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[9] First-Principles studies of enhanced dielectric response in tetragonal and monoclinic ZrO,
with Te substitution (Mrinal, Shigeta)

We determine the dielectric response of tetragonal and monoclinic zirconia (ZrO-) with TeO» doping
at various concentration using first-principles density functional theory calculations based on
pseudopotentials and a plane wave basis. The TeO, is highly stable structure, and it can exist as
tetragonal and orthorhombic crystal structure. We find a significantly enhance dielectric response in
zirconia with Te doping with lower concentration. The dielectric constant increases from 36.5 to 82 for
tetragonal ZrO, and monoclinic 21 to 38. We have calculated the dielectric constant of ZrO, with PBE
and PBE with U corrections which shows that the dielectric constant with PBE with U correction (U =
2 eV) is good agreement the experiment results. Further, we have applied same methods for calculating
dielectric constant of doped ZrO,. The band gap of both phase of ZrO; have been examined using PBE
with numbers of U correction to determine the experimental band gap which shows band gap of
tetragonal and monoclinic ZrO- is ~ 5.3 eV. This band gap is similar to the PBEO method (5.43 eV) and
experimental value of 5.5 eV. The Te doped tetragonal and monoclinic ZrO, shows the insulation
properties after ~6% and ~3 % Te doping. Tellurium doping with smaller concentration in ZrO»
increases the dielectric constant as well as showing the insulating properties which suggests that they
can be used as good Gate oxide for transistor with low leakage current.

Table 1. Dielectric constant (¢°) of Te doped tetragonal and monoclinic ZrO2 with concentration
of 3.1%, 6.2%, 12.5% and 25%

PBE (Zr0») PBE+U (2 eV) (Z102)
Te doped Tetragonal Monoclinic Tetragonal Monoclinic
71O, ZrOs Y410} ZrOs 71O,
0% 42.94 21.27 36.56 18.57
3.1% 73.8 - 62.52 -
6.2% 85.37 27.95 80.80 32.64
12.5% 82.00 25.00 76.81 38.37

Y = — P >
- —— ——p A -
e T e s s

GAMA X S YeamaZ U R

Band structure of tetragonal ZrO2 Band structure of Te-doped tetragonal ZrO:
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[10] Computational study for drug discovery and design research (Kowit Hengphasatporn,
Yasueru Shigeta)

We focused on antiviral research by searching for potential antiviral agents against SAR-CoV 2 and
Dengue viruses. For the SAR-CoV 2, natural compounds from mangosteen, and Piperine have been
elucidated for the antiviral activity towards SAR-CoV 2 3CL protease. LB-PaCS-MD/FMO helped
sample the ligand/binding conformations, which is necessary for accurately predicting complex
structures and binding affinities using quantum mechanics (QM)-based calculations. The pocket shape
analysis indicated that the LB-PaCS-MD could generate a suitable complex structure based on the given
ligand by modifying the residue selection. A ligand interacted with the protein receptor, and the binding
event could improve the program prediction accuracy. Thus, LB-PaCS-MD/FMO can be utilized to
generate a customized binding conformation for potent compounds and increase the binding score
accuracy, which is necessary for discovering and developing drugs (Fig.15). New N-containing
xanthone analogs of a-mangostin were synthesized via one-pot Smiles rearrangement. These showed
several bioactivities. For compound 2, this gave potent SARS-CoV-2 main protease inhibition by
suppressing 3CL protease activity approximately threefold better than that of 1. The fragment molecular
orbital method (FMO-RIMP2/PCM) indicated the improved binding interaction of 2 in the 3CL active

site regarding an additional ether moiety.

Figure 15 (A) Work flow for LB-PaCS-MD/FMO technique and (B) the summary of flavone analogs

as a potential inhibitor for Dengue virus.
For the Dengue virus, we have done the flavone analogs as a potential inhibitor for Dengue virus. The

tri-ester 5d and di-ester 5e exhibited low toxicity against normal cells, and exceptional DENV2

inhibition with the EC50 as low as 70 and 68 nM, respectively, which is over 300-fold more active
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compared to the original baicalein reference. The viral targets for these potent flavone analogs were
predicted to be NS5 MTase and NS5 RdRp, as suggested by the likelihood ratios from the molecular
docking study. The great binding interaction energy of 8-bromobaicalein (5f) confirms the anti-dengue
activity at atomistic level.

We have also worked on anticancer research. JAKs and EGFR are nonreceptor protein tyrosine
kinases that play a role in a broad range of cell signaling related to cancer. Thus, inhibition of both JAKs
and EGFR can be a potent strategy to reduce the risk of these diseases. The pharmacophore models built
based on the commercial drug tofacitinib and the JAK2/3 proteins derived from MD trajectories were
employed to search for a dual potent JAK2/3 inhibitor by a pharmacophore-based virtual screening of
54 derivatives. Twelve selected compounds from the virtual screening procedure were then tested for
their inhibitory potency against both JAKs in the kinase assay. Similar to EGFR, we designed
sulfonylated Indeno[ 1,2-c]quinoline derivatives as potent EGFR-TK inhibitors using the integrated QM

and MM calculation. The efficacy and cytotoxicity of potent compounds are evaluated by in vitro assay.
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K. Hengphasatporn, “Halogenated compound as a promising antiviral using FMO calculation”,
EEf R OBERILSS 2023, T, 2023/3/10, HEE%EF.

K. Hengphasatporn, “Exploring Antiviral Drug Discovery through Computational

Calculations and Fragment Molecular Orbital (FMO) Method”, CCS — LBNL Collaborative

Workshop 2023, 2023/4/13, FERREE.
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H. v oA

ARHIPEEE, EHEMR, JREEY, IRE _HEEEZE LIRS X BTk D Ry
X FEORTE 550 B MREEMERBI Y AR YT AL DEAYESE, 2022 4 11 A
1A, A1y

FIFEIES T, Kowit Hengphasatporn, JRHEY, EHHBM, o OREEMEICT 5

AETFEORR, DHEEE, BRI Ea—F— LS 2022 4 KFES 2022 4
11 A 27 B, fBINK%

PREEL, ARHEERE, EHER, FHEFEE. Enhanced Sampling (23517 5 A %24 1
DFMITINE A T A ZEINHIET 5, RAZ—FE, # 36 [\ 51 Ial—
vavitimae 2022 12 AS A, AT A v

FERDES . B)IR—, Zi8sk . SER, EHER. SCARUKGMBEREICB TS

Mn O H RN OB %%é@ﬂ”A%4Eﬁé\Wﬁﬁ#JMMW6D@%%.

