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Abstract

Recently, the development of next generation sequencing method (NGS) and
cost reduction, researches using genome analysis have been actively
conducted, and whole genome re-sequencing that aligns the leads of the
sample to the previously coded reference gene. The cost is very low, unlike
De novo assembly, which uses the overlap information of leads that sequence
new samples without standard genome. In this study, we used the reference
genes of the already registered C. unshiu Marc. Cv. Miyagawa-wase(Shimizu
T, etal. 2017) and used the control groups Citrus unshiu and mutant
Ara-unshiu, Jedae—unshiu overall genom analysis was conducted. In this
experiment, the reason of Citrus unshiu already registered on NCBI was
analyzed 1is that the nucleotide sequence may have naturally mutated
depending on factors such as environmental effects. As a result, the SNPs
were changed by 2,355,501 compared to the reference sequence registered
with NCBI, and the insertions had 98,321 deletions with a difference of about
87,696, showing a considerable difference from the reference gene registered
with NCBI. Through this, we are performing the registration as a new
reference gene. Through these results, this study analyzed SNP and Indel of
Ara-unshiu and Jedae—unshiu compared with Citrus unshiu. Sequence of
filtered fragment after quality adjustment of FASTQ file reads obtained using
Whole genome re-seq instrument using FastQC, PICARD tools after
alignment using BWA Samtools Remove duplicates that occur during the
sequencing process using, extract SNPs and InDels using Samtools, and
analyze and summarize the occurrence region, frequency, and frequency of
each DNA polymorphism using the SNPeff tool. And annotation is performed

to classify the functions of each SNPs and Indels so that the skins are not
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smooth, and the valleys are vertically sloping from the nipple and have an
uneven appearance. And the content of citrus flavonoids 1is increased
compared to the fruits of C grown under the same conditions, and the
contents of each of the components of Hesperidin and Narirutin are also
increased compared to the contents of each of the fruits of Gungcheonsaeng
grown under the same conditions. J gene related to (Inoue T1, Yoshinaga A.,
et al. 2015, Susoma Jannat, Md Yousof Ali., Et al. 2016), flowering time is
the same as C, but fruit matures later than C, We have developed a
molecular marker using ANP and Indel to identify genes for A, which is
characterized by a 1 to 3 month delay in pigmentation time compared to C

(Fujii H, Ohta S., et. al. (2016).



[ . Introduction

TAHRHE AGe FES MRSt dHEA AAALt AHeR TVE FF
of Hla} ARl SHA e FF5S IS W o T Sk 5414
A A F57I3 = QA7 aFIP7HA] Fakdelnh 95d ko] R aHE TRIPs(agr
eement on Trade-Related Aspects of Intellectual Property Rights) ¢ &8 o=
WTO o 7k dehes A8 #35 534 o2 HIstes o= 977t #
A o] lste] AAYHA vt B FANEY B AENES B
IH 5 old #HEE oY Ax=ES AHAT(2018 o)A ARle) £E fH
Ahdo g ook Bl oSS 22 AN B st wE oS winkd &
g AR o] &AF FAAY AFApet o]s ¥R oF = vaLok oA A

&

Ao HgEom o] 2018 8¢ 18Y “HAAYE H: E o]
FArel B HETe] AW Ald, 2017 8¢ 17¥ vaol oA HEAE Fd
ARl Z1ge 179 5-H GAbs A9E DA gl wel fFAAkde] e =
g A 2 Aol gk A ASUE ddEHAT oo 2 A AM = AlF
EdAAE FRVEdozRH Fo we FHZAY( C.unshiu Marc.cv.Miyaga
wa—wase)®] 7}A9] irol AFWEu A A AT AHE-60(MCO)

WARA ZARAIAD (A Y C-188 Nordion International Ltd.,Canada)S ©]-&3}o]
AP Ao 2 HE 068 mel AglelA 40Gy ZAFHO R 22413 &9k vl =
A2 B EdWolE fxd AgeFet Yoo w80 Gray Ao w %
AbRE ofet2FE st A= dHEESY S EARY A A5A7
7b =a BV o Algte] AHom o) Aol So] Awh o] E3HA
7191 114 skeiE 128 Te7hA19 &3 JeA71E I 5 Ao AAA 7t
27} =& obeb2F(Ara-unshiw) &}, PFF7FA R 7HA] wol]l fAuld o2 FALSE 5
HEstol FAMA AIZS st Za, datE o] XA v Gdon)

S

Aol y7t wing A Eeta, ZetH=ol= A E(Eom HJ, Lee D, et al. 201



6)e] g&Fo] WgH M2 WF e AE AdF(Jedae—unshin)E 7|35t
ESSES v Aot HZo= AAY AUIAE BEA V]S W o ofg

AzAlel A ARV dEH lew olE &Y wFEe Jide]l 2id

O

&Y F oola o]F B AFHM EdWe] FF5 we=H AHEE A (C

il

unshiu Marc.cv.Miyagawa—wase)2] 4% HX=9] reference gene §l°] F+d4| %=

SHA =2 ZA 3 De novo assembly”} 2017d9] 3 Hr7} 9l vh(Tokurou shim

izu et al, 2017).% AP A= AEFT HISE fste] =9 FHA 82l

A GFE WA i DNA @71 Ee] zpol& 7|Wroe g b= EAuEA Jido]
Z

484e =7 BHol BW NGS FA4 WeoleE BEse] miAS AW Fol

sequencing S Tt o B AP A A|lFg 7} A]5EZE Sample Preparat
ions 3t MEQC § 7zt FEA8t&o] ut3o] LibraryS A 2Hélal(Saunders HE.
2019) Macrogen A}9] Illumina sequencer< #21¢l ©]&(Yohe , Thyagarajan 201
7,Cheng Y, Jiang S., et al. 2019)3}%thre-sequencing® 4% 471 AL &=
A AEA 7% A0l Bl=E9 overlap AR E o] 83 HAAEAE 9
+ De novo assembly ¢} @& o]v] d=0] ¥ reference genedl AMZ9 &
< alignment(mapping)dti= Ao =2, ofJH F 27 dup) @o] HH P =R &
F A2 ™ (Jennings L], Arcila ME,, et al. 2017) ¥ 79} o] =W o]
I 71E AZHe] 4 We] Aol F2 o] &5 1 o3 Resequencings
of A& ¥ v FrdWelEs 7P dEAQl AL == SNP(single nucleotid
e polymorphism)o|th. o] 2 A filter ¥ SNP & =%dwo] A3} Indel Abo]d]
Ao &85 4 . B Ao W33 Whole genome resequencing & 7

