A
T7 promoter A. PCR Product DNA
r
Amp (Bl Ill (452))
Bam HI (458)
Xba | (466)
Sal | (472)
Pst | (482)
Hind 11l (490)
Figure 3-4 yT&A = F2 $4 48 & 33 & fooral e i B o
301  TACGCCAGCT  GGCGARAGGG  GGATGTGCTG  CAAGGCGATT  AAGTTGGGTA
ATGCGGTCGA  CCGCTTTCCC ~ CCTACACGAC ~ GTTCCGCTAA  TTCAACCCAT
M13 Forward Primer
351  ACGCCAGGET I ITTCCCAGTCIACGACGTTGT  AAAACGACGG  CCAGTGAATT
TGCGGTCCCA  AAAGGGTCAG  TGCTGCAACA  TTTTGCTGCC  GGTCACTTAA
T7 Promoter kpnl __Smal _ EcoRI Hindill
401  GIAATACGAC  TCACTATAGG  GCGAGCTCGG  TACCCGGGCG  AATTCCAAGC
CATTATGCTG  AGTGATATCC  CGCTCGAGCC  ATGGGCCCGC  TTAAGGTTCG
- VBgllI BamHI 3 7Xbal _ 7$all _ Pstl 3 s
451  TT AGATCTGGAT  CCCCTCTAGA  GTCGACCTGC  AGGCATGCAA
A TCTAGACCTA  GGGGAGATCT  CAGCTGGACG  TCCGTACGTT
I:lindlll
493  CGTTGGCGTA  ATCATGGTCA  TAGCTGTTTC  CTGTGTGAAA  TTGTTATCCG
GCAACCGCAT  TAGT. AACAATAGGC

BE YR -



332 B HA LA

Probe #£ $-4k & ehix 3 £ >t Forward {- Reverse 513 2. fF » @ & 3 ¥ k2 5h
e € L PCR#BH che PRt e k> BpF * ¥ L R R ALk
Py g a5 * StepOne™ Real-Time PCR i st(Applied Biosystems, California,
USA) > # =22 F kg ® 73 SuL TagMan ® Universal Master Mix II, with UNG
(Applied Biosystems,California, USA) ~ 10mM = Forward £ Reverse 31+ % 0.5 uL
(B % F kR 5 200nM) ~ Probe #£4- 0.3 pL (3% & kR 5 330nM)%2 DNA %
Pofhose 2500 0 MRS C SEA s RpA 2 A AP pA 27 CWW 2
RCW & & 2 & > #7* 51 F 8747 44 Table 3-1 7 & fs v » ik 2 3 F BHA
L 10uL o fie ¥ 4% 2 &4k 545 % ¥~ Real-time PCR * & & StepOne (Applied
Biosystems, California, USA):3 28 A -2 12 50CH % 2 448 - ¥ 5C @ %
DNA %~ &t 15 #; ~ 31+ 4+ & DNA30 #;(HAdV :60.2°C,HEV: 59.8°C, NoV-gi : 57.3
"C, NoV-gii : 595°C, HAV : 60.1°C) ~ 72°C:R M £ fis & £ 31 5 2 # 15 ) % 7k 45-
50 =t ¥ e pF ORI E B 0 B FdF 30 f2 T2CHAEFF R > o B AL I

IR R S
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Table 3-1 ?"fﬂi“ﬁ’«’%iﬁ:@i e

; ; Expected Target Annealing
Virus Primers Sequence . ; o Reference
9 size(bps) region temperature("C)
HAdV JTVX-F GGACGCCTCGGAGTACCTGAG
JTVX-R ACIGTGGGGTTTCTGAACTTGTT 222 Hexon 60.2 Jothikumar et
al., 2005
ITVX-P FAM-CGACKGGCACGAAKCGCAGCGT-BHQ
HEV EV-F CCTCCGGCCCCTGAATG
EV-rl RATTGTCACCATAAGCAGCCA
EV-r2 TRTCAGTCAATGTCACCAT Nijhuis et al.,
154 5'NCR 59.8 2002,
Verstrepen et
EV-13 TCTCAACAATTGTCACCATAAAR
al., 2001
EV-pl FAM-ACACGGWCACCCAAAGTAGTCGGTTCC-BHQ
EV-p23 FAM-CGGRGTACCGAAAGTAGTCTGTTCCG-BHQ
NoV-gi NoV-gi-f CATgTTCCgYTggATgCy
NoV-gi-ri gCACCACTggTgCCATC
NoV-gi-r2 CgCCyCTTgCYCCATC 129 RdRp 57.3
NoV-gi-r3 CgCCACTggCgCCATC
Kageyama et al.,
NoV-gi-p FAM-CgTCCTTAgACGCCATCATCATTTAC-BHQ 2003; Loisy et
al., 2005;
NoV-gii NoV-gii-f1 gCCAATQTTCAgATggATgAY Hoehne et al.,
2006
NoV-gii-f2 CCAATgTTCAggTggATgAg
NoV-gii-f3 CCATgTTCAggTggATgAg 96 RdRp 59.5
NoV-gii-r TTCgACGCCATCTTCATTCACA
NoV-gii-p VIC-TTgCgATCgCCCTCCCACGTGCT-BHQ
HAV HAV-f GGGTGAAACCTCTTAGGCTAAT
Hanai et al.,
HAV-r CGGCGTTGAATGGTTTTTGTC 104 VP1 60.1 2014; Hewitt et
al., 2013
HAV-p FAM-CAATATCCGCCGCTGTTACCCTATCCAA-BHQ
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Fri BEHaH

