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FYTRIIR , s AT IR S8 3 22 5 A P 1 A AR AR A
TG IEEE T E AT R A 3 A8 i B, e R
T X H A A B TR AR 78R D

et 20 20 ZHH, MR T —F7
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x1. HRMLER

Table 1. Information of the sampling sites
Sample Longitude Latitude Depth/m Type
2811-S030-TVMCO01 E 69°20'31.56" N 4°0'10.08" 4213.00 Water
39V-1B-S007CTD02 E 78°5322.16" S 24°22'12.98" 4349.55 Water
39IV-SWIR-S011TVGO07 E 54°12'51.48" S 34°58'1.45" 3269.63 Sediment
12 BHERIFE RS LA 43 51, KRR A0 722 A T 1 £ (FSC) B

KIGHT I (Escherichia coli K12): 1.0 umx2.0 um
FEAR, BB A0 TR 5 ph v 32 3 e O b O i
R33N Luria-Bertani (LB)3; 55 £:028

WAL T (Sulfolobus sp. A20): 0.8-1.0 um A~
FRBRR 3, A S50 2 4325 H AR B A4
RPN BRIy Zillig B LR

AT 18 (Marinobacter sp. IM-B4)ﬂlﬂ12 NN
M (Sulfitobacter sp. DY-297), 435124 0.6 pumx
2.0 um A1 0.9 umx1.3 um, i@ﬁﬂi%%%ﬁﬁ% H

T TR B T A TR 5 iﬁ%ﬁtﬁ ZoBell 2216E
i%?"%ﬁ(leco

G B H IR A xﬁﬁﬂ&&éﬁrﬁﬁé
M13 $5 7R BT T 1G5
1.3 BUEY R E ISR
13,1 Zri X B4 o3k B hy i U U A
fifif¢ (MoFlo XDP, 3&[E Beckman Coulter 23 #]).

(1) Z RS WS E R
K12 F LB AR F 5 37 °C. 180 r/min &K
B3¢ 4 hy WEALE BTEFFTE IM-B4 ML AL R L AT
W DY297 F 2216E i ks 55 5+ 30 °C . 180 r/min
PEIREEFE 24 hs GRALIT T A20 T Zillig Ki %L
75 °C. 150 r/min $ERE;3E 72 he R gife (b F
X BRI 2G4k SYBR Ggreen T 4 °C Bt
£, 20 min,

(2) S B BR S X R . (A X2

Bection Dickinson)?!
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S 1] £ (SSCYRLUSN A7 5 Ui & H 2404
DX Araml, Sed B =4 M A3 e A o 15 I
KA ; APE R4 M fY Dropdelay 433k
FE AL UE 4> Ve [ 5 % B8 Cyclone fi# FFE %%
96 fLARIIL &, . A IEFRIT . SR
PR ERERE SR A 4 AUE 5 2 A 3 Summit

2 53T G55 XA L (¥ FSC Fi SSC 55 (L
S 615 5 B Log height ).

(3) ik IS YT Ik . PR LA )

TAE BT v R 2 BE i AR 0 F 5 T BRLAE i 43 A

-5 Pt = SE . %Lﬁnﬁ'a%%ﬁ%ﬁﬁ K
FIRENIEFE 5 min, HUBFERE, RpIEFEE

1 min, PR JCE K AL,
$5i H G R AR BN T 5% 7R
1.3.2 ﬁﬁémﬂﬂﬁfi%ﬁ%ﬁﬁ%ﬁ%: iE FSC Al
SSC 155 M/ X HUE , Bz X EICHOt Y
MR IAFFIA K12 FL4H i 531% 2 54 100 pL/fL LB
FrgR 5Ly 96 fLAk b, Horb 96 FLARAYES 12 51(8 4>
FLME R zs st a4 HmA 100 uL/fL LB 5373
ML, 37 °C H55% 12 h, iEFA KGO,
1.3.3  BWEKEFTTRYAE OB R4 IR
VKRR B B ARk . RIE DURRE S iR
PIEit : F 5-10 g HEAR I 100 mL KB AT
37K (3%, Sigma Aldrich), 16 °C $& KR % BEM
8 ho HHE o KURL A SR TR G B 10 mL B )24
TF 600 r/min {3 2.0 10 min, B4 mL _F 5 4 °C