- A oA A|F3d Genomic DNA £ ©]&3}o] Sample QC & 7+ A=

o g3o] LibraryE #1% F Raw DataZ At&agith



II. Method & Materials

1. Plant material

ZF A E& A 9] re-sequencing A& 8] MFE oAl Edd T ARE

AT 5 FALLE o] & -80Tel AES Bt

2. Genomic DNA extraction

Macrogen A}2] sequencing #4310 & 23+ Genomic DNA F%2 GeneALLA}
9JExgene GeneALL Plant SV mini,250p kitZo]&3t3ith. A H A Zdeep freezer
MR ARE -196%] AALLE Y7 sfo] vA L8R W= gds)
A 93 3 FH 100mg(wet)d] AZ=520ml microcentrifuge tubed] Y&
71 t5400ul®]CTAB extraction bufferg HoiF+H W3 %9 EDTA”} Chelate
285 dto] DNA7F 2l 2 owiy Fedu. 4&x2c] 34 HW DNase
7F AIE W oA A e DNAE 33 & + 12 =® Chloroform 59 @
A v gAgst B4 HEHRgdes AX EE enzyme S AXAZITh g DN
Ae Y(salt)e] &=A stoll 70% EtOHOI A pellets A go). o] Ao 4 13000r
pmol A 94 EEE Fdsd 470 DNAE 7hehegka o og olEdo] 4
of of ol A Atk 1 ¥ 70ul®] Tris-EDTA buffere]l DNAE o] A&
At oA doj: Genomic DNAE NANO Dropg &3t NGS #4 A
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3. Quality control & trimming process

FASTQ 3¢ DNA 9 A7 IME S YHEUE d2EE 7[HEo 2 3 7] ¢
olg] &2olt} NGS A& & a5 A|FAE FASTQ HLd 2 A4S 3f=d o
£ Raw data g} H2t. RE 72} =9 7|4 dd #3 ARE A= A

>

°l Raw data & A F #Fx 97| <ol read 2| alignment(Reinert K, Langme
ad B., et al. 2015)% E & read ol tist A AdyE F3sl= variant calling &
2 Aol 3A7F Yt (Muzzey D, Evans EA., et al. 2015). o] ©Ae] A3}
EE52 77 FASTQ, SAM/BAM, VCF 342 4F&¥ o (Fig 1.)(Roy S, Coldre
n, et al. 2017) ¥ Ao A AFE% Ilumina sequencer 2] read type < Paired—e
nd reads °|th. ¥l 77 AVIMLE i F P= 7 2 2719 FAST
Q s 3 4 A= o] AL Paired-end reads 2t HETHH.P.J.Buerma
ns, J.T.den Dunnen 2014). 18] 3 & 53+ A7]e] A& %=+= Phred score & YE}
W +=dl(quality score) NGS dl°]H 9] QC(Quality control)< st=dl AofA T}
g E50] glth(Katta MA, Khan AW, et al.2015). FastQC = biases Y @ pr
oblems 7} A=+ &2A8}7] e AXoH(El Allali A, Arshad M., et al. 2019).
2 AFAAE FastQC (V0.11.5)E AF&std o v = =3k(http://www.bioinfo
rmatics.babraham.ac.uk/projects/fastqc) <2 4= 3|4l = Java runtime envi
ronment & AX|$ H run-fastqc ILS APt} 19 reading ©] HE=H
AMAdte] whel Z4z; html & Aol Hm Aol 2FA 25 HAYW <
AA| A v g golw Wikl o v 7] frh(Figure 2) QC o+ Y¥HA S = phre
d scoring scheme & ©]&3t=d AXHS QPhred=—10 loglOp & A
H, o7|X p ¢ error rate ©|Uh.Qphred+ YHFA S Z QoA 41 Alole] X
£ by ZH= F=A47F S5 9719 Agdes w1, 9Ad] /e 1
Hhdjolt), ol& EB9], QPhred=20 & LFE p ¢=1%° NP3, o)HL A7
& A% 5 gEo] 1%YS 9vgttl. 183 Sequencing file ©] adaptor se
quence AF27]9} base quality 24 & AL ¥ 9715 FASTQ data oA
AAsE 2Y9ES trimming o]} 3F=d] oW A% software ¥+ Trimmomatic

(v0.36)o)tt. g5 A Yol Hw X T vi /etc/bashrcalias trimmomatic='java



—jar /397 2 /trimmomatic-0.36.jar’ #A4] Y o} o] 2231 ESC+:wgsource /etc/ba
shrc # & 713} trimmomatic # A3 fF Q1 F trimmomatic PE -phred33 celll
0_1.fastq.gz celll0_2.fastq.gz —baseout celll0_adaptcut ILLUMINACLIP:/run/me
dia/admin/fObb15f3-2214-43d2-8f4f-895adde38d60,/ resource/ref_and_tools/tools/tr
immomatic/Trimmomatic-0.36/adapters/TruSeq3-PE.fa:2:30:10  SLIDINGWIND
OW:4:15 MINLEN:36 LEADING:3 TRAILING:3 &2 2 3s}H E 273 adapter
sequences 52 NGS data oA A|AE 4 o] data analysis & HEE=E =]
Tt 234 0= Table 1. o el gkel ofeh259] Q20 #62 99.01 Q30 < 96.
64 2 A=} v Zom AT F3 Q20 kol 98.94, Q30 gt 9643 o=
Fom izl TH A (Satsuma)®EFE Q20 Fol 99.03, Q30 #tel 96.69 = A&

E7bulg e gow el
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Araunshiu (readl) Araunshiu (read?)

