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ABSTRACT

Olive flounders (Paralichthys olivaceus) hold significant economic values in the aquaculture sector of South Korea. Scuticociliatosis,
caused by several parasite species, poses an important threat to the aquaculture industry, particularly in olive flounders. Developing
resistance to this disease is vital for sustainable aquaculture. In this study, we performed a genome-wide association study (GWAS) to
identify genetic loci associated with Scuticociliatosis resistance in olive flounders. Using a time-to-event survival data as phenotype, we
analyzed genomic data to detect loci affecting the Scuticociliatosis resistance. We identified the loci associated with the disease and
the positional candidate genes, including NEK7, ZNF362B, PTPRUb, COL13A1, RB1, DPYSL5, and PC. Further KEGG pathway analysis
revealed significant enrichment in biological pathways such as ECM-receptor interaction, Focal adhesion, Platelet activation, Rapl
signaling, and Inositol phosphate metabolism, which are closely related with immune and inflammation responses. These findings
provide insight into the genetic architecture of Scuticociliatosis resistance and can assist the development of breeding strategies for
disease-resistant olive flounder.

Keywords: Scuticociliatosis, Time-to-event survival data, Genome-wide association study, biological pathways, Olive
flounder

INTRODUCTION

20239 3F=2] U o Ak 2010900 H|SH 18.25% 5750l Z 3,678,417=°l o] 2]t} o] F AFsioj A2 2010 T
H] 15.59% 243 BhE, S G A2 67.48% Z7151H0] 226935752 7| 23to 24 Ao AlgF At o2 A F 20| HH
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Scuticociliatosis (ATE|7HS) & W29F 22 sl o FollA WA sh= 7|15/ BB OE, ATLE|F} H(Scuricociliatia)©ll £5H= Y
A= 591 Miamiensis avidus, Philasterides dicentrarchi, Uronema marinum S]] 2|3l §-&E ). o] ZH-2 t}ofst o] Zof| A mj i B,
Y5 o, W A7 &4 B4 59 S4E doA =2 AMES 2T 4= Qlth(Iglesias et al, 2001; Harikrishnan et al, 2012; Turgay
etal, 2015). 53], AFE7} Y522 o} 72| mjFu oprtujo A3 Fabsto] 7S Y07 H(Moustafa et al, 2010), T 5 4 Z0]
ZE2 11 2] o] 749 o] 2| S M Yol B = | eks}rt. B &0, Scuticociliatosis g x| 2F -2 I H77FR] o5& FAISH= AHdol 2 73A
A EAS 2T 4 /loH, o= o] 2] A& ThsAd Rt of gk T 4kl o) f2el ol = B ARl JEFS rl A 4= Qi

FAlojRo] A WA SUIE e S8 Y /IF T2 Ao g Igt =2 HAke S TAaA7]aL BA1Y 4 S E0]
+ ol Fo% g2 93 & 4 Ut} 2ol 54 Aol tigh U/d& SHHAI7]7] 215 DNA BfAE 0] &3 aiA =2 A
(marker-assisted selection, MAS)¥} 3% 4] 419k (genomic selection, GS)°| =Y =0, A Hhw ot 857} o Z9] A4S 7idsta
ATk(Yoshida et al, 2018; Tai et al, 2016). ©|2|3F DNA PFA & o] 83t A SES S84 0 &2 Safole]H WA A% 544 B4
24 (genome-wide association study, GWAS)= -3l 32 HHolof| #HaidS Hol= 74 ¥lo|& 545k 17 o] B asitt. o]
FA©): A o7, AEYolR) g thE = GWASOIME ZA|AE 5)7) melo] Uub 0 2 ARG-E] X THUffelmann et al, 2021), ©]
AR Y Al oL B 7|7 F25] REGSHA] ZstTh= SHAI7E Ut o] 213t time-to-event F & EA]ofl= Cox HI| A& 29
(Cox proportional hazards regression)”} 22k51H, o] & &off Hot et BedA] E40] 7Festal, 22 Al1E F fFollH ZAA
gl 3] 2dEc} o 722 e BA A 77 2 (statistical power) S Al 23K Hughey et al, 2019).