%%MﬁL?%@%
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A LA WU EAEERE, AR RS R
JIT I 2 1 FSC F SSC 15 5 4 Ml 43328 X3l K 3 e A
e, BRI & 96 FLH, FEFLE 100 uL
R AR M13 85555 96 LR, 5 1-11 %1
(88 MHLVE R LI 2 S B2, 5 12 418 4>
LA MAlmuUﬂLBP%ﬁﬁﬁ 1% BE 2
AT IRANNEL . H3 RS B UM E T 25 °C Hi5%.
1.4 PARRAGEE S B ISR

IR KR RE S 100 pL, 345 T ok B Ay v
M13 [E{REEFRE b, 25 °C #5535, BUUTRIFE
2-5g, NTUKETE, 16°C KRG UEN 8 h,
B EERR RS HL 100 uL ¥R AT T ok B AT M13 [
WG b, 25 °C Hide. TRt T HHA TS
Jo, PREERTE T o A M13 [ERIEFRIE |, SEfR
Rk alifh
1.5 16S rRNA [ PCR ¥ 31| Wl F K& F5 et

B 0.5 mL ZEE % 1.5 mL B0, &
15 min J5 IR A%, B 3 IR & F K 12000 r/min
205 min, HU1 pL FYEWAE S DNA Bt ; DA
27F (5'-AGAGTTTGATCCTGGCTCAG-3")H1 1492R
(5'-GGTTACCTTGTTACGACTT-3")*¥ Jy 5| ¥y 4~
1% 16S rRNA J£[H ; PCR 9 47 Jy:95 °C 10 min;
95°C45s, 56°C30s, 72°C90s, 30 PMEH;
72 °C 10 min, PCR ¥ % 1%35 Wi B JC v DK AG:
I ) 2% A6 5T BRI A= P £ AR AT BRZS = 64
Fe. ¥ Pr3A5 16S rRNA KD FE 41 i i Clustal
BAFE AT HE R (Alignment) AR FEXT, AR
KT 97%AE N A E R A, B AT 4E 23 28 B ot
(operational taxonomic unit, OTU), HA[E OTU
REEEHRTIE GenBank #1411 IR
Fe 51 %0 4 1% iE
nih.gov/Blast/)il1 77 51 LLXT 73 #7 o

14 Blast (http://www.ncbi.nlm.

2 HRAAT

2.1 PG o3 X I
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AR Ry A F 0 BRAR T T A TR DL R AL 1Y
VT TR FIOIE Bt R R AT TR AE R 2 LU TR bR o 0 il X 2¢
ﬁ%@%k%ﬁﬁKu\ﬁ%WEAm\@ﬁﬂ
IM-B4 FIGRERER AT DY297 HEA T =X 54 g
o3k, Z5 0L R A LA S AR VI LR FSC {5518
10-10° A1 SSC fi 10-10*, £ HIT FSC H
10>-10° F1 SSC {H 10-10° (K 1), F i, K
LA 43326 8 4 X IHE 2 & FSC {E 10-10° F1 SSC

{E 10-10%, HEA IR 5 41 A 4k

B AR A XU, e AR AR e KA
K12 B4R 254 LB B35 55100 uL/4L)HY 96 fL
M, ok 3 He(88 AN/, It 264 4~
), 37°C Hi3% 12h a5, 3 HAr9lf 66 1.
72 A, 80 AMHEFRFLH BLIRIL, RN AT R
N T5%-90% o LIS J 20 AN HASCAS B 23 % A= A
WA — 7 A7, A 2R TR ) P YR e
M, ORI LA, D AR A B
i Xof 240 R M A R ), AR VR A e e o v A
B SRR T B0 AR AP, M 28Uy
TE 5 B AR B RS o FRATTRE R A 1R 1 35 7 S
WAESE TiX— 5, [HERE KER > (H 75%)1
B MR A P 2 T AR S AT LUE R AR ]
R 2 ORI 4 X BBk T A T oA R B
o i =4 i Sy
VeI AT 2R 80%-89%, AUy nl b 3R R E
B, 2 40 S 43 3 Ak T 4 i %) 53 40 5 i

Cryptococcus neoformans H99 2531
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Figure 1.