Jedae-unshiu (readl) Jedae-unshiu (read2)

Satsuma (readt) Satsuma (readz)

Figure 2. Read quality at each cycle of samples

- The x-axis and y-axis are respectively the number of cycles, and phred quality score

- Phred quality score of 20 means 99% accuracy and reads with quality score over 20 are g
enerally accepted as good quality reads.

- Yellow box : Interquartile range (25-75%) of phred score at each cycle.

- Red line : Median phred score at each cycle.

- Blue line : Average phred score at each cycle.

- Upper & Lower whiskers : Point of 10% and 90%.

- Green background : Good quality.

- Orange background : Acceptable quality.

- Red background : Bad quality.
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Table 1. Raw data and Filtered data Statistics

1) Raw data
Library name Total read bases (bp) Total reads GC(%) Q20(%) Q30(%)
Araunshiu 14,221492,696 94,248,296 38.07 95.41 90.76
Jedae-unshiu 13,143,804,626 87,045,726 37.80 95.13 90.21
Satsuma 13,180,410,688 87,287,488 37.91 95.55 9100

2) Filtered data

Library name Total read bases (bp) Total reads GC(%)  Q20(%) Q30{%)
Araunshiu 12,256,490,060 86,959,256 3 99.01 96.64
Jedae-unshiu 11,203,039,998 79,817,640 36.99 98.94 96.43
Satsuma 11,402,822,432 80,736,000 37.08 99.03 96.69

- Library name : Sample name.

- Total read bases : Total number of bases sequenced.

- Total reads : Total number of reads. In Illumina paired-end sequencing, this value refers to t
he sum of readl and read?2.

- GC(%) : GC content.

- Q20(%) : Ratio of bases that have phred quality score of over 20.

- Q30(%) : Ratio of bases that have phred quality score of over 30.



[I. Results and disscussion

1. Mapping Data Statistics analysis

qEAEe AAHE g9 A7 ES reference genomedt Bl ste] 31" DN
A fragment #3414 A& AAE FAs= AAoIr. o LM 7HE & &
A& vlE read length7} &1L sequence AFA|ol wWhHE-oJ do] ¢Jo] Reference se
quence®] olz] oA FAAFAL] Art. olel A NGSE ©|-& 3 short rea
ds % reference genome®| mappingS & w A& ZF A7t o9 =2 align
ment software® BWA(Burrows-wheeler aligner—http://bio-bwa.sourceforge.net
N7F 2220t} o714 el Aged gl=o] A AE Foplle HSE B
3t o] tool& BWA aln ¥ BWA samse/sampe = W o] A=t (http://bio-b
wa.sourceforge.net/bwa.shtml) BWA aln® 7Z-¢ g3 a2 Alf 2o tjs) BWT
(Burrows-wheeler transform)@ilg]&Es ol&a A<ls e F wEox AQl
o inpute & °]8 %+ reads ¢ referenceE W] uLdlo] suffix arrays W=+ 3
Aoltt, 18] BWA aln #Ao A+ suffix arrayol] oidk FREE 7] wf o
o] 7] A single read 1A paired read <1#]°l w2} BWA samse/sampes &3l
olo| /] wF=o] 2l suffix array data® reference 9] positionS Fola+=i1 SAM
olgt= FA 9 IdSs wEA " 24 WY BWAE AXA S export PAT
H "oz aA4WSTE A4 F(export PATH=$PATH:/path/to/bwa-0.5.9)index
WS =31 mappingdtl. AEEA Ql pre-processing A S AXH WHol A
GA7MA ke o8 A& (Table 2.)= pre-processing 9]  mapping(alignment) ¢
Al BWA-MEM Z 233 AREg o Q% sde] 49 FASTQ ol
o2 utd o] H$ SAM/BAM 3ol (Roser LG, Agiliero F,. et al. 2019). o] %
sequencing duplication(A] € F5)2] AAE s=d PCR HAHoA WA= =
5 g BASAY AlASE PAHolth o] A A E(Realignment) A4S 7

Aed ot FER duelAd UAFA dt G717k Has R prgow



A A4 sk BAolw AESF BAsI=E HAAA ALl AY, A&o] RIREHA
HAskE Aol e deld dolgue]l~E &83ste] BAM #YS ATA
F Adrt. SAME Text file® A #E o] glo] vtz deto] 7538w BAM binary
Aol witel vtz dite] &E7Festth. SAM I BAM 32 EF 97|44

%

ftlo
ok

S AAEH 2o ARE zka X7 BAM ¢ ¢ reference sequence names,

Table 2. Mapped data Statistics

Library name Reflength  Mapped Sites  Total Reads Mapped Reads  Mapped Bases Mean
(>=1x) Depth

Araunshiu 331,457,320 313,032,762 86,959,256 78,322,051 10,772,956,109 32.50

(94.44%) (90.07%)
Jedae-unshiu 331,457,320 313,094,620 79,817,640 72,305,675  9,986,592,608  30.13
(94.46%) (90.59%)
Satsuma 331,457,320 313,011,634 80,736,000 73302553  10,056,329767  30.34
(94.43%) (90.79%)

- Library name : Sample name.

- RefLength : Length of reference genome.

- Mapped Sites : Length of mapped site.

- Total Reads : Number of total read.

- Mapped Reads : Number of reads mapped to the reference.

