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diversity, & AdAHEA 73 F7|(Linear discriminant (LDA) effect size,
LEfSe) W2 o2 #4313t}

A3 Blastocystis ~ AA 440 71 5 9 N(4.0%)e] AAPHI 33 7H(15.3%) 2]
B A AES 283 42 70(9.5%) N A A o)At Blastocystis A1 AAH 9 A
% ST1, ST2 2 ST3 o} 747} 4 7(44.5%), 0 7(0.0%), 5 71(55.5%)°] ATt
Blastocystis %73 M]|AAMH 33 71 5 ST1, ST2 2 ST3 o}& & 242 6 7(18.2%),
2 21(6%), 25 71(75.8%) HZ&H A, 84 4 A3}, ST3 ot ] 45, WA=
ojgh ¥tz Bl Hl=rol A el A3 AA o ® o 7kl 0w, ST1 o} o] 3¢,
WA S, Bl E gtexe) fHEgH e T AA, AA gl wE
A S EA A v Aol A AR Bl E] 98} A -2 alpha diversity &

ol & 4= AT}, Blastocystis

s

B, &d3] thE beta diversity +¥X =

, 549 9ol vlE)] oAl =2 alpha diversity & 2§31, 8<13]

[ele}

ThE beta diversity ¥ 32E5 EUS & F At 53], T FoolA HGES o
Blastocystis %73 745 Akkermansia‘t Prevotella 9, Faecalibacterium 7} H
TR whd SATlME Enterococcus durans, Enterococcus  hirae,

Enterococcus faecalis 7V 58S & & AATh AwHA Q1 LEfSe 4 A,
Clostridiales, Faecalibacterium, Frevotella 9, Ruminococcaceae UGG_002,
Rikenellaceae ©| Blastocystis FdaolX Eoldo=z JFHEIA M, Bacill,
Lactobacillales, Enterococcus durans, Enterococcus faecalis, Enterococcus
hirae = Blastocystis €737 4 o] 4|3}

AE: B A3 Ay, s FIE UWolA  Blastocystis £ AAPHRTIE

Al AdARR A T &3] T EW, ST3 7F 718 &7 of3

oflt

[e) = =]
de & g AT 59,

Blastocystis 7Y EA8= 745 AW Ald=9 e o] =11, WA Al g4






NNBFoR, A AAAeRE AR A B Sl e $(EH TIE
FESNAME ARG 1], Blastocystis+ AHPH o2 H-T7F H2ES S5
S (cyst) FUR AdH= Aom FZEU([2]. Blastocystis 39 e 2138

S o] &3k T a A k-3 (polymerase chain reaction, PCR) 7]8F 5 ¥ o]
g AbEEar 9laz[3], o}d ¢ & small subunit ribosomal DNA (SSU rRNA)
FAA FAS 7Nt R HA 17709 ofgom A Holdval oA dv4].
Aol A9 STI-ST4 7} 90% old& zkAsta glew t& o2 STh-
ST9 eolvt[5]. o]de] <dFtel] w=d HZI=5(10~15%)° Hle] A==
(55~70%)N A Blastocystis ° frE°] Y %™ I[6], Blastocystis 7+ A
IS A S, laAw, 2h, 7 E, AXS, AAF 18a BE 5o

=utE 5= vt B uy uvf Yub[7]. Blastocystis @ WL v AL A

¢

nAETe] 2EE, obgel 7, &7 Welmgw g o agld o

AARAY, d¥-o A= Blastocystis 7} Q17 =2 A2 A v A=
™

At} 8-10]. Blastocystis+ #}etx oz & AAS w11 X9t Blastocystis
AZ ol e e stel thelM+= o] A7 Hastth Aw7kA m el A o] Hxl
Blastocystis ol g A+ T2 sEAAY AFEH 4 L3290 i &0l
<ol [11-15], 3221 ZSEE Ao =2 3+ Blastocystis ol W3 A= EA]

@2 AAoIH[16-18]. & AgelM= A B2 B =l IEelA



Blastocystis ¢ 1 o}8e §HES gelsta,

Blastocystis Ae o] 57F A Aol n x|+



1. 794
EAT=2015d 11 958 2021 d 3 €714 AdoiH A3 sy o) Dol A

HAL 1) TFEE 918 9w e At Q) EE Bae ol Ui A

o
A
ol

jany
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2 g8 o g WAL SIEE B9 el opad AAE ogow sl

2
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A AEEYEsie xF = F2A(IRB CNUH-2015-052)& Hbo}

