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A1 A B
A1Ad AT N % e

A e B A FE 5 Odd HAE TS5 2Feta vk 45 TS A A
HFE Aiete AR AA4, 94 T84 wWied FAA dE A7t 9
Atk ZAuy F HEEo 49 Al (Velasco et al, 2010), A 2](Shirasawa et al.,
2017), wiA(Zhang et al, 2012), 8l(Wu et al., 2013; Chagne et al, 2014), &7|
(Shulaev et al., 2011; Hirakawa et al., 2014; Li et al., 2019), 18] E-ZFo}(The
International Peach Genome Initiative, 2013), #4& 3}3|2 5o 7 #v)s A 3}
(Raymond et al., 2018), ok 2@ Z(Nakamura et al., 2018), —2¥]a “w](Hibrand
Saint-Oyant et al,, 2018) A A5 Az7F Ra¥ Aot HUF5(Prunus)< vy
ol (Amygdaloideae)®ll <3t T Fol Az} e e 25
o Hu&o = of 250 Fo] EFHEo o, Yevle, A g F
Foprfobell A AAA = Qled ngow JTE WFE FEE U AtMa et
al., 2009; Knight, 1969). #At<d #AA o2 AdH ofA
AE Py e dlEet soroel A AjujE o] kot

AFew A7) Q= Ve T B 245 gl A4

=)
=
=)
=

Ui
R N N
Zwlo] QA|%(P. x yedoensis, Pxy)E QR WA FHstA AAA IS Wuk ofy
gt vl PJAE Y Tidal Basindl®= A 7A# th(Bailey and Bailey, 1976; Cheng et
al.,, 2000). Zwo] QA== 18321 ~1884d 9 Tokyo Ueno &HolA o] FEF+=

A

i

3NA 7 elEda, 1 F 7t Somei-yoshino® H 1% tHFujino, 1900). o] %
Matsumura®l &l Prunus yedoensis Matsumuragts= SHoz W E T
(Matsumura., 1901). &Ho] @A xE= 1 7|95 A13t7] &) Fejsta A7 AA
A (Wilson, 1916). T3 19541 ~1963del+= P. lannesiana var. speciosa
(Oshima-zakura)®} P. subhirtella var. pendula (Edo-higan)& alujsto] Awo] QA



w7t BA eeAvt WUE(P. speciosa)®t BA SPHYUF(P. pendula f. ascendens)
Abolof A nwFE ¢l o] = HWFE(Izu peninsula)ol A 7] YelA v FAH3H o A7t
A 2 A= FAE A i (Takenaka, 1963).

3 AlFEY A GHUF(P. x nudiflora)= 190839 Taquet 2157} A5
stelabol Al 2 F sk th 1912130 Koehned Taquet A% A3 TES nigo=z p
yedoensis Matsumura var. nudiflora Koehne %S ™" 3}¢ th(Koehne, 1912). 1916
ol Nakaie ZA4H2AEH 5o FHUFEE P. yedoensis Matsumura®] ©]™H o
= A7t vh(Nakai, 1916). o] % A HlypFo} A @] ALwo] @A % Afo]ol A
wRstd 71y Fo AAol tigh =Ao] AVl HAG AFE A FHUYFe v
AN B T @A el Qe Aol A =S ERstHor FRsy] 93}
o] inter-simple sequence repeat (ISSR) #AlulA L} F =4 DNAS rmpll6 +AF vA
A B4 A7 ®HaEJATHRoh et al, 2007). 3 AA SulvpFo] R

As Wy e AHHURE 245 RAE SHYUFEA ST SR
A=A FA7F s€sida: HaHEHJATHRoh et al, 2007). A 2071 Conserved

Ortholog Sets (COS) Ak A ZE o] &3slo] AFLoA TH B HUFF 37
FHUT JAde fd4 25 2AR 23 A SHuT = B2 SHEUR(P.
pendula f. ascendens)?} H-A HUF(P. jamasakura)o| A nujE o] Fad Aoz
AE AT 53] ABA Fetol A ofA Fului-o] of 81%+« Fl1 &E 7leAol A
U A 19%= FA19] A el #7140 &

2 FAHAJAFCho et al, 2017). Wb AFE Fulvis A A5 oA

X

w A ool o7k o ulwl %

o\
o

o
ox
s

Tl T3 gAEoer ARET A GEuFeh 2] axwe] fdH 542
Hset, g AR mAE SYUFAAM fFAHA A vy 4 P
A FAE dAAA FdtHCho et al, 2014). Wk SEURo] AA {FHAAE S
soto] A RAR FAYE S5 vlastal, SAeH gulvie Vs 4T
T 9l Aotk

27t 5§ (self-incompatibility, SD2 3t o] A7prs WAshE FAZ

A RS FElA WA st s Aladolt), dASMAE FolA oF 60%= A7)
B3l Ala"e 2t e Ao FAHE G (Hiscock and Kues, 1999). A7} &3}

~
Ao = v $-AA] & 3FeHA (gametophytic self-incompatibility, GSI)¢} ¥Ex}A] &3} g4



' Tl
s
L ]

-

(sporophytic self-incompatibility, SSI) A]Z~8l o 2 1}Fo] At} GSISF SSIE 3% 4 o
2 A FHdE E3tsHd EA 9 single polymorphic locus (S)ol] 23] 2 A wHt).
GSI®l A-F, 33 =9 23Fdder FHo=HEH FHg vFAl(n) S-alleled
ol A SSIO| A%, FEe] Wyt ekme] ofuiAl(2n) S-alleled] o] =H¥
TH(Hiscock and Tabah, 2003). 7] #H(Rosaceae) = A7} =4S 137] Y3k Azl A
A fElE weAA A7 BEgd 24 fAAE 2ha uk(Fujii et al, 2016). 53
A= 277 dem oA Adszhes FA AA 8l wEAl 5ol4 F-box
protein (SFB)9} ¥4 A 22 S-locus ribonuclease (S-RNase) Aol %gto] ¢
3 GSI7} AA ¥} (Sassa et al, 2010; Vieira et al., 2008). whzbA A SElvpito
AL BAE FAsta avo] 8Alx BRI FARAE WEs sy 9
AA s =ol 7]He S-locus *+& 4 A7 skt

[e)
T
AFE e U AREY GAA ALe A5 BHsE s%ol

r]I.
Iy
>,
e
fo

itk A 20006 of 714t (Mayer et al, 1999)9} <17H(Venter et al.,
200D)°] A A7F sEE olg) H AA AFAbEo] v ATl dig FHAA =
ATFE S b v5 =y 2 A9 (National Institutes of Health)9] NCBI o] € Hl
ool A B FHA HolEZE sEH A olm=HYH vk 4D 2 FdA
AR 7 287153tk NCBI Genome (www.ncbi.nlm.nih.gov/genome) d] o] & H] o] 2~ o]
A1 200058 2018d7kA] 2 W M2 59 FAAY =H e Yy, 2AE
= QAR pFESte] 7 WEE Hu BAS & vh(Figure 1). & 355 Zof thdk
64170 A& FHdA Heole T A o 94" FdA= T 15170(23.6%), A
B oz S48 FHAE F 1170(183%)0lH, ~AEZEE o2 d4d 73
A= F 3137M(B82%)=A At A¥ 1 FFor e Ay Bud 28 gt
53] 2017 d =9k 2018l AAEE £H ME o5 WErF @A =g A
1

H Aol Ad el tig % HUF VS d54 e 1Y

fz

o

il

it 2o, GAAEE APstel A4 Fesk otk AABE SEe fAA Dol
U BEHE RS 4¥ fAA9 d5An 12AY S0 st G £

on gAF 29 FHEES o] o] o]H e Aols MeFy 9}

EI=II||:|-|15I-
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Figure 1. Frequency distribution of assembly levels for the genome sequences
reported in NCBI genome database.
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level (green), respectively.