- Mapped Bases : Number of bases in reads mapped to the reference.
- Mean Depth : Average alignment depth.
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2. Variants count analysis

2 ATl A quality 24 5 dHE @ 72 G @742 BWA Samtools
= Algsto] g8 3 A7l & PICARD toolsE AFE-3}9] sequencing HA % 2
2yl duplicateE A A, Samtools & AF&3le] SNPs ¢ InDelsE F%&, &4
StAtH(Liu Y, Loewer M., et al. 2016). B AtAls] AW & EAW Variant callin
g °]d BAM/SAM 349 preprocessingC® AAE ZAyE A HE EF
st AE 534S SAMtools(http://samtools.sourceforge.net/) ¥ Picard= *|
2] 5t th. Variant callingol & 7] A& = HABS 713 reads¢ BAM/SAM

o)

S 533 SNP/Indel2 &85 #33}Y Bayesian method® A4t} (Yuan

o
Lo

Ji, Yanxun Xu, et al. 2011). A} 89 AZE9|o]&& SAMTools 7} 2tk SAMt
ools®] 749 SAMtoolsE °l&ste] FE5T F dv F7IAEH] AR Gdd
7114 WM o] (SNV: Single Nucleotide Variation)9} #-2 41/24 (Short InDel)
BRGE ArEddi=d ARE skt A7 WA LS samtools RIS o] &
3to] reference sequence ¢ FASTA 3}UZ X E referencefafais A4 st .
252 4o SAMtools AF&-A]l samtools view [in.bam] > [out.sam]standard
outeZ e mz > 2 wol BAM 3#dS SAM ddEHow Wi s SAM
34S BAM #dPA oz e & 79 samtools view -Sb [in.sam] > [out.b
amlstandard out®. & At= > 2 Hrolt}d (Manual page from samtools—1.9relea
sed on 18 July 2018) 3t Picard ¢ A JAVAE 7|¥to g & 3Adu}&(htt
p.//broadinstitute.github.io/picard/) ¥ java jvm-args —jar picard.jar PicardTool
Name OPTIONI1=valuel OPTION2=value2 ¢} #°] softwareE 433} t}. Fig
3ol Al Hiznpe} o] ofgt259] A SNPs = 2,367095, Insertions 100,144, De
letions= 89,043 7Hol™ A&+ SNPs 2,355,926 Insertions 99,002, Deletions
88,1947 0] a1 Tz el 49 SNPs 2,355501 ,Insertions 98,321 , Deletions 87,
6967 & NCBI Reference gene tWH| & zo]E H P A7|A £ FAd H=E
Aol 495 H4S w NCBI reference gene?t H|1slH SNPs 9 Indel #o]
zkol 7 AAM dEzTFE E Aol B3 FHEAE Reference genel = 3+

il SNP, Indel &4 & A3 (Fig 4.) oteh2F+= SNP 347818 Insertions 34,958
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Deletions 34,595 2] Wo|7} A om A2 29 SNP 342,789 Insertions 3
4,476 Deletions 34,345¢] #to]l& HoFQtH(Table 3.). ©] § gene-IDE ©JH
AxEo] HHAE A=A dolH 71938 gene IDE X 53 SNP, Indelvt F%31%

3 (Table 4.), 823k 2242 £3}9] homologyS W SNP, IndelS W=z FA3%]
S ™ (Table 5), ©]|% 7} SNP, Indeloll A o}t A th=F7F A2 thEsequen
ceRt FEoto] EAAFLEE =o]7] 98 read depth7l 30014<1 HoE gLt
Z3le] ol &5 9 (Fig 4.) A& (Fig 5.) 279 Annotations 78] 5141 tH(Iac
oangeli Al, Al Khleifat A., et al.2019).

4

il

_’Iz_



Number of SNPs

B Araunshiu
B Jedae-unshiu

B Satsuma

Number of insertions

B Araunshiu

m Jedae-unshiu

| Satsuma

Number of deletions

B Araunshiu
m Jedas-unshiu

W Satsuma

Fig 3. Compared analysis with reference Satsuma SNPs, Indel
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. | | Satsuma | Annotation
# Pos

| At [Hom/Het] Read Depth [Alt Depth|  Alt |Hom/Het] Read Depth [Alt Depth]  GeneName | GeneD | Stat | End |

DEFINITION (OB domain-containing protein 27 [Citrus
BDQUO100008.1 651616 2AGaa  hom Y 21 a2 hom CUMW_040990 gene4100 649631 659633 HEfHEIRHH], ACCESSION VBB IO RN
XP_006439670.2 DBLINK BioProject: PRINA232045

96.92%
DEFINITION. LOW QUALITY PROTEIN: pentatricopeptide
repeat-containing protein

At4g04790, mitochondrial [Citrus clementina).
ACCESSION  XP_006452171
VERSION ~ XP_006452171.2
DBLINK  BioProject: PRINA232045 50.45%
DEFINITION 1-acyl-sn-glycerol-3-phosphate acylransferase 1,

|BDQV01000078.1 143119 ATTCTTT hom 4 47 ATIT  hom CUMW_139820 gene13988 132855 147128

chloroplastic
[Citrus clementina].
ACCESSION - XP_006453607
VERSION  XP_006453607.1
DBLINK  BioProject: PRINA232045 99.14%
DEFINITION cytochrome P450 71A1 [Citrus clementina].
ACCESSION  XP_006439950
VERSION  XP_006439950.1
DBLINK  BioProject: PRINA232045 99.43%
|BDQV010000C7.1 1904003 attttttttt hom 3 22 attitttttttihom CUMW_038990 gene3900 1902003 1906385 hypothetical protein
DEFINITION RNA polymerase alpha subunit (chloroplast)
[Citrus polytrifolia].
BDQV01000033.1 1097557 C hom 357 351 A hom CUMW_097910 gene9793 1097206 1097724 ACCESSION YP_009722803
VERSION  YP_009722803.1
DBLINK BioProject: PRINA595267 96.27%

|BDQV01000045.1 1024158 A’ hom 32 31A hom CUMW_112700 gene11274 1020456 1024318

BDQV01000038.1 188397 atttttttt  hom 35 23 attitttttttt hom CUMW_103310 gene10333 167945 211069