2
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bt

o
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lom, ko] HAFol 2 mL oY T3 4ol Feto] 3

ol

3y

b4

2. Blastocystis 9] %

Blastocystis kel AA3H vjx] A 9Jste] 2143 g AHA

Ll

= i,
Akt wjkel BFAES ARESke] Hjdsiirh. AAMA= Locker’s egg
solution ¥} Dulbecco’s modified Eagle’s medium (DMEM)S A}8£3}31a 2}
=] ol = 10, 20, 30%2] horse serum, calf serum < Z}z} #7}sto] AF&3F% ).
°F 200mg ¢ ¥ zhzhe] wiA] =32 10mL o HFd 5 d7] Ae ol o

@714 IR WE F 37 °Col A WISk wlF 48 A7 Fol FetAv L

o]-§38td A3t Blastocystis S FASHIATH19]. wiFE719] vzt &



3. Blastocystis ¥ 4 {43

oﬁL
lﬁ
—‘—l

|

AF g o HA = -80TCAA Bt 5 AAE Al &5l th Genomic DNA + Ci-
ca Geneus® DNA Prep Kit (Kanto Chemical, Tokyo, Japan)S AF-838}o] A ALY

ANHE FFE AL, Blastocystis 3FA AR TFELAMT-S(polymerase
chain reaction, PCR)= ©o|&3le] 13}y, Blastocystis small subunit
ribosomal ribonucleic acid (SSU rRNA) % 2= Blast-505-532 (5'-GGA GGT
AGT GAC AAT AAA TC-3") ¥ Blast-998-1017 (5'-TGC TTT CGC ACT TGT
TCA TC-3") A&Al(primer)E AH&3te] S5 ATH[20]. 7+ FH= 8.5uL PCR
primer £M(25 pmol ¢ Blast-505-532 % Blast-998-1017 Z}7} 1ul ¥3b),

36.50L =79 % 5ul 3% DNA &

ke

E3g . = E PCR % & TaKaRa PCR

Thermal Cycler Dice Gradient (TaKaRa, Tokyo, Japan)& A}&-3}o] 43 & it}

©
,.p
O
2
2
w
Hm
o~
B
N
g
ox.
ot

59°C ol A] 30 . 72°C ol A 60 22 30 3] W& 1

72°C o4 b5 X HF AT PCR AMES 1.5%(w/v) opb=2 A

A7195oz 2% F DNA 3382 SSU rRNA 9 7IMES #A 3t
=ZAsAct. ASHAEAE Blastocystis SSU rRNA 7%} do]gHo] A=

Zraste] 33 0 Geneious Prime (Biomatters Ltd, Auckland, New

FEXRER A it dd FY2EHPE 5ZOE S pair-group WS

AFgSte] EEE A, 187 B E 98] Student’s t-test & A&

4. ZAA ¥} Blastocystis EA H-o & A wAE B
AA &3} Blastocystis EA o 5ol wh& Wl m8E £S5 f1l dA 50 74

A AAE Aoz ALS FE3513 0. A A U2 Bristol stool from scale ol A



EFE di¥ el & Type 79 &8k AARA 25 7] AA 2 Type 2-3 ol &3k

H 25 7] AR FEHAT[21]. Genomic DNA & Cica Geneus® DNA
Prep Kit (Kanto Chemical, Tokyo, Japan)& A}&3le] A ZAF A 3o ulz}
FE3F3th PCR S3%2 wH ol 16S 2HE iAol V3-V4 998 ddew
16S universal primers & AFE3}o] AT o] A7|ME 2752 Macrogen
(Seoul, Korea)?] MiSeq 7|&& AF&3te] A== ATt Sequence & 3L CLC
Genomics Workbench v.10.1.1 % CLC Microbial Genomics Module v.2.5
(Qiagen, Hilden, Germany)& AF83}] operational taxonomic units (OTUs) %
Hgretsivh. OTU Heol&S Adskr] #fs |A SILVA v.132 dlo] e o] Zoj A]
ng] gEd¥ 16S vlo]ElE AM&3sted MUSCLE v.3.8.31 & th& Aldx HE&
TP 71T AES 5 Al7stal UPARSE ZREZFS AE-6o]
FHAHY S TSI NCBI 273 dHolgHolAE 7wtez sy, OTU