2 A= g &) Aol A ScuticociliatosisOl] That WF /g2 T E AR A 229 E 54517 Yol =35k, i E J ol
SH A §H2E FA6t7| ol 3= QU T3 o] & T H 9l fAAES] BESH A2 E BAst] WA HIAUSS A
S 02 o|sffstaLa} st

olN

[©)

MATERIALS AND METHODS

1. Experimental animals

f
a)

x| ARATHFT) 2,5850H] = 2021'F 49 14 Il Ataks o F53A1E ol 4] 70ut2] 9] =713} 68mta] o @
A bstelct B 7| e 2 ol ARSH || ZHAIE 2He] AL BA=107H2] microsatellite TFA S 0] 835 A1E S £
3 Eelx]lom, o]= ALAIE oA ZkA 703t Supermatch =2 1813 AFR-5Fo] Z4Z51ch AR W] AThE7)S
715tollA] 18°C2 RAI == 38 8 SRolA ARSE T Aol = H3F & 3K E 23U71A] LE ZE|HE FofstqlaL, F3t

A5} 30U7HE XolAhES ohZe|lofaremiay S FoISIgic. Eat, 1ok F 17U el W3 AR FolFE BAHO

O

>

o

g

o o o o
oN T AN ofm &

l

Y a

7FX A Al&sHATE Scuticociliatosis 210N AFRH 7HA= B2k & Mukslglon] Adk AH BE Fxo] A7} Alels 2
stlo] atlE AR 2| 3ol w2t RIS Ml AL OI=E, At v H.2] )3} vho|2] A/ gl
(VHSV)2 PCR HAME &3l A o 75 SIS AL, AFE7L A o = Anld s B3l A0S ol i = St v

ahick.

40 )
0, 2
)

-

2. Scuticociliate challenge experiment and phenotype collection
Scuticociliatosis A @S Qo) AAE NAES £20] 23 + 0.5°CE FAH 1E 9F 422 AR Ao AF&E i)
Scuticociliatosis Q15 T = 215l e A& FHISIAoH, Addojof e o= FRE dAnjF oz Pasto] AFE7HE
o] ZAsHE 2 BH2UE 3 Folo] YojLbr & shoick AEe 2022 s 220] Al&tE]o] 20221 8¢ 14
742 213l o, ufd @ 9A|ek @5 sAjof] ZiA| o] el E AL MES AT Ad & FF71= 15AXE 4571+ 9
fos | S
S T

A Bl = 5HF 8.63] I|HFE FAISHHA] o] FolRItt, 19 T & mAKeH HX2]9] Scuticociliatosis 7
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rr

o] H= oA ZF fxo)| M dALSE ZHA] 5 3701 S TR 2 A sto] FHEE dn| 7 o 2 yhEksho 244 2RISR Scuticociliatosis
A& dol| Tt time-to-event (HAF) EH P2 A2 of B(survival, SUR)} HA7FA] A= U4x(day to death, DTD)E 2] =] At A

] 59t YESH 7%, DTD 4t 2=
O

F7449) 4= Aurtbglon

i
2

Ol

=
7|25tk DID 2H2 4 717 59 13971 7|25t 00], A8 F2 A7 BE

2 right-censored H| O] E] &= 2] 2]5}3]C}.

3. Development of the 60K SNP array

=] 1007}A1001 A 3223+ genomic DNAE TruSeq DNA PCR-Free Kit (Illumina, USA)S Z-&3) A A glo|Hei2| S A2t
O] Illumina NovaSeq 6000 (Illumina, USA) ZHZ29] pair-end ZEE S35l A% 5742 Al A (whole-genome sequencing, WGS)= 4
5t Al YAl Hlo]El= SOAPnuke T2 140 & KA 2]sto] 1EZ o]l S AH5HITHChen et al, 2018). BWA 2
T (ver. 0.7.17y& AR&Sto] 2|25 = FAA0ll =S IL(L, 2013), SAMtools (ver. 1.6) & EQ]|0}E o] &3l SNP #1o| & &4
SFTHLi et al, 2009).
£ HZ9o] 57 Ho| glo]E = GATK CombineGVCF =72 £33+ 2 H(Van der Auwera and O'Connor, 2020), VCF
SelectVariants =2 122 Ho|ThS A5Gt i 772 (bi-allelic) oA 24 th 772} Bl A (minor allele frequency,
MAF)7}0.03 o]/, stt]-HFQ1H| 2 3. 3 & (Hardy-Weinberg equilibrium, HWE) p-value”} 1 X 107 ©]/g0|™, genotyping rate©] 95% ©|
A}Q1 0] Z VCFtools (ver. 0.1.16) AL E 90| & E3 D] Y5} th(Danecek et al, 2011). BFA|2to 2 A el T 7] T} Al (single
nucleotide polymorphism, SNP) 7+2] 913+ B33 (linkage disequilibrium, LD) £41-2 E3]| 50bp W HH2- o] Q13 MAFZ} 7H4 &=
2 SNPE - 0 & MAsIIcH 2 FTH 0 &2, e SNPol| ts probe TIAFR] &4 A58 T Affymetrix2] Axiom® Custom
SNP 60K chipS 75+ ct.