st E T oF 80% = WE A T vt ddS HA 13 oY A2 Aew F
¥ (Meyers and Levin, 2006). 6871 #F& &3 4470 A=A Fd A4 7]} v
MEe vE ZEaAE 24 23 A5 744 277 SV s ks A
g P& 20% oo, e FAdA 27 S dE ks Ad Hleks Al

ol 7pA wl#E st F71sdth(Jiao and Schneeberger, 2017). A& fd 2] wh
MEL FAA a5 2He oA ste 8der ARHo gH(Claros et al,
2012). WAL FHA ol ol AAl FHA £ 7= (Next Generation
Sequencing, NGS)< ©]&3slo] A4t digFe] A< HolHE 7Masta AZst

A AAE S5 Ad FdE A =Y dargse] AEEAY. HaEAel £

Lo

e

i

7]

ey

-

A 2H daglFol= de bruijn graph (DBG) &
(OLC) &€xgFo] At DBG €185 OLC ¢

Wgel thEth OLCE WEAde] FHHE BE 97 wE(ode)E 2sHA W

<3} overlap layout consensus

Fe B3 wEAde BaSHE

g
op)
D

= Kmer (substrings of length K) Zo]l2 AZAF+= ¢ === 23t} OLC

© WA MEe T A dAYHE BRe =25 1ds] " dF2 3

AT mebd f94 29 A A0 FFY 49 19@ 9 OLC PHE o8
s 49 we ANIA longread HEE AHG3E Aol AFae, DBG ¢ =

< AW A9 short read ME=S A&t Aol AEsta dHA JvkLi et al,

FAA 29 dugE5E AFEste] NGS AE2FE FdA4 AqJAERE Al4she
Zeafows ALLPATH-LG ©l4+d, Celera ol &2], FALCON oj4&e 5o
Atk Z+ ZzaPel EAHL vy #Zrh ALLPATH-LG 9A1E-2(Gnerre et al,
2011)+= Eulerian de Bruijjn graph <1gl&S 7|Hto g AA FH1A4 ZHS 3
NGS Mde o/ F4S 33 & ZE short read A EolA Kmer kol 333t

do] & st read MEE AW Ee A2 AERE FeUh

Kmer A€ol THsteE AA T F 7] ooz d24dE 4%

b
[t
o
=
o
=)
e}
=y
=
X
Iz
o
ft

7} 9l unipath F 2 A A3t} Unipath A2 Ad g Eo] =& AL FA38}
2

o] seed® A3, 10 kb ©]3F Wol|l A short read ALy} dAA UA <



unipath 4 2% A% th 45 AZAH = unipath A2l & AEE o]&3te] 4
A 23S Fdste] Y2 AEdH} 2AZE AdS A o
Celera oA £ (Miller et al,, 2008)= OLC ¥¢xgl&E o] &3 NI FH AA4S
T35t M2 Y& NGS A4S &3 hybrid 44 =d Z234E At NGS
read?] AWMIAE F7FHA717] #1381 overlap-based trimming #A4 S F33}H, read
=3 HAZNA FEgEA A= seedES A3 anchors and overlaps A& 423
gty M do]l M2 FHE = =29 read®] Y% Eo] dAete= Add T3 dHolHQ
multigraph 2 3ol A best overlap graph I A3 THIAAHAA HMEES stz A4
FagTh T A HHEA
A HZFoHA wxE= ARE 957 919 heuristics ¢alelFE o€t WAk
< 83l unitig splitting A4S st AEHIT 2§, 2AZE X9, ¥ A4
9] consensus A¥ FAA L hybrid 29 HAHA EWE =34 §lo] Celera o] Zz}<l

2 B3 WY AL F 3

=

Al 7]+ graphE A ®l3}+= unitig construction ¥4 S

FALCON oA E-2]+= PacBio9 long read M €8S Z Y3t 213 olt}. Daligner
ZZ2aHS o] &3te] PacBio A goll EAStE &7 AEES nAST AHE A Gof A
olFHYA SNP HHE X33 consensus A1ES s AAAEHE =
A olfA] A AY haplotype phasing AEE 23 E3dtslo] Alg3ith *
M s AG BellA w2 olFAA gF Fa FxAQ Wol Pl x3d
haplotype fused ZAE|1Z Myers WHOoR Hstn AygHor AAYE string
graph R E o] &3] FHAE ZHITHChin et al, 2016). o] H F&=7}

Aol short read MA& A&t A FHAE £HS 4% AE AHKAde] d= A
E]77 A4g N50 Zol& 50 kbE W¥A HE3tth(Kajitani et al., 2014). ¥FH | long read A
< AH&skE FALCON oAl Eel+= of 71t F1 hybrid (Col-0 x CVI-0) A =

ol
9 Aol A N50 el 7.9 Mb 79 =HA LS A PcHChin et al, 2016). =T

b

olFHT I w=e FEY 2uE E=(Vitis vinifera cv, Cabernet Sauvignon) -fr

HAA =9 A% FALCON oAlEe2= No0 Zo] 23 Mb <9 ¢A4E =2

haplotigs 94 Z#39tHChin et al, 2016). W&t FALCON &ag]5S o] &3t

A G o] o]z wHje] o3 FAHE FHFEI =S FHAE Y}
w

[e)
o
o eIl e A

=

flo

| FAAE 5T 5+ s Ao® AtsdH



Jo =

A 2

= o oz
4 PR T 1
w poE o TR AR
. _ % T
o W xR R p mﬁ G
+~ ST = o 2 % B AT
wxﬂogmq@awﬂz P TR
0 ! N
%Waar%gyar.,uﬂ%wy
o o5 OB - X E e )
S ofp o TR = K 5 ©
=0 % = ur ° o EK oF g @oo o
WM g = ® T o KR K=o Is
@ o B ow o = P m.ﬂ ~ o
Y o w Hm o o LN "N X oy
T o= woR gy o= %0 O
[ o« T T TR E g e
ey 5 OF & =« N o 1+ L o o =
B e 5 ,LUT%JJ.
= W % 7 ooy ok X7
o= oo ow B o " o 4r ~+ W ok 0
N T s 5o X s
m ﬁL T = i MoOEK o My =
gmglvmuﬁﬂ%mx o om
w rJ i = o X ~ me_ — 5 X e
- F P S S 7 o
mmgﬂﬁ%a%%aﬂmﬂ
e wﬂoﬁemqgﬂﬁgmﬂow
o o a- o > K Ao o o iy
M Nfo oﬂm + ~ = I T ) w B
-~ O ;
wgigwmwg I A
= =~ B R G B N o=
o = = o o W ) B
Mo 9 = o oy = w% gt - JJM_ " mm " <
ﬂaﬁwg1ﬁ1 gxﬂ_sig
i%ﬂ%ﬁ%ﬂzmovﬂﬂﬁ%
woak T N ) =
%Tﬂﬁqw%mmﬁﬁmuﬁlx
N R T W o e BB
W ° o Mo T W 3h
P 2 T Zx =
—_ =y T - - Mo i)
= o N o < 3 o
Yo o = p o < R R
= ok - o X of Ry " ol %O
%) ,UI " s E! —_ H;.E ﬂ.ﬂ OL Erv
R R v
T O~ o T ()
= =