REAA L Aok v fok2 hd w sy
1 2 AT T A 2 B 7| e gk (assembling) & %
2 AP REES EGLR
L3 FBeingd Pk R 2k A R H M 4

Z A F TR 2f)* MEGAN 4 45
1 v NCBI e 8 T B e %

2 ReBBKE Wk A R
L3 % B R Fe
A A RE 2 d

3HAhKk® FiEmA kR

DO DD DD DD DN — =

ERNEE F-EE ERTEY
3.2 B pd ARBIKZE viOk Y kR



Yri BEEEH
41 RN BRKAF oKL Bd B3 A

4.1.1 2 A F2E 2 B 7| ¥ (assembling) % %

2 AT R AL NS Gk B 7 (Raw reads) 2 £ 536 12 3 (quality trimming,
QT) » E T/ EARY A2 HFWFF Hbps B FH(Q & 5 0.05) > QT rJLif 4 £h
raw reads ¥ % 92.1-99.9% - ¥ i3 i o= 1% raw read £ B < 50 19.67-
31.73% - @ % A FlE A rawreads QT A2 enF R £ 4 W 5 CWW-ut : 2.24 x 10%bps
v RCW-ut : 2.19 x 10° bps ; CWW-twsf : 1.87 x 10° bps 2 RCW-twsf : 3.19 x 10°
bps - raw reads & & 5 & Aeie 3L.73%(CWW-ut){- 30.02%(RCW-ut)-L 355 71 £
& 5 146.5 bps ; 19.67%(CWW-twsf) 2 22.39%(RCW-twsf)L 355 7| £ & 5 237.7
bps (Table 4-1) » & 7 2 "7 #7 it DNA kgt A 4 Nkt AR R A TR
FdF o

M EJR iE 14 e Raw read # % & % & contigs » e ifiE 2 £ % K& 100 bps
z 90%4p e > I * A Fle g 1 ivL 5(CLC Genomics Workbench ® CLC bio) %
EQT EisenB 7] FE ap @ # % Denovoassembled 5 71| € 23 2 » #-97
FAAEGY IpE R g lp 2 bRt B alaE W > AH L REBA R
ek % Bgor ¥ 50.1-62.23%¢:1x contigs & & & - 42> B b IR A €0 contigs F
MARFEEE B & >N 100kb 12+ s E & Hits s contigs # 4216 20Kb > ® & & 4 > 10K-
20Kb 7 contigs %7 90% '+ &> phage » @ & < %4 acontigs & A & ¢ 7 10k bps
W R R RARE DR A H RS S 0 4ok i 100kb 2 contigs &
AFIR S oprfhagp iR B 5 1%(Figure 4-1) - . 1& & 4 B % ¢ contig 2. #ic &
A w] m CWW-ut 261,123 i% 4= RCW-ut 7 239,960 i contigs » - 3= contigs & 71|
£ R A W] 5 642.39 % 618.37 bps; CWW-twsf 180,679 ik f- RCW-twsf 72 332,152
i contigs’ <L 5 contigs & 7| & & 4 %] 5 793.58 2 743.35bpse ¥ 41 * N50(contig

ik R LIS F B Y ok & )4p 0 contigs (TR P 25 i £ ¢ contig
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BAsEE R T Ko § R4 38 L R ch50%pF 74 + chcontig & & & NS0 » » £

7 — X dhcontig & & + »* N50 (Table 4-1,2) -

CWW

200,000 ~
160,000 A
120,000 A

80,000 A

40,000 1000 bps

\‘ N\

il
T

Contigs length (bps)

"
T T T T T T T T

100,000 200,000

Number of contigs

RCW

200,000

160,000 -

120,000 A

80,000 -

Contigs length (bps)

40,000 - 1000 bps

\

O - ‘I — - ‘I T T
200,000 100,000

Number of contigs

Figure 4-1 #- Assembled 2 contigs #: 7|21 % » &g+ 2 A F| 2 A ehE B A F
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Table 4-1 Z A F| 2 BB 7S % 8T o

