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Diversity of CPR and DPANN in groundwater around Hohhot
City
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CHEN Wurina', LIU Yuxin'
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Abstract: [Background] Candidate phyla radiation (CPR) and DPANN are unique groups that
are significantly different from most known bacteria and archaea, and the knowledge about them
is limited due to the late discovery. The two groups are known to be large and widespread, while
their diversity and ecological roles in different habitats remain to be studied. [Objective] To
analyze the diversity of CPR and DPANN in different groundwater samples and the influences
of different methods on the detection and enrichment of CPR and DPANN. [Methods]
Metagenomic sequencing was employed to determine the diversity of CPR and DPANN in four
different groundwater samples around Hohhot after filtration through a 0.1 um membrane.
Metagenomic sequencing was compared with 16S rRNA gene amplicon sequencing regarding
the detection of CPR and DPANN, and the effects of different filtration methods and membrane
combinations on the enrichment of CPR and DPANN were compared. [Results] From the
4 groundwater samples, 33—64 phyla of CPR with the relative abundance of 0.17%—-1.67% and
1-7 phyla of DPANN with the relative abundance of 0.000 93%-0.071% were detected. For
CPR and DPANN, only Nanoarchaeota was detected by 16S rRNA gene V3-V4 amplicon
sequencing. The combination of 1.2 um and 0.1 um filters showed the best enrichment effect on
CPR and DPANN, and the relative abundance increased to 13.33% and 0.58%, respectively, by
timely replacement of filters. [Conclusion] There were abundant resources of CPR and DPANN
with low relative abundance in groundwater, and the distribution of CPR and DPANN varied in
different groundwater samples. The 16S rRNA gene V3-V4 amplicon sequencing missed the
information of CPR and DPANN in groundwater. The enrichment effect on CPR and DPANN
can be significantly improved by the combination of filters with different pore sizes and the
timely replacement of filters. The findings underpin the further exploration of species, gene, and
natural product resources and the strain culture of CPR and DPANN.

Keywords: candidate phyla radiation (CPR); DPANN; metagenomic sequencing; 16S rRNA
gene amplicon sequencing; enrichment by filtration
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foe ¥ 1] 9 R 5 28 B (candidate phyla
radiation, CPR)ZHE 1l DPANN i/ ]  # (h %
#IKY 5 @] Candidatus Diapherotrites, Ca.
Parvarchaeota, Ca. Aenigmarchaeota. 4{ 7 [
I"J(Nanoarchaeota)fil Ca. Nanohaloarchaeota
W R AR ) R - R EEN M AE YR
i, 2905 sERE A —k N H RS
B, 45T 2015 4ERFR 2013 4EBIE K
ES . WS RYL R B AR R )z 0N,
EEH T K. KK, 8 o5 )
Wik NSz e B v K A CPR Al DPANN
e, R R BFEE AT R R
75 “~“Candidatus"4H & B[ ] 1 12 “~“Candidatus”
HEEIT, CPR Al DPANN A 43 41 B 3,
AR, B AR Z SRR, G A
TN HEPIZRG TR . B bR AR
T FIME B g U322 Rt B BEX CPR Al
DPANN HIIARAIA R, TEES L ZFEPE . &
ABYIRE . SR S AR A L KRR IR AR TR O
KNG T7 A FFRGEMIRA WIS

CPR F1 DPANN ZH R MRAG DU A 4 2 e
SR ARG ATEE . PIEHER IR Z T 7E 16S
rRNA BN AR A B, RIEFET 16S
rRNA LR S AR HAR Z AR IX, Gl
G PSR . AN DU S B S A & A
SEAEIET 16S rRNA IR 5 (14 25 3 & I
HFORAERS . CPR 1 DPANN T& bR ZH M AL
/N, ARZEAT 0.22 pm JERERT M AR S
AR SR E LT 0.22 um IR
K. 168 rRNA B4 30 5 i A= ) 2 4
YERFZE A S22 [ i CPR 1 DPANN i 7E A []
ISR e AR A IR AT e e . HiE
75 DR 2 AR B BATR IR BTz 0 ]
& CPR 1 DPANN [ fifF 58 U H U Z R 5T 1R
BT RIS . HU T AR AT R 2 S B SR I

%, WS /R E & CPR Fl DPANN FHkk, 2R
55 At 40 T o B AR B R R A AR R AT R
Z i CPR 1 DPANN HE k. H R AN
8/ JEL A A48 P A TR A TP S e R T Y D
#% CPR F1 DPANN B e R4, 248 bR
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) S

WG LA [ T K R FERT S, SR A
FEH Iy J5 ok oA i) CPR F DPANN £ 4%
YT b, ELEE RN T 5 16S rRNA
FERP 1 IR XT CPR A1 DPANN 46 A 5%
M, ) B R T AS TR] i 4 A B AN [R) ok 8 =2 dch
PR KEESL, #8728 CPR F1 DPANN [H & 4£ (1)
Tk, N —#%F CPR fil DPANN [# £ 3 K K
FARF=W IR P24 . AT 85 3R AR S TR ot
RS