FA T

°©

=

v
ar



h

.
R
==

C

-

Al1d AT A=

L A= A=

7h AFE A SEUR Vld S 2dEs ey 2o

AT AA A 2ol AFEE AEAlEe AFE ABA HelA =717t
AAE 7dE HAA7|dE A 1595 2¥W A SGHU(P. x  nudiflora, Pxn)
Pxn-Jeju2E A}-&3FAtHFigure 2; Table 1). A HUSF Pxn-Jeju2et A A o] A
<dZF dEyE f4A4 vuE g A 1595 19H (Pxn-Jejul), 3H (Pxn-Jejuld)¥ A

T A% 7ldE Ab5lE 2 (Pxn-Jejud), AFA FEFA 7@ E A3 (Pxn-Jejub) &

=
Fouy 2w HaE A8 w=m A" = Aol 2Ax= Pxy-USI,

-

Pxy-US2¢ d¥E ZFHo| = AHo] @A % Pxy-JPl, Pxy-JP2E A& AZE ALE

FAC BACA FABAE vlusty] Y& EAZ FAS= WU (P. pendula
f. ascendens, Ppa) Ppa-1, Ppa-2, Ppa-3 283 FAZ FAHHE HYyFH(LP.

jamasakura var. jamasakura, Pjj) Pjj-1, Pj;-2, AFS(P. jamasakura var.

quelpaertensis, Pjq), 2FHUI(P. sargentii, Psa)E 2S5 2 AF&3F

A4 AR EF FAANA A4 B Y, 4 24 gol M fAL A5
A B4, A mAdA fd8 FAde wd 54S AT s Qw

(pistil), 2% (petal), Evl(berry),

T
)

(foliarbud), Z*i=(floral bud), 4<% (stamen), <

(leaf) 5 & 71 =25 AF 39 H(Figure 3).



Ty

Figure 2. Photographs of a Pxn-Jeju2 tree, the reference accession

nudiflora used in this study.

of wild P. x



St HX| O e

Table 1. Summary information of accessions in closely related Prunus taxa

Taxon Name Locality Voucher

P. x nudiflora Pxn-Jejul Korean National Monument 159, No. 1, Bongae-dong, Jeju, Korea 159-1

(wild P. x nudiflora) Pxn-Jeju2 Korean National Monument 159, No. 2, Bongae-dong, Jeju, Korea 159-2
Pxn-Jeju3 Korean National Monument 159, No. 3, Bongae-dong, Jeju, Korea 159-3
Pxn-Jeju4 Jeju Province Monument No. 51, Gwaneumsa Temple, Jeju, Korea 51-2

Pxn-Jejub Jeju Province Local Tangible Heritage No. 3, Odeung-dong, Jeju, Korea 128

P. x yedoensis Pxy-US1 Tidal Basin at the National Mall, Washington D.C., USA NA69513

(Yoshino cherry) Pxy-US2 Tidal Basin at the National Mall, Washington D.C., USA NA69515
Pxy-JP1 Koishikawa Botanical garden, Tokyo, Japan JKS2206
Pxy-JP2 Ueno park, Tokyo, Japan JKS2215

P. pendula f. ascendens Ppa-1 Harye-ri, Seogwipo-si, Jeju, Korea 60571
Ppa-2 Gwaneumsa Temple, Jeju, Korea Gachon-P2
Ppa-3 Bongae-dong, Jeju, Korea Gachon-P6

P. jamasakura var. jamasakura Pjj-1 Odeung-dong, Jeju, Korea 63375
Pjj-2 Odeung-dong, Jeju, Korea Gachon-P3

P. jamasakura var. quelpaertensis Pjq Ara 1-dong, Jeju, Korea 63437

P. sargentii Psa Odeung-dong, Jeju, Korea 63385
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Figure 3. Photographs of flowers (A and B), berries and leaves (C) of Pxn-Jeju2.
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1. Genomic DNA%} HAFA RNAS F= 9 Ald

a4

in)

7}. Short read A& A4S 913 DNA F= 2 A
Short read A€ AAHS 98] A GHUF 7] d & A1595 2¥ oAl ofdl o1& A
F st A (Figure 3C). #7214 DNA (gDNA)= 44 2AA= #A4 1+ o 225 CTAB

A

buffer® % IsopropanolE #7}ale] -20Ceol A 8AIZF Fot A HAA A gDNAS
343 tH(Khanuja et al. 1999; Murray and Thompson 1980). <=3+3 DNA
[lumina TruSeq DNA Sample Prep KitsE AFg&3}o] A4 DNA AdA do] 250
bp, 500 bpe] gleolB ey gl 2 A 2Fe}ar, Mlumina®] NextSeq, MiSeq 183 HiSeq X A
A ZAEFS AR AlFAAS Aok AdAe 5 3 3 d 9ol A NextSeqst HiSeq
X+ 150 bp, MiSeq& 300 bp Zo]& paired end (PE) A ¥< A48 th(Bentley et al.,

i

ZY Aqdo A gAE Eo]7] 98] Illumina Nextear Mate Pair Library Prepare
KitE AF&3to] AFdAl Zo] 3 kb, 5 kb, 10 kb, 15 kb, 20 kb #olE 2 E A 2351
ok A4 A DNA 53 3 29 bioting #°]il 93] AYAE EHste] Zepwlct. #
< fragment DNA % biotin®] £A|3}= AL Adsle] Zefxl 42 o o HE
= F-#3vh NextSeq# HiSeq X ZHEFS AR&ste] AYA dES 150 bp Hol&
mate paired end (MP) A|EAS 33t w3k AdA 2ol 40 kb Fosmid
g2 AzZstA ek pFosill vectore]l ILMN-F¢ ILMN-R Zglolw xgo] x3}+3k
Nb.BbvCI nick ¢1 el 40 kb A4 A= Ho] 552007 &8 s Th S1 nuclease
AFE-3e] nick $1AE ZEW i, HiSeq X ZHES A3t AdAl & 5 150 bp

Aolm AlE4 sttt

k)

o] Hv.

. Long read A4 A4S 913 F%3 A DNA % 2 A|E4

Long read A g A4S 98] A U 7|5 A159% 2/l A o]l & Al
# 3l tH(Figure 3C). gDNA 3% Wy -& 1182 % (high molecular weight) &% <
2 g5t tH(Zhang et al., 2012). Polysaccharide 5 long read A1 35 #3j

]
gds] AAsH] A dolM dFEAES FE=F F AEAS ZEstar GAlE A



gDNAZS FZ38}9th Long read A€ A4S PacBio RS ZHES A&t} A A
Aol= 20 kb 7= gelBH S AAsiAth AAA & 2ol hairpin o] HEE &l
single-molecule real-time (SMRT) cell ¢Foll DNA polymeraseES ©]&3lo] AYAES &
Ager. B-A HA-o| A zero-mode waveguide (ZMW)E ©]-8&3+e] DNA polymerase’} &
Aol Abg3li= ANTP 8% 35S 78 WY o= PacBio subread A18AS 33

o,

in)

o}, AAMA] RNA F5 2 A #4
A A Alge A GEUF 719 S Pxn-Jeju2el Al = (foliar bud), 2 (floral

bud), % (stamen), < (pistil), 2 A (petal), Ll (berry), Ueaf) 771 =2 33}

total RNAE F%3% % Illumina TruSeq
Stranded mRNA Sample Preparation KitE A}&3lo] mRNAE £2]3Ftt ¢cDNAE &
3ke] AFQA 2ol 250 bpsk 500 bpE 21E 2 O WEIE Ao} erolmelel & A4 g
t}. Illumina NextSeq¥} MiSeq = #ES AFE38o] Z+ZF 150 bp, 300 bp ZAolZ Al#
AE T3