Untreated Treated with silicon filter
Sample
cww RCW cww RCW
Total reads 18,379,302 15,677,084 7,723,116 13,667,858
Read length 193.5 211.2 301 301
Total reads after adapter trimming 18,377,956 15,675,324 7,723,116 13,667,451
Average read length after adapter trimming 185.5 191.0 253.2 243.8
Total reads after QT 16,936,991 14,788,561 7,716,000 13,649,188
Average length after QT 132.1 147.8 241.8 233.6
Total base after QT 2,237,299,407 2,186,178,334 1,865,728,800 3,188,450,316
Average insert size (bp) 313 308 204 175
Table 4-2 de novo assembled #7825/ 7 szt 2% o
Untreated Treated with silicon filter
Sample
CWW RCW CWW RCW
GC content 47 % 49.6 % 53.9% 50.5%
Max contig length 177,204 939,725 181,760 740,782
Min contig length 200 200 200 200
Avg contig length 642.39 618.37 793.58 743.35
Total contig length 167,743,106 148,382,876 143,382,768 246,905,734
N50 679 631 904 815
Number of contig 261,123 239,960 180,679 332,152
# contig >=300b 220,137 206,192 160,704 300,524
% of contig >= 300b 93.7 % 94.1% 96.4% 96.7%
# contig >= 1kb 26,641 20,581 28,190 47,853
% of contig >= 1kb 36.1 % 31.8% 46.3% 40.9%
# contig >= 10kb 497 289 576 627
% of contig >= 10kb 6.3 % 6.2 % 8% 6.5%
# contig >= 100kb 6 9 6 12
% of contig >= 100kb 0.5% 22% 8% 1.4%
Number of N 197,754 38,312 4,825 5,245
N-percentage 0.12 % 0.03 % 0.003% 0.002%

* Data required: 0.2G (each sample)
* QT = quality trim (criteria: min length = 35bp, error probability < 0.05)
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4.1.2 A2 X3 EaL R

[ S,
Al b e
poan e g

PREEHR A AT LA MYy AAFL SR FR

PRauREE 2 L B % IR ORF prediction en2 AL ¥l €A 0 F 42

~=h

(contigs) it Hits Tz F] B ¢t &3 4c > ORF prediction ##8 1 £ 2 & de novo
assembly ‘e % i % (Meyer et al., 2007) - % i ORF prediction & & 2_ {3 &0 contigs
o ¥+ NCBI A F1R %% % > Assigned =t &% &1 10 & > .9 10° # 3 3 10*
contigs(Table 4-3) - j£_De novo assembly i& & *EoT D Rk Tl g L
& # F]3¥ 5 > ORF prediction =g % i Jp& dhtt &) < 13 4 > 2 o 70 contigs #c
g F o

72 e Assembly ¥ o0 i sk Jﬁz«fmfé IR RF] 0 RIRDATFIEF €Kk
- % contigs + » @ F F|Ap 00R B R K OIE PRI ¢ OF Ax o P PR R e
1@ ek -] (200 bps) 3 v o 5L g R 0 Assembly z’v’ﬂ.f@g-%ifrﬁ SR Y a0 R
41 * MetaGeneMark #ic 48 1 2 2t "ﬁz contigs (K eidh 3w I & Fr i ¥ B F K-
contigs 4 B k > #7121 contigs sh#icE €  “7H 4v 0 H#-contigs i iE ORF prediction
s ehfh pk o s CWW-ut:372,470 contigs ~RCW-ut :320,635 contigs - CWW-twsf:
285,161 contigs 2 RCW-twsf :368126 contigs(Table 4-4) » #-pt iz i 3% %+t 4+ NCBI
e e TR R (BLAST-Nt) » & i —1F 7 4. i contig «h4 4R 2 (#h % 5 XML
Teit) o #AR k= r MEGAN A 4735048 » 0% Bt 8-k BB & 30 4R £ St B om 32
(Edwards and Rohwer, 2005) -

A EF AT AR SR ;4 ¥_7]1 % de novo assembly 7 contigs
¥ FIRE 218 <0 Assigned i Total contigs =t &)/ 3 1% > ot e % % Ao A2
TR o A AR R Bk R A e i R 2 g s R AR 2 B A
7 #7* k> & * CsCl Gradient Centrifugation mathod % # f* 5 & $& & > 1% s &
BR g E 8 s d s A R (oim B SR DNA) > d iR % 2 A

4

TL

o 4 2k T4k 20-60%2 FF » B AT R S AL ik R ST 0L A
FEREAE 7 L2 T o Ay Al F 5 T tansilicon filter v 54 DNA
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A2 0.2 um shiE B i M%:P”f WEE LT 0 R B R R G oA A
LOOREAJSEE L RS R §F wEE 5 DNA 47 AT i eh CWW 2
RCW & 5-41#* PCR 43 16s rRNA gene & & @] 12 % 753 DNA £ 7 = » 2
!r‘ R APREET @ & ? £F 77 mF 2 2534 DNA(Figure 4-2)
TR EATY ZAFCSEDESET B AR EFRILS o

A B

M CWW  RCW Cww_RCW

Figure.4-2 B 163 rRNA 5 f 3% &
# e PCR R > 4 B = B (A) Rk SR
el (B)ﬁ%—,ﬁi‘.‘ﬁﬂ’]‘?ﬁ ﬁ silicon filter 2 lr‘
5 DNA e &

