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Oxygen minimum zones (OMZs) expand in the ocean and may significantly affect the microbial Aim 1: Microbes' response towards possible future ETP OMZ expansion
process which drive major biogeochemical cycles of carbon, nitrogen, sulfur, phosphorus in the - a systematic analysis of the spatial variations of microbiological processes along the
ocean [1]. The Eastern Tropical Pacific Ocean (ETP) bears one of the largest perennial OMZ dissolved oxygen (DO) gradient: from well-oxygenated to suboxic (5uM)

in the present ocean and is strongly influenced by the recurring climate pattern (alternating cold
and warm phases) known as El Nifio Southern Oscillation (ENSQO) [2]. However, little is known
about how microbial diversity and functions in biogeochemical cycles might shift in associated

with oxygen variability and ENSO events.
The Pacific OMZs: Aim 2: Effect of ENSO events on microbes

* microbial community: Archaea and Bacteria
* microbiological processes: carbon-nitrogen-sulfur-phosphorus cycles
* link to physiochemical factors (Nutrient, DO, N,O)

Comparison of microbial community and functions:

* Our dataset SO287 (2022) (S33 - S36) vs Tara Ocean dataset (2011) (T109. T110. T102)
predicted to expand while their core waters - where oxygen is lowest - would shrink [3] » three depths: surface (<10m), below surface (<50m) and oxygen minimum waters

a major hotspot N-loss via microbial activity [4] « Sampled from similar stations under similar La Nifna conditions

 harbors the largest OMZs and one of the four major eastern boundary upwelling system

a significant N,O and CO, source to the atmosphere [J]

a site with seasonally occurring coastal sulfur plumes [6]
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DO [umol kg']

Proteobacteria; Alphaproteobacteria—.-..... 134 19.9

3 122|135 11.5 [119 11.8 [S{6H MBS 10.3 11.5
Proteobacteria; Gammaproteobacteria - 113 117 102 121 |95 117 134 (208 |11.3 164 109 189 [20.1 213|206 232 (202 211 (198 [221 206

s 164 109 18 o 22 202 #E Same : Top groups, total
] ] ] ] Thermoplasmatota; Poseidoniia- 65 11.1 (154 7.8 154 183 93 13 | 128|189 157 126 89 76 114 94 67 68 45 21 82 65 1
| " number of taxonomy in class
, Bacteroidota, Bacteroidia - [13:2|[11.5 [12.9 | 12.7 [13.8 10.8 114 [12.8| 114 [10.9 131 118 45 64 71 67 5 45 61 42 39 45 .
Marinisomatota; Marinisomatia- 16 19 16 15 27 17 13 54 41 25 3 61 64 8 59 67 9 8 (10288 71 76 and famlly Ievels

Cyanobacteria; Cyanobacteriia - [16.3 147 6.1 (105 91 68 71 45 101 54 98 24 05 05 07 06 04 04 05 04 05 04

Thermoproteota; Nitrososphaeria- 01 02 01 01 01 01 01 33 2 04 03 43 95 113 84 69 104 1089 97 25 109 144