DEFINITION ABC transporter A family member 7-like [Citrus
sinensis],
|BDQV010000C8.1 865721 caaaaaaa hom 3 27 casaaaaaa hom CUMW_041310 gened132 859484 865924 ACCESSION XP_006476636
VERSION  XP_006476636.1
DBLINK BioProject: PRINA225998 99.37%
DEFINITION calponin homology domain-containing protein
DDB_GC272472 [Citrus
sinensis].
|BDQV01000047.1 329954 caaaaaaaa hom 36 24 caaaaaasa hom CUMW_113610 genel1365 325725 333833 ACCESSION XP_006486946
VERSION  XP_006486946.1
DBLINK  BioProject: PRINA225998 85.13%(query cover :
74%)
DEFINITION. DNA-directed RNA polymerases Il and V subunit
8A [Citrus
clementina].
ACCESSION  XP_006442881
VERSION  XP_006442881.1
DBLINK  BioProject: PRINA232045 100%
DEFINITION protein EMBRYO DEFECTIVE 1674 [Citrus
clementina].
ACCESSION  XP_006443109
VERSION ~ XP_006443109.1
DEFINITION E3 ubiquitin-protein ligase BRE1-like 1 [Citrus
sinensis).
|BDQV01000015.1 257865 t hom E2 28 taasa hom CUMW_062690 gene6270 254857 265514 ACCESSION XP_006464461
VERSION ~ XP_006464461.1

|BDQV010000%0.1 514262 cCTttitttt hom 31 21 ctitttttttthom CUMW_148300 genel4837 511405 514873

BDQV01000048.1 693661 gttttttttt hom 36 28 gtuittttttt hom CUMW_115350 genel1539 693487 536046

DEFINITION protein EARLY-RESPONSIVE TO DEHYDRATION 7,
chloroplastic [Citrus
sinensis).
ACCESSION  XP_006466976
VERSION  XP_006466976.1
DBLINK  BioProject: PRINA225998 92.96%
DEFINITION  O-acyltransferase WSD1 [Citrus clementinal.
ACCESSION  XP_006446860
VERSION  XP_006446360.2
DBLINK  BioProject: PRINA232045 99.10%

|BDQVO1C00097.1 193255 aTGttttttt hom 30 19 attttttttttt hom CUMW_151550 gene15163 191113 196568

|BDQVO1C00103.1 579510 atittttt  hom 32 25 atttttttt  hom CUMW_155910 gene15599 577299 580190

BDQV01C00230.1 277693 ctutttittt hom 34 31 crtitttttttt hom CUMW_200520 gene20062 277353 277788 hypcthetical protein

| DEFINITION  subtilisin-like protease SBT5.3 [Citrus
| clementina).

|BDQVO1C00114.1 499780 Ta hom 166 160 Taaa  hom CUMW_162140 genel6222 494777 501597

ACCESSION  XP_024047172
VERSION ~ XP_024047172.1
DEFINITION  acetyl-CoA carboxylase carboryltransferase beta
subunit (plastid]

[Citrus reticulata].
ACCESSION  YP_009364765
VERSION  YP_009364765.1
DBLINK  BioProject: PRINA367851 61%(38.97%)
DEFINITION  putative disease resistance protein RGA4 [Citrus
clementina].

|BDQV01€00529.1 2527 alc hom 1023 1023 CUMW_244880 gene24500 1341 2734

|BDQV01000992.1 8937 aTTTTTttt hom 30 17 CUMW_267320 gene26745 115 10438 ACCESSION  XP_024043067

VERSION  XP_024043067.1

DBLINK BioProject: PRINA232045 98.37%(70%)
|BDQV01C00638.1 96357 CAT hom 30 30 CUMW_252690 gene25281 91272 96954 hypathetical protein
|BDQV01€03266.1 me hom 982 906 CUMW_282570 gene28271 713 1805 hypcthetical protein

Fig 4. Araunshiu annotation
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[ Satsuma ‘ Annotation

#Ch Pos |
| At [Hom/Het[Read Depth [Alt Depth)  Alt |Hom/Het| Read Depth [Alt Depth] Gene Name | Gene ID| Start | End |
DEFINITICN  cysteine-rich receptor-like protein kinase 10 [Cirus sinensisl
2.
BDQUOT000002.1 2055431 A Fom 5 5AC hom CUMW 010310 gene1030 2055214 2056878 oo XP-024950645
VERSION  XP_024950645.1
DBUNK  BioProject: PRINAZ25998 96.41%
DEFINITICN importin subunit alpha [Citrus clementina].
CUMW_056330] ACCESSION  XP_006444447
|BDQUOI0000121 | 2024315 h B3 e o 55332024042]; 2024547 -
o : om o om cuvw_0se320 95 | FueRsion 10064444472
DBLINK  BioProject: PRINA232045 100%
DEFINITICN  probable serine-hreonine-protein kinase PEL16 [Citrus
|BDQUO1000077.1 137815 AACGCCC hom 38 38AA  hom CUMW.138920 genetsas 127516 137977 Cemeninal
ACCESSION  XP_006434330
VERSION  XP_006434330.1
DEFINITICN  ammonium transporcer | member 1 [Gitrus clementinal.
/BDQVO10000341 315149 C Fom 1 36 hom CUMW 098100 gene9B12 314246 315757 "CLooON XP.006420410
VERSION  XP_006420410.1
DBLINK  BioProject: PRINA232045 100%(75%)
DEFINITICN NADH-plas-oguinone osidoreductase subunit 7 (plastid) [Citrus
reticulata].
BDQV01000040.1 45625 C hom 160 151 G hom CUMW_105950 genel0SS 45545 46102 ACCESSION YP_009364813
VERSION  VP_009364813.1
DBUNK  BioProject: PRINA387851 60.22%(96%)
DEFINITICNribosome-binding factor PSRP, chloroplastic [Citrus sinensis.
ACCESSION  XP_006433202
BDQUOTO000Z31 64552 ctrterittt hom 30 19 ctrritet hom CUMW_080900 geneBDS1 61628 65092 b
VERSION  XP_006493202.1
DBUNK  BioProject: PRINAZ25998 96.12%
DEFINITIGN ammonium transporcer | member 1 [Gitrus clementinal.
DEFINITION  ammorium transporter 1 member 1 [Citrus clementinal.
ACCESSION  XP_008420410
BDQVCT0000341 315151 6 hom 3 37C hom CUMW_098100  gened812 314246 315757 “
VERSION  XP_006420410.1
DBUNK  BioProject: PRINA232045 100%(75%)
DEFINITION. probable 3 ubiquitin-protein ligase RNF217 [Citrus clementinal,
ACCESSION  XP_024045330
BDQVOT000090.1 549730 gTGTTTtt hom 30 19 gttt hom CUMW_148360 genel434 549102 549872 -
VERSION  XP_024045330.1
DBUNK  BioProject: PRINA232045 98.03%(65%)
DEFINITION  hippocampus abundant transcript-fike provein 1 [Citrus sinensis].
ACCESSION  XP_005486681
BDQVOT000031.1 561803 taazaaa hom 30 22 tasaasasa hom CUMW_09397D  gene933¢ 557059 563116 -