4, Genomic DNA extraction, genotyping, and quality control

Z2,58570419] @] 2] 2| =2{n] AZo|| A Chelex 100 (Bio-Rad, USA)S ©]-&5}0] genomic DNAS £33t 112] 2| =2{n]
A E-2 5% Chelex 1002} 0.02% Protase K (Roche, Swiss)7F ZSHE 150 pl 22Hof] @7} Thermocycler (Bio-Rad, USA)OYA] 55°COY|A] 14]
ZF, ©]% 100°Col| A 1027 B33t &3t genomic DNAE 4°CollA] HE3IATE & 258570412 thAF O 2 Affymetrix® Axiom®
myDesign™ Genotyping Array 60K SNP = AR&-5t0] §-21 245 43531t SNPY] 54 #2] & 915l PLINK (ver. 1.9)5 At
&3l MAF7}0.05 ARHo] AL §-39 215 F==E0] 0.15 Z1F6h= SNPE A7 SHATh(Chang et al, 2015). 2|54 2.2 58,146712] A4
A|7de] SNP rFA 7} A of] ARE-E] ATt

5. Statistical analysis

G2 He Ul f44 25 oefstal e 25 HAsH] s 3442 24 (principal component analysis, PCAYE 4351312
™, o] THgol|A] PLINK (ver. 1.9y5 AF8-5F3ATHChang et al, 2015). ‘g %] Z Tl A Scuticociliatosis /2 HAE 444 A E 5
74317] 93l SPACox AT Eg0]Z o]-&5o] JAA 42] 58 1467H2] SNP UFA S thid O 2 GWASE 435 th(Bi et al, 2020). ©]
I 2352 Cox proportional hazard (Cox PH) 28-S 55l martingale #22] empirical cumulant generating function (CGF)S 3743511,
saddle point approximation (SPA)S 28510 p-valueS EASH} Yok Lx0f| 2]t =t <4 (confounder) S SAI517] ¢35l 26712
TS TRFOE 235 01, GWASOI| AHEE Cox PH 3] 282 th5a 2t

At:X, Gi)=Ao(t) expXiTa+ Gif)

A7 A At:X;, Giy= AlZE to 4 2] proportional hazard, Ao(f)+= baseline hazard function, Xie= & 7HA1 2] A¥H 3} 267]2] /4 E-S L
Fohs ST HE, G HEFAAE 7140, 1 = 2)5 WERT, f= Holol| e 404 2ahE vebdch A% /4] #2143
off thgt AFA (suggestive) YA E2 7212 (significant) |42 Bonferroni 24& &3l PH 4(n=58,146) 7|22 0.052F
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0.012 e 791 8.6 X 1072} 1.72 X 1072 AA3IATH GWAS 22} A1 ZFS}= R (ver. 4.2.3)2] CMplot 7] 2] S 2851 Th(Yin et al,
2021). Scuticociliatosis WH/d 2} -7-2] 2 Q1 WA S Hol= SNPE2] aHE A7Fsts7] 9135l sid SNPE2] hazard ratioS 43Ut
A= dlo|E| & B45}0] Kaplan-Meier A2 41S 2HJ3519] 2.0, 95% 212 77H8 8 hazard ratioS 327351t Cox PH 7]
A2 27719 FES SRR A5l 35Hlam, o] FA12 SAS/STAT® (ver. 9.4) &L EQ|0}E ARE-5to] 3= Tk
(Statistical Analysis Software User's Guide Version 9.4. Cary, NC SAS Institute, Inc.).