_13_
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L ]
[ B &

2. AAMA A dlelH e 4 #

Z} Qi (foliarbud), Z+=(floral bud), % (stamen), & (pistil), 2 (petal), & ul
(berry), Q(eaf) 771 =2 ¥ Z mRNA-Seq Hlo|E oA AAA o HE 9} & AFx
s 2te Ads Zedla, vE 534 2 rRNA 59 299d AES ZHY st 9

~
3 Trimmomatic v0.32 (Bolger et al, 2014) T2 1S AL83Fo] AALA dlolE F2

& TPt 48 dolye 7zt 2 MY dHolHE AFEsith A E =7}
Se HEde 4 bp G E o] 77 Phred Score kol it 30 o3kl A$ A A3

o, A A FAFoM 4D Zolrt 36 bp ]3] short read AE L3 A AFA
a8a 29Y MEe AAs7] 8 bowtie2 v2.2.3 (Langmead and Salzberg, 2012)

Z2 S o] &3slo] BG4 A (GenBank accession: NC_026930)¢F rRNA A & uj

LI

3 ¥ short read A4S AASA

3. A ME dHelge F2 #g
. 7 A short read Hl°olg *=Z g
] Z A oA 250 bp2t 500 bp helB e AlAA dHolEolA Al@A o] HE 9} vt

7

-

HS

S AFEE e A AA 9 v §FH1A AES 2H¥ 7] 98] Trimmomatic
v0.32 ZEIS AMEstel F4 deoly FE3YE s A EF w2 A
Ao 4 bp G E o] F78 Phred Score #o]l Hir 20 o]&tel AE AAZY L, F
2w HAgola AE Aol7k 36 bp ©l8F short read A<D 3 AASATH AlA
A A F3E A AU (polymerase chain reaction) 9a] A & ¢ U= FH
X &4 (duplicate read)E A A3st7] ¢33 FastUnig vl.l (Xu et al, 2012) 22135 A}
ottt 2ela HE FAA MEds FEP67] 918 bowtie2 ZEIHS ]850

Gy =24 A d(GenBank accession: NC_026980)e] v} % short read A ¥ &

_14_
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.
L ]
[ B &

. %A Mate Paired End dlo]E o] =2 e

A Ao A A]FEA ® 3 kb, 5 kb, 10 kb, 15 kb, 20 kb MP &to]H & 2] ¢} 40 kb
Fosmid end 2FolB & g] Al@ dlo]g el A AEA Nextera ol HEIS} S5 AEdS A
Ast7] $18] NextClip v1.3 (Leggett et al., 2014) X213 Al&3lo] FEAHE &
gttt FenHe= THAE AAE $13 remove duplicates FAS 4833t 40
kb Fosmid end Hl°]H = cloning vector ®l¥HE A A3sta, BWA v0.7.12 (Li and
Durbin, 2009) Z27I 35 o]&ste] 27 #FdA Mol mds= PE IS Adst

[ex]
s

t}. Long read PacBio RsIl H|o|g 9] #4 3g
5 S °o]83% PacBio RsI A1E74 dlo]El& SMRT
Portal +4 Z=Z IS Fa TSI A< (polymerase read)oll Al ol HE & #| A 3skaL,
3153 A B E(subread) A E & Zol7F 500 bp ©lak] AL A AT 27 al
PacBio subread A €& %23+ MinHash Alignment Process (MHAP) &1
g2 sk PBcR (Berlin et al., 2015) 2213 S AL83Fo] A|EA oF AES wASA

o,

dEA AAE AEA 7]

ey

4. AR GHluy 744 271 4

A 27 FALS AR E -

-

4
o2
o
e
5
wn
-
@]
=t
3
Q
0.
>
e
O
>~
>
ofo
ol
o
_g
H
~

Ao 9%t K-mer Hl%E & AAtstzl fsll Jellyfish v2.1.3 (Marcais and
Kingsford, 2011) Z=I19& ARESATE 4= vy g2 K g 172 4833
K-mer 3ol A o] &3 H(heterozygous)¥ &3 & (homozygous) FollA &3l
gsts v ghe AdEstel FdA 2715 FAS A FAA 2ol A2 BGIO
A AA e el mel K-mer W1X2] 815 3L Ciomer, Short read A E e Hit Aol L,
K-mer ¢t K & AR&38to] #dA 271 ] AWAA & craes AAFSIAAL, F2A
271 G & ALskr] el @A D 2ol F F npese b= AAFSEATHLI et al,
2010).
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c Ch— mer XL
moe T - K+1
G= N pase
Chase

.
UER Gl §34] Wol 24 9ld Figure 49 2 ¥4 Ae Fyam o
& Ay

RAFAl B A A4S short read AL AFEEA FAAE 2AT 7
$ 2y A A5 Bn AD Aot ge AdR 29HE 397 Ak o34

’d (heterozygosity)°o] =2 XA FHUF FAAE a7 218
ARkS ARE-ste] FALCON oA EHE & ettt =¥ A
de] AWHAE =ol7] 3 MP A<E# Fosmid end AES  AE3slS]
SOAPdenovo2 v2.04 (Luo et al., 2012) 2 OPERA-LG v2.0.6 (Gao et al, 2016) X%

Q.
[
3
o)
c
Q
2
k)
(lua
i)
il
S

a9 o 2ARE 2YS FARAT 2ARE 2Y Aol 3Y o] £
3, PBJelly v15.2.20 (English e

t al., 2012) X238 AFE3le] A
¥ PacBio subread A€ = F¥ 39S wASSI Y PacBio subread *

)

Y Mg A5 =¥ Y 9FE wAs 7] Y3 short read LS wjy =
Pilon v1.16 (Walker et al., 2014) =&

A4 gaURe] A% B9 oS WHE aboinitio FAR A, AAA AL

a9 Agetel 27 9L WYY

Q
=
2
e
(i
do
Y
B
ol
i)
rlo
eyl
=<
g
=]
(@)
(e
=
o
(@
@,
D
H
[l
<!
=
o)
Q
Q
w
Q
o,
[\
(@)
o
x
[H
fr
I
=
o
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Pachio RS [
Long reads

Illumina
Short reads

l_-b

p—b

Figure 4. The integrated analysis pipeline for the Pxn genome and the variome

De novo Assembly
[FALCON]

|

Scaffolding
[SOAPdenovo2]

|

Gap filling
[PBJelly]

|

Polish
[Pilon]

Accessions
*Pxn
* Pxy
+ Pj
*Psa

+Ppa

of Prunus species.

The analysis workflow was shown by arrows. The related software, data and

Repeat Analysis
[RepeatMasker,RepeatMoler,
LTR Finder]

Draft Assembly

!