AR

1.1 HmEEE

2022 45 A& 10 HZI8], 435 AE A
FETT HB B, B AHPE G 4 A ASUREHLTT K
HFK 1 (#1, 40°14'15"N, 112°11'41"E)Y{v; T FIAK
MOREFE FHEAREN, AR AZXEIt
K, RFERIKIR 6.8 °C, pH 6.5-7.0 (pHi4k),
T 0.1%, FHKME, REERINESE R
15°C, HiF7K 2 (#2, 40°12'39"N, 112°00'58"E)
LT FIARAS R BB 7885 WS AT BN R 3 H AR
B, /N RIBOZ N K, SREERKIR 9.6 °C,
pH 6.5-7.0 (pH iX4%), WA 0.2%, RAEHFH
BN 23 °C, HBTRIK 3 (#3, 40°54'04"N,
111°48'13"E) i T W 135 AR 17 A 0 X 1+F S8 i
AT EERRE I K, SRFER pH 6.5-7.0
(pH i{4), SRAFIHAMNA IR 20 °C, H#i T K 4
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RELLIL VA, SR AR BT A R I K G I
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AR RAETEHIK), KFEER pH 6.5-7.0 (pH ik
40), FHUEE 0.5%, RFEFSMNAIIEN 9 °C,

KAET P RFERDK 1 LiKHDIRT 121 °C
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1.2 FERAFIFNH

DNA SCJEif 7] & NEBNext” Ultra DNA
Library Prepkit for Illumina, NEB Next® Ultra™
I1 FS DNA PCR-free Library Prep Kit 1 Phusion®
High-Fidelity PCR Master Mix, New England
Biolabs v Fl; RGLAEIEICKAH, EHAE 50 mm,
LA 1.2, 0.8, 0.45, 0.22 F1 0.1 pm),
T AR B AR T AR R A IR A | o b g e
B, OAEWE R g AR Jouh bR s
E, KPR RAE] ;AR i =08 7 ik
WAL, Diagenode A wl; R AH 1%L,
Agilent 2N H] . ZEFEFAIFFT 16S rRNA A
V3-V4 1T 5 d A6 i R BB e A
FRLZA w52 A
1.3 HmitE

A g (1) IERGS IR S g
AR E R, MR KRR 1. 2 Fil 3 SR
Ry ad s (2) ARl 1 L K H—3KHE,
Hu R 7K 4 SRRy Kt g

AR A . R AKFESY 1L 2 13 RA
PIRIIEIEZH & =X, — R B 0.1 pm I8 5
WM T KPR AERAEY, 2045 H
GW10.1. GW20.1 Fll GW30.1; 5 —FhH &1
0.8 pm A1 0.1 pm YEME, 735445 GW10.80.1.
GW20.80.1 i1 GW30.80.1, & 0.8 pm yEfE
R A AR A= 8, R ek R R ) 2218 s
FoR M uE R, RS 8K AR 100 L,

SRIEH 0.1 pm PR KR RIRMAEY) . HUR
IKFESS 4 SR 8 FgRRZH-A 7=, 435124 0.1 pm
PERERAA, 1.2 pm 5 0.1 pm JEARZH 4, 0.8 pm
50.1 pm JEEH A, 0.45 pm 5 0.1 pm JEE
H4A, 022 pm 5 0.1 pm JEMEA S, 0.8 pum.
0.45 um 5 0.1 pm JERELL A, 0.45 pm, 0.45 pm
50.1 pm IEBEA S, LI 045, 0.45, 0.45 um
5 0.1 pm JEBEAE, FEMGS R GWAHE
AL R T2, gt B, BR 0.1 pm JEAR
A, A FEEAN 45 1 ML 0 (I VR I e i B AR
KAL), 1 L KSEHe—f i, Hrds
KRN 25 Lo i 9B AU IR A T80 °Cik
FIRAF
1.4 RERBNF

25 WA Y U B 3 i) G TR R AR BT N R
He, SR A oS b B 3R b 82 (hexadecyl
trimethyl ammonium bromide, CTAB)¥:#&HUAf
AL, i Agilent 5400 KR EE | SE%
PERNAERE e R PR A2 ok 8 75 e e AL (T
1E15s, 1545, HdtT 6 MEIBEYLITHT 224
350 bp, fdi ] NEBNext® Ultra DNA Library
Prepkit for llumina #E17 SCEMEE . FERG G A8 5
PE4T Illumina PE150 1] /7 (Illumina HiSeq il 5% F-
B)o P, A Readfq XJJRUGEHE 1T
AbFR, RBRACFRIE B 1L 40 bp A reads, %
B N &1 10 bp B9 reads, Z:BR5 adapter #
i 10 bp FEHE Y reads 153 clean data®, fdiff]
MEGAHIT #/4:%F clean reads pEf 742121221
FE N ZEFTHIZRISA S N Y scaftigs!™ 24, fiff
H MetaGeneMark X} #8500 bp f¥) scaftigs #£1T
FFTRC BRI HE (open reading frame, ORF) i),
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CD-HIT #AMFEIU4, SRR AEITT R HE
#0201 fdi ] Bowtie2 #¥f clean data FbXF EHIIA
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B RS T R 22 T AR TR B B, JFAR
P X 1Y) reads BOFEERH BT T34 SE R Y 2
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eI Y = SN
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I & & . Phusion® High-Fidelity PCR Master
Mix 15 pL, [, BHESIPLUE 0.2 umol/L,
DNA ##i#f 10 ng. PCR i #%fF: 98 °C 1 min;
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4 MR KREA HARIE ] (Proteobacteria, B
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Ca. Kaiserbacteria fll Ca. Staskawiczbacteria,