WD EEF, RS, WER, EAER, T VBAEXT U T o I AR < B

i RIRRIZ OV TOEFLERE, BErEMRERE 4RSS, M KFE,

2022/5/27, WAL —.

SR T, HME4 2852, Mauro Boero, EEHE M, EFDEH. HAMBIEE =L —

B E 7 0 a v Y — LG & OFBIRER, BT AEMBIEAE 4RI,
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FOSREEE TRI O FIRENE”, 85 45 Bl B4 > 7 4~ T 4 7 Adliwss, DEARE R, 2022 4F
11 A 18 H, JUNKFHFEF v /XA

AR, TR m e LR EX T U T o — RO TR, FHRET A haoA A
T 20227, MEA%E, 2022 4F 11 A 10 B, S KFFHERZE L v 7 —
VeiErE sy, MEK, EHEM, “mEMEIE Y v BOSR 7 T A X —DE
WHE L JHPHOT X/ eh b OB OMERENT, 55 16 B TR REme. ABEFEE,
202249 A 19 H, ffik

YRR, VekiER, BB R, “EEALEIE ¥ /X7 B O[4Fe-4S)IEMEH L O IE &
BAIREBIZ DWW T OFGRAIAENT, 5 22 [0l A AE A ER Y25, DEEREER, 2022 4
6 H8H, —o<iX

UifEK, H B, Theoretical characterization of the active site and its formation pathway
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Velisd, YRR, EHEMR, SEMESEY R IED Y 7 252 — 50 ORENR K
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202245 H26 H, A T4
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HNSR—, I EEE, EFDES, EEE, hnJk, EHER, vy R 0 Ik om
FREARLO ST ARRETOPREAEL D DFT & CC IEIZ X DR, B /AEMBys
%4 IR, 2022 425 A 26 H~27 H, M7 KFEFLSAFESH A —/L (DIRHEE)
ISR —, ) EEE, ERDES, EE, 1haJk ERER, ubyR 0 Ik 5m
FRAEPTLOSIRETOT v b7 b RIERH OB KRR & 2 e kOB
AT, 56 48 Ry R R, 202226 H 30 H ~7 A 1 H, &V EASLEH
(HEAFEFR)

K. Miyagawa, T. Kawakami, M. Shoji, H. Isobe, K. Yamaguchi, and Y. Shigeta, DFT and
DLPNO-CC calculation of relative stability and electronic states in the S2 state of the
CaMn405 cluster of the OEC of the PSII, 55 60 7] A=W BL 23,2022 429 A 28 H
~9 A 30 A, WEET U —F - WEETTRSEH (KA X —)

Y. Okamoto, T. Yasuda, R. Morita, Y. Shigeta, R. Harada, “A Computational Study on the
Half-Site Activity Mechanism of Homodimeric Tyrosyl tRNA Synthetase”, &5 60 [A] 44
WHSP S 2022459 H 28 H ~9 H 30 H, HWiET U —F « HEEH A (KA X
—)

R. Morita, Y. Shigeta, R. Harada, “LogP-corrected Membrane Docking Score Screens Protein-
Ligand-Membrane Complexes”, 5 60 [0] A#WBRFRFEL, 2022 49 A 28 H ~9 A
30 B, WEET U —F - TR (KA X —)

T. Yasuda, R. Morita, Y. Shigeta, R. Harada, “Structural Validation by the G-factor Properly
Regulates Boost Potentials Imposed in Conformational Sampling of Proteins”, £ 60 [A] 4=
W PR RS 2022 4R 9 A 28 H ~9 A 30 H, WAET U —F - IWEAETHRSAE (KA
Z)

EIS—, EEDEE, I EEE, ha Jk, BEHER, 7 ih¥ 1 ~—B IO sk
OIFHIFTE, AART UV 2 — 2 0P 2022 FHFES in BIF, 23411 A 25 A
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30. K. Hengphasatporn, T. Rungrotmongkol, Y. Shigeta, Evaluation of brominated baicalein as a
promising SARs-CoV-2 Mpro Inhibitor, #ME0HEHIBIES TR &~ o X 7 RN O
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Bz fiede #ha], A 8 (FNERFEFEE. EMERER)
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A KEBEAE 54 (BRHERRE | 4. AiHERRAES44) | FHE 44
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B O SO R IAIR TR T 2 Z E N L WMl Th o7, ZhE
TOWECTIXEZAEM SO 2 G2+ /0 HE L T 5 S0, %*TE%
BREE O T AV E TITRRR S VTRV T A EU AR 2 BB - 15380 L | 100 DL E OB T
T2 D DIERL S D KRB RAARITIC £ 0 2 ORI E L EET D,

EBENT VRIS b—b 5T LR

B DO FE T N —T O R BR % 5 F R AN 5121, KREBSEIE 77—
ZIMWATH D, 2 THRMEIICHBREW EY 28, gL N7 A7 VS h—L4
BIOY ) AT — 2 ORGEED TS, T KBWRESN T — & 232, 87 DRAT,
FNHXT 7 ) BENTEEAT D,

REMHTICRT B FERITEB L OF o7 Bk & - FEL 2 HE L
FENT 2 EHIT — & DR, R 2 bTiE - BlSIE(LET L7 B2 L0 RFHEE IR Y
WEL DM, O ITEERE T CIT L VBEEICR D, £ 2T, KRR T — & fig
BV TR VIR OVl A2 B L. R 7' 2 77 2o Eidb s 5 < Aol
LR 21T 5, F7. ¥ o 7 Bo#GRR C—RES (7 X/ BRI O/ ¥ —
T, BERE L ARG OMF ISR B IND EEZDND, £ 2 CINREER AR 2 T
AR, BT S X 7 Oy LA e 5,

