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RUVTH-EHTIEIIE-—0RE I 0 -0 DB I Nz, T OO
MTIEEITDBESNAA o7z, 16S (DNAESID S B 1,292 I8EDERHBLHIH
fRFT T T AW SDBEES Nz P anguilliseptica DEEH & 100%—28 L 7=, MEIK
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29x10°CFU/BEEXTIZ 5 HBA B, 29x10°CFU/BEEX TIZ 3 HED S
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FI1I0EF2ENRT LTz, ULEDERL S, REDOEHIXEWNEEZ bNT,
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Tracking the dynamics of individual gut microbiome of sea cucumber
Apostichopus japonicus during gut regeneration

Yohei Yamazaki Juanwen Yu, Sayaka Mino, Tomoo Sawabe (Faculty of Fisheries
Sciences, Hokkaido University)

Yuichi Sakai (Hakodate Fisheries Research, Hokkaido Research Organization, Local
Independent Administrative Agency)

[Aim]

Sea cucumbers possess the remarkable capacity to regenerate their body parts or organs.
Regeneration of host organs and/or body parts involves reconstruction of the host
associated microbiota, however, the dynamics and contribution of microbiota to the
regeneration process are largely unknown due to a lack of experimental models. We
developed both caged mariculture and laboratory isolator systems of sea cucumbers
(Apostichopus japonicus) to track the dynamics of individual gut microbiomes during
gut regeneration regardless of whether the microbiome shows individuality and
resilience or not.

[Materials and Methods]
Feces samples were collected from both caged mariculture and laboratory isolator
systems. Microbial DNA extraction and purification were performed using a
NucleoSpin Soil Kit and sequenced using 16S rRNA gene sequencing, followed with
analysis using QIIME2 software (2018.11). Bacteria were isolated and cultured on
ZoBell 2216E and sequenced with 16S rRNA gene sequencing after purification.

[Results and discussion]

Using caged mariculture system in open water, we observed the resilience of the gut
microbiome after gut regeneration. Using the laboratory isolator, we traced daily
dynamics of gut microbiota and we found that fecal microbiota collected before
evisceration were clearly different from those collected after evisceration. Using
individual microbiome methodology and a gut-regenerating animal model of sea
cucumber A. japonicus, which is located on a deep branch of Deuterostomia, we
succeeded in tracking the individuality of the gut microbiome in marine invertebrate
animals during the organ regeneration process under both open water and laboratory
conditions. We also identified eight key bacteria, belonging to Alteromonadaceae,
Rhodobacteraceae, Oceanospirillaceae and family-unassigned Gammaproteobacteria,
suggesting that these bacteria might interact with the host during the gut regeneration
process. Reconstruction of the gut microbiomes might suggest immediate recovery of
holobiont functions benefiting the host via microbial metabolisms. We also succeeded
in isolating six of the eight key bacteria for further bioassay using the isolator developed
in this study, opening up possibilities to test whether these isolates affect gut
regeneration.
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The pangenome of Halioticoli clade in Vibrionaceae

OJIANG Chungi, MINO Sayaka, SAWABE Tomoo
(Faculty of Fisheries Sciences, Hokkaido University)

Background:

Ten species in the Halioticoli clade in Vibrionaceae have been described; 8 are
associated with the gut of abalone (symbiotic), V. breoganii with bivalves, and V.
ishigakensis with seawater (free-living). Genetically modified Halioticoli clade
species are also available as biocatalysts in energy production from alginate,
which is a major polysaccharide of brown algae. To accelerate studies in the
evolution, ecogenomics, and biotechnology of these marine vibrios, it is
necessary to perform pangenome analyses using complete genome sequences.

Materials and Methods:

DNA was purified and sequenced using Oxford MinlON and Illumina MiSeq.
Genomes were assembled with Unicycler 0.4.7 using both MinlON and MiSeq
reads. Pangenome analyses were performed using Anvi'o 6.2. with NCBI’s
blastp for the amino acid sequence similarity search. Metabolic pathways were
reconstructed using the KEGG mapper after annotation using BlastKOALA.
Assessment of carbohydrate-active enzymes (CAZymes) was performed using
the dbCAN2 meta server.

Results and Discussion:

Complete genomes of 10 species were obtained. The genome tree and network
based on 34 single-copy core genes in Vibrionaceae revealed four sister clades
in the Halioticoli clade; 1) V. ezurae, V. neonatus, V. halioticoli and V. rarus, 2) V.
breoganii, V. comitans, V. inusitatus and V. superstes, and two orphan clades of
3) V. gallicus and 4) V. ishigakensis. In the pangenome, a total of 2,095 core
gene clusters (with 1,288 single-copy genes) were identified, however, V.
ishigakensis had the largest number of unique genes (897), in particular, more
unique genes responsible for membrane transport and signal transduction for
environmental information processing, and unique genes responsible for starch,
sucrose, fructose and mannose utilization pathways. Genes encoding alginate
degrading enzymes (aly), classified into PL6, PL7, PL15 and PL17 were
common in the 10 genomes, but V. ishigakensis also possessed more genes
classified into the Glycoside Hydrolase (GH) family. This diversification of
CAZyme genes of this species could function as alternative sources for
bioenergy production. More details about the evolution and ecogenomics of
Halioticoli clade species will be further discussed in our presentation.
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M D 7 RBRERBKEENREXDFRITEIAMY Campylobacteria

OV, BT X020, EOEREAERBEAK) . H) I GUKBER) . i Ear
(JAMSTEC)