Population analysis
[GATK]

ab initio gene prediction

—ﬁ BRAKERI1 }4—
—+ GlimmerHMM ]

SNAP

Transcript alignment

—ﬂ PASA

mRNA-seq
* Leaf
* Floral bud
* Folial bud
* Stamen
« Pistil
¢ Petal
* Berry

Cufflinks

— -~

Protein alignment

Consensus gene model
[EVidenceModeler]

analysis results in each step were indicated in boxes.
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6. A FHUF Pxn-Jeju2 AA FHA =¥

7}, PacBio RsI Hlo]H & o] &3 44 =4

a4 =¥ PacBio Rsll subread A 28-& AR&3le] FALCON ojAlEH=Z x4
sttt FALCON o &efel AFES 43 defvg= A Zol7F 12 kb o]l A
drkS AFE-3Fi= length_cutoff = 12000, A9 T 24 Al seed-read A<¥€ Zo]
length_cutoff_pr = 12000, A} =¥ A T 32 AN A oA seed-readE
g EE= Zgur] 9Yd AA falcon_sense option= ——output_multi —-min_idt 0.70
--min_cov 4 --local_match_count_threshold 2 --max_n_read 200 -—n_core 6, % 3
B A vt 9SS 193 ey AA overlap_filtering_setting = ——max_diff 100
——max_cov 150 ——min_cov 2 ——n_core 24 & X3t HAFHAAE A5 ML
(GenBank accession: NC_026980)% 7FH st A& 738 Ao Alg 2w
Ef=gof AEo NUCmer (Kurtz et al,, 2004) 2135 o] &3to] 29 IS A

%

date] 29 Aol vla] fAA Aol G AMIA A 50% o] &

L}. Mate Paired End H©|E] & o] &3 £ MY =AE= A%
FALCON o Ed=2 2HuA &2 84 449 AxHat7] 918 250 bpot 500
5 kb, 10 kb, 15 kb #e]H 2 2] MP short read
= AT 2AEZE FHA 2HLS SOAPdenovo? =130 A  finalFusion,
map, scaff &4 REs DAER AREslal, e E e K=23 ge d8sidt. =
& 20 kb MP, 40 kb Fosmid end Hlo|&}: OPERA-LG Zz13g o] &3l A

A AzHel AHE-s3A

t}. PacBio subread H|°|EHZE o] &3 AxH AE9
AAZE 29 Ao gl DS MP short read A go] v # glo]H g
Zol7} dredrlo] Fwl g At T IS A AFH] 98] PBlelly 213

S AFEEAT Y 277 wAE PacBio subread A 9SS AAZE FAA AL

o

[e]
ELII SR B T

w33 3st7] $& BLASR v1.3.1.142244 (Chaisson and Tesler, 2012) X 2135 AM-g3}
St} PBJelly 32}v|E]+= -minMatch 8 -minPctldentity 70 -bestn 1 —nCandidates

20 -maxScore -500 -nproc 30 -noSplitSubreadsS #8393t A1 HAHoA] Ful
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h

g9e AAsE support H}EHE Fk ——capturedOnly ——minMapq=2502 % &3} ]

2AEE 29 D Wel EAsts 9 99 Ads A

QF AMde] EATI o]

short read PE Hlo]E ¢ HE 9 /FZ A3 PacBio subread M EES wH3dte] A&

THS B8 29 oF AMES wAHEAY. Short read AL vfF L bowtie2 E 21

S o319, HErHY AL 7RSS 48359 Long read A ¥ BLASR
2 s o]t wigeda, v E 2 minPctSimilarity 90 #S 483+

BA
t}. Short read ¢ long read "i%3 dl°o]E 2l bam Y¢S Pilon 213 0]8351o]

%]

-

A& diploid, fix=bases,gaps< 2 &3} ).

A FAA =2 Aol wig w1 dgels e 29 oF MEE AU

7. Wk 9 non coding RNA <=
7}. RepeatMasker2} RepeatModelerE ©]-&
AR GRS A EAlekeE e A 4E

=o]7] €3] RepeatMasker v4.0.5 (Smit and Green, 1996)2} RepeatModeler v1.0.

ot
&3

249

12

o=

AZeta FAR dZe] JHEs

o

[o%e)

rlo

(Smit, 2008) 21L& o] g3le] WhE A A 2435130t} RepeatMasker ¥4 =

RepBase (Bao et al., 2015) ®WFE-AM A glo]lB g g do]HE % &3}o] RMBlast =&

M

AS F3 AsA = MEEAMES d359a, 20 HE -species viridiplantaeE
2839t RepeatModeler #41 Wi RECON v1.08 (Bao and Eddy, 2002)¥}
RepeatScout v1.0.5 (Price et al, 2005) T2 133} AEsle] WrEANHS de novo ©l

B\
ol

Far

]_

7)1Eo R wtE G Hd AR T

Q] = =

il

, wAgel AEA A58 R

e
Ol
32
=
M

A e gy 1A MEE RepeatModeler W BuildDatabase

2 AFE, —name Prunus —engine nchi 30| E S A &3le] RMBlast A<

il

[kl

M

TR
gojguo] 2z AAstdn. A<D HelHulolAE  dF  HIHE  AREshal

RepeatModeler #41& B3 ¥ AMdz dd¥d wEAdS AT, vhEA 2
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BHEE -lib 24 A A3 RepeatMasker 418 =3 FdAd &A= de

novo ¥H&E M ES o &3

. LTR W54 4 3 ncRNA o=

LTR o552 LTR_FINDER v1.05 (Xu and Wang, 2007) Z=ZI13-& A}-83Fth
gebrE = 7| E23kd Hels A or AdE A w2 54
21 A3}oll A Primer Binding Site (PBS), Polypurine Tract (PPT)E 3tk 5'-LTR
oA 3'-LTR 7}A @4 HelA LTR $1# AEE F=3IAth

Non coding RNA (ncRNA)+ Infernal v1.1.2 (Nawrocki and Eddy, 2013) =71

Al
ftlo
)
oo

ol
ol
2
)
Mo

27} Rfam (Kalvari et al., 2018) ©lo]EjHlo]~E 53] cmscan TE21HS 3
o Z3FA T A2 -rfam¥ —nohmmonlyS 2 &3tA 0. #4] A3} A E-value #

0.01 ©]&¢] ncRNAE A3ttt

t}. MicroRNA o=

MicroRNA 995 o =317] 93] miRBase (Kozomara and Griffiths—Jones, 2014)
dlo] g Hl o] 29} MapMi v1.5.9 (Guerra-Assuncao and Enright, 2010) X213 & A&
3k th. MicroRNA A1 €2 miRBase dlo]EH| o] 20X Viridiplantae®l| 393t 7370
FTolA 84967 ANES 2= stk MapMi Z2 19S5 o] &3l miRNA AN ES

A AEel wigste] miRNAY precursor G 9S ¥3F3 miRNAS o =33t}

8
=
il
g1
(@)
Q
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Aste FAARES A4S GlimmerHMM 412 o 7140 24 getugHE 48
stal -f FAE ol&dte] A ORF7F EAleke= +dAwts A ekgitt. BRAKER]
29 = mRNA-Seq Hl°|HE TopHat2 v2.1.0 (Kim et al., 2013) X =Z13& o] &3}
AA A4 29 AL wHEFG L 2 E = —microexon—-searchsS 483130
. BRAKERI #4] 912 dlo]E= TopHat2 ¥4 A2 BAM 347} wEALS &
A= AgE AA FHdA =2H 0 A9d —softmasking wAS A &5k
AUGUSTUS v3.2.1 (Stanke et al, 2004) 7|9k &4 spo]zele] we} {2 24
= A3

AARAl HelHE o]&3 #dA 2d o

o2

i

A woel = Cufflinks v2.2.1
(Trapnell et al., 2010), Trinity v2.4.0 (Grabherr et al., 2011), PASA (Haas et al,
2003) Z2 1S o] g3ttt Cufflinks 41> BRAKER1 #2494 TopHat2¢] wj3
ARl accepted_hits.bam TH-E o] &3ste] 7] IFepuy kS A& A T Trinity

Ao E ZZHo mRNA-Seq HI°JHE AFE3993  -max_memory 100G,

B\
=

—jaccard_clip Zebn g S A 8310t PASA B4 A& 9= dlo]EE= Trinity
£ o]&st x=Hdd 9 AAA ALDFH, Cufflinks #2404 w8 BER=E FA4%
transcripts.gtf Hlo]E & AFESIETH 2Elal HA F1A AL =¥ AAA AL
w33 3st7] ¢33 GMAP (Wu and Watanabe, 2005), BLAT (Kent, 2002) 2~ 2135 A}
&3to] PASA 4] dolzelele)] we} {Fxx RdS o Skt