GW20.1 HAHXT £ BE | 3 1 CPR F [ 143714 Ca.
Gracilibacteria , Ca. Peregrinibacteria #1 Ca.
Magasanikbacteria, GW30.1 FHAHXT LR 3 11
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=1 EEFBNFERK 16S rRNA HF V3-V4 X318 70 F 18

Table I Metagenomic sequencing and 16S rRNA gene V3—V4 amplicon sequencing data
Sequencing Sample Sample ID BaseNum (bp) SeqNum MeanLen MaxLen NMDC accession
(bp) (bp) No.
Metagenomic  Groundwater 1 GW10.1 299 326 439 202993 1475 277 085 NMDC40030136
sequencing Groundwater 1  GW10.80.1 176 599 666 109443 1614 474 139 NMDC40030137
Groundwater 2 GW20.1 305 654 347 189917 1609 574 941 NMDC40030138
Groundwater 2 GW20.80.1 339092 579 214334 1582 1325421 NMDC40030139
Groundwater 3 GW30.1 269 698 075 153100 1762 494 122 NMDC40030140
Groundwater 3  GW30.80.1 360 120 764 235997 1526 1 149 745 NMDC40030141
Groundwater 4 GW40.1 222 782 656 207203 1075 250 836 NMDC40030142
Groundwater 4 GW41.20.1 332463 971 277628 1198 490 005 NMDC40030143
Groundwater 4 GW40.80.1 247 301 282 278 064 889 104 695 NMDC40030144
Groundwater 4 GW430.450.1 206 851 879 183716 1126 495 059 NMDC40030145
16S rRNA Groundwater 1  GW10.116S 28 312 363 67869 417 NMDC40030146
gene V3=V4 - Groundwater2  GW20.116S 34 935 159 84661 413 NMDC40030147
amplicon Groundwater 3 GW30.116S 30 597 286 73049 419 NMDC40030148
sedueneins Groundwater 4 GW40.116S 50 986 351 124 059 410 NMDC40030149

Sample ID: #E5HZ4FR; BaseNum (bp): 413545 scaftigs/tags JFFIHI B ; SeqNum: ZIEI5HIY scaftigs/tags 51 ik 4551
MeanLen (bp): Scaftigs/Tags 74| i & ; MaxLen (bp): ZH2E75 2|1 scaftigs/tags ¥4 1K B (H

Sample ID: The sample name; BaseNum (bp): The total length of the assembled scaftigs/tags sequence; SeqNum: The total
number of the assembled scaftigs/tags sequences; MeanLen (bp): The average length of the scaftigs/tags sequence;
MaxLen (bp): The longest length of the assembled scaftigs/tags sequence.

*2 WTKERBEDIKESHER
Table 2 Microorganism distribution in phylum level in groundwater samples
Kingdom GW10.1 GW20.1 GW30.1

GW40.1

Phylum Relative Phylum Relative Phylum Relative Phylum Relative

number abundance (%) number abundance (%) number abundance (%) number abundance (%)
Bacteria 134 89.02 82 93.22 119 86.74 136 83.91
Archaea 14 1.64 4 0.01 11 0.04 16 1.07
Fungi 5 0.01 4 0.01 8 0.04 8 0.12

AN[EIHL R K ZERS Hi B DPANN 8 1R02% A fir
2E 5, B AN R T A, Hd i Ca
Woesearchaeota 7F 4 /|~ #b F 7K DPANN H i) 5 He
e, 8 A DPANN ®#1 69.9% .
100.00% . 76.81%#0 55.44% (&l 1C).

Hh R KR i AR TE Z AR S ) CPR
F1 DPANN Wpp¥ei, (H 2 A F AR,
43 IAE 0.17%—1.67%7F11 0.000 93%—0.071 00%Z

(A 1A). Hr, MR KRS GW40.1 7EK:
CPR F1 DPANN Fji 28 Fi 3= B 05 i 5 2 A7 A KA
#, CPR L 64 MR, SAIAXT N
1.67%; DPANN H:AGH 7 T, SAAEXT
FER 0.071% (K 1) T /KFES GW40.1 K11
CPR HI T, AHXTEEHT 0.1%094 2 N
i1, 43952 Saccharibacteria #1 Ca. Levybacteria,