[ BA9] GEEIEEBUKIEENEICIX, R HIE I3 2 BUK T O MY 2 — L%
—IE L TRIT 2b5E OSSR B A 0N E e —IRAPER & 70 D A HE SR
DIFTET D, ALFE IS RFBINAEY) D H T B “Campylobacteria "fi\Z J& 3 5 1%
EMERTBIG OB 5 S L TaEID AL, RIS EIRME“Campylobacteria |22 T A
BAERE IR E OB HEAL TS, LI LR B 12V “Campylobacteria”
(BT DR RITHRNZ LS. ZORMEN 7 —T BT D 4 B O BT,
KWW 7N —7 OAEBAERRTH) « TP OBRICLAETH D, £ZT
AWFFETIL, FHR G2 Campylobacteria” % 77 BiE L. % OEBLI BT
LA O NCT D2 2 HRE LT,

[51E] 2014 AICEREL L7290 b 7 7 gHERIE T «—v RO N TEUKEH fLH
KDOF L=—Frb, BRBFRAIIEIC L0 EEME: 2 B O i BV AR E 2 0B L7z,
a7 U—RKeva— ) —REHAEEDENA TV Yy KT BT ED,
SBERR DR ) AERBAS L. Ik E OF 7 2RRPES 2B Uiz, 4Bk
DAL BITE R ERICE VM Lz, S OISk E D7 ) AHBIC &
0. AOTBEREE & T Nitratiruptor J& D7 ) LR Z R~ T=,

[ R - Z%2] 16S rRNA BIZFEHlds KOV 7 MAERIMER MR RS . A
R Nitratiruptor J& OFTFEToH 5 Z & D3/ S 4L, Nitratiruptor kaiyonis & 5 Fi4,
ZHR'ET 5, £ OABFRRHBITERAE & BT 5 b D0 KRBT A i EEE .,
TR 72 E O LR MR EEE 2R ATRE CTh 2 R Tl & Bip o7,
Nitratiruptor J& D377 ) 5% A X3 1.8Mb & | Hydrogenimonas J& % 5% < O i
B “Campylobacteria” & [R5 T > 1=, £7o. iFEME“Campylobacteria” D> )V
F— RN D LB A~ AR, Nitratiruptor JBIZJET 2T~ TO5HERK
TTF ARG B D soxABXYZ Bin 2 AT HZ W onERD  Z0E
5t 7 722 —OBEIIRFSN TV, BEDZ Lind | FRFEAVKALERE
DEIREREEIZ ISV T Nitratiruptor J&IL, FIRME“Campylobacteria” & [FIERIZIK G
72T TR FAMBIRAL 1T 5 2 LRI Sz,
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[9254&)

I7apTTHEBY Yy TE. X7 AHAIEICE W CERILE L2 L.
chondrodes ® /KM % 05 & LT, LC-MS IT X 2 MR 217\ B
ALEPNC O VTR, HBEL NMR 72 & O B IR OITIC X 0 BHERE 21T -
7z

[T lsfs B e & %2 ]

LC-MS & U NMR i X 2 5t o 55, e 7 2 7 BREL &)1
Mz, ZHEEBEREINTHE T EBN0h o7z, DR THRICEERMEE
Fofbawiz., chEciiimunwA I8y —A2E&a— FeFo AR Vg
DEHEAETH 272, TNHLDFERIZ, > T/ "7 7Y 7 eifottRicB
T, AR PR AT AZ T CTHEELTWE I L 2RBT 250
TH 5,
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AEXILZABEFS 7 OB 5HAEDOREFE L

Z DOEZDBRY)IC & B Bifidobacterium DIE%E

OBEHKHE - FERHht - LI 2 - BRI (ERBEK)
(H]

Fell R 4 1k, ALEE X v R (Palmaria palmata) % AEEIEEEClilE L. BB K 2
58 MRFRICKY Fv I vaiiHLZ(Fv7vD), 2L T, ¥+ 7 vO%rE
FCNKRDGEL, EA2FFRED B-1,3/1,4-F > v b Y A —2(DX3) %27z, 6
IZ. DX3  Bifidobacterium adolescentis D Y58 % iZ IR ICEEST 2 2 & # HLH
L7z, AitgEciz, Rz, Bukiitboric X ) Xrxsro *v 7
VEFREL(FL I Q). 2oMK eI, £, BERELEFC 7 vO%
B L. BB Y I X % Bifidobacterium DHFEVER % #5T L 7=,

(5]

Bl 2L Z X BRER TR FRET TR L 72, iR % BASEz M L 222 s Rib L.
A=t 7L —7TEUKIMH L 72, BUKBY zE 0L, 2 0 RiE 2 Z&ARK
IS LTt L 720 BTN Z BAGECE L CF o 7 v @& L7z, BEHED I~
kT —% T~/ 190] EHWCITo 72, EHREIX7 =/ — VIREEE, BER
SfEIR oA ) TRERRE HPLC i< X Y 9347 L 72, Bifidobacterium D35 i3
FIRIE 0.5% DR 7313 % PYF K5 ishn L @ 3 X O pH Z8kic X b #RET
L7z,

[ E X %]

AR - R - RE 2R L 2R, &b fEaNciEonk 60 FEE -
121°C - 60 srfEloitE % ¥ 7 v @b Lz, EAZHMErL Fv 7 vQo|H
I (19%) 3 X OBERIEE (56%) 12 F & 5 v DO(F NEF . 14%F L 1 62%) & 1315
A% THo7z, Fv 7 vQoFAMAKIZ 2 HETH Y, ¥ 7 QD2 n(7 H)
LY EHET® 5 7=,

BERSORE., ¥ 7 vQoefETOA4 Y THE48%) 5 L U DX3(27%)
DEFRIIF L 7 vDG6%EB X U 23%) LIZITFAETH - 7=,

X2 T vQEEESEY)C X B 4 fE Bifidobacterium ORSEIER WGt L 72, #
DGR, B.adolescentis D¥EIED T D B . K\ T B.longum subsp.longum,
B.longum subsp.infantis, B.bifidum DN T®H - 7=, 7. pH DK I
Bifidobacterium D #5H & #HEHFE 0 H 7z,

