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IRIGDNA & (& ?

What i1s environmental DNA



5URDNA L (3.7 | What is environmental DNA (€DNA)?

EF= | Definition
“RRIEDNAE (&, IRIEY Y JILRICEBWES
N3E35EYARDDNADESR”

“Environmental DNA (eDNA) is a complex
mixture of genomic DNA from many different
organisms found in an environmental sample’
(Taberlet et al. 2012, 2018)

IBIEDNAITK - T3 - By - 254
SEIFRIEYTILHhSHE SIS

eDNA can be extracted from soll,
sediment, water, air, feces, and so on.

TEDERFR TIEREEH L U F=DNA
ICHINZ CTHEYIDNADEH D Z & D% LN

Some studies include intracellular DNA
(e.g., microbes) (= broad definition) and
others do not (narrow definition).




5URDNA L (3.7 | What is environmental DNA (€DNA)?

-t Bl

SREICEY) DREVE 1R H
Highly sensitive

115 TOMEL D RERIN - 557 H0 1T

Low time- and labour-cost in field (e.g., just collect
water samples)

EFEDRITEICEY & & ORIV S R0
CEE: T — ¥ BT O T IE I E)

Does not require taxonomic identification skKill
(caveat: high-quality reference database that is
constructed by experts required)

EYSHREDE=SF VI —ILE U THRF

Promising, innovative tool for biodiversity
monitoring




IRIBDNAZMT D71 | eDNA analysis methods

—_DODDOFEETAE FEEPCR | Quantitative PCR
Two major methods (—E~BIEDPHT; S &I 751 v—&5H
=
' ATCGGTACTG
N - RS - HoETHRAT

v 7l ”X\ TROF Y BT ' ~ Sequence analysis
(B1]. 7K 7%& 5 38) DNAJH T Statistical analysis
Collect samles DNA extraction i

(e.q., water filtration)

BHADY—T 9 —THRENICDNAZ EST
(eDNAX 7 /)\——5 1 >4 | eDNA metabarcoding)



Power of eDNA metabarcoding

ROYAL SOCIETY
OPEN SCIENCE

rsos.royalsocietypublishing.org

Rese d rCh a CrossMark

Cite this article: Miya M et al. 2015 MiFish, a
set of universal PCR primers for
metabarcoding environmental DNA from
fishes: detection of more than 230 subtropical

marine species. R. Soc. open sci. 2: 150088.
http://dx.doi.org/10.1098/rs0s.150088

MiFish, a set of universal
PCR primers for
metabarcoding
environmental DNA from

. V] ki M
fishes: detection of MOre  atwral History Museurm ang

Institute, Chiba)

than 230 subtropical
marine species

Miya et al. (2015) Royal Society Open Science



Power of eDNA metabarcoding
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Species B
Species C
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Power of eDNA metabarcoding

Miya et al. (2015) Royal Society Open Science

) .
- . .’-‘ -
e Sy

From ~10 L water / 7,500,000 L (=0.00013%)
Detected > 90% of fish species!!




Power of eDNA metabarcoding
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Yamamoto et al. (2017) Scientific Reports

Six hour water sampling and eDNA metabarcoding detected 128 fish species =
60% of fish species observed over a 14-year underwater visual census!



IRIEDNAD INFZEHA | Examples of eDNA applications

MiFish 72 4 X —DFF | MiFish primer development
(Miya et al. 2015)

(a)

© Esri Japan

EILTOANTREDOMREE | Quantifying effects of artificial reef — 2x#RpFE 4SBT D 2 /D IS
(Sato et al. 2021)
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& | Detecting terrestrial mammals in
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tropical forests
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(Ishige et al. 2017)

@ 12-18
O 19-25
O 26-32
@ 33-39

ERETORIEDZIRMEIREE | Evaluations of fish community diversity
(Yamamoto et al. 2017)

DEBEHF B | Discovery of a rare, small
mammal species in a temperate forest (Yonezawa et al. 2020)

136°0'00” E

35°000” N

EEE ML D B FEHEDIEE | Evaluations of

freshwater fish community diversity
(Nakagawa et al. 2018)