6. Positional candidate gene identification and biological pathway analysis

Scuticociliatosis /3ol A1 2= A4 F-AA| =0l A 5214 (suggestive, significant) 2 2 P2 B||+= SNP BFA 2] 9|4
£ 7|22 2, alid SNpol| 7H Q14 SH 3% AFS- National Center for Biotechnology Information (NCBI)2] Basic Local Alignment Search
Tool (BLAST)& &-&5}0] 91| S & {AFE 2745}t

A% F2A 72/ dA =Foll= XA EAIR 283 #olo]l &= & 7Hs/dol =2 A (p<0.05)5= 7|2 & +1.5kb
Ujol] x| st -F2t=2] &84 7 Z+= Enrichr H| o] E]#]| 0] A2] Kyoto Encyclopedia of Genes and Genomes (KEGG) 2to] B2 2] &
=38l 249515 thKanehisa and Goto, 2000; Xie et al, 2021).

RESULTS AND DISCUSSION
1. Phenotyping and genotyping

H 70 0l2], & 68 uf2] 25 AYAHE 2,58501H] 2] | xS Scuticociliateol] ZHAI A 13 59t =2 HAF L) I (Fig 1A) 2 Kaplan-
Meier 12X (Fig 1B) &A1 A3}, Scuticociliate 19 7HY S 4-6Y Atojof] ZATH WAL} @HASHo] AJZ-E0] oF 75% 2 F45H3ich
o]o]A] 6-8Q Atolof| TA] gH 2 HAPZ} = of QI 9D Aol = AEE0] oF 50%71A] HojRiTt. o] &, uksh AN E B
oltiZt A T& AR 164 Aoll= 2 E3 0= 33.1%2] FEES UEF O™ (n=2,585, E7NA| 42=855), T FIE717Hmedian
survival time) < 2F 84 0] AT},

FARY A2 Sl @A) 2,58570 A0l A F 59,447709] AAA| SNP BFA & S5 o] & FAAE FHE VIEe 2%t
5697112] ®io]et MAF 7|0l v 23t 73270] ®lo| 7} A A gl o™, 2E4 0 = 2,585012] 2] H %] of| 7| A 58,146712] SNP H}A 72
Aof| ARE-E] At

(A) B)

A1IOW SARRINLIND

Dead Fish Count
Overall survival probability

0%

0 2 4 6 8 10 12 14 16
Days
AtRisk 2585 2585 2582 1897 1325 1218 962 855 855

8
Days after challenging Events 0 0 116 1225 1289 1530 1686 1730 1730

Figure 1. (A) Cumulative mortality rate (black) and number of dead fish (red) during the Scuticociliate challenge
experiment, and (B) Kaplan-Meier survival curve showing overall survival probability during the Scuticociliate
challenge.
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2. Genome-wide association study

GWASOJ|A] 3=k o 2 AR5 240 B (principal component, PC) g AF=317] 98l 241 PCAS 3451t 439 26712] PC 4F
S -G U 5 722 94.47%E A 00, 9] 26702] PC 4+ GWASE 93t EAIZ o]l Z3lste] TS E Y A5k e
o] 122 HHY T 4 Q= WIS BASISIL

SPACox ZZ213-& AF-SF GWAS B4 43 A3t 8719 Aol A] & 217H2] SNP Ul 7} Scuticociliatosis LH /A TH1AdS
Hol|= Ag AESIthFig. 2, Table 1). ZF 2+9] 578% Ax 4402 WA FA2F 29 99 Woll A pvalue?t 7 =2 SNPS
Top SNPL= A A5} 11, 3% Top SNP2] 541 2H ' A& 2442 Fig. 300 YERHITE

@, . ® .
. .. °®
8 . N 3 8 ,..
. 2
: . 2 .. /
—~— L | Ll
3 3
(=]
_? 4 L} §
LAY 0
I i ﬂﬁ'
o_

Chl 1 2 13 14 15 16 17 18 19 20 21 22 23 24

Expected —logio(p)
Figure 2. (A) Manhattan plot and (B) quantile-quantile plot from genome-wide association study for

Scuticociliatosis resistance of olive flounders. The red solid line and the blue dashed line in the Manhattan plot
represent the significant threshold and suggestive threshold, respectively.