AR EELE 0.01%—0.1%94 28 D@1, 4351
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g B Ca. Aenigmarchacota
9 100 I Ca. Micrarchaeota
3z 80 B Ca. Parvarchaeota
E 60 B Nanoarchaeota
}% i B Ca. Diapherotrites
§_ . Ca. Nanohaloarchaeota
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GW10.1 GW20.1 GW30.1 GW40.1
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FERR BT KEECH . B AR TR K FE S P 3 BEHT 10 A9 CPR W& ITAEXTEEHIEE. C: AFHT K
FE &L o DPANN (145 #6) 25 %,
Figure 1 CPR and DPANN contents in groundwater around Hohhot City. A: CPR and DPANN relative

abundance and the detected phylum numbers in different groundwater samples. B: Relative abundance bar
charts of the top 10 CPR phyla in different groundwater samples. C: Composition ratio of DPANN in
different groundwater samples.
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+& Ca. Wildermuthbacteria, Ca. Uhrbacteria .
Ca. Nomurabacteria, Ca. Collierbacteria, Ca.
Spechtbacteria , Ca. Roizmanbacteria ., Ca.
Peregrinibacteria . Ca. Kaiserbacteria . Ca.
Sungbacteria, Parcubacteria, Ca. Taylorbacteria
Ca. Nealsonbacteria, Ca. Gottesmanbacteria .
Ca. Daviesbacteria. Ca. Giovannonibacteria .
Ca. Moranbacteria, Ca. Magasanikbacteria, Ca.
Adlerbacteria . Ca. Woesebacteria . Ca.
Azambacteria . Ca. Doudnabacteria . Ca.
Pacebacteria . Ca. Yanofskybacteria . Ca.
Wolfebacteria . Ca.
Ca. Falkowbacteria #lI Ca.
Ryanbacteria, 2810, B2 H P FEE B
Saccharibacteria B ], 1 X%t =F Bt {0 A
0.51%, AHFTE 11 i, Mo F/KFES GWA40.1 K
HiAY DPANN [ 1H, MXEERL 0.01%0H)
A 2 ANHITT, 405J2 Ca. Woesearchaeota Fll
Ca. Aenigmarchaeota.

2.2 AEIMFF755E3S CPR 1 DPANN 4
apAD)

W1 R, 4 DHUT KEE G 16S rRNA K
V3-V4 X HE TIP3 A 349 638 A4 AL
Feol, SFH 87 409 &, ARUFSINEL 4 71
%, Hh GW40.116S £, GW10.116S J
bo KAl DADA2 JrikZH 1R 1 754
K (amplicon sequence variants, ASVs)4% 5K
870. 1 285, 651 il 1 444 4, H A FER ASVs
I35 593, 1168, 385 Al 1 282 MK 2), a &
FEPESr BT, Chaol FHRAGTHEE S & A 1
OTU % H; Coverage Jt WLFE S SUEE T3, 4L
(BRI 1 7R vh 91 R A 0 Y ) AR 5
{/X; Shannon FiI Simpson 5% A PEAL L 5
Y Z#E1%:, Shannon #K . Simpson #A

WIRE i o Bl A W RV Z AR PE R (3R 3) . 168

Yonathbacteria . Ca.
Niyogibacteria .

GW30.1168 GW40.116S

GW10.116S [ 385 GW20.116S

1282

593 1168

2

2 16S rRNA £F V3-V4 & FFFERE
Figure 2 Venn diagram of 16S rRNA gene V3—V4
amplicon sequencing.

3 16S rRNA E[F V3-V4 X EFNUF o %
MM

Table 3  Alpha diversity analysis of the 16S rRNA
gene V3—V4 amplicon sequencing samples
Chaol Good

coverage

878.041 0.999 0.950
1323.521 0.997 0.960
662.000 0.999 0.972
1491.962 0.997 0.809

Sample Shannon Simpson

GWI10.116S  6.444
GW20.116S  6.642
GW30.116S  6.617
GW40.116S 5914

RNA B V3-V4 X35 5 25 28 s e iy
4 A HR KRR S ELA AR I T A P TR RS A
E— 20 LB R BE AL P Al 16S rRNA J: [
V3-V4 P i FIF X 2 For ik xt CPR O
DPANN K5 tH 520 . 25K 3 Bion, 4 -3
TKFESE A CPR Ml DPANN Htk, 1H 16S
rRNA B V3-V4 § 31 FP 7E3X 4 1T K
FES R ARA H CPR B[], DPANN HH{IUR: H
Nanoarchaeota,
2.3 EERALIEXT CPR #1 DPANN HikE 45
A

ZREVERFS BN, 4 L KRR S TR AE
Fh2 4B CPR F1 DPANN #IFh ¥, SRIM#
I B AF7E 32 B VS S AR A 76 | MERE IR 10 R

o
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160 : .
140 b % Bacteria ™ Archaea ®= CPR DPANN
£ 120f
21001
o
‘*_5 80
2 60+
E a0} =
“ 2R .
o - i wl. B Hub. B
Metagenomic 16S rRNA | Metagenomic 16S rRNA |Metagenomic 16S rRNA |Metagenomic 16S rRNA
sequencing gene V3-V4 | sequencing gene V3—-V4 | sequencing gene V3-V4 | sequencing gene V3-V4
amplicon amplicon amplicon amplicon
sequencing sequencing sequencing sequencing
#1 #2 #3 #4

3 EEFEBMFS 16S rRNA £EE V3-V4 i 18 FF 3 CPR 1 DPANN # H B2
Figure 3 Effects of metagenomic sequencing and 16S rRNA gene V3—V4 amplicon sequencing on detection of

CPR and DPANN.