3. BIRER
[1] HHERZMED O RBOCLE DR

Fex T 2N FE TORBUES FRFIHTIZ LV OTsukubamonas globosa ¥ & X2 Palpitomoans
bilix O FAERINLE OfFEH]  (Kamikawa et al. 2014 Genome Biol Evol 6:306-315; Yabuki et al. 2014
Sci Rep 4:4641) . @F 1 7T A NENE O RFER OB (Yazaki et al. 2016 Genes Genet
Syst92:35-42) | @7 # )b=J1 — X EWFENTE O R EIFR DOfEA (Leger et al. 2017 Nat Ecol Evol
1:0092) . ® “CRuMs 7 L'— F” D&% (Brown etal. 2018 Genome Biol Evol 10:427-433) | ©®
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THE BN ER A BILR OfiBA (Sarai et al. 2020 Proc Nat Acad Sci USA 117:5364-5375) . (DE
BEY v v T (PAPO20 BRZ2 ETe) OARMINLIEDMEN (Yazaki etal. 2020 Proc R Sci
B287:20201538) . ®7 = 7L HM 7 LA ) N RMBEIR O (Yazaki etal. 2021
Parasitol Internat 83:102364) . @Microheliella maris O ZAEHINLE OFRB & A T AWEE CAM 7
L— ROEMB %17 -7 (Yazaki et al. 2022 Open Biol 12:210376) , SRT308 ¥k (2016 4EFE4EIK
WEHSR) IZOWTIEL, B8R INaREO T — 7 800 L L a g5 2
LT BINERT — 4 ZBET TH D, 340 BInTT — X ORI LV ~T 7 4 FF
AHUTIIR TH D Z E BB E 72 o TERFMEELHAEY SRT706 FRIZOWTIEL (2022 4/
KRG ESR) | Dalhousie K5 (#7F4) @ Alastair G. B. Simpson #(f% & Andrew J. Roger
BIROFEGRT — 52 L HDOE TGRSR AT D Z Lol

—RIEYEEERT D 3 OOV T 7 L— FEORHEBEROKRIE

Fex OFEMI7RMGE (2022 FEEERBE S ; Yazaki et al. 2022 Open Biol 12:210376) 12 X -
T, — kKW FE (Archaeplastida) WHLRFETH Y, /X7 U 7 F A4 (Pancryptista) & filiskf
BIfRICH D Z LT i &2 bivd, & 2 AN, Archaeplastida PN DRt BIFRICIT
AARDD D, CAFRS LRI FITHAS L RGN CTIE, IKEERIED RN oI LTz &
HHSNDZ EREW, ZNHOT—H L, Archaeplastida %% 9 Dkt OMEYFE, FLESE,
JREFEEFAD 5 b, IKREEBEN R BB TH L Z L2 T 5, —FH, TNETICE SN
Tk ) ba— R & 7B S KRBy - RAERIT D1 & AU Tl Archaeplastida Y
O CHLEEFR DN B NS ol U 7= & HEW S 40T 5, B - T, Archaeplastida B¢ JFUAR R FEREDMA )3,
IRECOFIRE o NTE LT ) ha— RE RIS TR R COIE P A3 72 5 oD
PIZOWTHSBEMIN TN LEFARY, 29 LEERE#EL. AFETIE
Archaeplastida @ 3 DDH 7 7 )—T RO RHEBRIZOW TSR T 2 L2 AL L,
WERINC 220 & 2RI EEBINORERRSND T 74 A b7 — 2 OVERL L PRI 72 KBRSy
T RAIENT 2 AT o T2, T OFNTCIE Yazakietal. (2022) O7 74 A b7 —2IZ5< Eh
% Archaeplastida OFfE A 13 fliH 5 45 FEIZHER L, FEIT Archaeplastida 35 2 UF Pancryptista 7>
DR SN D 57 FREOBEBEMN O TV 7 LTz 157 2378 (B35 48,729 7 X/
FRIEAL) AT LToRE R E2mET 2,

157 22 "0 ET T4 A NEREIFEIZIDENT LT & 2 A, Archaeplastida [T H R 2
L, IEIEIZL D7 — R A RT w7 (MLBP) 100% T FFS 7z (X 1A) , Archaeplastida
7 L— R CIEk M (Viridiplantae) & K A#ESH (Glaucophyta) 23Nfisk#E & 72 ¥ | MLBP
=100%CXFFE 7= (K 1A) . #L#EEFH (Rhodophyta) IXFENAMAH TH LT VT 4 AFH

(Rhodelphidia) & &= 7% (Picozoa) & & $1Z, MLBP =100% T*“Rhodophyta™ 2 L— K
B LTz, Bt~ T, Z Off#T CTix Rhodophyta™™Z L — R73 Archaeplastida PN CHeAIIZ 2y L
LT s (M1A)  BBRZRNZ L2, ML R#H (Treel) &, ML Rt 2 hZs LT
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Viridiplantae & Rhodophyta™ 23MligkFf & 72 5 R4k (Glaucophyta 251 H1 43I & 72 % 5 Tree 2)
& % X Glaucophyta & Rhodophyta™ 25k & 72 5 Zfi#éf (Viridiplantae 23 #1875 & 72 % 5
Tree3) CLb L, AR ELEZN O L0 E I 0E AURE LTZE 2 A, Tree 1 & Tree 2
DO TIXRHOAEZE1E 48.915, p EIE 0.0817 & 72V | HEAYE 0.05 THHEEHIH K20 - 72 (X
IB) . fit~> T AU BEDFERIL. Archaeplastida 7 L — RPN T Glaucophyta 23 #JH# /71l & 72 5

AIREME A FEAI T E Ieino Tz,

A

Streptophyta

1 00_ Chlorophyta
100 Glaucophyta
100
A% e Rhodophyta
{ ———'%——-2""Rhodelphidia
10— "Picozoa

Goniomonada

Roombia
----Palpitomonas
Microheliella

Centrohelea
100 Ancoracysta
Hemimastigophora

B

Viridiplantae

Pancryptista

VAalLSVi1davHIUVY

dNOY9O.LNO

Ry V G V v
A_UQE # Tree Tree 2 Tree 3
fIof=if | Brres - - REREH - -asamEs )
3 ‘g;g”‘& BEPY DM

(o) G (o) R™ o) 3
gnxa NA 48.915 124.684
pil NA 0.0817 8.36 X 10©
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BEndy L— AR ELEDEIZH
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100% CXHFInz. =AKTHRL
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THERY DEMERETRT.