VERSION  XP_006486681.1
DBLINK  BioPrject: PRINA225998 95.07%(95%)

EDQVO1000016.1 170264 aaaaaaaa hom 30 24 tazaaaaza hom CUMW_065660 gene6557 167423 171851 hypothetical protein

DEFINITION  peptidyl-prolyl cis-trans isomerase CYP18-2 [Citrus clemeninal.

ACCESSION  XP_006430139

VERSION  XP_006430139.1

DBLINK  BioPrcject: PRINA232045 100%

DEFINITION  protein SAR DEFICIENT 1 [Citrus clementinal,

ACCESSION  XP_005442616

BDQVC10C0001.1 3783474 TAAzaaahom 30 19 tazaaaaaa hom CUMW_005340 gene533 3782897 3785999

BDQV01000092.1 19565 aTttttitt hom 35 27 CUMW_148800 genel48¢ 16869 21556 =

VERSION  XP_006442616.1

DBLINK BioProject: PRINA232045 99.58%
BDQYC1000367.1 127116 cCTrtttttt hom 62 50 CUMW_227780 gene227S 126077 129268 hypothetical protein
BDQVC1000275.1 294406 cTCTtttttthom 48 48 CUMW_211380 gene2114 293436 297166 hypothetical protein

DEFINITION 405 ribosomal pratein S8 [Citrus clementinal.
BDQVC10C0247.1 280134 CTTTTITThom 58 46 CUMW_205120  gene2052 279198 280554 FEREION SUETioTI0R

VERSION  XP_006431931.1

DBLINK BioPrject: PRINA232045 100%

DEFINITION feruloyl CoA ortho-hydroxylase 1 [Citrus clementing].
|BDQVO10001€3.1 6034 gTTtttttt hom 48 2 CUMW_180000 gene’80C 4765 6378 AGCESSHON, XP.00645647

VERSICN  XP_006445647.1

DBLINK  BioProject: PRINA232045 64%(74.3%)

DEFINITION substilisin-like protease SBTS.3 [Citrus clementina].
ACCESSION  XP_024047172

VERSICN  XP_024047172.1

DBLINK  BioPraject: PRINA232045 95%(75.53%)
|BDQV01000328.1 245897 (TGt~ hom 51 37 CUMW_221900 gene222C 245127 246455 hypothetical protein

DEFINITION  geraniol 8-hydroxylase [Citrus clementina].
ACCESSION  XP_006423715

VERSICN  XP_006423715.1

DBLINK  BioProject: PRINA232045 91.36%
|BDQV01000435.1 57104 T hom 153 137 CUMW_242010  gene2421 56934 5735 hypothetical protein

|BDQVO1000114.1 493780 Tac hom 139 131 CUMW_162140  genel622 494777 501597

|BDQUO1000525.1 35444 CCGG - hom 3 31 CUMW_24450)  gene2446 34503 35543

Fig 5. Jedae-unshiu annotation
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Table 3. Compared analysis with Satsuma SNPs, Indel

SNP Insertion Deletion
Ara-unshiu 347,818 34,958 34,595
Jedae-unshiu 342,789 34,476 34,345

Table 4. Compared analysis with Satsuma SNPs, Indel(Gene-1ID)

SNP Insertion Deletion
Ara-unshiu 39,600 6,582 6,610
Jedae-unshiu 38,384 6,528 6,597

Table 5. Compared analysis with Satsuma SNPs, Indel(Homozygous)

SNP Insertion Deletion
Ara-unshiu 19,926 3,300 3,914
Jedae-unshiu 19,698 3,337 3,983

_16_




3. Transition and Transversion Information analysis

AEToA T = A7l Fol Wt purine(A, G) ¢ Wo] =&
pyrimidine(C, T)¢] ®o]E transition®] 2} 3t} DNA substitution mutation= D
NA sequence?] length W3}7} §lo] d7]e] FAo] WHel= AS =3t} transv
ersion® 7% purine®} pyrimidine®] WolE Edlth AW A= 23} ol A
FAA HolZ AXA HAyp. RE £ A2 UE transition, transversion 73|
=2 Holx=d ol YeuE AEEZHA Ts/Tv ratio’} AtH(Yohe S, Thyagarajan
B. 2017).purine® 7% pyrmidine® AU gl F+Z2E sy o 7HAla ot