Z D1 | Others
BEig B & | Terrestrial insects

IR DIHEZLENY) | Mammals in temperate regions

FR7ERZ$E | Crustacean
27 =24 | Jellyfish
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Sampling: Water sampling and filtration

h IRIE DNAGRE - EBRY_177)L
Ver. 2.2 (2020 £ 4 A 3 BHH17)




eDNA Sampling (aguatic eDNA)

s BEICHKZITOI2MHIC

IRIZE DNA OS> 7 >0 (=18K) 1. ?Eﬁ?%)ﬂﬁ ICE > TEIERIXRIRIETTITD
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https://ednasociety.org/wp-content/uploads/2022/06/eDNA_manual_ver2_2.pdf



eDNA Sampling (aguatic eDNA)

BFAFBEDLEN Z 1 7ILE http://www.esj.ne.jp/safety/manual/
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http://www.esj.ne.jp/safety/manual/020-010.html



eDNA Sampling (aguatic eDNA)

o Iy

KB E | Collection tools
e JEiE1EE | Filtration tools

o HATFEX | Transportation

e REFFE | Storage



eDNA Sampling (aguatic eDNA)

=I5

https://www.k-engineering.co.jp/general/

74 HR—-1 500ml AR KL

https://ednasociety.org/wp-content/uploads/2022/06/eDNA_manual_ver2_2.pdf



eDNA Sampling (aguatic eDNA

AT IUAXT X (0.22 or 0.45 pm)

o JEEEE | Filtration tools

=\
-

AVTLYT74I)LY— (e.g., 0.7 um)

Filtration
system

Filter

Tsuji et al. (2022)
Environmental Science & Technology

https://ednasociety.org/wp-content/uploads/2022/06/eDNA_manual_ver2_2.pdf



e
eDNA Sampling (aguatic eDNA

o a1 E | Filtration tools

e sl | \\ \ljﬂj
AN

\ , ;“\ %
|| ‘ ) l created using _
{ | 3-D printer ’ ‘
\‘ ! b

| | ]‘ L;;\;:
w,‘ l | V‘ 4 \i;,

1) the water samples in - 2y remove the cap and screw in
sample bag the connected attachment 3) connect the filter cartridge

[

10pL \
pipette tip .

e P

i R

4) connect the cut-off
10uL pipet tip 5) connect the plastic tube 6) hanging up at
arbitrary place

Oka et al. (2022) MethodsX



eDNA Sampling (aguatic eDNA)

VA

AFE
RIFFER

J—2—v 7 RRBEIZANT

ilipeas | Transportation

| Storage

AT URYT IAIC

Benzalkonium chloride (0.01%)

RNAlater %z FiE

Yamanaka et al. (2017) Limnology

A simple method for preserving environmental DNA in water
samples at ambient temperature by addition of cationic surfactant

Hiroki Yamanaka' - Toshifumi Minamoto® + Junichi Matsuura® - Sho Sakurai -
Satsuki Tsuji’ - Hiromu Motozawa® - Masamichi Hongo® - Yuki Sogo* -
Naoki Kakimi® - Iori Teramura' - Masaki Sugita' - Miki Baba' - Akihiro Kondo®

https://ednasociety.org/wp-content/uploads/2022/06/eDNA_manual_ver2_2.pdf



DNAENNS ) —T 2V AEXT

From DNA extraction to sequencing



eDNA extraction, gPCR and eDNA metabarcoding

e DNA 1 | DNA extraction

— E=5

e = PCR | Quantitative PCR

e cDNA X ¥ /)\—20—F 1 > % | eDNA metabarcoding

e TEeDNAXYN—O—FT a7 |

Quantitative eDNA metabarcoding




DNA it | DNA extraction

e DNA T | DNA extraction

DNeasy Blood & Tissue Kit

TZ2AT77AIN=T 4 )LT— (.9.,0.7um) XFJAR%Z Z (0.22 or 0.45 um)

