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Recirculating aquaculture systems (RAS)
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Recirculating aguaculture systems at the Virginia 5
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Materials and methods

1. 38 4. RH

Streptomyces avermitilis (DSM 46492) fT#44 %%

Microcoleus sp. (PCC 10601) &
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| Table 51: Environmental parameters and location for the investigated recirculated aquaculture systems (RAS).

- RAS - Location <

TSS . |
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& 4a # % 3 & (Solid-phase microextraction, SPME)

40 mL % 5% . #&
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HP5890 (Palo Alto, CA)

MDN-5 fused silica capillary column (30 m X 0.25mm X 0.25 pm)

# %: H,, 1mL/min
# &4 45 : 60°C, 0.5min Vi
30°C/min4t #/100°C
20°C/min4t #|185°C
40°C/min4t #|1250°C, # 4% #2.5min -
FIDi® &: 280°C

GC-MS + 2 #47 £ & (Sigma Aldrich)

3. DNA4E &
Fast-Prep soil kit (Qbiogene)
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Table 1

Primers and probes used for cloning and quantitative PCR.

Primer name Target Sequence 5-3' References

CycFW All geoA TGGTAYGTITGGGTITTYTTYTTYGAYGAYCAYTT (Ludwig et al., 2007)

CycRW All geoA CATRTGCCAYTCRTGICCICCISWYTGCCARTCYTG (Ludwig et al., 2007)
[ gCOA GIF geoA group 1 AACACCGTIGCICACCGARAT THiS stady

geoA glR geoA group 1 TCCAAGCCTTCGCATCCA This study

geoA g1PR geoA group 1 6-FAM-CCCTTGCTGCAGGACGATCACGA-BHQ-1 This study

geoA_g3F geoA group 3 CGATGCAGGTGCTCAAAGAC This study

geoA _g3R geoA group 3 GCTGGTAGGAGAACAGGTCGTT This study

geoA_g3PR geoA group 3 6-FAM-CCTTCTCCGACGGCGTCCACC-BHQ-1 This study

geoA_g4F geoA group 4 GCACACCTGCCGTTCCTAA This study

geoA_g4R geoA group 4 GAATGGTGCGATTCCATAGATCTT This study

geoA_g4PR geoA group 4 6-FAM-ACCCCGTCGAGCGTGCGCT-BHQ-1 This study

geoA _gSF geoA group 5 GCGGCTTCAGCAGTTTGAA This study

geoA_g5R geoA group 5 GTCCGTACTCCGCACACAGA This study

genA _gSPR geoA group 5 A-FAM-ACACCGCGCTCGTTGAAGTTCCG-BHQ-1 This stndy

Strep661F 16S rRNA gene Streptomyces GTAGGGGAGATCGGAATT (Inbar et al. 2005)

Strep1218R 16S rRNA gene Streptomyces AGCACGTGTGCAGCCCAA (Inbar et al. 2005)

CYA361F 16S rRNA gene Cyanobacteria GGAATTTTCCGCAATGGG (Niibel et al. 1997)

CYA785R 16S rRNA gene Cyanobacteria GACTACWGGGGTATCTAATCC (Niibel et al. 1997)

ACT235F 16S rRNA gene Actinobacteria CGCGGCCTATCAGTTTGTTG (Stach et al. 2003)

ACTS878R 16S rRNA gene Actinobacteria CCGTACTCCCCAGGCGGGG (Stach et al. 2003)

8F 16S rRNA gene all bacteria AGAGTTTGATCCTGGCTCAG (Eden et al. 1991)

1492R 16S rRNA gene all bacteria GGTTACCTTGTTACGACTT (Edwards et al. 1989)




% DNA

geoAtmh s

CycRW

4 #PCR~ % (3%)

. 8.4 #§GeoA 5 71
B &, 4L
Streptomyces coelicolor (Q9X839) AEE#4FH
PCR 7 # @ 4 Nostoc punctiforme (ZPO0109187) s KA %%
L. %
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L. 4 5 7| #]GenBank

(Jiang et al., 2007)
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Maximum likelihood method (ProML)
Neighbour joining (sub model)

1000 bootstrap replicates
50% consensus filter

Values of 75%

[l m7: Analysis Preferences

Opticns Summary

Option Selection

Analysis Phylogeny Reconstruction
Statistical Mathod Maximum Likefhood
Phylogeny Test

Test of Phylogeny Boctstrap method I
No. of Bootstrap Replications 1000 !