U B BAe WA 4A el we a4 3

Py
l-o
[k
e
w
R
fr
il
o
ol
ol
2
)
O
—

HIZAAPA 2 ) v A& 3kl Zpol 7t le=A AHEAL, U3 . 2= Blastocystis
a4 o i wet 258 vE EA 8 i A2A W AW A E EEe RS
Chao-1 bias, Total number, Shannon, 22} 2 Simpson’s index & 3233l 4 7} %] 9]
A5 o] &-3to] 2y} thEA (alpha diversity) 2 &3t ZF A d}o o

Whitney Utest & AM&3te] w3t TAE SA3GITE WERGERE 1) T4 (beta
diversity)2 Bray-Curtis W& ©o]&3sle] 243111, Principle coordinates
Analysis (PCoA)E 7IWro. = AJZ}bs) gtk w3k 7} o 1 v E o1 % 1
FASHA  zto]lE 913 Permutational multivariate analysis of variance
(PERMANOVA) test & sdskltt. 7k T4 el M2 v T5ge Holx

kg glo} ER{TS E=&3H7] 98, AdEEA g3 F7](Linear discriminant



(LDA) effect size, LEfSe) W2al& o]&3te] A5kt LDA %ol 3.0 <&
ZstAA pgko]l 0.05 1Rl B-E FashA BASIY. ZF Tl A YERE

W 4% B log2 ¥l o] 7k = 492 Volcano plot & o] §:3ke] 41213} shsie.

i I



AT 23

1. Blastocystis W%

Blastocystis W] FS 3] AF-&3F v o] 58 Table 1 o 423} Tl Sample
1 & Locker's medium < ©]-83l31& o Day 1l 2 7l, Day 3¢l 37}, Day 7 °l
4 71, Day 10 ol 3 7], Day 14 °ll 2 7}, Day 17, 21, 24, 27 o] Z+2} 1 717} 325 Ao}
DMEM #j=]oll 10% horse serum < @o] wjFal31S wolli= Day 19| 4 7ll, Day
39 271, Day 79l 17, Day 10, 14, 17, 21, 24 o 2z} 2 7}, Day 27 o 1 7}
F2EJ 3, 20% horse serum = 2 o] 43RS wo = Day 1 9 571, Day 3 ol
4 71, Day 7 070, Day 109 2 7], Day 14 | 178, Day 17, 21, 24 ol Z} 2 7},
Day27 ol 0 707} #2520tk 30% horse serum = Yo a3 S wolli= Day
19l 47, Day 3¢9l 271, Day 7, 14, 17, 21, 24 o Z+ 2 7}, Day 27 o< 1 7I|7}
A A 10, 20, 30% calf serum & ¥of W3S wol= HEH A &gt

Sample 2 & Locker's medium & DMEM ¢ 10% horse serum & %2 njfol&

ifle

o]

ofo
ol

b wel = Day 1~21 74 7 1L AMS 938 5 99led 1 olF e

zhel 4= g1t} DMEM ol 20%, 30% horse serum & ©]83l%S wo+= Day

r

1 FH = #z2s #= gdh
2. Blastocystis o}8 2 £¥
AT 717HESE F 440 N AATE FHEAAL, T F AAPE 9 7lef v AEAM

337/M= £33 42 71 (9.5%) #HA AN A Blastocystis PCR %S Bt AAPH

IENA 4 H(44.5%), 0 H(0.0%), 5 H(55.5%) 3=}l 4] ST1, ST2 & ST3 o} o]

10



HAaEdom AAOW I5dA 6 H(18.2%), 2 W6%), 25 H(75.8%)
ghatell A ST1, ST2 9 ST3 otd o] WA A, Blastocystis ANB2=9] 7 8HA]
LA A B 7] 98 phylogenic tree & A HQES wf B E ST3 A|A A= 3=

(MT093452), #A|Z(MK874780, KU147402), ©]eH(MH049544, 1.C414153),

ml

ZH=(MNI18265) 2 HIZ(JX305884)2] AlA~ef TIFOR FolE RS &
AATH AU EA(MK801366, MK801409), FZ(KY823341, MK898939),
A7MEKX618192) 2 HA(KY610166, KT374023)2] A@xeks tha 4y
dojx e AL Fadd = Jdodrh. ST1 9 AldEAE I=(MT093451),
A Z(KT591850), Bi=(KF285443) B 2kQ 2= (KX358439)¢] Al@2=9k §H
FY2Hy  HAa, FF(MK801400, MK801402) ¢ dE(AB107962)2]
Al ok He] gojA e 3g SIsksith ST2 o Ald 2~ WA F(KT591847,
KU147357, KU147361), ©]@HLC414147, LC413928) % 2} ~(KX358434)9]
A A~ A S ~HE HYnt aga BE Al@AAE 7h7 ST4(KP284173,
KX351997), ST5(KM438216, MT094303), ST6(KP284174, MGO11651) 4

ST7(JN003686)°] Al 2ef+= de] WA YArHFigure 1).