Dz & KfFRICEOCTILELA N AL S ¥ ¥ T v O 5T 8L e
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(ELE)

IR A 1ZRAR DY v T A 7 ) (Pyropia pseudolinearis) i % v % 7 /& D
Y— ) VIR T v VAT v v v 1 EfEEACE) HEFEHR 2R T
G Lz, AR TIEZY vy A4 VR ERSE T2 ED ) B OMEENE A
T 2720, FRICEINZ XV EE  ATMLick v ESDFLLCTEFD
ACE FHEFH 2 85T L 72,

(5]

B0 0 B GERCR) ZALIE AR NETCHEA L 72, 5 0 0 B % BAEZ L 7214,
MEL 7z, ABERIC 20 FERBEOEEKEMAZ, 4°CT—REX VX 7E &
L7z, MR % 4°C, 10,000g, 10 7rflEO0BiL 72 EiExE0 b 2 v o8 E L
L7ze BDYV RV NIE T v EBEBXUNMY vz 37°C, 3 K]
DR L 7214, 4°C. 10,000g. 10 pRlELOREL 72 i Z S D ) T F F e L7z,
ACE [HZEJEYE X Cheng and Cushman O J/F7EICHE L CTHIE L 72, 7 F Nt
I HPLC THEI L, < 7F FO 7 I /A MALDI-TOF/MS/MS I X - T
T L7z 2 v X2 E D insilico 4 b2 Peptide cutter Z W T{T7% > 72, Fv
¥y Ial—3 3 vt Autodock vina Z W TiT72 - 77,

(R e X &)

FOND XN IEDOEEE ST 4 a2 VAN IEBX UL ERATH >
Too KEZ VX781 ACE [HEENE AR L7228, ZOHEEE IR T v XY
YTV TR RET 22 LICEVELSER L, 2olenrb, 500
Blgoz v 78R e b OELERCTH I, ACE Z[HET 2= 7F M4k
TrEELLNT,

RIT, FJD Y fEY 0 b T8 7 ACERHERTF F & 4rHE - BRI L 46558, 12
o ACEHER7F FBRIE S Nz, 2O RTF FORHIR Y v T4 /Y
Hk74av) gy s8skirezxa L #Ho—Xi&EhicZobne,
72 TN 12FHOXRTFFDHH GRP BX X MVT 1% in silicoi{fb Tty 4T
25D THo7-, e PHKACEOC FAf v EDFNyF vy Iial—vaVv
DOfER, GRP (I MVT X b a3 5 bR INn:, SBRIFEH~TFF
RO CHEEACE) 2 ET 2 TETH 5,



A-08

T L= T a7 I X OHEIIBEES T DR
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(B dbEERFE CRICHifEE N2 7 3 v A HOENEEE(LIZ. RO CTHECIL
KL20H 25, HEADETIHIFHETIIAR, F 3 VHFAFETIE, UIEEREZET L
T=YIBEHIAE I DNAEARE 2 115 L . (B CONEIE A PINRE 2 G5 5, BAHEERET [ Cld,
HAERNTHEN L e\ /e, BEGVE ViEA v E Y 7 u 2" (LHRHa) %4
T2 L THIRAEL T3, Ll DIEREAL THHRINL R wiGa, S-S
NTHIVE D Z &b L, PEONEEE O I (ZINERE A3 HEINGE &2 815 L T
WBRENRD B, PEINREES T BR® 5 2 & I3EEL . 2o TR IT A<
AHTH %, % 2 TARBIZEIR. UGS 172 S PNICE 3 £ Con1iimz
B LT, FEVENERHZSCERCHBITE 20 F~— 71— 2 RE
TLHZELERHWNE LT, To—n1TF avH X (Acpenser schrenckir) D YNERE
% 72 RNA-seq it 21772 . HRINBEEEIS F 2 BRR L 72,

U7kl 7 26— 5 a v 3 A RPEIMER 3 X OCPENME A D LHRHa #FHHTS X
OFES 24 h o INENE 2 il L 72 mMRNA %2 NGS Ty —7 v A L7z, b1
72V —FxT7xvy 7L, 313,491 av T 4 ZJufEELE, T, Thbay
74 7% BLASTBiFE L7z, 72, 2N X hDa v 74 7ic LT, RL<y ¥
v L, BEREZHEEL 7.

[f5RB LOEE] £37. RAEBOHKZT4 o 2245, LHRHa F:47 /7 O FEH
B RPEIEAR X v S PEMEAR Ic B LT 10U EEWiEE R T2 v T 4 23,
10,628 2 v 7T 4 ZFH o7, TD 5 b HINCED 2 BI5T 13, mmpl3, mmp20,
mmp23, mmp28, adam33, adamtsl, adamts2, adamts3, adamts5, adamts7,
adamts9 &\ o770 77 —¥ X OHEFERTTH 5 tmp3. timpd B3EFE T
Wiz, ¥HIC, TRRXT TV VERICED 5 mpgesl. cpges, akrlbl b &
Tz, 7, LHRHa ESROFIE S, RIFIMER X v b FEUN{E K< &
WT 10 EUA ERWERZ R T 2y T 4 2k, 9422 2V T 4 B odz, TLIC
X, mmp24. fp. ptgfrn &\ T2BI5F D132, LHRHa {347/ O HEIN{E 74
TrE\WME% R L7z adamtsl, adamts3, adamts9, timp4. cpges & LT Wiz,