L5 XX IR FE IR ADFGE . % EF] CPR I
DPANN [ bk HL A 4 A 1A FRU A5 3K 3 4 77 F oty TR
BN L RVREAE, AR SCRIFFE T AN [R] 08 LA
ANF) 338 )7 4T CPR F1 DPANN B & #A4E . #b
KBRS 1L 2 A3 SRR R s 4 B =
Heds 7RO A 0.1 pm JERRFNZHA# A 0.8 um
0.1 pum JEEER IS ERCR . WK 4A. 4B
PR, FEMAP g =N A 0.8 um AT T
UE I A B B L BRI A M AR B KRR . &

CPR #1 DPANN M H® . HAMHH 0.8 um Fl
0.1 um JEMEUE S5, 75F]49 CPR il DPANN #H
Xof = E A4 B 0.1 pm 8 IR SRR . M
KA 4 R S R g AR A (R 1 L
VI UL & <7754 S W v S N [ 75y ¥ R
CPR F1 DPANN & /520, 0.45 pm 5 0.1 pm
TEEZH S, 0.22 um 5 0.1 pm JERRLHS, 0.8 pum.,
0.45 um 5 0.1 pm JEEEA S, L& 0.45 um.

0.45 um 5 0.1 pm JEBEZH 5 Hy T 568 20 48 B
SCFER IR AR B o BN 4 kB,

1.2 um 5 0.1 pm JEMFEH A, 0.8 um 5 0.1 pm
TENEAH AU M 0.45, 0.45, 0.45 um 5 0.1 pm 3§

JEZH 445 2] 1Y CPR F DPANN A X = B 44 [ 84
M 0.1 pm JERELTIEE S (K 4C), BLWIM
Pl 3 2T, KALAR U8 B A 25 B0 43- 40 At 14
U KER, SCBE4 CPR A1 DPANN (W H
Bo Ho 1.2 um 5 0.1 pm JEARA S EOUR &
If, CPR MIXTEEH 1.67% M F] 13.33%,

P25 8.0%; DPANN YT i 0.07 1% 55 2|
0.58%, & 8.24%. A 1.2 pm 5 0.1 pm 3§
[0 4 % T 4T CPR il DPANN [# ¥k 24145 %58 - 1
BARRUR, MU KAESL 4 2L 64 4~ CPR I
], AFRFEAENT FRERR S T 2.1-16.8 fif; ks
i 7 A~ DPANN B[, Ab3RJ5AEXT B 48
5.0-10.0 f5(3& 4).

3 Wik

CPR #ll}# #1 DPANN 2 54 K 250
DA P TE R Gk B AT . SRR 2 R A
H/NFIA: BEA A5 Oy T LA 2 22 S IR 2R
B o SRR R P2 43 5 T 4 P Bl A o T
AN, AE ISR, W A U 2 A
fE, WngnpE N . LR AURE T . B3 0
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< 1.00 = GW40.1
.0 | S = GW41.20.1
g 0. & = GW40.80. 1
£ 8 == GW430.450.1
g 0.60 g
2 k=
S 040 F E
g ]
E 020 >
o
= 0.00 o

GW10.1 GW10.80.1] GW20.1 GW20.80.1| GW30.1 GW30.80.1

~ V.uus
0.002 +

0.001 ¢

N nNn . ! . !—¥

4 AREZEFGAX CPR F1 DPANN EHREIESEIER A HURKEERD 1. 2 1 3 RAAE
JEALPEXT CPR BIARICAERIREIR. B: HUT/KEERD 1. 2 71 3 SRATAS AL s Ab BEXS DPANN J bR i £
AU, C: 3 FKFES 4 R AR BB AR BEXS CPR Al DPANN F# B USSR (9 52 ]

Figure 4 Enrichment of CPR and DPANN strains by different filtration methods. A: The effects of
different filtration treatments on the collection of CPR strains in groundwater samples 1, 2 and 3. B: The

effects of different filtration treatments on the collection of DPANN strains in groundwater samples 1, 2
and 3. C: The effects of different filtration treatments on the collection of CPR and DPANN strains in

Relative abundance (%

groundwater samples 4.