3. AA ¥l mE F MABESY TE

Alpha diversity & AAPH o] 8] AARA U] ] v A=) B S B asSlS
o, H]AARHO| A HAPHRET U vAEY Aol =2 AS T F

a1 th(diarrheal vs. non—diarrheal; Chao—1 bias, 225 vs. 443.3; Total number,
164.1 vs. 326.9; Shannon, 3.762 vs 5.267; Simpson’s index, 0.8084 vs. 0.9292,

p<0.001, in all) (Figure 2). Bray—-Curtis H2 ©]-& 3} beta diversity 4 3}, A APH 1}

11



HZd AR Abol o] WA E ik F] el A F A o2 f-o] 3 2ol & BGITH(p <0.0001)

(Figure 3).

4. AA Pl HE A W BE RE Fo]

AApd o) HdApE o2 o] AU AlE xS 4 25 A wek B4

A¥E  Figure 4-8 o] e

ol 4= Proteobacteria,

M

=
T

rle

Verrucomicrobia, Actinobacteria 7} AAFH|A 1] ZHglon v|AHAPH A=

Bacteroidetes 7} 535 & 4= A At} Firmicutes & + 1% E5olA 714

ki

< HES YEl = F o b= & Aol 7t itk (Figure 4). & ol A=
Bacilli, Gammaproteobacteria, Negativicutes, Verrucomicrobiae,
Actinobacteria, Coriobacteria, Synergistia 7} A oA ¢ FH-For,
B A AP O M= Bacteroidia, Clostridia 7} B =539 tH(Figure 5). 5 w-1F H] 59|

2 ZFol7t IR Firmicutes FA X AAVHA XN = Bacilli 9F Negativicutes 7},
HIAAVA O M= Clostridia 7F © $53& & &9 + At 3 FFdAA=
Enterococcaceae, Enterobacteriaceae, Lachnospiraceae, Akkermansiaceae,
Veillonellellaceae, Bifidobacteriaceae, Acidaminococcaceae,
Lactobacillaceae 7} A PR AN A O] FH-3}3 a1, v DAY o A = Ruminococcaceae,
Prevotellaceae, Bacteroidaceae, Rikenellaceae, Muribaculaceae 7} U

FH3A G (Figure 6). & <oA= Enterococcus, Akkermansia, Klebsiella,
Veillonella, Escherichia—Shigella, Bifidobacterium, Phascolarctobacterium ©)

AAPRA A o FESE AL, BIAAMRAA XN = Prevotella 9, Faecalibacterium,
Bacteroides, Kuminococcaceae UCG-002, Alistipes, Subdoligranulum,
Lachnospira 7} B 5335 cH(Figure 7). & <ol A+ Akkermansia unidentified,

12



Enterococcus durans, Bifidobacterium Ambiguous_taxa, Klebsiella pneumonia,
Enterococcus hirae 7} AP A ] FH35}ar, v|AAMA M= Prevotella 9
uncultured bacterium, Faecalibacterium gut metagenome, Bacteroides

uncultured bacterium ©] ¢ F4-3} tH(Figure 8).

5. Blastocysis & 59 @& A v &9 thtA

Blastocystis 7o W& AE Ule] YL  Blastocystis FAd ol A

Blastocystis </3v7Et AU vjAEe v ol

M

= s g
A ATH( Blastocystis-negative vs. positive; Chao—-1 bias, 307.8 vs. 459.7; Total
number, 216.9 vs. 352.5; Shannon, 4.402 vs 5.35; Simpson’s index, 0.8737 vs.