Table 4-3 & 8% e snFil i@ & 5 % Bgor ) contigs #ic & % vt # NCBI g% 4 &

Total Contigs First-matched

algorithms  samples No hits Hits ass:\gijne d Assigned Bateria Archaea Eukaryote Viruses
CWW-ut 304,743 2,317 74 2,243 1,809 6 24 389
De novo
Assembly
RCW-ut 493,364 1,813 57 1,756 1,393 3 11 333
ORF CWW-ut 321,768 42,952 3,332.--39,620 787 - - 38,833
prediction
RCW-ut 286,172 34,463 2,568 31,895 756 - - 32,947
Table 4-4 ORF g ip| enld &
Untreated Treated with silicon filter
Samples
Ccww RCW Ccww RCW
# genes (ORF prediction) 372,470 320,635 285,161 368,126
# genes with hits in NCBI nr database 42,952 34,463 36,065 42,066
# genes without hits in NCBI nr database 329,518 286,172 241,776 326,060
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4.1.3 ZPihpa PRk R B k& REON &
R 2 W IR (T & R & etk 55 B I DNAJL 3 ek & RNAJ; 3
e fe (RNAE & & 4= cDNA) 1235 Jﬁ ROk TR AT NEGRE
;};«ﬂ SRR o e B ek AR L 18 ,?-;};«,* FEE oA AT R E R
Kk x Bk gl josiz - 0 s P s 20 - i g Rt S S AR
£ 0 5 CWWE B e e £ 2 RCWAR £ 9 2-4% » CWW 2 RCW2 A e
(Untreated, UT)£2 # %2 (Treated with silicon filter, Twsf)ee f& 8 & % &y e
ﬁg?;&cww—@ RCW 4 u] 5 UT#963% 219.6ng ~ Twsfe1768% 336ng (Table 4-5) -
B ¥ o & om CWWehys 4 @ HRCW2 B enf §E o # 7 5 Popa PIfecnig & A 4
B A AP %L P CWWE RCWs B4 % #4p o 2 RCWehps 3 k& §
e B CWWentk kR v iokin T SR ERETE M2 3 -

Table 4-5 CWW £ RCW kit & i iRl (F 0k B ~ R4 ~ Prpe [T 2 &1 260/280 v % & v
B 2 EAPFPRESAREOPRTELE S LR PR -

S "\ UTCWWtWSf UTRCV¥WSf
Concentration (ng/uL) 1063 1553 837.2 1150
Volume (uL) 30 9 30 9
Total amoung (ng)(>200ng) 768 963 336 219.6
260/280 ratio (1.8-2.0) 1.46 1.88 1.49 1.87
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2 Z A% 24 E24* MEGAN 4 5
4.2.1 v % NCBI th= fa TR & chi %

W & - 0 e ar(Hits) 2 A A(No hits) e B ¥R 4 > Hits 22 No hits et &
1:8>Nohits A FIE % > AFvengs § 284 H A TR 7] > = 5 2 e hits 0
AW LPRBTREE o 2374 A T > CWW 2 RCW sk & Hits et i
I 27 TA B S AURIE S 2 - R @ 5] A TR it % (Assigned)
XY S HACRE N L 0% 0 e S ke R A Seihi fE(Figure 4-3,4) o &
it 5

?,\:‘Q

i RHFL KR A R BRIk SARIZARA ¢ 02 0.22um
Ta B R ] 0 Tt % B hbacteria s FIH-E R D iR E > T A A TR AR
¢ W mamES % 7 a0 K pat AR Silicon filter i IR > PFAL 2w R
DNA(F &t % p 7= X f#2 bacteria) X 2 jp& €5 1 F P ¢ & hlm 5] DNA(F]
R EPRE RS PR - AR L IlmaE PR R BT ) @ ik (T 2 AT
TR el mpE DNA S 2R F B @4 - Lips L5 anck o 7
T R Ak At o RkA - A B ERPIERS T F
Bva E-R R Y 2 A A PR 5o gEChits S AT R S A A vt AL
i silicon filter AU 7 ik % >4 ok %l DNA L P Bgeimck o & bt Blehe gy
P oo AR g e Hits et B Apd st B Q[’;km = %0z 1K 5 4 40-60% > @ A 3 Hits
gt 5] % 5 10.75-12.65% > 3 lf:?}?tﬂ]%z\:ﬁ Hits £ No hits et &) 5 A& 3
Contigs srfic® &2 H & 77 7 B Ff ot 8% 113F 5 (L 32 59,926 contigs) > @ H <
Jreni & 0 k2 T (Table 4-6) 0 Tl A gn s LAT- R-Z AT LA kb
LG rRA > o el 2 B AR TR A Rl T RT3
TR 2T ARBEPR Y RS RS 8 AT LGB RAF SRS kHED
AR o & % IMDS ik B A A 0 £ F R S MR o A R
et ham @RS RS T AT R 23S AR SE S TR d R
econtigs B E ik < 3T H @ é),% o
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Campus Waste Water- Untreated

. No assigned
No hits - 3332
321,768 _ , 7.76%
0,
88.22% Bacteria
787
1.83%

Other virus (20.03%)
.1 Phycodnaviridae (8.74%)

£ Mimiviridae

M Phages (77.53%)

Myoviridae (30.67%)
Siphoviridae

Podoviridae

unclassified phages
unclassified Caudovirales
Inoviridae

N EEE

[l Human virus (2.44%)
7] Poxviridae (1.65%)

£ Flaviviridae(0.44%)
Herpesviridae(0.16%)
g7 Caliciviridae(0.20%)