Substitution Model

Substitutions Type ! Nuclactide I

ModelfMethod Tamura-Mei model

Rates and Patterns

Rates among Sites Uniform rates

Data Subsat to Use

Gaps/Missing Data Treatment Complete deletion

Select Codon Pasitions [1st [#znd [#lard [+ Moncoding Sies

Tree Inference Options

ML Heuristic Mathod Mearest-Neighbor-Interchangs (NNI)
Initizl Tree for ML Mzke initisl tree automatically [Default - NI/ BiohI)
Branch Swap Fitter Mone

System Resource Usage

Nursber of Threads 1

? Heip




6. = ¥§PCR

1% & Q4 S. avermitilis . Microcoleus
FE4# (95°C,2min)
4 (95°C,30s) T
&k (57 °C,30s) — 30446 R
#4 (72 °C,2 min) -
“x#Efd (72 °C, 5min)

4 %% 57 (i)
(AQC0016, AQC0065, AQC0073, AQC0326)
&% (55°C,305)



PCR = 49 =2 & 247
Qubit HS dsDNA assay kit (Life Technologies)

AFoFAETHE# MK
4% A 10 mM Tris buffer (pH 8.5)# 4" % F# # £108 (# N&) , F-18CH A

Streptomyces, Cyanobacteria, Actinobacteriatq % ¥

Mx3005P gPCR system (Stratagene)
Brilliant 11l Ultra-Fast SYBR Green QPCR Master Mix (Agilent Technologies)

TagMan#g 4} X 3

Mx3005P gPCR system (Stratagene)
EXPRESS gPCR Supermix (Life Technologies)
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Trout aquacubture water, OTU_06 (2 sequences)

Results

| Trowt aguaculiure water, DTU_07 {4 sequences]

Trout aquacalture biofilm, OTU_03 {4 scquences)

| Eel aquaculiure biofilm, OTU (4 (§ sequences) g-roup ]'
mat clome
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= Photosynthetic
_|:'I'.'.= aquaculiure biofiim, OTLU 10

Trout aquaculture biofilm, OT_12

Eel aquaoulnere biofilm, OTU_01 {27 sequences)
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Eel aquacubture biofilm, OTU 08 {3 sequences)

Eel aquaculure biofilm, OTU_11
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—  Eel aquaculture biofilm, OTU_16

ol aquaculrure biofilm, OTU_02 (11 scquences)
Trout aquaculiare biofilm, OTT_05 {4 sequences)
4 (Y ,' Trout aguaculture water, OTU 11
m % i ;E 7 eo _ — Fel aquaculture biofilm, OTU_ 20
>

Eel aguaculture biofilm, OTU_03 (6 sequences)

Eil aguacultuse OTU_03 (9 sequences)

Eel aguaculture biofilm, OTU_06 (4 sequences)
Eel aquaculture biofilm, OTU 17

! Trout aquacaliure water, OTU_09 (}u 4
S / > . "ﬂ " Trout aguacubure water, OTU_03 (3 sequences) gr p
;' v Trout aguascultune biafilm, OTU 10
« 7 ﬂ g Trout aquaculinre water, OTU_07 (2 sequences)
Ecl aquaculmre biofilm, OTU 12

~  Trout aquacaliure biofilm, OTL_0%
Trout pguescilture biofikn, OTU 14

. | <[ Eel aguaculture biofilm, OTU_09 (2 sequences)
Trout aquaculiune biofilm, OTU_0] {56 sequences)
] 6S rRN A ;' % % ﬂ. f Troul aquaculiure biofilm, (T (2 (29 sequences) g[{}u_p 5
7N @ = Trout aquaculinre biafilm, OTLU 11
| Trout aquacalnare biofilm, OTU_04 {4 sequences)

| Eel squaculiure binfilm, OTU_14

' Trout aguacuiture biofilm, OTU 08
: Photosynthetic microbial mat clone

— Trou aquaculturs biofilm, OTU_13 .