VAN s W1 I A o O AN i
BRSEOEEY, —E R ERAb T i T 4 5 1 3 AR
108 200 P P T 1 35 s W1 O 5 e P E N P
DX I X B S o o A ok JERATHY

2.2 Wik K EE R A R
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SRR, R 2 AR SRR 1A TTRRI
R AT M 2k, 3 R RL 23 Tl o1k 3 B
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Dot plots obtained via cell sorting of the reference cells.

96 FLAR(FE1> 96 FLAL /i 88 NERAMIHI), 3 792 4
UM, 792 AU Z ) 60 d Bi R, AT
232 DNERANERFRY), ATRE SRR 29.29%. Hrp
KA 222 Bk, TURIREGL 10 Bk IANTEKAT
dh L 96 FLAR B 3R 5 FL N I & AR R4 B
65.90%7F1 18.18%; JLEMIAL ML 96 Lk IE SRS AL
PR 2 A 5 AUH 3.79%. ARFEVEMU A AR, TT

FRYIPE R FE R A5 P40 U 1% 57 He MOKAARRE & 5 R
PRI
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2.2.2 B4V RMRIERER SN D
HRIERTF 97%E R OTU FE Bfl, Xt s
MBS IR ARG 232 BRI MUZE Y R HRE 16S
rRNA JERPEA T3 . D7 FOAR R 23 8, & 3
ENaIET 27 SAEE OTUs. M 2 4N KFE 43 5]
HAFT 16 4~ OTUs 1 10 4~ OTUs, i NUTFR

FEAALERTS 3 4~ OTUs. ¥R FRiX e OTUs [WR
PRI 16S rRNA JEPR 41 5 £ & 3R BB ik
(type strain)/ PN HEATARRIME HUXT, Z5R BN, 5

232 BRANEA 16S rRNA J& K f5AH Bl A 9 43 T
T 3411, BIZIEH ] (Proteobacteria) . JZ
I'I(Actinobacteria) MUK |1 (Bacteroidetes)H 1]
27 A&, AU 89.79%-100% (F 2). Hi,
M2 AAKAERE S PRSI Y Thalassospira J&
(alpha-ZZJE ) Fll Alcanivorax J&(gamma-“Z T 1)
MR E B IR Z , 70500 53 BRF1 40 tk, AH
PIPEH 99.85%—100% (3 2, & 2), 4B AWM
YIE 10 ¥R 95 Shimia. Sulfitobacter Fl

x2 BIRHABRSBERSEEIZEFRGER 16S rRNA EE FFIHELE LT 4

Table 2. Sequence analysis of the 16S rRNA genes of strains obtained by high-throughput single-cell isolation
Sample Strain No. The closest type strain (accession number) No. Length/bp Identity/%
2811-S030-TVMCO1 2ED5*  Hyphobacterium vulgare WM6" (KR611720) 6 1422 95.37
2CG4* Halovulum dunhuangense YYQ-30T (NR137232) 1 1420 94.94
2QD8 Rhodophyticola porphyridii MA-7-27" (KX268607) 1 1249 97.60
20G3 Nocardioides salarius CL-Z59T (NR043786) 1 695 98.71
2BA1 Shimia abyssi JAMH043" (NR148628) 7 674 97.48
2GBS Marinobacter alkaliphilus ODP1200D-1.5" (NR112223) 3 713 100.00
2PG2 Herminiimonas saxobsidens NS11T (NR042610) 1 713 100.00
2HD2 Loktanella variabilis -MR2-Y" (NR134071) 7 674 100.00
2TH1 Maricaulis parjimensis MCS 257 (NR025323) 1 674 99.55
20F1 Thalassospira xiamenensis M-5T (CP004388) 1 674 100.00
2RC10 Erythrobacter nanhaisediminis T30" (NR116764) 1 674 100.00
D107 Thalassospira permensis NBRC 1061757 (NR116841) 52 674 99.85
D77 Alcanivorax xenomutans JC109T (NR133958) 40 713 100
D1 Marinicaulis flavus SY-3-19T (KY861741) 6 1435 94.84
D3 Yonghaparkia alkaliphila KSL-113T (NR043675) 2 694 99.57
D14 Chelativorans intermedius CC-MHSW-5" (EU564843) 36 1476 92.75
D6 Wenzhouxiangella marina Ma-11T7 (NR136878) 8 1521 91.85
39V-IB-S007CTD02 3NBI11 Vicingus serpentipes ANORD5T (NR159281) 4 1489 89.79
3KC3 Hyphomonas pacifica MCCC 1A04387" (KF863109) 2 674 99.70
3EHS Muricauda ruestringensis DSM 132587 (NR074562) 8 711 99.30
3FD2 Pelagibacterium halotolerans B2" (NR102924) 16 674 100.00
3DG7 Pseudooceanicola nanhaiensis SS011B1-20T (NR043797) 4 674 100.00
3ED3 Martelella mediterranea DSM 17316 (CP020330) 3 674 100.00
3MD1 Alcanivorax venustensis 1S04" (NR025145) 1 713 99.86
3GG7 Comamonas testosteroni KS 0043T (NR029161) 2 757 100.00
CJ16 Citreicella marina CK-13-6" (NR116507) 6 674 100.00
CJ19 Brevundimonas mediterranea V4.B0O.10" (NR037108) 2 674 99.85
39IV-SWIR-S011TVG07 4AE3 Shimia abyssi JAMH043" (NR148628) 3 674 97.48
4BCl11 Sulfitobacter dubius LMG20555" (NR115917) 3 671 99.70
4DH4 Stenotrophomonas maltophilia NCTC10257" (LT906480) 4 691 98.26