UEXY, FavFAEOPINCIZ, MMPs &0 7 rT 7 —+€% PG/PG
ZREFOM % PFRICEETH 5 LE X bz, ¥ 7. LHRHa {4 FT O HEINHE
FICE W TEWFEBZR L 72 16 85113, PRINRRER e Ic RBZE 3 28
BFTHY., FEVEMNEHZ XD IEEICHcE 20 F~—n—& L TH
T2z enmBRIns,
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GFP |+ FEMWH X EK1 #MR2EV F FEXATEFTELDON,

OMitfrIzne « BRBEL (ERBEAK) - fEAASE ERFR) -
S - PR - RS2 ATR (AEREEK)

[Bf)] =& U F X (4nguilla japonica) VIEIBEREE T CITMERRADETT L7

Wiz o N EEH Y (SPE) ZREHR G5 2 & THARBEZFEL TV
%, LU, BUTOFETIHFICREINFSE NS, ZOFRKD 1 5+ LT,
SPE [T MRS /LEY (LH) VU v F T, IEEKRZIEET 2 BRI A L
> (FSH) BB EnRFTF b, AFETITH LWERAAE LT, VFXHE
figk >k EK1 AlE 2 & - F FSH % B0 WAIRIC TR EHRIL L, v E v I8
L TR 5 kDML % B3, A ENX EK1 MilaOBM RG22 L2 H
M2, GFP 3831 EK1 Al %z ¥ X AERNICBHL . MRS A RN CELFRTRET
HHME ) MEFR,

[515] EK1 AHAEICIIPERIE COAKEBE T OEANEE L W, NFany
ANV AR ENEEZFA LIz, 3, GFP BIINF 20 VA VA ZRYL S,
[FIRFIC, B IE 12 18 /AL DNA [ICHAGAT & 2 D 8 7V AR —EN
Fan A VA BRGS0 C, R S/ BRI A E 2 RS
Li=th. 4 BRICOIZ o> ToAg T~ A N L DBIREE (T > T2, L%
R L, £ TOMINI GFP 2R L TW\WA Z & iR L7-%. GFP 35l EK1
LA 22—63 cm OREY T 17 BOERNITIEIENESHC XL W B LT7-, B
%, U XEVENO EKI AL 2 8 G BEmMEEIc L 0 Bl LT,

[FE R L O 2R] £9°, SIRES3E% O GFP 81 EKI M4 1 4E/MIch7= v 15
[ DA e 1T 7=k 5. 1 RIE4E T EK1 T GFP S e & bz, D,
3 X 10%cells ™ GFP %8 EK1 il 2 A& 23—30cm ® 7 FFTBHE L CTHRIEE LT
FER. 7T RFRIR NG 4 Hi% £ C. GFP BEBUMla s el Sz, RIZ, KK 45cm
DT FFIZ 12X 10%cells @ GFP FELIAZFHE L, 4 H#% TlL, {EL3RE R LD
3 WPTTC GFP BIMROE R SN, £/, 6 HETH. 2 VAT T GFP
FEEBIABEAN B LT e, FEn T, KK 45 cm O I 6 X 10%cells @ GFP
A Z B L, 4 BRICBIZER AT o 2455, 2 AT T GFP J$H A A3 fe 38
S, BT T H#EIZZR>TH, 1 AT T GFP BEMusE 2 R <, Uk
XU GFP 38 EK1 ML Y T FAEMENIZE N TD 722 < &b 6 HEIZAELEATEE
ThHY ., BHEOMIIMLAE R EICKE Ml LTEE T2 E0nb
Nolz, Lk, BHEMIEANEGET D2 R brol=2 Lond . A5%13 FSH A
EK1 A OBAE 1TV, B FIREDN & 5 AT 5.
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FE R R A S Ol iaE R & BAER D oE

Osielih - AR (LABTK) - AR - (BERLE - tH - (ERM
) - W (bR 7 4 — v FRbe)

[H/] AR (PGO) 13, B & 7 2 Bk offkcdh b L, chz
FFEDEE~EML Cinvivo THET L 7u—viFr~ofkd3, LaL.
FHARPGCIZT 7 2% 1wy b LR 0o, BB T LIC BB 5T
ICHFELPRENED 256 ICIERETICHMELEnweEE2ZLNE, 2070, #
BOYEAEPGC 25 E~BHET 2 & R TFHMLICc R IERE 28R T2 v b
#6325 PGCHRNTERCTE L LEZOLND, KX TIIELY — & —TF
AL 71880 PGC 243 2 JiiEoRFE & . R T4k PGC 2B L 7
F A IMOFEEERAT,

[17i) BEHNRELEZTo72E T 9774 v alitieX 7774 vy 28lic
ZHE LBBUAZ AR L 72, ZHEUNIc, GFP-nos3 3'UTR mRNA # BEf7EA L
g TR L 72, Uk X 0 FIBR % /552 L < PGC % GFP 406 CRAETE L X &
etk VY —T 4 v THEEMIEE L 72, pEEIiC LY 77 7 4w
v a2 Vasa Ytk %z Wiz Rt % 1T, PGC 0El&%2HE L 72, HEMIlE%
BEGE A OBHEEHICA L, €777 4 v ¥ 2 R T i 5U0# o
PGC %Ml L 7z, ZHG5H 24 WERIC HOEHIAE © 434 % S0% SR AR BAMEE I <%
L7z,

[ 53 X 00 %) GFP-nos3 3'UTR mRNA % BEEA L 72 @0 X 0 /552
Lizfilaohrs, ey —F 4 v 2 X hatbiildzigiEcerz, ¥ 777
4 v ¥ 2 ® Vasa iz v CRIEZMRBARICHRET 5 &, Y — FRTOMIIC S
% % Vasa G OB &2 5.7£1.5%TH o 7225, V — FETIE 93£0.98% T
PGC 2@ chalid iz e Ex b, M TH~BME 000, <
¥ 24 REf o 1E RO AFERR IR IE O fth, SAE 7% Sk A RfIE IS Lz, Tih
DFEERD S, DHHIIED% 28 PGC TdH 2 mlhEtk 2R L, #HEH D PGC %
AT & 7228, AR LD A~ D FE IR T E F D PGC fE £ i &
DORBEENEL-EE2OND,
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o BARKEIZ 5 1 B HRZRAR D L ARSI S B AR AT

i

OF AR « = TAERR « PR & - JLRARRRR
s J) - TEEFHY (EREEK)