AF @A IS A FAA viBete] FHAE S5 Wl Exonerate
v2.2.0 (Slater and Birney, 2005) X 21S A& TE o) 71 & o (Arabidopsis
thaliana; Lamesch et al., 2012) 3538670, &% °H Prunus persica; The International
Peach Genome Initiative, 2013) 28,7027W, wlA (Prunus mume; Zhang et al., 2012)
31,3907, =] (Fragaria vesca; Shulaev et al, 2011) 34,8097} w1 XIS A}-&35}

of AAl Al MLl wig & @A Hd A= 70% ol =AM FaA 2l



45 At EVM &40 o] 2z A g B4 Adel g TheA=
ab-initio 1, ZAFA wlg 10, @92 wjsqd 59 gebv]y S 4 -8-3FA

EVM 45 &3 d5F9 a2 EdoA a@id qd& ALgste] =4 HRE
AAsAY. T4 AR FZA WH2 BLASTP (Altschul et al, 1990) == 138 A&
3tA3L E-value 1IE 71Eox At A4 A dolgue] 2= NCBIYA Al
&3l= NR9 RefSeq plant, InterPro, UniProt, #<o}, wja =7 AF(M. x
domestica; Velasco et al., 2010) L&) il of 7] ol A Al&dts @l zd IS o] &3
o AEd = FHAA FA ARE AW Y A 2d A A 4l
ORF7} &A413l= FAATS A8ear, 70% AMA ol IS agdss

A

7017k 100 bp ©13kel fA2 mele A9l skt

Au g FAANA TE e 9% LEERI FAA IEFs A6 9l
OrthoMCL v2.0 (Fischer et al, 2011) Z 27135 AFE3Act. 438 HolgH+=
Pxn-Jeju2 FxAF 41294709 Hgol 2870270, w4 31,3907M, Alel 436737, H=7]
34,8097H, At 63,5407H FrAAe] wuld M A ARESSITE Al AEE uElvlE
+ percentMatchCutoff=50, evalueExponentCutoff=E° & % €3} t}. OrthoMCL 2 ¥}
ANM &R AP A 7 NFE Theste] TN 8 e FdE

FAAE HEse

U, AA Az 2l A Gene Family 4]
Fulgtol A FA3 FHA 7T S ZE= Gene Family 1HS E487] 96|
PLAZA (Proost et al., 2015) dlo]gj®]o]2 Dicot 3.0 #4 ZA}o|A 131,1267] Gene

Family 75 dHlo]E S A3ttt 2t £ E Gene Family & £&) &= Fd#

M

N4 2 Gene Family 259 enrichment ©¥ 2 Zufol 1A Ay 58 AL83H
BLASTP 22798 E3] 31F 991,3257) wuld A do] sk A2 A A oo o]
25 A4 F E-value 1IE depalglola A4 Suivg old Aeled ds] AEA

242 Fgstgith. BLASTP 24 AstlA 454 22 31% #4949 33 544

_22_



9] Gene Family 71& AHXRE 7t&sta, A AU FHARd Asd e 42
o] Gene Family 13 7I+E A4St H1E7F =& Gene Family 715& 333t
uj A3k Ao tha] L3 Gene Family #4412 33ttt Y Gene Family &
ol 2k geivi Ssol, wiAd, Aol FHAF W7t fFelulstAl 2ol b A=A

Z-test A BAS AAEe] P-value #k 0.0001 7]5o]A] Gene FamilyS 4133t}

o U AR FAA A synteny A

A SR AAEE FAA MES 8 AAA dHE Ader] 8 S
o]
1

A (The International Peach Genome Initiative, 2013)5 7]
Ho® BAS TSt A delA synteny 99 s w47 HE AR G
oz gid Ay Bgol iz wd IS BLASTP Z=IdS o
43t E-value IE" 715l 354 £4& st S5 fdA9 A4 #%
AKX GFF 3, A S9yy 2AEF= AoA 2 #x BR GFF 94,
BLASTP Z¥Z 84 MCScanX toolkit (Wang et al., 2012) Z213& o] g3lo] =

Fob GAAY FA4 synteny DM AFehe A4 FUE FA4E AW

4
%2

off

)

t}. MCScanX 419+ match score=50, match size=5, gap penalty=-1 I}2}v|E =
Attt B3 A4 Feuy 2AEE IS NUCmer Z2IHE o83t 5%
ob Al wiBste] ARt Y9 EAFAT HEolb FAAAN #HAF synteny
Gy 2AEFE= Aol dXAst= FHS vl EAGe] 87 AMAC &Hsh=
pseudomolecule FEIZ WEE 514 AL FH1A FEE 2SI 2D Dot—plot
A4S Sl 87 AAA A wd
= Uel=A B4 =3 A
tol &
A1 BRE I MCScanX Z=19 3 2D Dot-plot #4138t synteny 9
Skt
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e
L ]

FEE ]

O

o}, AA FARANA Ks 4

dula & FAAY] skA 23 s AAsH] 98 fAA dEE el A
synonymous substitution rate (Ks) #41& 33ttt FAA synteny A A
T4 L FRAE AdEst] A8 Heol 2870270, v 31,3907H, AlE] 4367370, =
71 3480970, AFat 6354078 @ d M A AbEekslth. BLASTP Z2a3s ARE-3}o]
E-value 1E" 7]Fol Al 24 guivpol 2pA blut A4 guufol Hpol, 2}
A el A A e Alg], A uivel =] A ohulv et
Abate] et s £4e 38T MCScanX 4 A3l A 5444

S ClustalW v2.0 (Larkin et al., 2007) 22135

of
o
N

= &4
]
st A shlvh. B3 ddd FAA el CDS MEE 7hestal PAL2NAL
v14 (Suyama et al, 2006) X215 Al&3sle] T@ild A3 CDS A EollA codon
TS FdsA Ks @S Axs7l 98l codon A3E AHE3e] PAML v4.8
(Yang, 2007) Z=Z2 130X codeml & &3 Al4FsSd

¢

ol
ol
rir
oz
offt
do
2
X
2
=
w

S~
11147

o
ofo

u}. Diversification time 4

Ay 7] Abe FAs7] el A SHUS, Bgol, wid, A, Aria AL
o} @] gl JHY FI Medicago truncatula (Young et al., 2011)04] HE=%

FAAE AFESIA T OrthoMCL #4241 A3t A Wy single copy gene L
1608715 AW3elt. BLASTP 2 =219S o]g3ste] AME AW A 70% o],
E-value 1E" 7|22 M. truncatula S3#¢F 453k B84 2498 33819 276
7§ single copy gene 1S A1W¥3}3t}h Bayesian evolutionary #4S €3] BEAST
v1.7 (Drummond and Rambaut, 2007) =2 1#S AFE3Fch 92 dolE+= GTR +
[ + G X2 BEAUt <lE¥e]xs Abgstel 7heskslal, 24 dolE= Yule
speciation tree®} uncorrelated lognormal molecular clock model& A}-83Fe] BEAST
A0 A3t Pentapetalae 7] FAo AFE3F W (Moore et al, 2010)°0. =2
1009 R d Holl A 1079 d A7bA] vl Fx A aet T3] Fs 2449 7H
X383l crown ageE SHASFATE HESH 84.2~92.8W 7 W oA Fn| )
o] #3}A]7](crown age), 51.6~6529 Tk W@ Ho|A Wy o] BslA| 7)o we)l b o
2 EEE AEsdtt (Chin et al, 2014). A% g& Fetv B 27]Fe 10% 4=

ki
I
o
o
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= BEAS 20,000,000 HE 22 MCMC 4o A 833t} Tracer vl.b (Rambaut et
al, 2018)& o]&3ste] F ¥4 AH}E FHsta TreeAnnotator v1.5.4 (Drummond
and Rambaut, 2007)E ©]-&3}o] maximum clade credibility treeE 24 &t o™, 7