Aol Qlt}. o] el = transition®] Wl transversion®| 4% #Aeo] Fx

rr
Jm

-
e
o
N

X

o Asltta & 4+ At (Zhang X, Chen X,, et al.2018). transversion
T2 AW 87FA o] transition®th 28] ©f @A RE o] F2A
of AA o REss FdHom A o3k 542 Wobble 34
12t st A7IAde] A ko] ofm|ilt A US YO 71A] ¢+ silent substitution
7] 4 oH(S. Joakim Nisvall, Peng Chen,. et al. 2007). 3 <& cytosine -> th

ymine 12]3l guanine —> adenine®] © WIWSIA dojy=d o= 59 FXx

o,

Jm
oX
£ Ho
Bl

Lo

rlo

O

oF Z77e #Ho] 2t} Cytosine?l 74-$ methyltransferase®] 2]3] 5-methylcytosi
nel & JZMW3lo] H1 deamination®] 93] amine’]E €A H ™ thymined &
HE oA At o]8 3 cytosined} guanineo] & A 9SS CpGet A3}, transi
tionel 2]3t silent substitution®] 74§ Wo|7} AMUE AFstos REHE HF
o] Z+&ty thxE A<l o7} single nucleotide polymorphysm(SNP)o]th(Korn, J.M.,
et al. 2008). 4wl AEA A Ts/Tvie 20 77k @l d g o= 37t
A #RFAT 3 (Guo Cl, McDowell IC., et al. 2017). £3] CpGE Yo 7

ii{e3

O

o T
T T 7o

2] O
o
&4 9l thH(Mahamdallie S, Ruark E, et al.2018). Ts/Tv ¢ software® SnpEFF

=)

A A g4 (epigenetic) &2 A AN T3 JIFS vA= Aoz &
(http://snpeff.sourceforge.net/download.html) S A}-&3}31 tH(Cingolani P1, Platts
A, et al. 2012). A% wWolo] W3 annotatione 33 softwareo| F=
A7 ge] Wale] E oln| Ak Aol WM E dSete HA o2 A& HA in
put file & SNP, Indel59 F+AAHE H119E VCF(variant call format) o<



S outputle & 3th(Jiang Y, Wu C. et al. 2019). A}-& W& 7hdél}h. SnpEF
Fol VCF(variant call format)g& 2o]5¥ Z=213o] annotations %3 3)=rt.
o] TR IWAA gm Ay WA A AR 7FEEY  $ weet http:/sourceforge.
net/projects/snpeff/files/snpEff_latest_corezip &+ AWM=z t}go] 7} 3o}
e % zip 3US A=A F SnpEFFolA Al Fd 5= dolE o2& § ja
va —jar snpEffjar download <Database filename>™ 3< e t}&wka 23 s}
M Data 2 50| A7]3, aFA %= 7 DBY o] A7t 15 4.2 Com
mand line W#H o] $ java ~Xmx4g -jar snpEffjar -v GRCh37.75 examples/test.
chr22.vef > test.chr22.ann.vef & A8stH A& o2 SnpEFF7} DBel #3k
TE Aas Asor g dso] At 1 & Annotation Typeg #4131
tH(Table 6.).0F2F &F2] transition at=(Fig 6.) 846,417, transversion < 1,520,6
78 o]al FHZ Al 7§ transition S 842964 |, transversion < 1,512,537 ©]
A h>F9] transition #E-S 843,480 , transversion < 1512446 ¢ & ZF M=
=9 Tvel 4% Ts ol vl tief 2uiA = = AbEsgdon EA4Z x4
7} oju|sle] ofEh2F9] Tsgh2 3453017 Althe] Ts #2 51602 ofgh-25 of

A 2 AolE wolw glom AYeF e $YI AFolE mol: k.

==
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Jedae-unshiu

B Transition

B Transversion

Araunshiu

B Transition

B Transverson

Satsuma

B Transition

B Transversion

Fig 6. Ts/Tv ratio
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Table 6. Annotation type count & information

Library name Type of annotation Count Ratio
intron_variant 298,414 52.09%
missense_ variant 104,174 18.18%
synonymeus_variant 73,828 13.24%
3_prime_UTR_variant 35402 6.18%
Araunshiu 5_prime_UTR_variant 18,418 3.21%
splice_region_variant 9,326 1.63%
& intron_ variant
upstream_ gene_ variant 8,324 1.45%
downstream_gene_variant 6,424 112%
frameshift_variant 3,037 0.53%
5_prime_UTR_premature_start_codon_gain_variant 2,669 0.47%
intron_variant 298,323 52.18%
missense_variant 103,704 18.14%
Synonymeous_variant 75,600 13.22%
3_prime_UTR_variant 35,394 6.19%
(s SinEE 5_prime_UTR_variant 18,264 3.19%
splice_region_variant 9,318 1.63%
& intron_ variant
upstream_gene_variant 8,323 1.46%
downstream_gene_variant 6,380 1.12%
frameshift_variant 2,969 0.52%
5_prime_UTR_premature_start codon_gain_variant 2,645 0.46%
intron_variant 298,310 52.17%
missense_variant 103,818 18.16%
synonymous_variant 75,623 13.23%
3_prime_UTR_ variant 35,297 6.17%
—— o_prime_UTR_ variant 18,303 3.2%
splice_region_variant 9,298 1.63%
& intron_variant
upstream_ gene_ variant 8,266 1.45%
downstream_ gene_variant 6,358 1.11%
frameshift_ variant 2.9894 0.52%
o_prime_UTR_premature_start_codon_gain_variant 2,651 0.46%
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Type of annotation Description Impact
coding sequence_variant The variant hits a CDS. MODIFIER
frae s et A large part (over 1% or 1,000,000 bases) of the HIGH
chromosome was deleted.
duplication Duplication of a large chromoome segment (over 1% or HIGH
1,000,000 bases).
e Inversion of a large chromoome segment (over 1% or HIGH
1,000,000 bases).
coding_sequence_variant One or many codons are changed. LOW
inframe_insertion One i codfms are inserted (e.g.: An insert MODERATE
multiple of three in a codon boundary).
. . . . One codon is changed and one or many codons are
disruptive_inframe_insertion  inserted (e.g.: An insert of size multiple of three, notat ~ MODERATE
codon boundary).
inframe_deletion One Ior many codons are deleted (e.g.: A deletion MODERATE
multiple of three at codon boundary).
. . . One codon is changed and one or more codons are
disruptive_inframe_deletion  geleted (e.g.: A deletion of size multiple of three, notat ~ MODERATE
codon boundary).
downstream_gene_variant Downstream of a gene (default length: 5K bases). MODIFIER
exon_variant The variant hits an exon (from a non-coding transcript) MODIFIER
or a retained intron.
exon_loss_variant A deletion removes the whole exon. HIGH
exon_loss_ variant Deletion affecting part of an exon. HIGH
duplication Duplication of an exon. HIGH
duplication Duplication affecting part of an exon. HIGH
inversion Inversion of an exon. HIGH
inversion Inversion affecting part of an exon. HIGH
frameshift_variant Insertion or deletion causes a frame shift (e.g.: An indel HIGH
size is not multple of 3).
gene_variant The variant hits a gene. MODIFIER
feature_ablation Deletion of a gene. HIGH
duplication Duplication of a gene. MODERATE
gene_ fusion Fusion of two genes. HIGH
gene_fusion Fusion of one gene and an intergenic region. HIGH
bidirectional_gene_fusion Fusion of two genes in opposite directions. HIGH
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rearranged_at_DNA_level