*: published.
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Single-cell cultivation method

(6) Hyphobacterium
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(1) Rhodophyticola
(1) Nocardioides

(7) (3) Shimia
(1) Herminiimonas
(7) Loktanella
(1) Maricaulis
(6) (1) Marinicaulis
(36) Chelativorans
(8) Wenzhouxiangella
(3) Sulfitobacter
(4) Vicingus
(2) Hyphomonas
(16) Muricauda
(2) Comamonas
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(2) Brevundimonas

(40) Alcanivorax (2)
(1) Erythrobacter (2)
(3) Marinobacter (1)

(3) Martelella (1)
(8) Muricauda (2)

(4) Pseudooceanicola(2)

(4) Stenotrophomonas (1)
(53) Thalassospira (5)
(2) Yonghaparkia (4)

Plate-streaking method

Halomonas (1) (8)
Alteromonas (1)
Psychrobacter (1)

Kocuria (1)

Microbacterium (1)

Pseudomonas (1)
Bacillus (1)
Henriciella (2)
Fictibacillus (2)

(1)

2. RANESBERAMIBZFZERRIMESBEREMEYIRZ LK

Figure 2.

Comparison between the high throughput single-cell cultivation method and the streaking plate

method in the isolation of deep-sea microorganisms. The numbers of isolates are indicated in parentheses. Strains
obtained by using the high-throughput single cell cultivation method and the plate culture method are shown to
the left and the right of the genus name, respectively. Numbers of strains isolated from 28I11-S030-TVMCO1,
39IV-SWir-S011TVGO07 and 39V-IB-S007CTDO02 are shown in red, blue and green, respectively.

Stenotrophomonas 1 3 A J@FAHRL, AN
97.48%99.70%.

223 B BYHMERRBHREMEYTR
e F B EPRAE Y o R E, LA 97%E 8 4y
FIICTE bR, 8 I o A3 B v o A
FARF R, 208 6 4~ OTUs By 61 4~H #k
1) 16S rRNA F:[H 341 5 & & Fi a2 X v
FEH AL /N T 97% (89.79%—95.37%)., iX 4k
PR RISk B KIRRES 5 o B R B 26.29%
(% 3)o X 6 1~ OTUs 43 5| LATR #k 2ED5 . 2CG4 .,
D1. D14, D6, 3NBI11 U, Hr, itk 2EDS
R 2CG4 433V J8 T2 &1 ] alpha-2JE 4K
I 40 W H (Rhodobacterales) "= %2 . Jifl & #l

(Hyphomonadaceae) W] Hyphobacterium vulgare
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WM6" FIZLAFE B Rhodobacteraceae)) Halovulum
dunhuangense YYQ-30", MMM:A510 95.37%F01
94.94%, Zt—HKE, XA ER 3 E N
Hyphobacterium J&F Halovulum J& RN, &4 8
Hyphobacterium indicum®?F1 Halovulum marinum®",