0.922, p<0.001, in all)(Figure 9). =3} Blastocystis 52} S ol W& thkA S

ol

A EAES Wl Blastocystis w3l M= HIAAANHO] AAPHE T A
n QY E-o] thykAo] Chao-1 bias ¢+ Total number °lA F9&A o =9k,
Shannon #} Simpson’s index © B¢/ ¢l 2ol & Bl oY SAA O = {984 =
% t}H(Chao-1 bias, p = 0.01; Total number, p = 0.02; Shannon, p = 0.07;
Simpson’s index, p = 0.06). Blastocystis WA= 4 7FA] A4 E5F
H A b o] AARH BT ) v 5o vk o] 7ol 8tA| 5 3kvH(Chao-1 bias, p =
0.04; Total number, p = 0.03; Shannon, p = 0.01; Simpson’s index, p = 0.02).
AV = Blastocystis 5ol W& vk S z}ol 7} 919l o, (Chao-1 bias, p =
0.6; Total number, p = 0.9; Shannon, p = 0.7; Simpson’s index, p = 0.4)
A AR A  Blastocystis 5 W& YL Blastocystis FdT0]
Blastocystis /3-8t Gl mlA=o] vFdo] Fostd =2 Ae #R1E -
A THChao-1 bias, p = 0.002; Total number, p = 0.001; Shannon, p = 0.005;

13



Simpson’s index, p = 0.04). Beta diversity 4] ol 4] PCoA & 7|50 &2 A Z}3}3)

A= el g we o]l dekA= Ays HolFlal(Figure 10),

of

PERMANOVA X PBlastocystis S = AV, Blastocystis <73+
B AP 18] 31 Blastocystis ¥ o AAVH 232} 3} v 1Lk Blastocystis YA T
Z HAAAPA Atolo] mAlE ] FRAA FAIHSRE {23 2folE B2 p =

0.00001, p = 0.00046, p = 0.00043)(Table 2).

6. Blastocystis 59| W& A v B E £ X 3}9|

Blastocystis f5-9 & FUnAE EXE 2t 57 A gt B3 23
Figure 11-15 o] YEM AT & A Proteobacteria, Verrucomicrobia 7}
Blastocystis /3ol A F5-3+9 2™, Bacteroidetes 7} Blastocystis 73 ol A
o F53G Y. Blastocystis 4w T AAPHO| A= Verrucomicrobia 7},
Blastocystis ¥4+ 5 AAFHo|A & Actinobacteria 7} & £l H|go] ¢
FR3F S Figure  11). & oAM= Bacilli  Gammaproteobacteria,
Verrucomicrobiae, Coriobacteria 7} Blastocystis w/3dwolA FH3FF o,
Bacteroidia, Clostridia, Negativicutes, Actinobacteria 7} Blastocystis
FATAA o FHSATY. Blastocystis 8T & AAPAA M= Bacilli ¢}
Verrucomicrobiae 7}, Blastocystis ¥3w & AAMR XN = Negativicutes <}
Actinobacteria 7Y & &l H|ste] ©l FHFSG. EgE 7 FFEodAE
Blastocystis YA & HAAMRNAME &2 5o W] Clostridia 7F ©
FHBIAAL Bacilli = A9 e AT F AN Figure 12). 3 FFolA =
Enterococcaceae, Enterobacteriaceae, Lachnospiraceae, Akkermansiaceae,

Veillonellellaceae 7V Blastocystis <7 A FH3R oW,  Blastocystis

14



Aol A = Ruminococcaceae, Prevotellaceae, Rikenellaceae,
Bifidobacteriaceae, Acidaminococcaceae, Muribaculaceae 7v B F 53} T}
Blastocystis 731 & AAMH o= Enterococcaceae 9 Akkermansiaceae 7},
R A AV ol M= Bacteroidaceae @ Tannerellaceae 7} 553} 3L, Blastocystis
SAT F AAVRONME= Bifidobacteriaceae,  Acidaminococcaceae 9}
Lactobacilaceae 7}, WAV M= Ruminococcaceae, Prevotellaceae <}
Muribaculaceae 7V U FX39tHFigure 13). & FolA= Enterococcus,
Akkermansia, Klebsiella, Veillonella, Escherichia—Shigella 7} Blastocystis
=73 ol A FTH38F9al,  Blastocystis YA = Prevotella 9,
Faecalibacterium, Ruminococcaceae UCG-002, Alistipes 7} Y S5-3Att.
Blastocystis 2w+ = AAMH M= Enterococcus, Akkermansia, Veillonella,
Escherichia-Shigella 7}, Blastocystis 2w % W|AAMH| A= Bacteroides,
Subdoligranulum, Lachnospira 7t “&%-3+13l, Blastocystis YA &
AAYO\ M= Bifidobacterium, — Klebsiella, — Phascolarctobacterium — ©],
HAAVH A M = Prevotella 9, Faecalibacterium, Ruminococcaceae UCG-002 7}
o FH3IIGH Figure 14). +F  FFoAE Akkermansia  unidentified,
Enterococcus  durans, Enterococcus faecalis, Klebsiella pneumonia,
Enterococcus hirae 7} Blastocystis w/3dollX  F531%1aL, Blastocystis
ST = Prevotella 9 uncultured bacterium, Faecalibacterium gut
metagenome, Bifidobacterium Ambiguous_taxa 7} © =53}t Blastocystis
ST T AAMHAAME  Enterococcus  durans, Enterococcus hirae <}