(B L B8] V7 EMaE (Oncorhynchus spp.) %= & 1o 7 FfJH (Salmonidae)
DN DFHE D —2> L LT, FREDFENIR M b, IRMEBSC K~
DG PME SN TWD, —J7, BEREIRICALE T D IEREE O (IEk ;
axillary process) & FIERIZH 7RI OREO—>2 & SN 5D, HER (&L
> &) BT D56, AR TIE, Yo RO R ZEE O N E
BELOEDOHEE, FrIC RSB XK E OBFEZ LI THZ L2 HI
E LT, BrEAE 4 FEAWT, RISEDOHEIZRERHA, AR FAOfEYT, 7o
TR AT B X OSSR UIBRE O WEvka R 217 > 72,

[(## & AFE] ERAIZITH 7 7 F~ A& (0. gorbuscha), 77 (O. keta), 7 <
< A (O . masou), WIERIS=Y % (0. nerka) ® 4 Fiz A\ 7=, SEIEREGFHHIT
%, BYXER, "MYEa—J 1R, REER, WEEEZEL, &REBRIC
B DHERE R R L O OROMERER bt 2 2558 T1T o 7o, MERFEAIIRAT 12T,
TTUVRIRICKVEE LA T 7 b~ ALY 7 T~ AOREREHEH DT 7 ¢
RO R AER L, — ke a i LOBEEBIEE Lc, oA TFERIAT T,
A AR DRSS IEED & A EL ) 4l L 72 poly (A) RNA Z $#741Z cDNA &%
L, WG PCRIC KV HEMERLVE LV ZRIK (AR) BIaFDOTA Y 7+ —LThH
% arp OFBLZ M LT, EREEEMATICIE, EE=9 72 v, R2eiY)
bR & FEUIBRI BRBE 2 5% T, EIR/KRFE N CiliEvk S C kg L OV 2> & )
BRE U, & OBARIENT 2> b IR Z2 L B FR DS WE K 2 M3 502 2 5l L 72,

[#ER &EZ] N RERHAITIX, 4RO 4 FEETORRRMRIZIWT, T
IZHEA TR DS A EIC R E Do 7o, M IS W i O MRk O AT T,
KRG FEGHM, #EA MM, AR TR ST\, T, RO I
FERARR DS R RE B L bl U CIRE L TR0, RN OMGHR iR Eos 8 L
TNz, o FAEW SRR ClE, SRR IR 2SR AR ISRV T, arg D
FEINHER SN, Bl 0, MRZSEIT ZRMER & BdE 3 2 RIREME R ST,
WEGKIEHT ClX, TEEE COHRER 2 SHB B ORMEIZE R L2, UIBRREE L
FEUIBRREDORICH B EZITRO Lo Tc, LILENG, (KHl L EEOHS
WA DT T DIIRSCX W (0. kisutch) 90V 7 7 < A TIIRRMFZ IR ZS
ENMERT D2 b, (60O THEFEIHE COWEKICES L TWaH Al
REMENH 5,
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FRLSYFIOMNPELEFIOE—2—REIZEITS
A Z K COUP-TF DHERERFHT

OALBFHER - A0 —B8 - #JIHES - i FneE - #AS R (AERFEK)

W B v =Cid, ML HICATHRICR L ZGENDL X N7 B
FEINEE X N7 (Major Yolk Protein ; MYP) Toh D, & L CAHEBEOIEK
%, MYP D& Rk K OEREIC - THEITT 5, Frx i, MYP Bs 7 OiE 55 Hitk
AR LNCTH2ZEEZHEIBELTEY ., ZLE TITERNZEMAK COUP-TF 23 MYP
BT OB 5 Z & & R L7z, COUP-TF XV > KRB 60T/ -
TWRNWA =T 7 LT X —ThHoHN, UHY NMEFRREREHRE %k 2 72
I HEEMEDVRE N TV D, AENEF ¥ AT %% 7 =28V T COUP-TF A% MYP i&
LA LERBEREREZ RO MR Lo, £/, ¥ X LT %0 =AFHEN
IZFBVNT COUP-TF ZiEMHIL S E 2 Y Yy REHEKE LT,

[R48E - J5iE] £9°. COUP-TF 23 MYP 315 712kt LER GRRERE 2 FF o 27D
T2 DI MYP G 7 BT — 4 — L iR—H —_J ¥ —3F L COUP-TF B~ ¥
— % C0S—7 FfIC 4 A L, COUP-TF ~DIEMNZRD 5TV D 9—cis-LF
AVBERANTCLVR—=F2—T vEAf 2Bl ho7c, RIZ, COUP-TF OV 77 REE
FLE LT, AHERIEEEZHAWCLR—=F2—T vk A 2B otz £72. &
SRR E 2 A —T v h T hra~ v T 7 4 —I2XK0 4 DOBEZITHE L