16S rRNA & X Fp 51 (AR E 0 AT 7
#k D1. D14, D6. 3NBI11 %52 &M 4
FIAR ISR T 94.5%, B Yarza SFPSHR 13
AW em I R E R, BRI HTE . H
tk D1 bk D14 X 52TE R alpha- 22T 17 44
ME AW, Ko, ®HH DI SE/ &R H
(Parvularculales) %3 /)y & B FF (Parvularculaceae)
) Hyphococcus flavus SY-3-19" 1 ¥ 5 &5
(94.84%); Wtk D14 5T H (Rhizobiales)Z1 T
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% 3. TS BIEFEE 16S rRNA £ [E F I L 3T 45 R

Table 3. Sequence analysis of thel6S rRNA gene sequences of isolates obtained by streaking on solid plates
Sample Strain No. The closest type strain (accession number) No. Length/bp Identity/%
2811-S030-TVMCO1 C-28-1 Stenotrophomonas maltophilia IAM 124237 (MN240936) 634 99.53

C-28-2 Thalassospira indica PB8BTT (CP031555) 674 100.00
C-28-5 Marinobacter adhaerens HP15T (NR074765) 713 100.00
C-28-6 Halomonas hamiltonii W1025T (NR115089) 707 99.86
C-28-7 Alteromonas australica H 177 (CP008849) 707 100.00
C-28-8 Psychrobacter pacificensis NBRC 1031917 (NR114238) 713 99.44
C-28-9 Alcanivorax xenomutans JC109" (NR133958) 713 100.00

39V-IB-S007CTD02

C-39-4300-1 Martelella mediterranea DSM 17316 (CP020330)
C-39-4300-2 Muricauda ruestringensis DSM 13258 (NR074562)
C-39-4300-3 Pseudooceanicola nanhaiensis SS011B1-20" (NR043797)

1

5

1

1

1

1

3

1 663 100.00
2 711 99.30
2 674 100.00
1 697
1

1

1

2

2

4

8

2

39IV-SWIR-S011TVG07 C-TVGO7-1 Kocuria assamensis S9-65' (KT989850) 100.00
C-TVGO07-2  Microbacterium paraoxydans CF36" (MH281749) 696 100.00
C-TVGO07-3  Pseudomonas koreensis Ps 9-147 (KU041145) 713 98.60
C-TVGO7-4  Bacillus siamensis KCTC 136137 (MN176482) 724 100.00
C-TVGO07-5 Henriciella pelagia LA220" (NR157792) 675 100.00
C-TVGO07-6  Erythrobacter lutimaris S-5" (NR134028) 674 99.55
C-TVGO07-7  Yonghaparkia alkaliphila KSL-113"7 (NR043675) 695 99.57
C-TVG07-8  Halomonas sulfidaeris Esulfide1™ (NR027185) 707 99.58
C-TVGO07-9  Fictibacillus halophilus AS8™ (NR149289) 723 99.59

Bl (Rhodobiaceae) 1 Chelativorans intermedius
CC-MHSW-5" #H &I f% 5 (92.75%) ; W ¥k D6
525 W ] gamma-ZZ ¥ B N EH 6 FH H
(Chromatiales) 1)
Ma- 117 AR 1 (91.85%) 5 T i A%k 3NB11 541
& 1T 8 FF B N (Flavobacteriia) ¥ 1 W H

Wenzhouxiangella  marina

(Flavobacteriales) Cryomorphaceae F}) Vicingus
serpentipes ANORDS" F UL 15 51 (89.79%) o 43 #T
7 I i S AR R R B B IR e e A B, AT
e 222 0 B N (] (FE A B T L — A A AT RE
0% M B LR BSE SR 0, TR PR DA 0 % SR 0 e
Femy, MELUTE Al bR R v, 3 T R R A B
I I A A A T AR B i TP AR IR D A4
55 37 O X BB TR AR A AR KRG T 58 0 1 S ) A
FeAME, Gl 1 ol T IR B 0 I A A 1 R Y
PRI X