e Miya et al. (2016) Journal of
Visualized Experiments

e Ushio (2019) Methods in
Ecology & Evolution

e \Nlong et al. (2020) Scientific
Reports

https://ednasociety.org/wp-content/uploads/2022/06/eDNA_manual_ver2_2.pdf



DNA #d | DNA extraction

e DNA 0 | DNA extraction

AT NI X (0.22 or 0.45 pm) + Bead-beating

Lake River 5 Pond Sea
E’. 5 5x10% 1 * ;
% (;U 12)(10 7 b ot 12)(10 | 75)(105-
O = b 4x10*1 [ T e . .
WS  8x10%- [ﬁ i 8x10° - 5x10°
EE " { 3% 10% - | g @ b 2 b
o
S 4x10t- . : 2x10*1 | o N 4x10° - $ 2.5x10° - é
n (73] — (73] (73] —_ (/2] (73] —_ (73] (73] —
8 & & 3 & & 8 & & 3 & &
() () — () () - (D) () - () () —
m m 9 m m 9 m m 9 m m 9
o 3 o 3 o 3 o =
Z n? Z ch Z ch Z DCj

Ushio (2019) Methods in Ecology & Evolution



Quantitative PCR v.s. eDNA metabarcoding

- qPCR

eDNA metabarcoding

TR IS 2 DNATEH, (= /\— 10— N4EH) %1208

Ify a suitable region of DNAs for species identification

RER SALTSY ~ 54177
" Library Library preparation
© >,
g ] \
o <
% % 1518 | Amplification
ol {534 | Purification
PCR cycle Fel eyee 1D 1 U | Size-selection
F'-l_ _::_ﬂ_ b - W\ —® \}
- 2= PCR | qPCR - IRIBEDNA XHYN\——F 1%
BREN TS/ Y—%2FHAWTDNA 2= - AZN—HIVT A V—2HAWVWTZEZ R

Quantify DNA concentrations using species-

|”

Detection of multiple species using “universal” primer

Specific primer - . o " . . .
PS5 AT— B & LT A 28 DY 7V ZREICHT (> #HAaY Y7L EH 06

Primer should be designed for each species
=WEEM | High quantitative capacity - BEWEEM | Low quantitative capacity

Multiplxing samples by adding a unigue “index” sequence



eDNA metabarcoding: 2-step PCR method

1st PCR B> 2nd PCR

fH i DNA i e ol 24V 7)UES  Quality
9 /7_ V4 I\O) ElmEEI AMPUre *ﬁaﬁx P5/P7®1T_I-j__”] AMPure *£%|_| CheCk
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eDNA metabarcoding: Early-pooling method

" 1st PCR _
TEE H DNA Index 1?].2-"] + igﬂma i-lj-/jjl//l:blzl 2nd PCR AMPure *EﬁJ Qua“ty

AMPure f&5. P5/P7 D0 Check

Ins

ert
= 00 \ \' ( /\d‘I/ZSP

&) } > OO

N —

o1 e B QO mm— —— 0o

s i— Pa P_2oP@Eh

P MER ———— :

H20 I R e -
% V4

1stPCREFICA VT v I RZMIMULTULFV, ZORICICETOY VY TILERE
g AFa2a—T0 7))L EULTIRZS - BE-FE-OX M %Z KIBICH)E
2-step PCR ;& & RIZFDFEERE — Ushio et al. (2022) Environmental DNA




Quantitative eDNA metabarcoding using standard DNAS

PAT7: 247 VHRABICEEBAOD TIEXE DNA) Z75xIN9 5

l[dea: Adding “Standard DNA” of which concentrations are known

DNA conc. PCR products

Std. DNA A
Std. DNA B

X XD XD DI

N Std. DNA C % N M 5 "
o GR B 9s BBls seawencina £
DXOAOX R o
DOAOX OO XD = 8
%M 00 s
D@@Q O
00 %D@@“ -
D@WW B U Tt DNA OB
/ Copy numbers of Std. DNAs
A
| UV 7 IVEENGRE
Sample-specific standard curve



Quantitative eDNA metabarcoding using standard DNAS

Latitude ('N)

125 130 135 140 145
Longitude ('E)

- B 1 AR S DK FRIEDNAX 5 /\N—_

Ushio et al. (2018) Metabarcoding & Metagenomics

— T 4 > 2015%

=

201643

Weekly water sampling from the pier in April 2015 — March 2016 (52 samples)

© R. Masuda

1 (62 >




Quantitative eDNA metabarcoding using standard DNAS

Ushio et al. (2018) Metabarcoding & Metagenomics
Japanese anchovy

: 2
3 2,000- E
— Q.
2 s}
S ~~~
Y 1,000 - %
(%_ Check its E_)
O
accuracy! 5
O o I | | | I 3