/%ﬂx»%ayv%/4y%%mwfvf~&—7yﬁ%%%’ﬁotom
ZC M BEXN—cissLF /A vigaEE I/ a~ 77 40— (TLO) |
o TR LT, RIS, IEERRbEWVEY 1 2 TLCIZX > TEHIZ 30@@
FICHEL, LR—H—T v A 2B IhoT,
(%%-%g]mWWFﬁmPﬁE%@%Eéﬁtfé’kﬁ%%ﬁ’ﬁoto
ik\mW4F@ﬁ¢iiﬁ%%%g@%r@f%;ﬁmb AR TE AR E
Uy RPFIET A AREME S R S L72, & 61T, W4y 1 C COUP-TF o)/ﬁréz»ﬁﬁ
HESM L. TLC fi#HT Tl sy Gﬁi%arV?/4/M#ﬁfbfwﬁw:&
DRSSz, MAT, B 1 #2352 0BLEZHS) 1-1 T 9-—cissVF ) A Ui
@6#&&@@@#m@%ﬂﬁouiib COUP-TF 25 MYP i&1m 1 DFE T & i
U, AFHEKEHEE & 4 L 7z 4y WHTRAARN Y B RBTFET D alRedk:
DR < R ST,
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CFD @tz ALV =<V O EEEERDORESMICET LR

Omffoc AERBOK) - midBEs JAEREeK) - HRIFIE OKEERRE K RER)

[ B1]

AR, FeddE O£ BN A o KRB Rl O PE B X IMERIC 5 5, KA
i AT, ROMADREE 70> TEY, HREOERIENTER S LT
%o & DR FEZ B 7201, WHI7R 2 A X 7 TEHIEOAEMOBE 21T 5 12,
AN DTN R L, RORAEZ FHT 20BN H D, £ 2T, AFFE Tt
SWE O O EfEITT 5 2 & 23T & HEEA(CFD;Computational Fluid Dynamics)fi
HrizEB L, [AFEZ AW TERREE Y OEs3 0 2 B 50N Lz,

[5ik]

AW TIE Y v~ 7 AFEEL 40 mXES 38 m)D 1/40 A — )L OFERINE % fif AT
gL Uz, ftfreim 288 2720, #8 BRI A HHE & RO 0.1386 (kb 7eds
5, BALMEREREZRKE LT, BA0.197m, #REE 6 mm & L7z, CFDfHric
IX ANSYS FLUENT(2021R1) % Ve, fEHTRRIZERQ0 C) & L, EHZ 0.1~0.5
m/s (0.1 m/s A7) TEMSET-,

[R5 L UB 4]

CFD it 2 W TAERE » OFE M A vk Lz & 24, iuIAEHEHEICSD
MY, WA LTz, EERNES A~ T 2 TEI A3 & A B i O b s S A
ENENHRTZE A, BRI PR E W B A 7% TN 22 % L5 42 %, @
BHTITKIS kT %Tholz, £7c, HEE LIZAEME Y OWESAR DR
Rab—ya VEHWTREORAZ A b LTz & 25, < ORITZE O F A EHME
WA LT LEST,

A1, RFEEZHND Z LT, RMOMAZFFNCTNT L2 &N T, AFHEO
EHIRICSL S Z E I E LD,
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Predicting occurrence of Acute Hepatopancreatic Necrosis Disease (AHPND) in Shrimp Farmed

on The Mekong Delta of Vietnam by GIS and Machine Learning

Nguyen Minh Khiem (AL & Bz7K) - Yuki Takahashi (AL KF#7K) - Hiroki Yasuma (£ KB%7K) - Dang Thi Hoang
Oanh - Tran Ngoc Hai (Can Tho Univ.) - Vu Ngoc Ut (Can Tho Univ.) and Nobuo Kimura (At KFE7k)

[Introduction]

Acute hepatopancreatic necrosis disease (AHPND), caused by Vibrio parahaemolyticus, has been
occurred and caused massive losses in Mekong Delta where is the greatest potential area for shrimp
development of Vietnam. In the past studies, the relationship between the environmental factor and
AHPND was well studied; however, the influence of geographic vicinity to farms also should be
considered as factor contributes to the outbreak of disease. Predicting AHPND spread based on
geographical factor, clinical sign and environmental indicator, is necessary to reduce the risk of
AHPND in the Mekong Delta.

[Methods]

GIS was applied to show the distribution of AHPND in the Mekong Delta, and geographical
parameters for the prediction were extracted. Dataset was composed of these geographical features,
clinical signs, symptoms and environmental factors as independent variables to predict the
occurrence of AHPND. Based on above dataset, machine learning was employed to predict AHPND.
Four algorithms of machine learning including logistic regression, artificial neural network, gradient
boosting and random forest were used to model the relationship between those variables and
AHPND existence probability. The interpolation method, which was based on inverse distance
weighted (IDW) technique, was used to visualize distribution of the probability of disease

occurrence in the Mekong Delta area.

[Result & Discussion]

The dataset was divided into 2 subsets: training set for training model and testing set for validation
the accuracy. Artificial neural network was found as the most outperformed algorithm; its accuracy
was 96.6% (for training set) and 91.9% (for testing set). River distance, a parameter was extracted
from GIS, was considered as the most important in prediction. It was explained for the west coast of
Ca Mau where has interlaced canal system of U Minh forest and Tra Vinh province where
surrounded by Hau and Co Chien river were estimated as heavily affected areas of AHPND by
interpolation process. In this study, we combined GIS and machine learning techniques to predict
more comprehensive and provides the intuitive result on the map. Understanding the possibility of
AHPND development will help not only shrimp farmer active in farm management, but also control

the outspread of this disease.
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O HER HEREeK) - KILFR JEREK)

[HE9]

FIHFETIE, BEXNTLHE - REORIEM L AET 2 72D E B 22 ARG
WL TH D, FHUFOEIERA~DORB RS 72012, EFETIIERT
VAT AT e TR e S REHI N 2 BT O T\ D, AT LA AT D
HENRIEIZIE T = v W —AR— R SN 528, KB TIEFHEER TR 5,
K CIRNE ARG &2 N2 0 A TRAEDREERm W2 & D IE STV D08,
HENRIEFEDPHESL SN TE O, MITIZIZADHG NTEF L T L ERDE &
Do AT VAT AT & MWTKT TORKFHIOENZIE, FHAEE O S WAL
AREIEY) 2 TN T2 0 A FROE S & O T REHIIO HEE A LA TH D, £ 2T
ABFFETIE, BHERRRRBT Z2 WG 27 2o BBk z Bg & Lz,