W | Troul aguaculiure water, OFTU_10
|' 1 S ? 2

aurantiaca
Trout aquaculnire biofilm, OTLU_06 (3 sequences) grﬂup 3
Trout aquaculivre water, OTU_08

Haliargivm ochracem
Trout aquaculture water, O0TU_#4 (7 sequences)
,J Trout aquacaliure water, OTU_13

Trout aquaculiure water, OTU_0] (36 sequences)
| | Trout squaculinre wner: OTU 08 group 6

. . ' Trout aquaculiure water, OTU_03 (13 sequences)

Fig. S1. Phylogenetic tree __dj 1 oot sousclare e OT012
i -" CI ] I'-!T’:cdl?:lemsl
showing groups 4 and 5 to ﬁﬂ?ﬁ.”li‘fh'.’fﬁ.efﬁwfj. 1_:n§nque{.m] ;
T e L Cyanobacteria
- 0 Trout aquacalture water, OTU_06 (4 5 uences)
cluster into two different groups T
el . _ [} e et O e e
within the order of Sorangium. DL oo O
Trout squacubture water, OTLU_05 (2 sequences)

Nostoc punctiforms




Group 3 Myxobacteria #«#

Group 4. 5 uncultured Sorangium *ﬁ-ﬁ%

Group 1 Actinomycetales #%.#

AL LA 2 8 & 4 Y Streptomyces

Fig. 1. Phylogenetic tree of all available
geoA sequences, including > 400
sequences obtained by the CycFW/CycRW
primer pair from 6 recirculated aquaculture
systems. The phylogenetic groups shown
with a red outline are deriving from c
aquacultures. (For interpretation of the
references to colour in this figure legend,
the reader is referred to the web version of
this article.)
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Table 2
Quantitative PCR results for different clades of geoA and groups of bacteria. Numbers are shown as percentages relative to the total number of 165 rRNA gene sequences except for the
total bacteria count. RAS 1 is an outdoor plant whereas 2—4 are indoor plants. BDL (Below detection level) is < 10 copies.

RAS Sample type Group 1 Group 3 Group 4 Group 5 Actinobacteria Streptomyces Cyanobacteria Total bacteria Geosmin

1 Water phase 0.01% 0.3% 0.2% 0.2% 0.3% BDL 8% 8.5-10° cellsmL ™! 650ng L !
1 Biofilter 0.007% 0.2% 0.3 0.2% 0.7% BDL 0.7% 5.3 -10° cells media " NA

2 Water phase BDL BDL 0.1% BDL 2% BDL BDL 1.7 -10° cells mL™ ! 650ng L~
2 Biofilter BDL 0.8% 0.7% 0.01% 2% BDL BDL 1.9 - 10° cells media ' NA

3 Water phase BDL BDL 0.8% BDL NA BDL BDL 2.7 -10° cells mL™ ! 200ng L™
4 Water phase BDL BDL 0.9% BDL NA BDL BDL 3.4-10°cellsmL™! 200 ng L™ !
5 Water phase BDL BDL 0.3% BDL NA BDL BDL 6.9 -10° cells mL~* 100 ng L~ 1
£ Water phase BDL BDL 0.9% BDL NA BDL BDL 6.3-10° cellsmL ™! 200 ng L~ !

PANRARK LR AL UM L AALNELER
gt EMATLEE AL R CREY, LRI RET AN TGRS
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RAS Sample type Group 1 Group 3 Group 4 Group 5 Total bacteria Geosmin

1 Water phase 0.01% 0.3% 0.2% 0.2% 8.5 - 10° cells mL ™! 650 ng L~
1 Biofilter 0.007% 0.2% 0.3 0.2% 5.3 - 10® cells media ™' NA

2 Water phase BDL BDL 0.1% BDL 1.7 -10° cells mL ™! 650 ng L~ *
2 Biofilter BDL 0.8% 0.7% 0.01% 1.9 -10° cells media ™~ * NA

3 Water phase BDL BDL 0.8% BDL 2.7 -10° cells mL ™" 200ng L'
4 Water phase BDL BDL 0.9% BDL 3.4-10°cellsmL ™' 200ng L™
5 Water phase BDL BDL 0.3% BDL 6.9 -10° cells mL™* 100 ng L™
6 Water phase ~ BDL BDL 0.9% BDL 6.3 -10° cells mL ™' 200ng L™
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4. ARRAEGHANGERALF A, B4 Xt &
TANEARGHFHGa (1. 3. 4. 5) ;

5. 100-650ng/Ltg + 8 £ R A ERA £ K4 A
(4-10 ng/L)
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