Reclaimed water-Untreated

. No assigned
No hits 2,568
286,172 7.45%
89.26% .
Bacteria
569
1.65%

Other virus (21.97%)
[-] Phycodnaviridae (7.84%)

3] Mimiviridae

H Phages (75.48%)

Myoviridae (26.85%)
Siphoviridae

Podoviridae

unclassified phages
unclassified Caudovirales
Inoviridae

W Human virus (2.55%)
Poxviridae (1.59%)
Flaviviridae(0.49%)
Retroviridae(0.24%)
Herpesviridae(0.16%)

MY

I B9 B

Figure 4-3 CWW 2 RCW s R d e & » 1 2 2 A F 2 A chig % » &2 NCBI i &
FOALIL Gt TR ] -
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Campus Waste Water -Treated with Silicon filter

No hits Hits — — — — — — — " 7 77’ No assigned
/ - ! 2,362
241,776 2 ] 36,065 6.55%
87.35% 12.65% — ——.._ ___
'''''' - Bacteria
756
/ Virus 2.1%
32,947
Other virus (21.83%) 91.35%
[7 Phycodnaviridae (9.20%)
3 Mimiviridae
B Phages (75.48%)
1 Myoviridae (30.44%)
Siphoviridae
Podoviridae

M Human virus (2.69%)
[T Poxviridae (1.80%)

1 Flaviviridae(0.48%)
Herpesviridae(0.30%)
¥ Caliciviridae(0.18%)

unclassified phages
unclassified Caudovirales
Inoviridae

B
25
Bz
-
¥

Reclaimed water - Treated with Silicon filter

No hits . —Hits— - —— 2y ¥

326,060 42,066

88.57% 1143% ~ —=——. .. _ =

/ Virus
38,635 /
- 91.84%
Other virus (17.06%) I

- Mimiviridae (7.60%) Ny /

7] Phycodnaviridae

B Phages (79.71%)

9 Myoviridae (28.64%)
Siphoviridae
Podoviridae
unclassified phages
unclassified Caudovirales
Inoviridae

NAREEmEE

B Human virus (3.23%)
Poxviridae (1.97%
Flaviviridae(0.62%)
Retroviridae(0.42%)

Herpesviridae(0.22%)

B E B E

Figure 4-4 CWW 2 RCW 5 R Wi > 2 2 AT ERE NS &2 NCBI e
JT R G T A 3 b -

43



Table 4-6 % 2 A FIRAAT L kAP 4 Foaiehs ot ik o

Total Contigs Community
samples References
No hits Hits No assigned  Assigned Bateria Archaea Eukaryote Viruses
321768 42952 3332 39620 1.99% e == 98.01%
CWW-ut
241776 36065 2362 33703 2.14% o ot 97.86%
Waste water CWW-twsf
_— _— _— 0, — 0, 0,
e e = 51925 64.27% e 33.80% 0.10% Bibby et al.,
2011
286172 34463 2568 31895 1.78% - - 98.22%
RCW-ut
326060 42066 2729 39337 1.78% e - 98.22%
RCW-twsf
Reclaimed
water
13912 o - 5962 36.28% 0.35% 1.69% 61.67%
Rosario et al.,
2009
5484 e - 4145 72.91% 0.22% 1.86% 24.99%
o == et 15376 17.30% 0.30% 15.70% 66.70%
Djikeng et al.,
Lake 2009
o e - 10133 23.80% 0.06% 6.10% 66.90%
Tabl 3664 = == 4663 70.92% 0.21% 1.87% 25.01%
p\?vataere Rosario 2009

4.2.2 ¥BIREKE wiTk¥ m)ﬁa-‘% WE
i CWW 2 RCW ik &4 ¢ i R34 4p i 3t % % 5 69 Fh(genus)
A R B P A6 B BTERM R TR S B ER F A hp A RE S
R B S S Fh (Bacteria) i 4 R 4 64.59% ~ 54+ f (Plantae) i 4 b
6.67% ~ Ja t% 2 - (Protozoa) s # + 6.62% ~ #+ 4~ % (Animalia) s 4 F 4.53%.% 2
K AT d 2 XA MO AR & 17.60% (Figure 4-5) 0 JiL L g4 n AT A
B o] >t 200 nm e & &3 contigs #cE 9§ 61-81% 0 H ARihp A RS e

e B RCW ¢ iR »> ¥t £ F] 5 i~ Alenpa 2R e RFFLDwei ap



%7 z’v’w,;a% ME R TR R R 2 A R ;“—Dy;gfﬁﬂ:};ai ok & A FRA g e

2

HRAE o R AYEDS S s & AR T 15 0 CWW 2 RCW Rl % 7 i}
MBR i & 22 % (MBR filter 3¢ /3 200nm) » A RCW § @ B £ 7 3 348 73] <
200 nm m}ﬁsi FEGF REE P o AL B AR B m;ﬁ,% <] % 27-260 nm
2 B0 iR 0T A R ot b e AR R A4 50-110 nm > ﬁfﬁ?mfgﬁ»% e
RIH_12-400nm 2 & 3] & 4G 900-2000 nm(Figure 4-6) % & 4p fe > £ @
S5 5 B om A Mk op 4 2 (Caliciviridae) 72510 2 g o3 B 40 % Y i 4
#+(Potyviridae) s # ¥ 7 & CWW ¢ d13R 5 7 33 X %75 5 < Retroviridae 5 #
72E A RCW P d1 3| -