[ 5]

N SRR EAT (OCR) & i L CAnifiE &M & A= 0 A ZIE D B B8k
AT o7, EBRKEIZ, BFZEF L 24 OS2 B AT 723k 7 L —
LEREL, 2HOET A I AT EEZT-AT VAN AT Thi L=, OCR %)
AL, 6ty hORXRT LAEB EORFESSOEEREE~ Yy T T E2iTo72, B
L FENC L DHEE R & BEAED 3 IREBEZ Lg% 2 & TRl L 7=,

HHEKT DX Xa 2 AT LA B AT THREL, HHOHELEZIT- T,
BOLEWEICIVEREZRELEZYuE BEOB G 2 ZMm\Eg & LT,
AlexNet ZHAfF# L7~ Faster R-CNN % L —=_ 27 L T %2 L F s
L LT, BMHESSOBIEIZIE, 6 > —2T20 7L —20HEkF LIz AT LA EE A
Mz, B L7l NBED AT T 4 TRy 7 AOELEFHHAE L
TREXEOmEGFHMZITV, BEIFH & FEFH O R E g LTz,

[#5 55 L OB ]

OCRIZE Y, A7 UVABEBORER OB &~y F o VN FEB L, HEjE F
At Lz & 2 A, EME GRE) BIOWE (R OFHIE2.1+1.6
mm & 2.1%+1.5 mm 72> 7=, Faster R-CNN Z /=G0 CTlx, £ CoOMaETr
— X CEBREE O L BEOHRH A TE -, HEFH L FEFHHOR 22
NENHIE LI Z A, FHERBIOKEDVE)IL6.823.6mm & 1.4+1. 1 mm
T, BEFHINTE/ NG TR E NS TH DR RE oo, IR E LT, ZAmim
BOZEER NN L —= TR RELTWEZ ENEZLND, I ATIIEK
OEBEHANCIBWT, HE)E FENC XA BRI ZENZF40 80 B & 227+29
MBI 20+0 & 197115 HThH -T2, AT, BEVEKREHI O EME
BLORBEORN EICHREITIR S0, SMAREEY Z AW A FEEEEH LTz,
HFH A FIZ K HABEFHOZEEAELTEOEREZHE Z N TE T,
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B A5 AERBEAK) - BEAREETE (ERBEAK) - ARSI (& T RKE)
- R — ﬁ(iﬂﬁ@kf‘t) o i FNE| PNV

[AA)] BT DIREDBRR RS 5 2 &1L, BIRARIEESE IO R A 72 7]
FIZARRRTH D, FY~=TE Pandalus hypsinotus 1%, ALHEEIZIVCEHE /2 /KEFE T
oY) FEE O KIBIZBIT 5 TIREIC L > TEL NREIS N TV D, — IR Bk

BN BDIEEZZB L TR ENTWDEEDOD, FFLD XN D L 5 IR ETREE N
WBETITIAN CTEDOISE ZBIE LTFIITZ L, RUFZETIE, K AZ ., LED
TAMNBIOT—Za—%nJIZ8EE L, WEOZEICHEDLZEDAD NI - i)
TITE A E L LT,

[ L] KB N O ZRECE R LA FTE AE RO W /I D & 2019 422020 4FD R34
AYEREEO-11 NTHEEIT -T2, BEHONZ O, WE K AND Y v 7 AN
NoT )=t HITNDIZI AT ERBLED 74 FBLOT —% u —% %55 LK
90m ~% T L7z, 1-2 Bk iy & 3LIcig T — 2 Lo ZO®E - Ki7e EDT
— X WL LT, BB DT OFEED D ORGEFER & — v o B HBLE A%k o B %
Iz, EEAONT B TITEIE LT, WSR2 ok, R SN~ E
N TESDOVE T B LOE T EOWR 00D ORI DUV TITB) OREE & 84 DS
ERAST,
[F5R - BLE] 10 BIOPFAE T, FE 4.7 B, &E 111 KEO ©F7 4508k % B L,
AR R EEOEREE SN, ITHEERZIC 1 EEENBN D E TORRIL, K
. EASEM E IS N oTm, S HITHEMHIZ L - CHlifE L T BN BT
LM E R HBLLARWRIR H Y | = E OB B E % — E&ﬁﬁ#é&ﬁf?@mﬁ
AT — TR Ny FIRTH L AEEMERE 2 b7z, AT - i ZICREbh 5178
ELT, ImFAns oMl - TERANLE T LT TERICER T~ v 23 5(15/32
A, NIEA~DOET - BRI L T BRSCEE~ERS LT EERDB 0 TN~ T 5
(12/32 AP BIE ST, MDD ST~ R, REOFEERIZRSF D5 E2 XL <
Bl L7223, ANUOERIT A BilEk T 5 2 & TREEL (1432 8K), EB~DEH DFF
WGERFRTE) 41 4y & BB AR TELS . T EDO{TEIREAIIN TN TOR
TN R TH D Z EAURENTZ, FE FTHRORFO 25 OB X B BilEkd 2
ANERUEAR (232 fER) TITHIZR B, ﬁMMWTiﬁ%ﬂ&ﬂotobkﬁof\
T EDOERPNTITENITE T3 DA% TORF 005 Ok & K THRICH TN EBE)
ﬁé¢f@ﬂ_®aéﬁ%ﬁ%m_k“éhémfi&wﬂk%KEmtoH%®%%
3% OWRETREN LTV =hay ha—LTh ) BFEBIIENTH LN, X
TARWE TR D OR X IO & = B0kl - 2> DR A~O I FHE & OBURMED B
RNEETHDLZ ENDH LD TR I,
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AT b FSERBLBRABOSEEERBRESHICEAT HIHR
THEZ OREBIEL D