( Viridiplantae )

B. Archaeplastida @ 3 D2DY T
L— FREORGERERIH T H R
BRE. Tree1 [IRARMBTHY,
HEEETNITERLGIELE AR

(R™) DB ENEI L— M
MR &2 HRFB THS. Tree
2(FREE (G) HY, Tree3 TR
BiEYE (V) PR ELDR
HMETHD. HEFTOERELT
H 5. AR Tree 1 & Tree2/3
DORPAEZEE AURED AU RE
DplElF ThEThERDO 217 E S
fTEICERE& LT,
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Tree 1| ORE L E 2S5 & (M 1A) | oo S 47z Viridiplantae & Glaucophyta & 7232 >
TTI7FT NI allkaT7—=74777 b IBAT—=7 47727 b)) IZXV#R-T
Irx EHERI S 7o ATREMED B D, b L 2 OFEZERGER 23 1E LITAUE, Rhodophyta D RS 5 43
Iz~ % Rhodelphidia & Picozoa % f##T7> HHIFR L. Rhodophyta IZE DR A4 E < L7cHA .
Archaeplastida 7 L — N @ g]#1 47l 75 Rhodophyta™ 27 L — R7>5 Glaucophyta (& % V(&
Viridiplantae) |22 5 A[REMEN & 5, & Z TE T, Picozoa %7 7 A A b7 —H )5 Picozoa
ZPERR L. LRD Trees 1-3 b bWz AU MEZ# Y I L7, Picozoa ZHEFRT 25 Z & T
Rhodophyta & Rhodelphida % & #e“Rhodophyta™ 7 L — RICEAHLIIHETEL 25720, AU &
TEIZHBNT Tree 1 D Tree 2 \ZxET DA MENZE LT D ATREMEN B D, EBE. VEH L7z 2 B
OB E 722130972 3.6738. 55 D AU FiE Tl Tree 2 IZ%5 9% p HIL 0.465 TH -7,
i > T, Picozoa % HEBR L 72%% TlX Rhodophyta™ 7 L — K237 & 72 % Tree 1 & Glaucophyta
ISR & 72 % Tree 2 FIICAH B R BAEZIL 2\ &R T & %, Picozoa (2%
Rhodelphida & 7 7 A A > k57— ) B EBR L 72354 . Rhodophyta [IZE 5T & HICEL 72D |
Tree 1 & Tree 2 OXECLEAIT IV RE BT LRSI D H, TREY . FH=0D AU
FETIE Tree 2 OXFHCLEE L Tree 1| ORBMAL LY bRE < RoTe, BLEDORRIT,
Archaeplastida 77 L — RPN Tl Viridiplantae 2% Glaucophyta & % & Rhodophyta/Rhodophyta™
DD BEDRNT LRI L 72D Z L 2R L, SRRIT LTz 157 2 0BT T4 A2 b
IZ Archaeplastida 7 L'— RIND 3 2DOH 77 L— RO RMBENR & EMEICEITTT 5 2 & 13k
LT & &R LTz,

A Picozoa® # % BHT H 5 HEER B Picozoa & Rhodelphida % 247 A & HEfR

Tree 1 Tree 2 Tree 3 Tree 1 Tree 2 Tree 3

R, . |G v |V R* R V g vV | v R
AUsE AUgE
o tfio
f=4iRs f-8iks

0) G||O R'| O G 0 G |l o R O G
b NA 3.6738 80.237 | Fus = 49.593 NA 114.46
pil NA 0.465 0.000604 | | p= 0.0828 NA 0.00133

2. fIRFITEBLIERERRHEHRLI-T—2(ZE T < Archaeplastida ® 3 D2DYJ
9 L— FEIORMEERICH T HIEHRE. A. Picozoa DH %Rk L 1= AU #R5E. B.Picozoa &
Rhodelphidia Z#& L 7= AU #R%E. Tree 1 (341 & Rhodelphidia #5< &LV L—F (R) &
HVEHE (R) AR E G HRFEB THSD. Tree 2 [(XIREE (G) A, Tree 3 TIIIZEIE
YW (V) D HIRFLE L HRERTH S, RARIE & TOMOMIRFBEDOABAEE &
AU RE®D p EIF, ZhEhERD 2T7EE 3TRICE#RHL-. Z0MHOYTI L— FORERF
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1B LELT#HS. Picozoa DA ZEHFR LIRE (A) TIX Tree 1 BN AL R#i4, Picozoa &
Rhodelphidia Z##Ek L7=#&E (B) TlL Tree 2 hRARMB L Lo 1=,

AENE 157 X U R T BN ENTZT T4 Ay b —2 &AL, 5% L0 2HD¥
YRVERINE ST TA A T2 F L, EALRFBIZIBN T, Archaeplastida
L= RO 3 5OH 77 L— FRIORZRFERE EO L S ITHERI SN D DE S SITHE IR
ATLOTETH D,

RIEEES VRO YT b—L4 - 77 LR

RAEEMIEAET DT I NI T VT DT ) LENT

TN T Y TITHERAERRR A T XA T HOEER —REEFED—DOTH D, £DOEREY:
HIZRBHEMEN S VT /AT T U7 ORISR SN TE /o, L LAan b,
WERDOFHT TR SNV T IR IZRMD LT /X7 T U T W3, RS & DALY
EDHERBBROTNL RN TETND, ZOXI RENIFELRESh>OH Y | WFEIC
ERTDVT /NI T )T OREOSHRIEZBET D703, thoEY LIEST LT /A
IT VT DEDLRDLMENPUNETHD Z EPREBIND,