Animalia,
9 family
4.53%
unclassified, —
2 family

17.60%

Plantae, :
2 family
6.67%
Bacteria,
Protozoa, 5 family
coayly 64.59%
6.62%

# Bacteria W Protozoa ™Plantae @ unclassified M Animalia

Figure 4-5 w f7) % (Bacteria) s + & 64.59% ~ te. 4+ 7 (Plantae)shs & & 6.67% -~ &2 4 #
(Protozoa):f,‘ﬁi ¢ 6.62% ~ ¥ 3~ ?}(Animalia)ﬁﬂ:f,%% + 453%r1 % R A éﬁm;ﬁa% 2R A K
S R 17.60% o
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HUMAN VIRUS

Caliciviridae Flaviviridae Reftroviridae Herpesviridae Poxviridae
0.1-0.2% 0.4-0.6% 0.3-0.4% 0.1-0.2 1.6-2.0%
200 nm
—

BACTERIAPHAGE

£

1 FTeT

Podoviridae Myoviridae Siphoviridae Inoviridae
10.0-12.6% 26.9-31.7% 20.9-23.9 0.3-0.4%
200 nm
| —
OTHER VIRUS

Polydnaviridae Ascoviridae Phycodnaviridae Marseilleviridae Mimiviridae
0.2-0.8% 0.6-1.0% 1.2-9.204 0.2-0.3 6.0-7.3%

Iridoviridae Baculoviridae Potyviridae
0.4-0.5% 0.1-0.6% 0-0.2%

200 nm

Figure 4-6 WW 2 RCW #k 5+ b’%ﬂiiﬁ;ﬁ’l:}ﬁi 2 chAlR
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423 + § g FAl

WAL dp I P P K 2 i (municipal treatment plant) @ 3 & chm ) ¥ #
= Escherichia (76%) > s AR end 1 2 - » &7 i ﬁﬂiﬂéﬁﬁ%’ mACKY AR
¥ chk % (Ferreirada Silvaetal., 2007; Rakubaetal., 2010) > & F)%8 £ 48 ™ 2 e
Ao A A ZATRASEEE Y o CWW 2 RCW ¥ 385 5 < £ Fal
A T R & b 75.48-79.71% > m  Myoviridae % Siphoviridae 3 CWW 2 RCW
* 54 hi 448 > Podoviridae ~ Inoviridae % A A #f e 4 E S AR BB G Y
FpERES MBI LREF Y O LS RAENREN LY N wE F

A A R

4.24 BFAW? KX 2epd

P CWW 2 RCW @ © fo5 38 species § &= 4§ 0 B 2 - 54
Whe B s B llv R R FOART G RADEE 0 g5l Rt kg
(Chisholm and Lopez, 2011) ; ;{;fe’g)}%i EER R o SRR B f}%&r BRI
*Rel & H % 7 o (Lambden-and Clarke, 1995) » &2 CWW 2 RCW ¥ it i & 4
BT 2SR G R § e

EE AR AR CWW 2 RCW HILiET B8 SL gt 4 (& 45 L 47)40 W
s 4 FET 14 | Hits 2.7% 0 CWW 2 RCW 5 3 3 chie & A B 41 & B ¥
AR T HEESDEIEERE 0 o0 pL :}%4 w:z&rﬂ,?%:}?a* (Caliciviridae) ~
f};‘aef # (Flaviviridae) ~ 4= 7% f}%% (Herpesviridae) ~ f}ia:i F (Poxviridae) ~ i & &7
# (Retroviridae) (Table 4-7) -

i+ £ (Poxviridae)F “H e | o S N EFERME Y Bt T B4 feeh
Fd o R BTERE LY G FARIT F R G NAFRDR AF AR 0 &
PR 7} Bopd R an@ it o FEENARAS Bom s B2 8 P
© = (Lefkowitz et al., 2005) 5 5 5 4+ #*(Flaviviridae) &4 & % % of jLé 4 1% 5
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FALE R RE WP TS RE P TS B Fopd B & P
83 & & %54 (Dengue virus) » %im 4 (WestNilevirus) ~ g+ e
A Fmd R E+ (Bovine viral diarrhea virus ) ~ 3% & it & C 3l
"L+ (Hepatitis Cvirus) (Leyssenetal., 2000) ; = & &5+ #* (Retroviridae)s |

E A AR ~ E R~ AR KA PR R R B E AR e
7 i+ # (Herpesviridae) ig 47 # AL AR 5 A a4 o dekdl e B A K
7R P E gildRpfod kied ~ 05 %" Bicd Fhg - B Qemg o
TR Iﬁa% ¢ 1 X3 WP A % 10 Chuman interleukin 10, hIL-10) sk &5 % ¢ % %
Senfp > AT g R > AyE A REe '}7?-“,% I ﬁi‘jﬁﬁ RS :/Jia s e
LR HF L F & WP B R S5 R (Chisholm and Lopez, 2011) ; 47 # s 4 42
(Caliciviridae)ig 4+ ¥ i& = % i efad Fwf Fodefe 2 L 5% 5 F Aopdo 7 L
TRl 2 OLIH O RIR LS RO RIRELE ORI SRR S R > A& Uy
doE-r B R LR B etk RBom & (Norovirus) ~ 4 R s &
(Sapovirus)(Lambden and Clark, 1995) ¢ % %2 572% 5 3f ~ 7938 ~ L § st et oz
oS 2 AP M B m o Rk AR s B s B R Rk s B R FFER