FRIFRE 7« DR AU/ 48 | MRS 5 A A AR 0 4
CL %1 CPR 1 DPANN ZEHEE R HAFLE) 12, 18
HORK . WA MRmIREE L WEVE . Shi A
M SRS A AR R M. SR, TR
M, HEIXFT CPR F1 DPANN [HBF5EAT 4k T
BB, TEA RS T 2R IR A

ARTIREMIERK . CAMRER, B2 CPR
Al DPANN 4 fER%S @ 0.2 pm JEMHEE,

Brown 2B 1.2, 0.2 #1 0.1 pum JERELH &t
PEHLT K, & 0.1 pm JEIEE 4E /Y CPR 41 AH
XF R 0.2 pm EMEZE 50%LA b o ARWFSER]
FH 0.1 pm V8 FEICEE W RIS T 30 4 SO

KBS A, R B R 2 A A e
CPR #1 DPANN Z4E4, KL T K A2 AEF
& [ CPR 1 DPANN #JFh 93 U8, 2 T /K
KL 4 HREH T 64 4~ CPR 1A 7 1~ DPANN
i, XHHERTC A CPR HI AL 80%
Wik, B0 DPANN B[ JH A I 50%8k
K o IR s 22 BRAS [R] (4 3 7K #E CPR A1 DPANN
EAEMBEMEZE IR AESR, X5 He
2R Probst 2P 4515 — 5,

WFsE M, £ CPR X H f& 16S rRNA
23S tRNA JEHRFFAENE T, HERS
X finf A5 X &R g & B, DPANN # [ ]H Ca.
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T4 TREIERAAN TSR 4 1 CPR 1 DPANN E&£HIF
Table 4 Effects of different membrane combinations on CPR and DPANN enrichment in groundwater
sample 4

Group Phylum/Code name Relative abundance (%)
GW40.1 GW41.20.1 GW40.80.1 GW430.450.1
CPR Saccharibacteria 0.514 18 2.917 30 0.830 05 1.073 81
Ca. Collierbacteria 0.062 25 1.047 36 0.072 07 0.683 00
Ca. Levybacteria 0.117 83 0.967 66 0.118 16 1.811 31
Ca. Uhrbacteria 0.071 61 0.867 46 0.108 16 0.234 78
Ca. Wildermuthbacteria 0.095 54 0.859 46 0.150 23 0.843 72
Ca. Nomurabacteria 0.066 04 0.639 80 0.097 27 0.489 64
Ca. Spechtbacteria 0.059 15 0.586 97 0.090 38 0.283 27
Ca. Sungbacteria 0.047 01 0.448 87 0.090 87 0.378 94
Ca. Peregrinibacteria 0.051 25 0.396 14 0.055 61 0.142 65
Ca. Roizmanbacteria 0.052 99 0.355 14 0.062 37 0.425 47
Ca. Nealsonbacteria 0.028 44 0.213 74 0.040 97 0.159 40
Ca. Adlerbacteria 0.019 43 0.190 13 0.043 54 0.333 41
Ca. Gottesmanbacteria 0.026 99 0.180 90 0.023 18 0.121 66
Ca. Magasanikbacteria 0.020 02 0.177 06 0.027 49 0.084 66
Ca. Taylorbacteria 0.030 48 0.176 44 0.062 57 0.063 42
Ca. Daviesbacteria 0.021 34 0.167 45 0.026 06 0.272 38
Ca. Moranbacteria 0.021 05 0.160 95 0.024 36 0.070 77
Ca. Azambacteria 0.015 89 0.141 28 0.024 73 0.072 03
Ca. Woesebacteria 0.016 82 0.141 08 0.024 68 0.124 70
Ca. Doudnabacteria 0.014 95 0.111 88 0.018 91 0.043 82
Ca. Yanofskybacteria 0.014 27 0.104 04 0.019 87 0.072 51
Ca. Pacebacteria 0.014 84 0.097 54 0.019 60 0.078 28
Ca. Niyogibacteria 0.011 97 0.090 89 0.020 02 0.055 96
Ca. Wolfebacteria 0.013 47 0.090 28 0.019 82 0.104 69
Ca. Yonathbacteria 0.012 94 0.087 20 0.022 48 0.026 90
Ca. Falkowbacteria 0.010 56 0.085 29 0.013 59 0.025 81
Ca. Ryanbacteria 0.010 29 0.078 23 0.015 54 0.042 49
Ca. Buchananbacteria 0.006 92 0.069 80 0.010 36 0.033 97
Ca. Portnoybacteria 0.008 31 0.065 48 0.011 92 0.037 29
Ca. Zambryskibacteria 0.008 01 0.064 05 0.011 61 0.074 20
Ca. Harrisonbacteria 0.007 61 0.058 32 0.011 49 0.051 22
Ca. Beckwithbacteria 0.004 43 0.057 16 0.004 97 0.040 86
Ca. Staskawiczbacteria 0.007 33 0.055 48 0.009 45 0.051 32
Ca. Amesbacteria 0.005 35 0.048 42 0.004 93 0.036 03
Ca. Curtissbacteria 0.006 76 0.045 19 0.007 06 0.088 68
Ca. Kerfeldbacteria 0.005 08 0.044 85 0.006 20 0.012 56
Ca. Liptonbacteria 0.006 53 0.044 54 0.009 69 0.021 15
Ca. Shapirobacteria 0.003 72 0.040 12 0.004 91 0.034 03
Ca. Lloydbacteria 0.005 34 0.038 61 0.008 05 0.030 70
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(83 4)
Group Phylum/Code name Relative abundance (%)
GW40.1 GW41.20.1 GW40.80.1 GW430.450.1
Ca. Berkelbacteria 0.004 18 0.028 96 0.005 60 0.013 66
Ca. Komeilibacteria 0.003 64 0.026 88 0.004 24 0.007 19
Ca. Terrybacteria 0.003 03 0.024 15 0.005 48 0.013 09
Ca. Vogelbacteria 0.003 54 0.024 01 0.005 66 0.045 55
Ca. Chisholmbacteria 0.001 87 0.021 23 0.001 79 0.012 92
Ca. Campbellbacteria 0.002 81 0.018 96 0.004 48 0.012 87
Ca. Woykebacteria 0.002 74 0.018 66 0.002 80 0.020 74
Ca. Kuenenbacteria 0.003 58 0.015 82 0.004 60 0.009 43
Ca. Colwellbacteria 0.001 98 0.014 57 0.002 46 0.008 53
Ca. Tagabacteria 0.002 11 0.014 16 0.002 81 0.009 26
CPR2 0.001 42 0.011 74 0.001 70 0.006 79
Ca. Abawacabacteria 0.001 13 0.010 85 0.001 44 0.004 56
Ca. Blackburnbacteria 0.002 35 0.009 68 0.002 42 0.014 80
Ca. Andersenbacteria 0.000 74 0.007 05 0.002 11 0.002 88
CPR3 0.000 91 0.006 65 0.001 33 0.003 45
Ca. Jacksonbacteria 0.000 51 0.003 33 0.000 69 0.001 58
CPR1 0.001 21 0.002 56 0.001 00 0.001 03
Ca. Gracilibacteria 0.000 53 0.002 47 0.000 51 0.001 14
Ca. Brennerbacteria 0.000 18 0.001 96 0.000 55 0.001 46
Ca. Veblenbacteria 0.000 16 0.001 28 0.000 25 0.000 32
Ca. Giovannonibacteria 0.021 11 0.180 36 0.035 78 0.170 17
Ca. Jorgensenbacteria 0.004 17 0.032 72 0.006 40 0.018 65
Ca. Kaiserbacteria 0.047 32 0.456 83 0.095 80 0.381 52
Microgenomates (OP11) 0.002 20 0.019 25 0.003 66 0.014 64
Parcubacteria (OD1) 0.037 98 0.364 14 0.086 87 0.255 69
DPANN Ca. Aenigmarchaeota 0.019 58 0.127 27 0.033 68 0.113 06
Ca. Diapherotrites 0.001 65 0.015 60 0.002 51 0.008 74
Ca. Micrarchaeota 0.009 37 0.065 39 0.015 65 0.041 21
Ca. Nanohaloarchaeota 0.000 21 0.001 06 0.000 69 0.000 51
Ca. Parvarchaeota 0.000 20 0.001 33 0.000 33 0.001 08
Ca. Woesearchaeota 0.039 60 0.372 52 0.064 13 0.151 51
Nanoarchaeota 0.000 12 0.001 20 0.000 35 0.000 78