%9 FigTree v1.4.2 (Rambaut) Z213& o] &3to] 2459}

A Gyt dA FAAANA SAdF HuFEete] SNPe  Insertion/Deletion
(InDel) Wol& ®©Ast7] 98] WHol &4 JolZgels 53ty A4S 733

BWA index =213 ARE3lo] A ulvpy AA] {414 A <E-E index o] E H| o]

i

ojgjHlo] 2~ AMAo] 7 +AdF HYFHIZ short read A ES wlFstal SAM =
A8tk Picard SortSam Z 2135 o] 839 SORT_ORDER=coordinate 415
AGaf A SAM Fdo] A= o] 9+ short read "I A E A E3ITE Picard
MarkDuplicates Z 2188 o] &3}o] REMOVE_DUPLICATES=true %42 %8 3]4]
PCR duplicate 27 AES AAFYGT. GATK v3.7 (McKenna et al, 2010)
RealignerTargetCreator Z &2 18-S AL83sto] wjsg oA LS AQAAL & 1S
A3tk GATK IndelRealigner 2138 AFE3te] 2z} 7A@ = A &3 A
T+ J¥3ta consensusDeterminationModel=USE_READS #A4< 2 &3}o] ujj%
A F7F AEedt. AR EE BAM & BF 49 HolHE AMEse] GATK
HaplotypeCaller 2138 23] SNP¢ InDel = FEogn. AA A A ol A

ftlo
o2l
i1

o

e
o

F=% SNPY haplotype phaseg ZA3}7] €3l BEAGLE v4.0 (Browning and
Browning, 2007) ZE 1S o] &3] o F FHAATEE FAHA
ZAeE FA FAE FAAE AASI] &l FAA d9 WelM A HuF
T 27 S¥US short read A€ w3 7¥2lAE BEDTools v2.25 (Quinlan
nd Hall, 2010) 22135 o]g3te] A4S, phased SNP A& o] H-A H+=
EA A% dinlste] 2uf o] Hl&S zZte FAAE AEEsl. 22al SNP 4 A
BE BA3517] 98] SnpEff v4.3p (Cingolani et al., 2012) X2 13& o] 83fo] F3

A

i

A pxo] 4FE E 4 YE SNPS DS HA e,
TAF R HolA FABAE FA7] A8 SNP FAAF L o] g3l 74
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M

EAS Sy}, FAE EMo AFEE = MDS 72 VCFtools v4.2 (Danecek
@S o]&3ste] PLINK 32 dolH=Z s & PLINK (Purcell

et al,, 2011) =271
et al., 2007) Z213 A - genome, —cluster, -mds-plot 2 I}+2}0| 8 G %83}
AArredct g 2 E HuE<E SNP wWol A <9S MAFFT (Nakamura et al,
2018) Z2IHlE ol &3t ths FR& 8L, MEGA7 (Kumar et al, 2016) =

294 Maximum Likelihood (ML) ¢3gl5S o83t AleF 4 335+

TAF HuFoA FAEAE Z453A

=

11 A v dALA] 24

U Pxn-Jeju2é] o, £, =, =, 4
U el gdRke]l 22 5olA abs wE N
HHESlo] AJakgk mRNA-Seq Hlo]EE STAR v25.2b (Dobin et al, 2013) 213
S ol &st] AA FHAA ALl wFAT. A R2Y 99A AE GFF dolE
w3 A3 BAM Hlo|HE 7 AF&3Fe] HTSeq v0.6.0 (Anders et al., 2015) X271

|

AWS B A CDS ddoA wd kS FE3 Y. DESeq2 (Love et al., 2014)
Z2ade ol&ste] gl dE ZEstE TS A4S 2AERE Blush
P-value 0.05 ©]s} 7|+ 2 & A5 WA FHAAF A5

s HE FAA A 2+ AL 2A §HAE melust vH.4 (Scrucca et al.,
ean Y 2H A4S 53
st K /2 vrolzl 2 8928 Ul 25 2d fFHAe tis] DAVID (Huang da

et al,, 2009) ¥ Z=IHS o]&3to] GO enrichment #2412 333

[\
(@)
—
S
il
o
oo
ol
ol
2
2
i)
ot
~
i)
o
£
e
ol
ol
2
W
B

off

Zy 57 Ao A 2% W &= alternative splicing (AS) AAMA S EA1s17] ¢l
TopHat2 Z 213 o]&3te] {Fxz R 9% JR GFFS 34 AF&ste] A
44 MEe]l mRNA-Seq Hlo|HE vwjd st} Cuffllinks 2219 o] £3}o]
Az el o) mjHE AAAES AZHEAC. Cuffdiff v2.2.1 (Trapnell et al.,

2013) Z=ads ol&ste Am =AY As HdHs= HAAAE 24 sATH

off

Cuffdiff2 Z23= spliceR (Vitting-Seerup et al., 2014) Z 2135 AFE3t9] Exon
skipping/inclusion (ESI), Mutually exclusive exon (MEE), Mutliple exon

skipping/inclusion (MESI), Intron skipping/retention (ISI), Alternative 5° splice site
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(A5), Alternative 3’ splice site (A3), Alternative transcription start site (ATSS),
Alternative transcription terminating site (ATTS)Z F&#%+ AS 2d& s},
7y ZZ oA 253 A wHastE isoform AAMAE A ST
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A3F A7 2% H nF

A 1A AN AR
L A giuvy 44 sl= Ad

A GHUS Pxn-Jeju2d AA FAAE @Sty e 97 kel Bl s
NGS A #d & Fdste] Ad dHolgE Aitsta #2482 E S5 tHTable 2).

20 kb gte]B. 2 2]= PacBio RSTT E# %S AF&3sto] 24 Cellol A 187 Gb A E S
ke th. PacBio A <Eol= oF 11%~15% A= A¥A 27 Ade] AT
(Korlach). Wt A1Ad oJHEHE #A|A% & PBcR Z2IHS o]&sto o/ A4
< wAste 115 Gb AEE 7Heetddth. 4 #8E 53§ PacBio subread 442
o 8k A& U 257 Mb Zojol tiy] 449 X AW Ao &g},

A

29FE WURF FAA DY

to

500 bp ZelE &gl E= 300 bp PE A<¥ Zo]lZ Illumina MiSeq Z#EZ S Al&3l9]
% 336 Gb 4495 AAsE T} Phred Score Q20 #<S 7o 2 EAAEE 53510

Z 245 Gb A4EES 71FEAT. 250 bp EelE# = 150 bp PE A<¥E Zol=
NextSeq ZHEZ S AFE3to] & 381 Gb A4S A4F3FITE Phred Score Q20 <

Vo ® FARYE Fdct] T 284 Gb ALEE 7heekdth

3 kb, 5 kb, 10 kb, 15 kb gto]H & 2]+= 150 bp MP A€ Zeo]Z NextSeq =3
S AFE3Sto] 7 215 Gb, 236 Gb, 21.2 Gb, 235 GbE % 90 Gb A <€S A AT
PCR duplicate #|/ 2 Phred Score Q20 7|=o 2 A AT E F3P3o] 794 X AW
g X o dlFstE F 204 Gb LS 73

20 kb gtolB. ¥ 2= 150 bp MP A€ =2 HiSeq ZHES A8t F 437 Gb A
dS AAElA T PCR duplicate A7 2 Phred Score Q20 #< 7|02 ZAAYES
Fadste] 93X 7AW Aol Ft= F 24 Gb AEE 7HESEA