Dinophysis H Jiliflf & iel JIERR AR 2 _IRANZR S TR AR BIED R TH D, TD I B, &R
FIRWHRNZ 53453 D Ornithocercus X° Histioneis, Parahistioneis, Amphisolenia, Citharistes &\
TRBIET T /"7 )T EIAERBRERA TS Z ERMbINS, FxlT I Dinophysis
B OMMMEERBEICHLET D07 2 N7 T U T OSSR OV TIFE A ED TV D, =
MiT®HW®¢T@ﬁﬁ%%wOmmmmmm@wuwm LAz 7 2 377 U 7(OmCyn)

CIHEEST IR T UTICBITAFHARR TH D Z L 2RE DT, BT O. magnificus
&omwn®héﬁ%m#%:%E?%D\ﬁﬁﬁﬁ¢:ﬁwfomwni$@?$§#é:
Ll E TR ENTZ, 72 OmCyn ([ZITIAEBMRA~OEISORER & R 5D 5 7 LEIRD
RS TV D

ARAEE . Tk~ IX Ornithocercus J& & 13 %72 5 Dinophysis Hi&#fE# Citharistes regius |24
57 /7T VT (LUK CregCyn EFET) D5 ) DEMRHT L7272 Z OFERIZ OV TH
HT D, Fea I LFREIR T B OEAK Y 7V F3 G Citharistes regius DEIEZFH AL, £ 21
HEFT LT IR TIVT DT ) D RIIHEGT D5 LIRS LT, 207 7 A% 1.94
Mbp D—DDERPEEMRIC L > TR SN TND ZERHLNERY | ZAUTMATK 17
Kbp D7 T A I ROFESRE I,

143 2 RV GBI B 2 AW 2 BAn RMNT &2 Fhi L7z & 2 A CregCyn I ZBEIZH & 7>
&£ 725 TCUND Ornithocercus magnificus DIAET T 2377 U7 OmCyn OR#E &[RRI HEE
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Synechococcus J&> 7 /N7 T U TIZBT HRMTHL DD, EDONERRFIZIB W THWIZ
BHONZRR LR THDLZ ERHLNE o7, ZOFERIX OmCyn & CregCyn BNEIZE
AT B & HAEBMR 2 FN e Z L AR LTV D,

A B Fof o .ch ,g@?’f 395,55?;
Prochiorococcus MIT_9821 . y .
m Pmmuoaxn::{w"u‘:,s'ccup:ms 3. Citharistes regius ¥
— Prochiorococcus mannus NATLIA

Prochiorococcus marinus MIT_9215
Prochiorococcus marinus MIT_9312
Prochlorococcus mannus MIT_9515
Prochiorococcus marinus CCMP 1986
Prochiorococeus mannus MIT_SG13
0. magnificus Cyanoblont (OmCyn01) <
Synechococcus sp. WH_B109
™. Symechococcus sp. KORDIS2
- Synechococcus sp. CCIS02
- Synechococcus sp. BL107
- C. regius Cyanobiont (CregCyn01) €q
" Parasynect igrum WH_8102
— Synechococcus $p. KORDI4Y
Synechococcus sp. KORDI0O
Synechococeus sp. MEDNSS
| = Synechococcus sp. MIT_S9220
- Synechococcus sp. A1560
W Synechococcus sp. CC311
Synechococeus sp. RSS916
Synechococcus sp. RS9917

- reemeeme—————

LTWSEFESND.

W, BREREE T2 5 CregCyn L1 E L OMEIEAZRIET 720, R FOUEEIC
BB RAZT ) NENT 51T > 72 Tara Oceans DT — X % AW THIR A Z — L DN 21T > 77,
AHAEEEOEY 2> /377U 7RI OmCyn % LT CregCyn O/ AEFNZKE LT,
MRIANBEIZHAES D 57 D TaraOceans > 7'V V7 AT —2 a b b LTz, #i)7e
A X4y (0.8—5um, 5-20pum, 20-180um and 180-2,000pm) DA X7 ) Ay g — k) — K&z~
Y7L ZA BRAEREO LT ) NI T YT O ) JMIET D) — FDid e
A EFE b /NS YA XSy (0.8-5um) 22 BELIL, ZOFRRIIE ST IR T ITO
HERE S A XANERE 2um (ST 72 722 & & E 2 2 LRI TH D, ZHUTxE LT 2 DDl
BRICIET DT N T VT O KZE. 2OV A RBESHLRIGT S U — FidiE
N ERFLNIR o T2, CregCyn 7/ 53 L TN OmCyn %7/ AZHEIAE 72 BRS11E 20-180um D4 A
XH5 B H % < F DT, 20-180um (XML RS O EMAEMD KIS T 5K Th 5
72, Nakayama et al. (2019) iR U5 L HICZOHBNRZ — I znooIEs T 2 "7
T U T BNERERE T TENLTLOME EMIE L FRAZEIZRCFE RO TNDH EERDH T &
M TE, CregCyn & OmCyn & FIFRICEREEFR CHHEEZITH 2 LTS, BEOMREBZ
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HEATHOZLEFET, BEOMREZEZ THREIZELRT 2O THL I ERRBEIND,
OmCyn 7/ AZHHST 5D U — K3 20—180um DY A XEFITEF LTV D DKL, CregCyn
77 5D Y — KA 5-20um O A ZEFIZ SR ST DX, 15 EREEEEO A XTI
T 5 LEZ HID, Ornithocercus magnificus DAMfEY A Z1X 75-115 um FBE Th 523, Ala1%E
SIS NEERIC T2 Citharistes regius ORIFLD K & S, A ORIIRO i b E\VWlllic s
WT % 40-50um Th D,