Akkermansia unidentified 7}, RB|AAMHA XM= Enterococcus taecalis 7}

4393,  Blastocystis ¥4 & AAHAAME Bifidobacterium

15



Ambiguous_taxa, Klebsiella pneumonia 7}, W|AAMHAME=  Prevotella 9
uncultured bacterium, Faecalibacterium gut metagenome 7} © FH3H T}

(Figure 15).

Jm

7} oAl BolAdo]l wrhal ddE = whH EolE LEfSe wAlS Fal A
A= Figure 16-17 o YENN QY. Bacteroidia, Clostridia, Prevotella 9,
Faecalibacterium, Ruminococcaceae UGG_002 5©| B]|AAAPH A A Eo] 4 o] a1,
Lactobacillales, Bacilli, Enterococcaceae, Enterococcus durans, Enterococcus
faecalis, Enterococcus hirae, Coriobacteriia “s°] “AAH|A EolHoz
Ul th(Figure  16).  Clostridiales,  Faecalibacterium,  Prevotella 9,
Ruminococcaceae UGG_002, Rikenellaceae 5°| Blastocystis a9l
SolAol|Qlow, Bacilli, Lactobacillales, Enterococcus durans, Enterococcus
faecalis, Enterococcus hirae &°| Blastocystis w/duol EolAHoR
et (Figure 17). Volcano plot A& Enterococcus faecalis, Citrobacter
freundi, Paraprevotella clara, Megasphera micronuciformis, uncultured
Firmicutes bacterium ¥} %2 ¥re| 2] o}50] Blastocystis <7313 I AJo] 11
(Figure 18), Enterococcus faecalis, uncultured Firmicutes bacterium,
Escherichia coli, Klebsiella pneumoniae, Prevotella bivia, bacterium NLAZ-zl-
P280 o] AAMW 3 o] &S HAFUATH W, Blautia sp. Marseille -P3087,
Leclercia adecarboxylata, Bacteroides vulgatus PC510, Lactobacillus sp. KC38,
uncultured Streptococcus sp., Eubacterium sp. oral clone DO016, Coprobacter
tastidiosus NSB1, Intestinimonas gabonensis, Bacteroides acidifaciens JCM
10556, Bacteroides sp. 3_2_5, Klebsiella pneumoniae, Bacteroides stercoris

CC31F, uncultured compost bacterium, Bacteroides eggerthii DSM 20697,
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Rothia dentocariosa ATCC 17931, Bacteroides uniformis CLO3T12C37 +

HAARA S o] Jltks AS #Fld o AT (Figure 19).
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Blastocystis and their Relationship with Gut

Microbiome Profiles in Korean Populations
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(ABSTRACT)

Background: Blastocystis is a protozoa recently discovered in the intestine, and there is
controversy about its biological and pathophysiological significance. This study aims to
investigate the morphological characteristics of separated Blastocystis in Korean cohorts,
examine the distribution and genotype of Blastocystis according to stool properties, and
examine the difference in the distribution of gut microbiome according to Blastocystis.

Methods: A total of 440 residual stool samples were collected from the Korean cohort.
Blastocystis was cultured under anaerobic conditions using a liquid culture method. The
genotype was analyzed by performing polymerase chain reaction and sequencing targeting the
Blastocystis Small subunit ribosomal ribonucleic acid (SSU rRNA) gene. Among them, a total
of 50 Blastocystis-negative (n=25) and positive (n=25) samples were subjected to gut

microbiome analysis according to stool pattern and Blastocystis colonization. For gut
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microbiome analysis, next-generation sequencing (NGS) was performed targeting the V3-V4
region of the bacterial 16S ribosomal gene, and alpha diversity, beta diversity, and linear
discriminant analysis effect size (LEfSe) were analyzed.