Table 1. Description of significantly associated SNPs for Scuticociliatosis resistance in the GWAS

CHR INSNP  Interval (Mb) 2Top SNP Position (bp) p-value YHR (95% CI) YGene

3 1 7.40 AX-683100976 7,404,014 3.17X107 1.31 (1.16-1.48) NEK7

6 4 12.82-13.68 AX-683093077 12,818,673 3.76X10° 1.36 (1.20-1.53) ZNF362B

11 1 12.12 AX-683128119 12,119,884 6.37X10° 1.36 (1.21-1.52) LOC109642188
13 3 12.87-13.42 AX-671321500 13,424,111 2.23 X101 1.57 (1.27-1.94) PTPRUD

14 1 3.95 AX-683134521 3,946,999 1.22X10° 1.47 (1.27-1.69) COL13A1

15 1 14.42 AX-419279251 14,416,691 7.40X<107 1.35 (1.18-1.55) RBI

19 7 9.56-17.71 AX-683149633 17,708,707 5.96x10% 1.31 (1.06-1.62) DPYSL5

22 3 8.65-10.82 AX-671539182 8,654,946 1.20<107 1.25 (1.11-1.42) PC

! The number of significant or suggestive SNPs for each QTL region, ? The name of SNP which has lowest p-value for each
QTL region, ? Hazard ratio (95% confidence interval) of the Top SNP, ¥ nearest gene to the Top SNP

AX|7F AX-6831009763} 71712 NEK7 F732H= Z-E ©l2 §5 & NLRP3 954 S5A| &/4tel| B2l o
ELESE= °P;9P§EP ol= 4% ‘?l" 01]*1 Q3 ek 3= mi 7R 2 2l A QTh(He et al, 2016). NLRP3 @A) Eakal= w9l
5 G5 Hh-& ok 92 Sk Mortimer et al, 2015). ©] 213 -2 BFRFO 2 NEK709]
Scuticociliatosis U§/d ] LJ'OU] ?—__]' 7]———/\‘1 0] olcha wekE o
A 6Holl A BHE AX-683093077 ZNF362B -5-32}F Yol 9] =]51H, ZNF362B= zine finger & A|dojl &34t} Zine
c} o
2,

N oR
=
__)HJ‘
rE
j_

o

Z]
o
finger CRAL | W, B}, A Wb 28 5 TR B3 1ol S 23 2 ek Telut ZNp3eBe] FAHR 7]
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o} Mo Hh-2yko] A= ob7] Yka A #] btk whbA Scuticociliatosis?t 22 ZHHA] ARkl A ZNF362BS] ehS 51
Qe F7F A7 st AL H

HAA 1350l 2]%|3F AX-671321500-= PTPRUDb 312} UWjof] 2] %51, o]+= PTPRU 5-41AFe] M H e =, AlZ Al g 2
M2 &} o] & 2o Hofetthal A A Ath(Zhu etal, 2014). ©] 25 752 A Z7]0 HAM 27} S | = o] 55k ¥}
Zgolut Aol gt Y §E&-& 2&sk= ol 238t 932 & 4= ik 22y PTPRUSE Y BES- 7HS] 4|4 Q1 A= of 4]
gets] BoiA| Al FponE 27t A7t H e 20 ' AbRHh

AMA| 148 0) YRITE AX-683134521-> COLI3A1 -FA2F Yol Qlom, COLI3A1-2 MEHo] EAfet= LitEy Sl
XIS gaaksict Zab XS Alx - 2gka 22 2244 920 2235 A3 ST Peltonen et al, 1999; Higg et al, 2001).
Scuticociliatosis?t 22 YUY FE FHol A= Al 22 HY /1t AT Hhgofl Tt s522] Wi do] 7Ha <] Az dell 2 v
2 4 Q17] wiZoll, COL13A19] 7]%50] o]2{ gt Hyof 7] || 7]o& 7FaAd o] tal st Th COL13A 13} Seuticociliatosis U /g
ke FA AR HAYSS 57| gk F7HAR] 47t B 7 o 2 A7,

A A 1580l A 54 AX-419279251-2 RBI -S4} Ujoll 9%l Q1oH, RBI-S 2% A SHAR A& F7) 2AT} NE Z
AlZ Aot ] F23 J S FHKGoodrich et al, 1991). ©] 213t 7|52 Zd ] Aol thgh W /dol|l= 7]o& = itk & &
o], RB1°] 3A 02 7|5 73 HAAM| 27} B A|of| th-3-5h= 2HAollA M2 7171 A-s] 2EE 1 EE s AT v
AAE 7Fs/dol Utk SHATF RBI T} Scuticociliatosis UIF /3 7HS] 2173941 Q1 A2 of4] Ble{ 2| ] kol 527} 14t7h B e shtkal

il

rEl
i
ri,
)