0 100 200 300 400 590 o 2E £0 73
Copy number of standard DNA (copies/ul) Log(MiSeq w/ standard DNA)
% DNA & BUSERSIE & ORI B R (copies/)
Linear relationship between sequence reads and standard EE eDNA XY N\—O—F 4 > & EE PCR DiFE

DNA concentrations in a single sample. Each sample has its  MiSeq sequencing with standard DNA quantifies eDNA
own linear regression (R2 > 0.8). conc. reasonably well



E%E@@DNAX Q/Q_ 7——\\’]/ /7\\@ /u\/\\\
Caveats for quantitative eDNA metabarcoding

1. 122 DNA Z 25 (7 Y1 V) U T id W F 730
Standard DNAs must be appropriately designed.

2. AT BIEA DNA OEEZ FORDIZITNILIR S 750

The concentrations of standard DNAs should be appropriately pre-determined.

3. fREE S NLAEEHID S E WL 5SHHUEXE DNA (T “IBhbiLd”

A large proportion of generated sequences could be standard DNAS.

4. I_I_Illﬂﬁl_l_lb\*__l——l— DNA L_/7_'j: éné/p\nb\%%}

Standard DNAs could be a source of contamination.




Z DD J37% | Other methods

1. Unique Molecular Identifier (UMI; [E& D F#Al+F) Z= F
—é_ % jj—ii (Hoshino & Inagaki 2017; Hoshino et al. 2021)

Use of unique molecular identifier (UMI)

2. EEPCRIBRETEDY Y TILHSHHTL S1ED DNA
%EE L/T%I_EgJ__Eg_% (Ushio et al. 2022 bioRxiv)

Estimate DNA concentrations based on DNA concentrations of “common’

species that occurs all (or most) of samples.

3. Long-read sequencing (< & B &4z 7177

|[dentify individuals using long-read sequencing??



I
B V —X | Information

—\)

Ushio's blog  IRIEDNA- T —FBITICDWTEWTE T | My Weblog

https://ushio-ecology-blog.blogspot.com/

- A EENRESEONAXIN—O—FT1 VY ushio (@

- NBFEH - 85148 08 486 i
Blogger o |

phyloseq |C & % DADA2 ALI2% D #ETHEHT ushio .

NS - 45288 0 277 i

BERECHICE D DR WA BE O 773k ushio @
nhH#Ed - 2020/01/29 0O M 484 j;

iSeq ICKBBEY Y INOFY TV AVI—T VAL ushio @

IntlAE A - 2020/08/01 OMm 826 i
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Sequence data analysis for eDNA metabarcoding



FC A\ EEAT | Sequence analysis

o HIMLIE | Pre-processing

o T /AX-UTAY Y)Y | Denoising, Clustering

o DABRFHERE | Taxa assignment

o RALIE | Post-processing



FC A\ EEAT | Sequence analysis

1. Demultiplex 2. Quality filtering 3. Denoising, Merge paired-reads

Sample 1 . I

I
Sample 2 B —
DNARZ51 Sample 3 l e
(fastq file)
LD L I T I
4, Dereplication 5. Remove chimera 6. Assign taxonomy
_ I Sp1 Sp2 Sp3 Sp4 Sp5 Sp6
SERINEHhV >k -
BcAll1 = 1000 I s2
FE312 = 500, ... i *
\ S4
DXDIRT—7Y _ 5
- T — & T ZXHEN : 6
S7
I .




FC A\ 2T | Sequence analysis

1. Demultiplex 2. Quality filtering
Sample 1 .
Sample 2 .
DNAFC1 Sample 3 I
(fastq file)
Sample N I

1. BE. ZHOY VT ZRETTY—T VAT 5D T (multiplex). FcdllzxD > )L EITIRD
PTEITEENLE (demultiplex)

2. AIIZIF>—T U —DFE, Basespace E WS T T N T A—LRNTEHEFHTITONS

3. NWARAIYLDZATZ)ZE>GEIFEEIT demultiplex. H U < (&,
cutadapt (Martin et al. 2011), Claident (Tanabe & Toju 2013) 74 & Zz= FlJ