Results: Of the 440 samples, 42 (9.5%) including 9 (4.0%) diarrheal and 33 (15.3%) non-
diarrheal samples were positive for Blastocystis. Of the 9 Blastocystis-positive diarrheal, ST1,
ST2, and ST3 subtypes were 4 (44.5%), 0 (0.0%), and 5 (55.5%), respectively. Of the 33
Blastocystis-positive non-diarrheal, ST1, ST2, and ST3 subtypes were observed in 6 cases
(18.2%), 2 cases (6%), and 25 cases (75.8%), respectively. As a result of genetic analysis, the
ST3 sequences clustered with Mexico, Iran, Poland, and Thailand, ST1 sequences clustered to
Mexico, Thailand, and Laos. As a result of analyzing the gut microbiome according to the
sample properties, it was found that non-diarrheal showed significantly higher alpha diversity
compared to diarrheal, and showed a significantly different beta diversity distribution. The
Blastocystis-positive showed significantly higher alpha diversity compared to the Blastocystis-
negative, and it was found that the distribution of beta diversity was significantly different. In
particular, at the species level, Akkermansia, Prevotella 9, and Faecalibacterium were more
abundant in the Blastocystis-positive, whereas Enterococcus durans, Enterococcus hirae, and
Enterococcus faecalis were abundant in the Blastocystis-negative. As a result of the LefSe
analysis, Clostridiales, Faecalibacterium, Prevotella 9, Ruminococcaceae UGG 002,
Rikenellaceae were particularly abundant in Blastocystis-positive, and Bacilli, Lactobacillales,
Enterococcus durans, Enterococcus faecalis, Enterococcus hirae were specific in the
Blastocystis-negative.

Conclusion: As a result of this study, in the Korean cohort, Blastocystis was found more
frequently in non-diarrheal stool than in diarrheal stool, and ST3 was found to be the most
common subtype. In particular, in the presence of Blastocystis, the diversity of intestinal
microorganisms is high and has an inverse correlation with pathogenic bacteria, so it can be

used as a biomarker representing a healthy intestinal environment in the future.
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Table 1. Comparison of Blastocystis detection by different medium

samples* Culture medium

positive result (n)
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*Sample 1 contains the higher number of Blastocystis per specimen, and sample 2 contains the lower number of Blastocystis per specimen, respectively.

28



Table 2. Result of PERMANOVA test comparing statistical significance between each group

p-value
Blastocystis Blastocystis negative Blastocystis positive
diarrhea vs. non-diarrhea . y . i y g_ . YIS P .
negative vs. positive diarrhea vs. non-diarrhea diarrhea vs. non-diarrhea
Bray-Curtis 0.00001 0.00007 0.09142 0.00043
Jaccard 0.00001 0.00005 0.16329 0.00043
Euclidean 0.00219 0.00255 0.18148 0.00087
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Figure 1. Phylogenetic tree of 28 sequences of Blastocystis SSU rRNA gene compared to

database Blastocystis SSU rRNA genes.
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Figure 2. Alpha diversity indices boxplot at the diarrheal and non-diarrheal. (A) Boxplots of

the Chao-1 bias index. (B) Boxplots of the Total number index. (C) Boxplots of the Shannon

index. (D) Boxplots of the Simpson’s index. Statistical analyzes were performed using the

Mann-Whitney-Wilcoxon; *** p <0.001
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Figure 3. Distinct bacterial community structure in the diarrheal and non-diarrheal. (A) Beta
diversity on Principal coordinates analysis (PCoA) of Bray-Curtis distance of the microbial
communities in diarrheal (blue) and non-diarrheal (red). Statistical values obtained by the
PERMANOVA test. (B) Heatmap of relative abundance in diarrheal (blue) and non-diarrheal

(red).
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Figure 4. Comparison of the microbial composition according to diarrheal and non-diarrheal
at the Phylum level. (A) Bar chart of relative abundance in sample. (B) Round chart and (C)

Bar chart of relative abundance in diarrheal and non-diarrheal.
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Figure 5. Comparison of the microbial composition according to diarrheal and non-diarrheal
at the Class level. (A) Bar chart of relative abundance in sample. (B) Round chart and (C) Bar

chart of relative abundance in diarrheal and non-diarrheal.
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Figure 8. Comparison of the microbial composition according to diarrheal and non-diarrheal
at the Species level. (A) Bar chart of relative abundance in sample. (B) Round chart and (C)