Rearrengment affecting one or more genes.

HIGH

intergenic_region The variant is in an intergenic region. MODIFIER
conserved_intergenic_variant  The variant is in a highly conserved intergenic region. MODIFIER
intragenic_variant The variant hits a gene, but no transcripts within the MODIFIER
gene.
intron_variant Variant hits and intron. Technically, hits no exon in the MODIFIER
transeript.
conserved_ intron_ variant The variant is in a highly conserved intronic region. MODIFIER
miRNA Variant affects an miRNA. MODIFIER
rmissense_variant Variant causes a codon that produces a different amino  yjoDERATE
acid (e.g.: Tgg/Cgg, W/R).
Variant causes start coden to be mutated into another
initiator_codon_variant start codon (the new codon produces a different AA). LOW
(e.g.: Atg /Ctg, M /L (ATG and CTG can be START
codons))
Variant causes stop codon to be mutated into another
stop_retained_variant stop codon (the new codon produces a different AA). LOW
(e.g.: Atg /Ctg, M /L (ATG and CTG can be START
codons))
protein_protein_contact Protein-Protein interacion loci. HIGH
. . . Within protein interacion loci (e.g. two AA that arein
structural_interaction_variant  contact within the same protein, prossibly helping HIGH
structural conformation).
FOEE STTE Se VhEaEE The variant hits a rare amino acid thus is likely to HIGH
B T produce protein loss of function..
splice_acceptor_variant The variant hits a splice acceptor site (defined as two HIGH
- - bases before exon start, except for the first exon).
splice_donor_variant The variant hits a Splice donor site (defined as two HIGH
h B bases after coding exon end, except for the last exon).
. . . A sequence variant in which a change has occurred .
splice_region_variant within the region of the splice site, either within 1-3 Low
bases of the exon or 3-8 bases of the intron.
splice_region_variant A variant affective putative (Lariat) branch point, LOW
located in the intron.
splice_region_variant A variant affective putative (Lariat) branch point from MODERATE

U12 splicing machinery, located in the intron.
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stop_lost Variant causes stop codon te be mutated into a HIGH
B non-stop codon (e.g.: Tga/Cga, * /R).
5_prime_UTR_premature Avariant in 5’UTR region produces a three base LOW
start_codon_gain_variant sequence that can be a START codon.
start lost Variant causes start codon to be mutated into a HIGH
- non-start codon (e.g.: aTg/aGg, M /R).
stop_gained Variant causes a STOP codon (e.g.: Cag/Tag, Q/*). HIGH
synonymous_variant Variant causes a codon that produces the same amino LOW
acid (e.g.: Ttg /Ctg, L /L).
. Variant causes start codon to be mutated into another
start_retained start codon (e.g.: Ttg/Ctg, L /L (TTG and CTG can be Low
START codons)).
stop_retained_variant Variant causes stop codon to be mutated into another LOW
h h stop codon (e.g.; taA /taG, * /%),
transcript_variant The variant hits a transcript. MODIFIER
feature_ablation Deletion of a transcript. HIGH
regulatory_region_variant The variant hits a known regulatory feature MODIFIER
{non-coding}.
upstream_ gene_variant Upstream of a gene (default length: 5K bases). MODIFIER
3_prime_UTR_variant Variant hits 3'UTR region. MODIFIER
3_prime_UTR_truncation + The variant deletes an exon which is in the 3UTR of MODERATE
exon_loss the transcript.
5_prime_UTR_variant Variant hits 5UTR region. MODIFIER
o_prime_UTR_truncation + The variant deletes an exon which is in the 5UTR of MODERATE

exon_loss_variant

the transecript.

Type of annotation : Sequence ontology which allows to standardize terminology used
for assessing sequence changes and impact.
Description : Detailed description of the effect (annotation).

Impact : Effects are categorized by 'impact': {High, Moderate,

Low,Modifier}.

These are pre-defined categories to help users find more significant variants.
- HIGH : The variant is assumed to have high(disruptive)impact on the protein,
probably causing protein truncation, loss of function or triggering nonsense

mediated decay.
MODERATE : A non-disruptive variant that might change protein effectiveness.
LOW : Assumed to be mostly harmless or unlikely to change protein behavior.
Usually non-coding variants or variants affecting non-coding genes,

MODIFIER :

where predictions are difficult or there is no evidence of impact.
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IV. Conclusion
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