4. Quality filtering & fastp (Chen et al. 2018) HMEF]




FC A\ EEAT | Sequence analysis

AL e ] S 2. Quality filtering 3. Denoising, Merge paired-reads
o RN IREEMNT T/ EDFIE
o IH7E. Amplicon Sequence = A I
Variant (ASV: Callahan et al. I —
2016 Nature Methods) & WD —
FTEMN A v —
I I l
4., Dereplication 5. Remove chimera
SE&Y TV b I
BcAl1 = 1000 I
A2 512 = 500, ... i
DKDBRT—%

— F— & Y HE/N



FC A\ EEAT | Sequence analysis

QIIME UPARSE DADA2
Roche 454 (Caporaso et al. 2010 (Edgar 2013 (Callahan et al. 2016
oene Nature Methods) Nature Methods) Nature Methods)

2005 2010 2015
Mothur Claident UNOISE2 QIIME2
(Schloss et al. 2009 (Tanabe & Toju (Edgar 2016) (2018)
App Env Microb) 2013 PLoS ONE)
< >

OTU i ASV
(Operational Taxonomic Unit) (Amplicon Sequence Variant)



FC A\ EEAT | Sequence analysis

@ @ & DADA2: Fastan d accurate sar X S v

® DADA2 cj: dada2 t \J\5 q O) & C {} @& benjjneb.github.io/dada2/ G @ M T My = © 5 & O Q :

o N ~ VANS dada2 Install  Tutorial BigData % Documentation v & Evaluation ~
I\ T—=U S F R R EE

Ihttps://benjneb.github.io/ DADAZ2: Fast and accurate sample inference from
dada2/) amplicon data with single-nucleotide resolution

e JAUTFT T4 )LFY YT
« TI/AIY

—3) 0. .a09 o0 —
o FAIN— 0%:% o'
— [ Amplicon Sequencing. Exactly.
e IFATERE P . 2 y
® ﬁj\ ;IS/E\E%& O) EI: E The DADA2 1.26 release is live, with native support for ARM architectures such as the Apple M1/M2 chips! Release notes.

lnctallatian



7/ 4 2> | Denoising

Divisive Amplicon Denoising Algorithm 2 (DADA2)
DADA2 does not make OTU, but detect and correct errors.

sample amplicon reads _ OTUs
~
sequences y \
o ° [ \
® \ , AR
’. ..... \ 'y \
® \ 7 | \
.‘ ~ .
® @ o \ l
[
o) @ \ /
N ' 4
~ o -
Errors
el Make OTUs

Callahan et al. (2016) Nat Method



T/ A

Error rate: A (e.g., 0.1%)

Sequence | : ATGCCCATGG —» Sequence i : ATGCCGATGG

1. Alighment
Sequence | : ATGCCCATGG

Sequence i : ATGCCGATGG

EH DIEE j() D i() & FHE S HEXR)

2. Model the error / (Fl’%mbablllty

A

L | \
}‘“]i = H p(j(l) — il),q;(1)) < Q-score
7 [=0 4 \

Error rate 25l o | EEHDIEE 25l o | BE DEE
(F25 j HEHE > T i I 73 D HER)

= pP(A—A, 99.9%) x p(T—T, 99.9%) x ... x p(C—G, 90%) x ... Callahan et al. (2016) Nat Method



T/ A

3. The abundance p-value

If sequencing errors are independent across reads, # of
amplicon reads with sequence / that will be produced
from sample sequence J is Poisson distributed.

1
(j—i) = Poois (ki a)
PaAlJ L= Poois (n] ]z>0) 2 p01s j/\ii

A

A

P-value Wi EH 1AL 7Y YRR
EWPE =BH DDEDITT— _tgﬁmgnﬁ_@ggu (BCHjhinE. T5—3FK) D&
THERUICEHIT NS LD ICPRE L CEE =2 i h a BELEER S W2 HEXR)
% < DECH i B FELTC)

Callahan et al. (2016) Nat Method



T/ A

4. The divisive partitioning algorithm

1. Put all segs into a single partition 2. Calculate the abundance p-value

@ ¢ , o
o © —> \/ —>

O I
@ . —
® €
@
3. Make a new partition using a new center 4. Calculate the abundance p-value

@ ‘ o Q - ‘ ’ O lterate these processes
until all P-values are
o . ©® — ‘ ‘ —» larger than a