Aenigmarchaeota . Ca. Micrarchaeota . Ca.
Pacearchaeota 1 Ca. Woesearchaeota 16S rRNA
S v R A B A g S S e e L e

CPR il DPANN ZSHE7E 16S rRNA JE 57 41 22 1
FEEAAS, RZRIEMRTIX, HHEM 16S
rRNA JE 3 5 AR B4, B A
RS IR TR FE AL P A 16S rRNA JE N

V3-V4 XY 5T 0P PR R XEF CPR A
DPANN £ &5 SR (52 m1 . Hoip 16S rRNA JE[A
V3-V4 X147 55047kl DADA2 J5 kit
Frime Lo, 4T 100%MH BLE R 2K,
DADA2 FikHAESGH OTU 7 ik i USRIy
S, f BT S E A HRE AN E] OTU
st i B A YA 5 Y, DADA2 ik AE
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JEAF B ASVs WARFREF 4, XF 0T OTU fX;
LT, ASVs Bt OTU REGSHE & ARic 5L %K
AT B A TR | ER AT A N A
8 KB 16S rIRNA [ V3-V4 X 11l P AR
MEAS I H B 5 P B CPR FITDPANN 4 4~#B R 7K
{4 H DPANN # [ ]+ () Nanoarchaeota | ], %
FE N H iR FREERE LA ) 2 A BT 2R
FHl 16S rRNA FE[R V3-V4 X458 70 5 i
1, 3% 7 CPR Il DPANN M5 E., Filk, A
WAELXF CPR Hl DPANN 746 A= 35 Ml 2 FEPETT J2
ARG