RFHNINE T D D &0 D RIEDE B LT — 5T, CregCyn & OmCyn ([ZIX[FERED 7/ L
/NISTERR ST, SEATHFSE T OmCyn 1 H HIAETH A @ Picocyanobacteria 7/ LITkF LT/ L
2 ) LDEFOZENVRIN TN, KR TIT o Il 7 /) A fEHT Tl CregCyn &
OmCyn E[RIFEED, a2 /37 N BRED X LR L N— R — %O ERA LN E 7o
72 L subclusters.1 @ H HATEA Synechococcus D% 2737 B L 3— K U —[% 2,000-2,400 D
FPRIZ AT 2 OIS LT, 2 DOIERDZ TS 1,500 TH D | ik B HAEE
4 Synechococcus @ 1/4-1/3 F2E UMEEF L TV o T2, ZHTBEBAEFRAENNZ TV 71T
WTHH/NSRT ) xR L 535 Prochlorococcus D7 7 L HHE L TH A 720 L/3—

M) —=Thd, 2 DOMAERPPIEB SN EEBERADL DX NI H L= |
U =D/ N MR E L EBX OND, TNENDY LT AT NV—T %, ZORiENR

B Cyancbactensl
Prochlorococcus marnus MIT_9211 COQ Prodeins

Prochiorococcus mannus CCMP1375 as — W Prcocyancbactenal

Prochiorococcus maninus NATLTA s — ancestral protens. @ 4 :/7/ l\.7'7' U 762/

Prochiorococcus marninus MIT_5215 W Accessory proteins
Prochiorococcus mannus MIT_8G12
Prochiorococcus maninus MIT_0515 s

Prochiorococcus mannus COMP 1566 i o S—
Prochiorococcus mannus MIT_SG13 s

P 0. magnificus Cyanobiont (OmCynO1)
Synechococcus Sp. WH_B109 s
Synechococeus 5p. KORDIS? mm—m
Synechococcus 5p. CCO02 m——"
Synechococcys 5p. BL10T mm—m

PP C. regius Cyanobiont (CregCyn0) s
Parasynechocoocus marenigrum WH_B102 s
Synechococcus sp KORDHY mum—m:
Synechococcus sp. KORDIT0) mm—m——m

INLTWVS.

Synechococcus sp. RS9916 mmmm—
Synechococeus 5p. RS9917 m—""5

R A1 O F2 FE & FLYE T ‘core proteins’, ‘Picocyanobacterial ancestral proteins’ 33 & OY ‘Accessory
proteins’{Z3 1T, ENENDT ) LDOF R E L= R —%fERELTZE Z A, CregCyn D
BN TE L= R 2R LALHAITRIEY OmCyn DZFiL &R UM 2R > TR Y |
BRI B ORNTIZIERT Picocyanobacterial ancestral proteins 33 &2 Y Accessory proteins ¢ [X.
DR NTEIZBOWTEHETHWDZENHALNE T,
CregCyn 35 LU OmCyn D4y 1 RMMBHTERIT, 2D 2 2D T /37T U TR L M

RHFEMTHDH I L 2RTOITMAT, %h%h@@£&®héﬁiﬁ%:owf%mw%
HZ22%5HDToHbD, OmCyn (& subcluster5.] DIELNH 3T HRHETHY . BIEETIZZD
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RFAITEHRAEFEENZENTVWD 2 L 2R/ T 57 —2I3BGoA TRy, ZHETO
B H AT FE 2 e & L 723 picocyanobacteria D8RR 72 ZARMEMEHT 1235V Y T OmCyn 2356
RENTZIAhoeZ L& BEZ 5L, OmCyn DRMITT N CEAEY L OLAMRICH D
L THTE, OmCyn & JHHEE w2 BEILR O ) SE I Synechococcus DRRALDM A E D EIIC
WA FHEMED B D, — 7T, CregCyn [XHFENE Synechococcus @ subcluster5.1 clade IV OFE &
HAMETR T 272D, 2Rl b ZoETT 2 N7 7 U TIXBAIER L LD W
Synechococcus DZERVEDE UTo IBRICHAEBUR ZFEA TS L D L THRTE 5,

BRET ) 2T

FEAalx, INETIZ3EOEHEER, Lepidodinium chlorophorum, AFRHGHEE#E 2 fl

(MRD-151 #£35 L O TRD-132 #F) D&k (GERk(E) 7/ LBSIZRGE L7Z (Kamikawa et
al. 2015 Genome Biol Evol 7:1133-1140 ; Matsuo et al. 2022 Front Plant Sci 13:918543) , F£7-.
FERRT: - MRS £ 2 PO A b L7 B, BN A e - RS AR 1 & 3k
WCT7 V7 NEOEBERYT ) LMEHia1T > 72 (Kamikawa et al. 2015 Phycol Res 63:19-28;
Kamikawa et al. 2015 Mol Biol Evol 32:2598-2604; Kamikawa et al. 2017 Mol Biol Evol 34:2355-
2366; Tanifuji et al. 2020 Genome Biol Evol 12:3926-3937) , 2018 fEE ) 5135 4 OfF AR
% Oxytoxum sp. SG-436 KD FIRTF ) LB X ORX 7 LAENT 7 ) 5 (HESRT ¢ #EOR
BikZ) OffFiE BRiA LTz, FIORFLEGREEEEE TRD-132 fRICOWVWTH X7 VAT T 7/ L
DffFta Bfs L. v—7 o AENT 2 BRMG L7,

2022 FFEENCIE, HORRZT DT AMEIREREEN 7t v & — - Sa DRt & mis gt
EDERBIZEE LT, AL =7 FHRMEESEEOERART ) LOMRGi R T, RITtg e L
7-FE1X. Kareina mikimotoi LMK17, Karenia selliformis MoKr600, Karenia papillionacea NGDr675 .
Karenia longicanalis AmKr650, Takayama helix AmTk649, Takayama cf. xiamenensis NGTk657 .,
Karlodinium zhouanum clade 1 LKaK135., Karlodinium decipiens clade3 HrKl1653. Karlodinium
australe clade2 LKaK136, Karlodinium ballantinum ® 10 FE T 5, €D 9 5 T. xiamenensis &
Karlodinium ballantinum \ZOW ISR LTI E 2 bbb, 5% INbDOT — XL,
2023 FEENLIRE HF = aFERIET #T7 I — - Hehenberger 181 & 0 —[ERE I [F FFEIL
[FRFFED—B & L CRREIT I 5,