2.3 WMASEEEERAEERE SRR
B L E

e 2 3t 273 1 e 2 B RS SR 0 [T, A
FAAFAERAT XS 2 AN AR 1S URYIRE kAT T
WRLR AR T B R L B R AE B R S R R o
5 R —8 PRBCEAR BB . KNSR
2SR wETE T RIZ AL, TRTS 40 BRI, Hop
18 Mok AKIRFES, 22 Mok BUTRIFEM . BT
Ik 16S IRNA BEARRIMER) 73 B, 40 BRI 2>
J& T 18 ANIFI A OTUSs, KA 8 245 104> OTUs,
DURUWIRE SR 3RAS 9 4~ OTUs. BRI RS 5
5 4 E Il (Proteobacteria) . Jl %k ]
(Actinobacteria) . JEEER | 1(Firmicutes) F4IFF IR
(Bacteroidetes)i?) 18 &R ARAALL, 16S
rRNA FEFEAHIEE S 98.6%—100% (£ 3, [ 2),
e, RAMEG PRI E T, B RAHE .
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XTPFP T 5 RAT AR 16S rRNA BE[H AT
FHIEE XS, S5RBoR (B 2), ENZ A 1
OTUs X 91, ET 9 1 g, Bl Alcanivorax.
Marinobacter . Thalassospira . Martelella
Muricauda . Erythrobacter . Pseudooceanicola .
Stenotrophomonas . Yonghaparkia, HAKE , Wik
G330 i 16 ek B O R 1% 00 B TR KR R AR W)
ZREERGR s M, MR AR I IR A N TTRR P
At AT A ) Z2 AR P S T A R

3 WwMmERN

TEAMFE R, i 2 gt =X 4 vo e kPR i 5
FILIRAG 232 BRI, o, 4K 280222 PR FEBE
Sk FHKRRE S, 408 B DU RS S TR AR B
ZHEA R SR, AR BRI Y
A P A i R R S i TR AADY FRATTHE
W, BT ORI LR 2, XA P e R L
S 1) - 0 8 235 5 8 Tl 2 0 X LA DA it v 0
oy, B EHERNEREEE D Bk,
g AKA R, DI R AAE LB s s . S A
BRI /N AR AR A e A SR, A S 58 v i X A
JELASCHE T MBI MR 2 7 e 2 4R, B AR
KL 5 R 28 e 40 0 B TCAE T A0 R DL X Gy,
FUCRR DA it R T I 2K 4330 v A A M R
T3V T ARAT 08 30T I A 0 TR R 2R A 2D T KRR
atro R, SETCARIAE bl AR W i 43 B B R T
B ASSCIT R TR I 2 43 v e AR AR
B L

WK AR HE S AR S R
10°-10°/mL, BPERETHEE S 1-100 A2 4n
JL L TR R AR G 0 P M i A 7 1 R B A
Fr, —BFH - HBEVRAE 100-200 pL #f5, i b
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Isolation of deep-sea microorganisms by flow cytometry—based
high-throughput cell sorting and single cell cultivation
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Zhiyang Dong', Zujun Lu*, Ying Huang', Wenbin Du'’, Li Huang'?, Xin Dai'*"

! State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
? College of Life Sciences, University of Chinese Academy of Sciences, Beijing 100049, China
? Savaid Medical School, University of Chinese Academy of Sciences, Beijing 100049, China

*College of Life Sciences, Guangxi Normal University, Guilin 541006, Guangxi Province, China

Abstract: [Objective] To test a single cell cultivation method involving flow cytometry-based high-throughput cell
sorting and single cell cultivation in the isolation of microorganisms from deep-sea samples. [Methods] The flow
cytometer sorted to microbial cells of interest based on the size and complexity of the particles using forward
versus side scatter gating (SSC vs. FSC) without the need for fluorescence labeling. Then, the single cells were
cultivated in 96-well plates and further transferred to agar plate for scale-up cultivation and taxonomic
identification. The performance of this method to cultivate microorganisms from deep-sea water and sediment
samples was evaluated. [Results] An optimal sort region was chosen to sort microbial cells from the deep-sea
samples, following by high-throughput single-cell broth cultivation. A total of 61 potential novel microbial strains,
which belong to 6 novel genus or species, were obtained from deep-sea samples from the Indian Ocean. The novel
strains accounted for 26.29% of the total isolates and shared 89.79%-95.37% similarity at the 16S rRNA gene
sequence level. [Conclusion] The FCM-based high-throughput cell sorting and single-cell cultivation method is
more suitable for sorting and cultivating of sea-water microorganisms. This methed may help increase the
efficiency of identifying novel species from deep seas.

Keywords: microbial cultivation, single cell, flow cytometry, deep sea
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