DRARC/T AL X R SR R0 B 3R A AR TR YRR
A S5 CPR A1 DPANN ik /b 73 85 55 9% T bk
FE D REXE SR, KR ) W W IR X DUAZ A
HHl CPR H4A Saccharibacterial®****4  Ca.
Absconditabacteria*®! . Ca. Gracilibacterial*' il
Ca. Yanofskybacteria*®* {8 /> B Ak S2 B T 52
K21, DPANN H A Nanoarchaeotal®’*® |
Ca. Nanohaloarchaeota®®*'fl Ca. Micrarchaeota™
PIFR T R SE B TSt m R g, B HoAh g
TR . 4T CPR Fil DPANN ¥l % 5
P2 40 B 22 174 2 o 2 R DR R B O ) s A T
binning ZH%¢, PERRLHRE T oo Bk A i AN YL R A
PRIy 7 35 PR 2 2 24 3[R 4 (metagenome-assembled
genomes, MAGs)#E 179 A i B A A= W1 JEL 243
Mro X1, CPR il DPANN 75 E 85 rh i fE e
JIE s A, B 2 AR PR T2 B B B AL
LR KRR L FR CPR FI DPANN {7585 # #R 41
PR B BEARAR 22, 5 ) o2 5 DR 2 U R
J¥ #5453 CPR 11 DPANN ) MAGs ¥ Al & .
A SR B 4 4o R K BE S, CPR F ¥
A GW30.1 1L 0.17%, FEH GW40.1 H
HA 1.67%, DPANN FEHEALH GW30.1 {ih
0.000 93%, HEHT GW40.1 L HA 0.071%, 3%
f= CPR Fl DPANN 7E#E 5t A 52, [m] st

T/ At 20 TR R B TR i B R R AT RE
il % CPR A1 DPANN B b, J2& o 2kl il IR
Iy 345 55 i BE CPR Al DPANN B FRJE R 4
3 SCPEREE G % CPR il DPANN HR AR P74
PR ANSE N GE YR | L TR SR 5T 40 B CPR AN
DPANN R bR B ZE LA . AU T A K
FIS B 460 18 U5 A R i B 96 0 S O A 2 0 AN
[FFLARIEIELH &% T CPR 1 DPANN [ 544K
o ZEREIR, 3N N KEESAS I B 0.8 um
JEME(GW10.80.1, GW20.80.1 Fl GW30.80.1)14
AV 0.1 um JEE(GW10.1, GW20.1 F1GW30.1)
WS (%) CPR 1 DPANN A= BEAIG, 16 HH N 78
T i A R 2 e AR R A I A R R o
Hrueme, Bkl %, FiiFE i CPR
1 DPANN ZH A sim, Mimik AF&E LM H
Mo HuFKEEM 4 Jep s pE e, iR ARG
VB SFL RN, DRI I R B R e A AR AR
1 L oKst s 4e—skp i, FIAA i =L, &
M3 PR S (GW41.20.1 . GW40.80.1 FiI
GW430.450.1)#3 %] CPR Al DPANN AH X} = &
B 0.1 pm JEAR(GW410.1)5 g%
o P 1.2 pm 5 0.1 pm BB A SR R
CPR F DPANN AHXJ 3= B4 il #2155 8.0 f5 1
82 f%. —Jri, 1.2 um FLARIEMSRER B T LBk
oA R B KRB WK s O3 —JrTE, CPR I
DPANN [tk ZE AN, 1.2 pm fLARTEERE
FEVFRR A 3 A B S LA () CPR F DPANN 4 fifgi
it Castelle ZE! GRS ARTE TiX— 5, fibfi]
FIF 1.2 pm JEBEFULE, 0.2 pm A1 0.1 pm JEAR
W, & ILREA AU 4 DPANN B4

4 Zi

AHFT R 0.1 pm Y8 FEIACAE TR A F 2 Sk [R]
ZHIN P 1) B4 M T R A T R 3L 4 AN TE]
R 7K # CPR 1 DPANN [ 2 kEME, AILHL T
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K P AFAE Fh 2 E AR X BRI CPR N
DPANN ¥t . [FIR, AR HLT K H ) CPR
FI DPANN ZEFP A= B A —E 25
WS TAE LA T2 S F 5 16S rRNA St
PRI 9 1 -9 2 %F CPR 1 DPANN #6 H B 520,

KB LAY 16S IRNA FEH V3-V4 X411l
FEARMERS HH CPR F1 DPANN ¥ {5 B, J54L: T
VEAT ABEXT CPR 1 DPANN F7 78 A= 55 Rl 2 AL
TR . ARSI E T T AR I8y
I [ B ZH & % CPR #1 DPANN & 4E (14
M, R E g BT T, RAAS
FLARUE L A 1 g3t R 7K AT LAAT R0 4 CPR Al
DPANN, HAFLL 1.2 pum 5 0.1 pm JEMEAH S5
Rflf, 1tugJs CPR Al DPANN AH X} 3= 1 43 51
PEEE] 13.33%H1 0.58%. AWF5E AT —H25 41
CPR 7l DPANN ¥t il . Kk PRI 0% A0 K AR 7
YIBEIE, LR CPR A1 DPANN [ #k AT 35 52 b
R T S5 FRF, 2 TAER D2l 7E
FRC 3 i 1) SE A 1 5] A At D il — 25 & 4 CPR
1 DPANN 2, sk /0 JHC A 48 7 AR oy B ) T4
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