R haRI TS LR

Ferld, TNETRRAPTAFRI bar RV MY 7/ Lafifa L, SEAEmEC
BITD Mt 7 LOKE, BIFHEL, WEIEA > b o OEIZOW T EZ T > TS 2

(Masuda et al. 2011 Harmful Algae 10:130-137; Nishimura et al. 2012 PLOS ONE 7:¢37307;
Kamikawa et al. 2014 Genome Biol Evol 2:306-315; Nishimura et al. 2014 Mob Genet Elements
4:¢29384; Takeuchi et al. 2015 PLOS ONE 10:¢000132030; Nishimura et al. 2016 Genome Biol Evol
8:3090-3098; Nishimura et al. 2019 Sci Rep 9:4850; Nishimura et al. 2020 Front Ecol Evol 8:140)
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7 ) T A2 EWERED L D S AYIE; U T- Microheliella maris @ Mt 77 ) %St L. Front Ecol
Evol 55 (2022 10:1030570) (2R Sz, AR TIEEOFEMZHRET D,

Nicroheliella maris = ka2 F) 745/ Llca— FEhHBBEFL/IS—F)—

T haRITT ) LTS
PEIZE TS, EDOX D IZE DS
PEASHESE U 72 D D3 E 443 ISR B
STV, ZIUFEZED D
ZERME D KR53 % 5 0 2 Bl i
EWFED Mt 7 ) DTKRET D ISR
DY ThD, 7V TFA
Zi37 V7 Mg, I=ATT A
W, WE 7077 ) RAEBLO
Palpitomonas bilix 7> 5 R S 4L
Do AWFETIL, T 7 UV TF R
ZDHERI G 43I D 2 & A3
B L7 M. maris D Mt 7 ) I\ % ik
E LT M.omaris Mt 77 7 1% 61.2 5. Microheliella maris D Mt 7/ L=y 7. 2 2iX%
Kbp DELRYT ) ATHH, ZOM HBEFFEORE, )RV —LRNABEFEENRE,
7/ A3 12.9 Kbp OHENLKERL  (RNABEFIFE TR LT
25 HS3ED L 3T G
ffaa—RLTW5D, M marisMt 7/ K23 — REDH X NV EBE 8L, ZET
ViR e S AT —WAEY)$E (Archaeplastida) . 7 U 7T 2 % (Cryptista) , /~7"F A % (Haptista) .
SAR £ B AL S 415 Diaphoretickes D Mt 7/ A TR TH D,

Z I E TITAFRE S AU TV 5 Diaphoretickes D Mt 7/ AT — & & ARWFSE CTfgde LT M. maris
Mt 7 JZa—RENDZ NI ELR— =& Lo 2 A, @D s > T
Mt 7 JIZa— RENTWEZ N7 ERERMIICED L TE I TE 5,
Diaphoretickes Ol TIL 56 # "V HBEFRA MY/ LZa— RIS Tkh (M6
DM) | M.maris, 7V 7FFAZ —RIEWF (Archaeplastida) 7> HAER Z415H CAM 7 L —
FOILBHETIT 1 BIEFORKPEZ 73T THD (K6 Hol) o M maris &7 V7
F A & OIS — R O MBS & It BTE TIRBIR FRENE Z 207

N, BET T BInTFOREPEZ -T2 TRIND (K6 TORBLTH) , HERIZ M.
maris 737 U 7 F AL OIEMSL L FIE%, ZEN 2 BE T L S BIEFORENBEZ o712 &
sz (M6 ol LUk .

== Microheliella maris
61,620 bp
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6. Diaphoretickes [Z&1+5 Mt 4°

47 proteins

g JLIZa—K3h382 V0B LIS
-rpl19

e — FY—mZA{E. miE Diaphoretickes ®

H#EMH%E, Dl CAM ¥ L— Foi@EHE
5o, BIE—RIEYEE (Archaeplastida) @
H@MBL, @XM maris £ ) TFRA

(Cryptista) O#@#AEE, GIEY Y TF

' RADQREREETT. THENORE

el erocead W o #ET, FEEINE ML/ LlITa—F
) ShB8UROBEHERE LI EFH
e ||l ShHBEFEMEARICRLE. ®BIZH
e bad %P MIZ (L M. maris D Mt 5/ Ls

eact Ca—R&hda v o EHE. M

maris M9 ) TF R D EHRE & DK
LI=IcR&LI-EBIEFERL].

AFE TIEFEIC AN WS, T U 4 B F AEITER TH LD Z L AP LTz SRT706 £ &
7 v 1) AFH Fabomonas sp. SRT902 KD Mt 7/ KIfRFEHEHR T D, IREELIEE, L
TOEEMAEM DMt 7/ Mgtz TiEL T\ 5 OF# BE-ZMAEY SRT60S #5, @Glissandra
sp. SRT312 #k. @ F fL - Ammonia berccarii, @ L B (Didymocyrtis tetrathulumus &

Acanthodesmia viniculata)

[3] RRBITICB T EHERAES L UL VRV BIhilE L D FELLERE LETE

2020 FFEEEFRE L7z CysN Z X7 ORJFFFEN)F Y I 2 b— g & 2021 FFE#RE L
T RIS - eRF1 C R KA A OEGy RIGD B o X7 BALIEEA~OREE (L b I m
FHAF e P A B RE T WA B & O ILFRIIFIE) IS HOWTIERSGRSCOIERE B L. MR %
1To7,
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FHBER, & (B, BeRgREO B MATEHEE R Kipferlia bialata (23317
53 bay RYTEEA TR TG 737 B O JRAERRHT.

HEME, B (B%) |, SRR B B AETEMEHEE B Dysnectes brevis (2317
LI har RYTHEEANTRT DT 0T A — LENT.