Ff o FA AR KR R A T S G o AR R AR

P AR E RNt R AT A LA A RE BB E R
§7F AR TR SRR N TR RE TN BT R N B
g;[i\ﬂq";’\o
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Table 4-7 ¥ it B % 4 % 3

Taxonomic CWw  RCW

- Transmission
classification ut twsf ut twsf ansmissio

Human virus homologue

Poxviridae
. . Contact, Sexual contact
Molluscum contagiosum virus Molluscipoxvirus © © © ©
L . . i contact, Zoonosis
Callithrix jacchus orthopoxvirus Orthopoxvirus © © @ Respiratory, ' :
Cowpox virus © © © ©
Ectromelia virus © © © ©
Monkeypox virus © O ©
Taterapox virus © © ©
Vaccinia virus © © © ©
Volepox virus © © ©
Yoka poxvirus © © ©
Rabbitpox viri
abbitpo us ® o
Pseudocowpox virus Parapoxvirus © o Zoonosis, contact
=
Diachasmimorpha longicaudata entomopoxvirus Poxvirida © © © © unknow
Melanoplus sanguinipes entomopoxvirus © © © ©
ia vir
Cotia virus o ono ©
Flaviviridae
Bovine viral diarrhea virus Pestivirus © © © @ pyrenteral, Sexual contact, blood.
Hepatitis C virus Hepacivirus © © o© 0
Retroviridae
Simian immunodeficiency virus Lentivirus ©  © Sexual contact, blood, breast feeding
Feline immunodeficiency virus ©)
Human immunodeficiency virus O
Common marmoset foamy virus Spumavirus © Contact, saliva
Feline foamy virus © ©
Mandrillus sphinx foamy virus ©
Simian foamy virus @ ©
Herpesviridae
Bandicota indica cytomegalovirus Cytomegalovirus © Contact, urine, saliva
Tupaiid herpesvirus © ® o

. . . Contact, saliva, Zoonosis, animal bite
Gorilla gorilla lymphocryptovirus

©

Lymphocryptovirus

)

Ateline herpesvirus Rhadinovirus Sexual contact, saliva
Herpesvirus saimiri

Leporid herpesvirus

Murid herpesvirus

Pan troglodytes rhadinovirus

Retroperitoneal fibromatosis-associated herpesvirus

© 0o
©00
© C

©
©0O00o

©

P

© © ©
Cercopithecine herpesvirus Simplexvirus © © © © contact, saliva, sexual contact, maternal-
Herpes simplex virus © © © neonatl
Macropodid herpesvirus © ©
Papiine herpesvirus © ©
Saimiriine herpesvirus © © © ©
Caliciviridae
. . Fecal-oral route from contaminated water and
Norwalk virus Norovirus © ©

food.
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L3 EkY BERERR
£.3.1 #3152 e

FSEFARPNF B E A 53 2L R RIREFS > Ba gl
3 z *;sy;rsg*ﬁ BREE - M ¥arzbp *g,ﬂﬁn:),;q%i #3217 #.% 0 Mismatch » 7 #
%«@&ﬁﬂ%ﬁ%iiﬁﬁs#uipfﬁﬁéﬁﬂ%%@ﬁwéaﬁﬁéﬁ
Mo 2 g ez 2 il * A s F @ d b e (FA1 7 AR D Ok o JIF -
VR X A - ﬁ‘cs’v’ﬂ’-’%:ﬁﬁ%(EV—BlZ)ifgﬂfi%—%ﬁHﬁU}%i . ’-’%:ﬁﬁi > é%%ar}:ﬁ:% .
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et

'ﬁ' % -

Enterovirus A : JX867330 ~ AY421761 « AY421762 - HQ728261 - AB779614 ~ GU942823 -
AY421766 ~ HQ728262 ~ AY421768 ~ AY421769 ~ AF177911 ~ AF119795 ~ AY697458 -
AY 697459~ AY697460~ AY 697461~ EF667344~ AF326754~ AF326761-EF667343~ AF326750

Enterovirus B : M16560 - AF081485 - M88483 ~ JX276378 ~ X05690 - AF105342 ~ D00627 -
AF029859~ AY 302545~ AY 302553~ AY 302557~ AY 302558~ AY 302559~ X92886~ AY167104 -
XT77708~AY 302539~ AY 302541~ AY 302542~ AY 302543~ AF317694 - AY 302544 ~ AY 302546~
AY302547 ~ AY302548 - AY302549 - AY302550 - AY302551 ~ AY302552 -~ AF311938 -
AY 302554 -~ AY302556 ~ AY302560 ~ AY556057 ~ JQ397329 - AY556070 -~ AJ493062 -
AY208120 -~ AY843297 ~ JX644073 ~ AY843299 - AY843300 + AY843301 - DQY02712 -
JX898909 ~ AY 843304 ~ KC292019 ~ AY 843306 - KF385943 - AB426611 - AB426608 -
DQY902713 ~ AY843308 - KF990476 ~ AB426609 ~ KF312882 - AF326751 -