(El:D)|

VAED 27 b v &7 QAW R RO T2 FEIN 13, AN & gL o 23T,
FEUESHIE 1~2 HTH 3 Z ML TEH Y, FEAHINIIDKED 135 BRI
Lo Tdb~ R I Nt b S L, AFRRELEAL DR EE M S X ORI O E
RBLTHEEEZLNTWS, ARHORRE QiU ELoBFRER) 13, 1993 4
MR (4 A~FB4E3 A) DFEERA L7z, 2008 FEHHALARE L, ER O L WHIRO T,
2 B IR R 1.8~4.0 (E)E & it O A IC e~ CTRIEIC % o 5 B AR 23 T
WKHELLZZ LTI DBECLITHEML T\ 5, 2006 FERRFELARE X, 4 A OEXFHEfE O
B E CICFERBFSERIIERE 5 2 8 IS EORFLH LK E L L1505
T3, RiFFECIE, ERBEEERERD 5 AICKE S CRE & W2 Bk f o5 4
R &MU R ERER T 2 2 itk ., BEEERORESE 2 ER L 72,

(5]

2006 FELAE, B 5 AICKBESL TEE N o —ATE 2TV, Bkt oRTFREE Y
ffET 2L bic, HRMEREL 2, MEINLHAEOHERI A XZHEL CHA (RF
) L 72, BHAHmEE L CHMUEHZHEE L 7,

(BRE L OEE]

5 Hii# CTHEE S N7 B0k HER O B OHER X, 4 AICH 1T 2 KA HER OB D
B e L T, ERMAO SMUHIE 1T AR5 4 A LA Tuw7z28,
EEETH o7z 2006, 2012, 2015, 2016 M D EKHESR O SSMEHRIZ, % oftio
FREEOMA LY R WEm2H Y, 2 Ahf) s o 3 Af oo 2~3 Alic Ko fH
HEHRSMEL Tz, F 7o, MR OB L RERF QR Y 4 X DRI IZERD A b7
o 7o ALHRERFEERRED 27 + v &7 Cld, SMLEEAR < B UEIc s T 34k
PAXBRKECZ EHBEENBETOEZERVICANTH S EEZOLNTW L5, KR
FECIEY TR E S RN C 30D o e, MEBEERBEO RS IL, G YD MO A 5F
BB 3 2 ADISHEERNE O LAMONT WL, TNLDI &b, HEICE
J 2 ARREED BB ERBEO RSN L L. YN0k 1l L 72Kl & PSR 25 % [
HPEHT LI EREETH L LEZLND, B, AR THO ZHENT, KETE
FEOIKEEIRFE - FEMHEE R <57,



B-06
BRREEBEMERRE L ThWHLAK] OFEEZERSD

Ol # AeRBok) - v B CERBeok) - it fie AekBok) -
ReARAEE CILRBEK) - BIRFsRE (EREK) - M CERBEK)

2019 4F 9 A 20-24 Hic=F 2 ChifE X L7z IPCC (RSN ICBE 3 2 BUMRE ¥4 L)
% 51 MR CRIN - A&GR X 7z TIPCC i - FHOKBRIIERESE ) <<, NEERIc X
BRI OZIc X 0 . SRR cic, &MRNEFEOmFEEY ORI HRAKT 20%
Y. HEEEDRKT 24% YT AARELSRH B ] LI NABFKERI N, i
MBEALIC X 2 —RAEER L SENREHEORY DB TH b, 72 1F X UBCOX =
T - R— Y —2$2IE 3 2 Fishing down the food web & \» 9 B IFHFL DEE 4 7
THIEIN2O0H Y, HAEETHRA EEORNEBHE LN TS,

WHAEBRETALREICSH S X ), FEEBROI A LF — - BT, KEK
231 D B 51coNT1/101c72 5 2 Mo THE Y, IR ERE L ISR
THb, 250, BMREWZENRE LZHEIIIEFEICH 5L, M BRERO ATE
ThHhbd, —Fi. WHFEBRICBT 2z A0 — - HFEEIZ, —REEICL VI, KX
KEEBEAMO I A% L IZHHADHTH 5,

RRREREEY & LT, dURELEO B k. 377 v 7 P VI KB A A
7 VHAD Neocalanus {3 L, M2 ST T2 E LY 2 2EEY N4 A~
D 15% % o T\Wb, & D Neocalanus Jg 13 1 FOHREFE %2 £ H . HEHEY)
TV b TN — ARICKRETHERRARANA AR 2R L, KARGHFEZRO, £
FERT VU Y VOEWEHFERTH 5, L0 RKHMH R RER
BEAEMZREL, SRERLE L > T [20bh LZE | orA]
REMEZES C L 2 HME L7z, BHAE BRI (FAth) % Gk
L7z SABIREI N, M 2EE~THEFICHITTfTbILs Z LI
o7z,

BEDFGEMICHOLT 2720113, e by £/ A4, EROSEYNICHEER L 20 g
mol\v, ANMEK. BREHE, EEMNHIE. REEMLIENR., 774 F = — 5,
B2 I E DRI D, DD LIERBOLOZEM L 2 TH A 5o RFERTIE, (KRKE
BRSAE T hA 7 ] ~DOFBELRBLT 2720 OFEEMMN L. A v E—T 47
V7Y =@l DWEOBNLEFEEZ 2L L DIC, pvd LIEEEFICIT CDE
RICOVTERIER L, JAS TEAZMS T kb L oTwn s,
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