Bar chart of relative abundance in diarrheal and non-diarrheal.
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Figure 9. Alpha diversity indices boxplot at the Blastocystis colonization and diarrheal type.
(A) Boxplots of the Chao-1 bias index. (B) Boxplots of the Total number index. (C) Boxplots
of the Shannon index. (D) Boxplots of the Simpson’s index. Blastocystis-negative diarrheal
(sky-blue dots) and non-diarrheal (blue dots) samples; Blastocystis-positive diarrheal
(pink dots) and non-diarrheal (red dots) samples. Statistical analyzes were performed

using the Mann-Whitney-Wilcoxon; *, p <0.05, **, p <0.01, ***, p <0.001
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Figure 10. Distinct bacterial community structure at the Blastocystis colonization and diarrheal
type. (A) Beta diversity on Principal coordinates analysis (PCoA) of Bray-Curtis distance of
the microbial communities in Blastocystis colonization and diarrheal type. Statistical values
obtained by the PERMANOVA test. (B) Heatmap of relative abundance in Blastocystis
colonization and diarrheal type. Blastocystis-negative diarrheal (sky-blue dots) and non-
diarrheal (blue dots) samples; Blastocystis-positive diarrheal (pink dots) and non-diarrheal (red

dots) samples.
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Figure 11. Comparison of the microbial composition according to Blastocystis colonization
and diarrheal type at the Phylum level. (A) Bar chart of relative abundance in sample. (B)

Round chart and (C) Bar chart of relative abundance in Blastocystis-negative and positive.
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Figure 12. Comparison of the microbial composition according to Blastocystis colonization
and diarrheal type at the Class level. (A) Bar chart of relative abundance in sample. (B) Round
chart and (C) Bar chart of relative abundance in Blastocystis-negative and positive.
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Figure 13. Comparison of the microbial composition according to Blastocystis colonization
and diarrheal type at the Family level. (A) Bar chart of relative abundance in sample. (B)

Round chart and (C) Bar chart of relative abundance in Blastocystis-negative and positive.

43



Blastocystis-negative Blastocystis-positive

A Diarrheal Non-diarrheal Diarrheal Non-diarrheal

s0%
m  Other
75%
] i uncultured
70%
W Lachnospiraceae, Lachnospira
as%
]
s0% o
m Acidami P
5%
] W Rikenellaceae, Alistipes
§ oo u  Bifidobacteriaceae, Bifdobacterium
as% - i Rumir ucG-
0% 002
35% L] Escherichia-Shigell
30% m  Veillonellaceae, Veillonella
285% B Enterobacteriaceae, Klebsiella
20% " Akkermansiaceae, Akkermansia

Bacteroidaceae, Bacteroides

= Enterococcaceae, Enterococcus
m  Prevotellaceae, Prevotella 9

Bt ety Dl to b b b A B By oot ol By 0 Sy Ry S 8 I 8 0 8,0, 8, 0 0,0 s 0

Blastocystis-positive

Muril

Lachnospiraceae, Lachnospira

F ium
Rikenellaceae, Alistipes
Bifidobacteriaceae, Bifidobacterium

uce-

002

ia-Shigell
Veillonellaceae, Veillonella
Enterobacteriaceae, Klebsiella
Akkermansiaceae, Akkermansia

Bacteroidaceae, Bacteroides

] F
= Enterococcaceae, Enterococcus
®  Prevotellaceae, Prevotella 9
Diarrheal Non-diarrheal Diarrheal Non-diarrheal
Blastocystis-negative Blastocystis-positive

Figure 14. Comparison of the microbial composition according to Blastocystis colonization
and diarrheal type at the Genus level. (A) Bar chart of relative abundance in sample. (B) Round

chart and (C) Bar chart of relative abundance in Blastocystis-negative and positive.
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Figure 15. Comparison of the microbial composition according to Blastocystis colonization
and diarrheal type at the Species level. (A) Bar chart of relative abundance in sample. (B)

Round chart and (C) Bar chart of relative abundance in Blastocystis-negative and positive.
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Figure 16. Histogram of the distribution of LDA values at the diarrheal (blue) and non-
diarrheal (red). Length denotes effect size. p = 0.05, Kruskal-Wallis test; LDA score > 3.0.
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Figure 17. Histogram of the distribution of LDA values at the Blastocystis-negative (blue) and

Blastocystis-positive (red). Length denotes effect size. p = 0.05, Kruskal-Wallis test; LDA
score > 3.0.
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Figure 18. Volcano plot showing bacterial taxa related to Blastocystis-negative and
Blastocystis-positive. Volcano plots were created to show estimated log2-fold differences in

OUT abundance between Blastocystis-negative and Blastocystis-positive.
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Figure 19. Volcano plot showing bacterial taxa related to diarrheal and non-diarrheal. Volcano
plots were created to show estimated log2-fold differences in OUT abundance between at the
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