. predefined threshold
/// @ // @) <

Smallest P-value

Callahan et al. (2016) Nat Method



N \\ \

>

~N M A\

S A

4. The divisive partitioning algor

Deno

\

Callahan et al. (2016) Nat Method



R
DFEEEHETE | Taxa assignment

- BLAST D top-hit ICFED & ERBIENE LT L)
. 5T, reference BRI AE U TWD K DG FEEE CuiE

- (FDERRTCHIRT 28N D D2EYD,. T —FR—
ANTETHES N TULWNIL top-hit TH 7))




DFEEEHETE | Taxa assignment

Query-Centric auto-k-nearest neighbor (QCauto) method

Claident

https://www.claident.org/

C 1 RO TORIINE U e
e.g., RIUBR) THoEEEITF
DZEZ2RT - FERE ICIBELWVEEE

Tanabe & Toju (2013) PLoS ONE



#4038 | Post-processing
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#4038 | Post-processing

Coverage-based rarefaction Chao et al. (2014) Ecological Monographs
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#4038 | Post-processing

Coverage-based rarefaction
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Z DM DIEFR | Other information

1. 8D ASV /N 7= >: Deblur (Amir et al.
2017), UNOISES (https://www.drive5.com/)

2. MiFish 5t D™ = T8N/ A 7=+ > (Sato

et al. 2018; http://mitofish.aori.u-tokyo.ac.jp/
mifish/)
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Sequence data analysis



FRETREMT | Statistical analysis

e “phyloseq” | “phyloseq”
o ZLIRMELLER

o XNITHHF | Dimension reduction

Comparing diversity

o METEFTUVY | Statistical modeling
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onyloseq

BETI + 9 ZIVER + YEBRERER—NICRS OO RISy r—Y
McMurdle & Holmes (2013) PLoS ONE

phyloseq: Explore microbiome profiles using R

&,

phyloseq




onyloseq

BRI + U TIVEHR + pEEHBHRZEZHE—NICHSTOD RINY T—
McMurdle & Holmes (2013) PLoS ONE

phyloseq: Explore microbiome profiles using R

# Import to phyloseq

ps_all <- phyloseq(otu_table(seqtab_data, taxa_are_rows = FALSE),
sampte_data(sample_sheet),

ax_table(as matrix(tax_sheet)))

FEE(TI

phyloseq

[l
Hot

>d

> TI)VIE




BEEEHHRY | Community composition

# plot_bar
pl <- plot_bar(ps_all, x = "Sample”, fill = "phylum")
p2 <- plot_bar(ps_all, x = "replicate”, fill = "phylum") + facet_wrap(.~ Site+Method)
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BEEEHH AL | Community composition

# plot_bar
pl <- plot_bar(ps_all, x = "Sample"”, fill = "phylum")
p2 <- plot_bar(ps_all, x = "replicate”, fill = "phylum")

facet_wrap(.~ Site+Method)
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— phyloseq
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e +R036
v - RO35
s - R034
o - R0O33
. - R032
o - R0O31
e ~RO030
¢ - R029
* - R028
® - R027
n - R026
* - R025
e +R024
o - R023
0 - R022
s - R021
° - R020

° - R019 m

Q

. LRO18 E
- R0O17
® - R0O16
» - R015
® - R014
“ - R0O13
e R012
» - RO11
» - RO10
° - RO09
o - RO08
» - RO0O7
e R0O06
. - RO0S
o - R0O04
> - RO03
@ - R002
- - RO01

ty

<- plot_richness(ps_all, measures = "Observed") + ylab("The number of ASVs")
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R TCIE#E | Dimension reduction

Nonmetric dimensional scaling (NMDS)

ATCG
AAGG

— phyloseq

—

NMDS

ps_bray <- ordinate(ps_sea, "NMDS", "bray")
p6 <- plot_ordination(ps_sea, ps_bray, 0.4-
color = "Method", shape = "Method") -
stat_ellipse(geom = "polygon", n
alpha = 0.1, aes(fill=Method)) - N ° |
geom_point(size = 2) + xlab("Axis 1") -+ 0.2 - T R Method
ylab("Axis 2") + ggtitle("NMDS") _'.lfr"'_"r‘- B\ ® | destruction
< / X \ A\ E:l w_beads
\ 1 = l wo beads