Enterovirus C : KC785529 ~ AF499636 ~ DQ995639 ~ KC785532 ~ EF015014 ~ EF015031 -
AF499643~D90457 ~ JX417823 ~ KF495604 - EF015886 - KF129411 ~ EF555645 ~ KC785524 -
JX393302 ~ GQ865517 ~ KC344834 ~ JX514942 ~ JX262382 ~ JX393301 -

Enterovirus D : EF107098 ~ DQ201177 ~ DQ916376
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Enterovirus E : D00214 ~ AF123432 ~ KF748290
Enterovirus F : KC748420 ~ HQ917061 ~ DQ092794

Enterovirus G : Y14459 ~ AF363455 ~ HQ702854 ~ JN807387 ~ JQ277724 ~ JQ818253 -
KJ156400 - KJ156402 ~ KJ156410 ~ KJ156415

Enterovirus H : AF326757 ~ AF326759 ~ EF364420 - EF364415 ~ AF201894

Norovirus Gii : JF300313 ~ JN176926 ~ X86557 ~ KJ407072 ~ KM272334 ~ GU134965 -
JX289822~JX416402~EU448331~HQ449728~JN899242 ~ JX846926 ~ KM198591 - GU594162 -
KJ179756~JX846927~KJ145841~ KC597139~EU448333~GQ149616~ KJ407074~IN899245-
GU980585~JN699044 ~ KF289337~ KJ145323~ GQ849127~JQ934820~ KJ143754 ~ KJ956722~
AY134748 -

Norovirus Gi : KJ196298 - U04469 ~ KF429765 ~ KM246911 - HM055939 ~ KM246906 -
KM246914 ~ KM017951 + AB919128 - KF306212 ~ KF569794 - JN603244 ~ AM712390 -
GQ413970 ~ FM212903 ~ JQ388274 ~ IN899243 ~ L07418 ~» JQ692891 ~ KF586507 ~ GU299761

Hepatitis Avirus : X75216 ~ AB020566 + AB020567 - AB020565 ~ DQ646426 - EF207320 -
AF357222 ~ AF512536 ~ EU131373 ~ DQ991030  AY644337 » HM769724 ~ HV192266 -
AB618531~ AB618529~ AB623053~JQ425480~ NC001489~JA829544 ~ JQ655151 ~ KF569906 ~
AB819870 - KC182587 ~ KC182589 - KC182588 + KC182590 + KF773842 - KF724020 -
KJ427799 ~ AB839696 ~ AB793725 ~ AB969748 ~ AB973401 - AB909123
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Family Ccww RCW
Capsid Size (nm) Host ut twsf ut twsf
Contigs (%) Contigs (%) Contigs (%) Contigs (%)
Phycodnaviridae 100-220 alga 3112 (8.47%) 2945 (9.20%) 2378 (7.84%) 400 (1.17%)
Mimiviridae 400 2190 0 1915 0 1863 0 2487 0
Marseilleviridae 250 Amoeba g4 (6:19%) go (6:23%) go (642%) 109 (760%)
Iridoviridae 120-350 Invertebrates 153 (0.42%) 124 (0.39%) 121 (0.40%) 171 (0.50%)
" Baculoviridae 21-260 Crustacean 52 (0.14%) 54 (0.17%) 118 (0.39%) 205 (0.60%)
>
> Ascoviridae 200-400 216 236 209 335
2 Insects (0.83%) (0.98%) (1.48%) (0.98%)
o Polydnaviridae 30-150 90 77 241 -
Potyviridae* 12-900 Plants -- 50 (0.16%) -- --
unclassified phages 3904 3189 2696 3291
unclassified dsDNA viruses 1070 1147 1146 1549
unclassified dsDNA phages Unknow unknow 910 (17.08%) 778 (17.10%) 872 (17.20%) 1068 (18.97%)
environmental samples <viruses> 275 235 426 474
unclassified viruses 112 125 78 97
Myoviridae 50-110 11631 9745 8145 9782
% Siphoviridae 60 7716 6680 6885 8158
f__%’ Podoviridae 60 Bacteria 3708 (64.42%) 3199 (63.09%) 3759 (63.72%) 4299 (66.95%)
o unclassified Caudovirales - 492 452 447 527
Inoviridae 7-2000 111 122 97 100
Poxviridae 140-260 605 576 481 674
< , Flaviviridae* 50 1 | 160 156 145 211
£ 2 Retroviridae* 80-100 “”\’grr‘t’erggg?a S - (2.44%) - (2.69%) 92 (2.55%) 144 (3.23%)
T ~ Herpesviridae 150-200 60 77 55 74
Caliciviridae* 27-40 72 51 - -
Total reads 36,723 32,013 30,340 34,155
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