HAA| 1990} 12]3F AX-6831496332 DPYSLS5 -4t Ujofl 212, DPYSLS & Al =2 A7/d 3 417 EolM Sa5 o
S 5hH, A|3E o] 53t 2 fA|of| 7|ofshe TR 2 2k A Q) ThDesprez et al, 2023). B = DPYSL52} Scuticociliatosis LHEH A 7H]
A Q] A2 o] HHE] 21 2] AT, ALY o] 52 FaL 7ol ofs &/ 22 9] B 3ol 71993 7ksAdel
o}

A 22810 91%|FF AX-671539182+= PC A} Ujoll |8l o™, PC A= 4|32 ol q 2] TiAL, §5] 2t A8
2 TCA 3] 22 S35t ATP AYAJoll F 25+ &S Shck(Wallace et al, 1998). ZHA] AEHol| A= M| 27} B Aol ti-3-517] 93l &
oA ge g stu g pc7t WY §hS F ol A] thAtE 285k 752 8T 7hsAdo] ok =9 e & 27 35 1Hy
oM PC7} F&3t o JA| & Faoto] 24 A|AS A LT 4= ot 12|y PCS} Scuticociliatosis /3 7] 2144 Q1 Ayt g2
ob&] ¥ Z| 7] oo} F& AE 53t 7o) H e st Ayt

O:
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AX-683100976 AX-683093077
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Figure 1. Survival curve plots for Scuticociliatosis of the TopSNPs.
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Scuticociliatosis /30l 2 & = A= A2 TH FAAES] 22 714 @7617] s B2 HE 242 435t
AT} GWAS EA10|A] nominal p-value”} 0.05 B]FHQI SNPE= & 3,719711.2.H, o] SNP2] £1.5kb Wioll 9|3t -G-742H= 1,3597}
2 sholE]ieth 13597 S AAE tAt O 2 KEGG & 2412 A AISH A1}, nominal p-valueZ} 0.01 B]TH] AJEEH4 H 27} 77) ©
Z 5 AtH(Table 2). 7709] F-olst ESHA A2 5 WY 283} IHH H 2 50| the A|HE Q] o, o]ofji= Focal adhesion, ECM-
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Table 2. Significant pathways for the positional candidate genes located within 1.5kb of SNPs with p-value < 0.05

Term Up-value Genes
Focal adhesion <0.001  ITGBI, SRC, ITGB3, PTEN, PIK3CD, PIK3R1, EGFR, PAK4, PAK5, VAV3, ITGA3
etal
Axon guidance <0.01 SEMAS5A, SEMAS5B, SEMA3C, SEMA3G, EPHAS, RYK, GNAI3, PIK3CD, PIK3R]I,
PRKCA et al.
ECM-receptor interaction <0.01 ITGBI1, VWF, LAMAZ2, ITGA3, LAMBZ, I'TGB3, LAMBI, HSPGZ, ITGA10, ITGAS,
ITGAS et al.
Inositol phosphate metabolism <0.01 IPPK, FIG4, INPP4B, PLCBI, PLCB3, PLCB4, INPP5F, PTEN, PI4KA, PIK3CD,
PIK3CG et al.
Platelet activation <001  ITGBI, VWF, SRC, ITGB3, GNAI3, PIK3CD, PIK3R1, PIK3CG, PLCB3, PLCB4,
PLCBI et al.
Rapl signaling pathway <001  ITGBI, DOCK4, SRC, ITGB3, GNAI3, PIK3CD, PIK3R1, EGFR, VAV3, PRKCA,
VEGFA et al.
Spinocerebella ataxia <0.01 GRIA2, GRMI, GRIN2A, PIK3CD, PRKCA, PIK3R1, ITPR3, PLCBI, RLEN,
ATXNIO et al.
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CONCLUSION

2 Q7 W3] WLl Scuticociliatosisoll THEH-50%] UEALS BATsle, LAl Bl SRS Seleka o) So] kel 4%
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