00 x /"'

0.2~
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R TCIE#E | Dimension reduction

t-SN

ATCG
AAGG

— phyloseq

—

Library(tsnemicrobiota) \
tsne_res <- tsne_phyloseq(ps_sea, distance='bray',
perplexity = 5, rng_seed = 1234)
p7 <- plot_tsne_phyloseq(ps_sea, tsne_res, n
color = "Method", shape = "Method") + b
stat_ellipse(geom = "polygon", alpha = 0.1, aes(fill=Method)) + \
geom_point(size = 2) + xlab("Axis 1") 4
ylab("Axis 2") + ggtitle("t-SNE")
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R TCIE#E | Dimension reduction

ATCG
|i— phyloseq

—

Iibrary(uwofj'

umap_res <- tumap(otu_table(ps_sea)®.Data,

n_neighbors = 5, n_components = 2)
umap_df <- cbind(data.frame(sample_data(ps_sea)), umap_res)
colnames(umap_df )| (ncol(Cumap_df)-1):ncolCumap_df)]| <- c("UMAP1", "UMAPZ")

p8 <- ggplot(umap_df, aes(x = UMAP1, y = UMAPZ,
color = Method, shape = Method)) -+
stat_ellipse(geom = "polygon", alpha = 0.1, aes(fill=Method)) 4
geom_point(size = 2) + xlab("Axis 1") + ylab("Axis 2") 4
ggtitle("UMAP")

UMAP

UMA

Method
| o destruction

~ l w beads
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Fukaya et al. (2021) Methods in Ecology & Evolution
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I
Statistical modeling

—\) A\

It 1) >

(a) Site occupancy probability (b) Sequence capture probability (c) Sequence relative dominance
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HETET Y > | Statistical modeling

ﬂ% %ﬁ |_| ﬁg*ﬁ- Ushio (2022) Proceedings of the Royal Society B

1. water sampling 2. filtration 3. DNA extraction 4. library preparation

5. Miseq sequencing 6. sequence processing 7. time series analysis 8. network reconstruction
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Statistical modeling
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—mpirical Dynamic Modeling (Sugihara et al. 2012)
Transfer Entropy (Schreiber 2000)

Ushio (2022) Proceedings of the Royal Society B
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HETET Y > 7 | Statistical modeling
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SHDOEE | Future direction




S DORE | Future direction

o XDILK | Application to other systems
e HENML | Automation
o KA | | arger-scale study

o SEREI | Finer resolution

o /NEME-EHERL | Portable tools, real-time monitoring



ALK | Application to other systems

Terrestrial ecosystems
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ALK | Application to other systems

Terrestrial ecosystems

Stable

\ \_ .
Open air

100 m

Lynggaard et al. (2022) Current Biology
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ALK | Application to other systems

Terrestrial ecosystems

Valentin et al. (2020) Molecular Ecology Resources Yoneya et al. (2022) bioRxiv



= &1 | Automation
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Ushio lab Yamahara et al. (2019) Frontiers in Marine Science



ANEMONE DB
https://db.anemone.bio/

IHIZI KRR E TH D DD 2
[C P BE TR KRR




SREAL | Finer resolution

Genetic variation
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INBYAE - EEAL | Portable tools, Real-time monitoring

PicoGene (PCR1100)

BRE - AN PRENSNAIL Y P24 LPCR

ZDiZT, AE— FDNAZ#T

A - BRVWEDE

N Ty AVHILY Y -O—"T 4 - HARRIEF

https://edna.biz/



X &0 | Summary




IR1E DNA 247 | Environmental DNA analysis
1. £ TOEYER—DETRE U S 3 EHHRIT

An Innovative method to monitor ecological communities

2. U TIVEG - TREER - ECHEEAT - et iR, IMERLE LN
S BT DML LY
Requires a wide range of expertise

3. BARATYVINCTA—NAUVEMEZITOICLTH, BDORXT vV
TTANITHONTWENDIBRE LD ZIEENE

Need to understand overall workflow

4. TN - = — 7 2 AR - 7 — 5 BT AN D FEREICH -
C. ij—pij—p ::%b\ﬂ_&lntaalélj (/c_; ;L_—é—é ] _"’Ii

There is room for development (both in experiments and statistical analyses)