R, Bt ), FEMEOME D BHRAEFRMEICE U7 « e 'S 2AHICE T
% HHRATERTE & X7 OB,

INEAFIRE, Bt (B, BEAFRIEDO T AR ) 3£ FADT 2L Co Ak
TR XTI F OO T

BEERER, Pt (%), KBRS 7R IC X % Archaeplastida PEBRALEIGR D
A

FIGUETE, 4 (%) , Form VL © 2 2 (CEET 28 % v R BEREDIER..
EAGMME, St (B%) MY XBIBREL DNA & WAty 7 ) s 7 ) 7
DRI,

WEWME, ¥t (BE%) |, Histioneis BIMEERICILET HT ) X0 T VT DT I
DA 6 K OSRBEARAT.

SPRELGE

1.
2.

L ERS: FHEREEY 77 o— (iR, BHEHE S 0AH0206)
Hr LI LB : Computational Science Literacy (££HG##%, £ H &5 0AH0207)

5. RE. NBER. MOMEESF
ZH

B4 FEEREHAN B O SCH RS KEREE FRSEEE, TILERR, 202244 A
20 H

2. O ARSI FAERIERNE (FUERT) , PIIUERS, 2022424 H 20 A
NEAE
1. BUEFEEAMBe AR (B) , fEME (1R&K) |, 2019-2022 4%, ZfH4E -
AR EERE 13,100 T (2022 4 E 5 E 2,300 TH) , I h= U7 DNA
RY AT —BOLHNE L ELOREMTT GREE S 19H03280)
2. FlpRseEAhibh4e  EESLRBEINES (L FEAFEMRIB)) |, REE (%

%), 2018-2022 4%, AAfHER : LR 13,700 T (2022 - RE B2 1,800
TH) , WBEEFRAEAEYICIET 2 M@ SO FERefEnl GRES 5 18KK0203)
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Fenrsegmibhse  BHEprse (B) , WilisifR (fRER) , 2020-2023 4REE, ASf14H
RARPLE R 13,600 T (2021 FEEE LR 3,120 T-H) , MBEMAEDZARNED
BAR E?&ﬁi%&:ﬁé&?‘éﬁ&ﬁki%%@ FREARD (B 5 20H03305)
FHparse e tfioha:  EESSERIE S (ERERFTR®B) , BAES (R
#) , 2019-2022 4, AAVER - FEEERGE 18,330 T-H (2020 4 ELHEREE 2,200
TH) , 7AL=m—FEREHCBIT S ha v R 7EEA LT R T O
OfFEIR (R85 19KK0185)

By segeadiBh4e  BHEprse (B) , WUsAR (434H) , 2019-2024 4REE, ASfH4H
AR E R 13,300 T (2021 FEEERE 2,200 TH) , AR T =
X T ORI DEGHGR ORI & = OFEE OB A ME < GREE S 19H03274)
BLetfse e fiBha  BRERAODFIE (A52F) , PR (404H) , 2021-2023 4R, 23
HH o RAEELEESRE 4,900 T-H) (2021 4FEEEEGREE 2,600 T-1) , A RAEM ORE
A3 D e EE A TR OBRE & B 04 OfiFB (VB 5 21K19303)
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Q) BRF% - FREER
N BERE

1.

TR =], B O RFHE B ORFFERAR N O D ZARIEDILA Y | £ L F V|
LSHOBLE. FREFERFRRETTIA4 MRV UL B 17 BFRALY - F
A - b 2 J—, March29, 2023, AR &R AR AKEIE.

WL e RS, BUEETT R oML AL Z BT 5 BT — 2 061G kD 2
Ty Tay b F25ET UL VHERAEY ' I F—, September 1, 2022, AT A

N

B) £nfinFER

1.

R, JOKBERER, BTE—&, RIEFHRHBL, AMARTES, WEREH, 0)IFES, faEth
Hl, BAEYE. WEEOMENS HHAEREICEKR LT + Ve S AFICBIT S H
HAETERE & 7 B OBRR. 5 92 [l %A iy R4S, Mar30-31,2020, )15 4
Wili IR AR BE A

JFUH 5%, Marek Elias, fRdEthia]. =— 27 LT E T I AR KO GRK/E
DNA WU AT —EZ& b5, 5§ 81 BIHATFAERFERRAASTIRES « AARMLAAEY
TR 6 MIRE, Oct. 1-2,2022, HHES SURKX HULER SRR F v /38R
JiH5E, Marek Elids, HEFRECHS, SR, KW E, EunsooKim, f1HfE—AE,
FEHEATE]., ¥R N T T AFHHEKLOT 4 7o x~HIHERNR I bary R 7 RE
DNARY AT —B37 7 —VHFETHS. 81 M AAFERFLEHAALIRES -
H A A 28 6 AR, Oct. 1-2,2022, HURHS SCHIX R ERER RKFF v
AV

HL BB, HRhE S L AR VIR R L o7 Ny T U T O AERIfR. B AHE
WP 86 RIS ARE SV ARY W A, Sep. 17,2022, FEF FUELHT SUEBIFSL RS
BPATEOR, LRl dRSEE—RR, RHEST. 33E S o A e L v
T 7T VT OMAERMGR. HAREY TR 86 [HIRE ARE T AT T L, Sep. 17,
2022, AR HCEST AUEOR SRS

JRH s, fRdEfhEl. TEar LY L2 0lBRRICE TS hay R TRIE
DNA R Y 2 T —B O & EIROM. 5591 [B] B R FAE fi43, May 28-29, 2022,
tifpiE T b IY

4) 8., BEARES

L
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of Sciences » = = LFN[H) & OILFEWFIE : 3 RIERARZ & DI ERIICI T 55
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8. YURTOL, BIRE, RV —ILEDFEREE

HILERR: R T A —H A — WA LT SIERRIC o T2, o772
FAA BB E LR D LT G A AE ) O8N & ATrHRR . B ARE) 358 86 [FIRZR, Sep.
17,2022, HUEORF SRS BCERIRF AL R

9. EH - EY
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