MlcrOblaI dlverSIty and abundance (cell countS) Actinobacteriota; Acidimicrobiia- 19 22 45 29 54 36 21 62 |75 42 39 54 76 52 47 55 44 47 3 41 B3 51 Maln dlﬁerence:
m Verrucomicrobiota; Verrucomicrobiae- 3 25 24 35 16 59 42 21 16 61 31 61 57 56 67 67 53 52 41 4 6 | 55
’ o) (o) .
decrease along the dQCIIne Of oxygen' Actinobacteriota; Actinomycetia- 37 36 43 37 37 39 &5 32 37 26 31 29 33 18 19 22 18 19 13 13 24 17 Tara (19-45 /0) > 80287 (9-31 A)) .
SAR324; 0C60&#x2011;12- 02 02 04 02 11 04 01 36 44 2 11 37 22 41 34 42 49 5 6 |56 33 (53 Alphapl’OteObaCterla (SAR11 Clade)
62400- 9.0- Firmicutes_A,; Clostridia- 4 8 oal Mol o | o1 (30l 0g 93 19 Bagl o5 | o DR RN ol (8 16 RN 16 14 {14 0 0
Firmicutes; Bacilli - [EEEE &S 15 15 g S8 Bl s {7 14 B 7 14 15 16 M4N 13 11 [17 | 12 1 1 SO287 (2'19A)> Tal"a (2'11 /O):
62300 - 8.5 ': Chloroflexota; Dehalococcoidia- 04 04 02 02 03 02 02 06 04 02 04 08 32 17 14 18 28 29 18 17 34 26 Poseidoniia (ArChaea)
- g ¢ Nitrospinota; Nitrospinia- o o o 0o o o0 ©0 05 02 01 0 09 12 16 15 15 2 18 18 29 21 27
§ 622004 E 8.07 . v Remaining taxa (569) - 105 &6 1{:.6 B2 69 | 72 88l 67 66| 54 N8B ?;5 14.1 9;2 94 98 119 12I.2 11.2 12.8 126 1{:.?
3 : £ 7.5- R B B T S B B S -
P<0.0001 @ P<0.0001 5888888888888 3888888 88
ol S0287 (2022)
® o . ‘. <10m 30m 50m 70m 200m OMN 500m
62000 T T T T 1 6.5 T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
T: 43108- 1.000- R2=O 77
E P<0.0001 o .
Z 3x10% ® )
- o® - - . « 2°
_g o > Surface (<10m) 20 / 50m OMN
g 2x108 Q. 0.995- 10-2
o £ = A-JER 3 * rx e * v+ ee » o 50287
£ 4x1054 R?=0.89 n - S 10+ - = == = - e ad - -
2 P<0.0001 0 = 104 . . B R é n - s Tara
o . . - e _'f
@ ~ . & ]
% 0 T T T 1 0.990 I I I 1 §§_1u-5_ I 1; a g ? E B & & -] E | g P & : E
o 0 50 100 150 200 250 0 50 100 150 200 250 g -é-_ 100 . é
c = B
5 O
ov
©c S 1[]-7_
DO (pmol/kg) o &
- = -8
()
~ 10-°
x = 10 ] T J\ L c; ] T | | - T I 1 N 1 ] | 1 | !
o N . L L L o N
Y .5\“ .-:F‘Q Qﬁo q_e &o é}c O O W© i}o‘“ @oi- OQ::\ (o“\ Qp i>°¢ i}o{” ;}o‘:‘ {}@- -E}OQ QGQ @di- Q{:\ @“\ Qgp %Do i}"(\ %oo Q\GQ Q‘o“\
&o"‘ @QQP? N o S S @9 . ﬁ‘@é& & & & o° o? & o o @a & & P {\@& o° EQ = W _{\\d?' @fa & .§'~3"b
&% “ N 5 ¥ & Al ot GRSl G T o A S
o TR ~ & e @ v & 3 SO S SO o ¥ @ S AN 92 @ @
& N @ > O & e N o & 9 & . & e « 9 &
?..@ ; §"° d'ﬁo o & & «é‘§0 Q@ e @6\ 65‘7-‘00 &‘OQ Q‘SE:‘& 5 ‘b&d‘&o 6\& ?&é .I‘POQ @QQ &6& 0&{3@0‘3{\ &
- mgm Q '& "..o Qﬁl nh q’\c" (n) & ,&c‘ .s\c’ &
. RO N ; &8 =)
Low High Negative Positive & & & ¢ &8 & & & & ¢
I o0 & $ o K

1e-008 2e-004 4e-004 6e-004 8e-004

Nitrogen assimilation

Example: nitrogen metabolisms: Tara (2011) < SO287 (2022)

(e.g., DNRA, denitrification (N,O production), nitrogen fixation, nitrate reduction)

Nitrogen mineralization
Nitrate reduction & Nitrite oxidation

Nitrate reduction

Nitrification

Ammonification

Denitrification (N,O production)

Denitrification (N,O consumption)

Nitrogen fixation

Impact of ENSO events: SO287 (2022) VS Tara (2011)

Anammox

CC S - ANNNOOOOTT TR0 0 0O £ 2Z8[gggsg2s * No taxonomic difference, but different relative abundance of a few groups (e.g.,
R I R B v I I I v v I B B L B v B B e I B s B N % © e .
QGG GOODO6060000000000 39 7 Alphaproteobacteria - SAR11 clade)

£

<10m 30m  50m 70m 200m OMN 500m « More potential nitrogen metabolisms in SO287 (2022)

. . _ . . . Impact of possible future OMZ expansion: Oxygen variability in SO287 (2022)
Example: nitrogen metabolisms: relative abundance of each nitrogen pathway in metagenomes _ , _ _ _ _ ) _
and their correlation with physiochemical parameters (p<0.05, |r|>0.5) « Oxygen declines, microbial diversity and abundance|, while nitrogen related metabolisms 1

Some other conclusions that are not shown here:
« Different microbial function groups: different range of oxygen sensitivity (e.g., 80, 12umol/kg)
* Microbial Community # Microbial Function

Oxygen decreases: nitrogen fixation | ; nitrogen assimilation / mineralization, nitrate
reduction and nitrite oxidation, nitrification, denitrification (N,O production) 1
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