44 29 AHIAE =o]7] 8] 40 kb Fosmid #ho]lH 22l 55200 F & of A
% 101.6 Gbe] PE A E€S A4 Fosmid ol HEE AAS L Fd Aol v =X
%> AEs Y st A A9 558 Xel|l si@etes & 143 Gb AES 7HE

i

al.s
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Table 2. Statistics of genome sequence data of wild P. x nudiflora (Pxn-Jeju2) used in genome assembly

Raw data Filtered data
Platform Library Read number Total bases (bp) Coverage(X)? Read number Total bases (bp) Coverage(X)?
PacBio RSII 20 kb SMRThbell 1,960,335 18,769,924,156 73.0 1,739,058 11,549,004,047 44.9
Mlumina MiSeq 500 bp PE 112,113,886 33,682,954,486 131.1 100,751,904 24,578916,946 95.6
[lumina NextSeq 250 bp PE 252,294,608 38,096,485,808 148.2 202,181,044 28,444,220,254 110.7
3 kb MP 144,800,142 21,550,093,231 83.9 57,592,272 5,466,809,896 21.3
5 kb MP 159,465,808 23,660,690,862 92.1 57,727,120 5,467,614,507 21.3
10 kb MP 143,411,270 21,292,872,596 82.9 49,169,962 4,717,174,465 184
15 kb MP 156,596,064 23,541,425,8477 91.6 47,214,352 4,745,256,985 185
[lumina HiSeq 20 kb MP 289,433,366 43,704,438,266 170.0 23,730,240 2,396,234,365 9.3
40 kb Fosmid end
669,182,682 101,046,584,982 393.1 94,923,990 14,333,522,490 55.8
(55,200 clones)
Total 1,929,258,161 325,345,470,234 1,265.6 635,029,942 101,698,753,955 390.7

PE, paired end; MP, mate paired end.

Genome coverage was calculated with the haploid genome size of wild P. x nudiflora as 257 Mb.
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2. 29F HuyR G4 dls M4
TAEF WUEF A 34 Bol Folok 4L BHgnA AFE A
S gulivbrel A% BuR, d2elA AR Lwe] A I=rell A A3 @

Aol gA e AA FHAE AHd skt Table 3).

TAF U 500 bp FolEelE AlFske] Mlumina PE AlH/d& 3 38t3l
a1, PCR duplicate 171 2 Phred Score Q20 #< 7|Fo 2 93 FHAYE 53
st Pxn-Jejul, Pxn-Jeju3, Pxn-Jejud4, Pxn-Jejubel S5 470 A= Pxn-Jeju2
GHyFo] FHA o= A7) giv] 29.7X~39X AW A9 sdst= 84 Gb~10.8 Gb
Ao spzEatgt. v= A Pxy-USIT Pxy-US2, A% w=3:e] Pxy-JPl3}
Pxy-JP2 Zwo] QA%+ Pxn-Jeju2 A4 U FA9] o= =7] div] 336X
~121.9X A A #FstE 95 Gb~302 Gb AEE 7FFatATh SHUE, Wy
AL, APRUS = 242 Pxn-Jeju2 AR SEIUT Frd Al o] 75X ~30.8X AW Ao S
Fote 23 Gb~85 Gb A EE 7hEetdrt ol AdE Tt A ST
Pxn-Jeju2E AQlg AA 1671 BufF-FelA F284E s3] & 1587 Gb A<
HolHE 7Ha3k3

Y
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Table 3. Summary of accessions and Illumina short-read data used in whole-genome resequencing analysis
T N Localit Vouch S . Bases Coverage
axon ame ocali oucher equencing
Y (Gb) (X)
P. dj Pxn-Jejul K National M t 159, No. 1, B ~-dong, .
.X nudiflora A xn-Jeju c?rean ational Monumen o ongae-dong 159-1 HiSeq 4000 8.4 997
(wild P. x nudiflora) Jeju, Korea
Pxn-Jeju2 K National M t 159, No. 2, B ~-dong, NextSeq,
xn-Jeju c?rean ational Monumen o ongae-dong 159-2 5 q £3.0 206.3
Jeju, Korea MiSeq
Pxn-Jeju3 Korean National Monument 159, No. 3, Bongae-dong, )
) 159-3 NextSeq 10.8 39.0
Jeju, Korea
Pxn-Jeju4 Jeju Province Monument No. 51, Gwaneumsa Temple, .
) 51-2 HiSeq 4000 8.6 30.8
Jeju, Korea
Pxn-Jejub ju Provi Local T ible Herit No. 3,
xn-Jejub Jeju Province o?a angible Heritage No 198 NextSeq 101 %67
Odeung-dong, Jeju, Korea
P. d A Pxy-US1  Tidal Basin at the National Mall, Washington D.C., .
X }.16 oensis Xy 1‘a asin at the National Ma ashington NAGO5L3 HiSeq 2500 9.9 579
(Yoshino cherry) USA
Pxy-US2 Tidal Basin at the National Mall, Washington D.C., .
. NA69515 HiSeq 2500 95 336
USA
Pxy-JP1 Koishikawa Botanical garden, Tokyo, Japan JKS2206 HiSeq X Ten 29.2 109.6
Pxy-JP2 Ueno park, Tokyo, Japan JKS2215 HiSeq X Ten 30.2 121.9
P. pendula f. ascendens Ppa-1 Harye-11, Seogwipo-si, Jeju, Korea 60571 HiSeq 4000 85 30.8
Ppa—2 Gwaneumsa Temple, Jeju, Korea Gachon-P2  MiSeq 2.3 75
Ppa-3 Bongae-dong, Jeju, Korea Gachon-P6 MiSeq 39 15.1
P. jamasakura var. jamasakura Pij-1 Odeung-dong, Jeju, Korea 63375 HiSeq 4000 84 28.6
Pij-2 Odeung-dong, Jeju, Korea Gachon-P3  MiSeq 29 75
P. jamasakura var. quelpaertensis Pjq Ara 1-dong, Jeju, Korea 63437 HiSeq 4000 7 24.0
P. sargentii Psa Odeung-dong, Jeju, Korea 63385 HiSeq 4000 8.3 285
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Ay iy Bligy ) SHuR ARS) ARy = & 871 A8 AICn = 2x =
FAFSFCHKIm et al.,
2012). AH SEluR FAdA4 2715 FAs7] 8 AL 2 §F AR =
2 short read 250 bp #tolEelg] 284 Gb PE HlolH & A& =5
A Ay §-44 27 FA4L Jellyfish v2.1.3 (Marcais and Kingsford, 2011)
2SS o] 83819 short read €S 17 bp ZolE Yo (K=17mer), K-mer A&
o] M2 FEHEE K-mer ¥ M5 (X=)9 )

(V%) ke AN sxEade 2
At A (Figure 5). 22 23 K-mer +¥+& ©|3

AdE vedes F ) a3z
ol A th o] A FH(heterozygous) MG - EE 488152 K-mer A€ 4,073,5227] o A
A HA AHS et 5383 (homozygous) A ¥+ 9|42 K-mer A ¥
1,938,1187} ol A HA Ade Uebith 88 Ad o

AA= #FFhybrid) &= FRAEAT. FFJF A A9 &
Al(haploid) F3 A Z7]& 257 Mb® FAIACH, o|FHE
ARANAY EE e ARESte] oluAl(diploid) A 27]1= 5

K-mer #¥ B4 oz FAHHE FH44 =Z7]+= flow cytometry assay 23S F3 Hi
7o} AR TE Flow cytometry #41o] wrEZw st nucleotide 9] H3F F
023x10Y o]¥, DNAY 1 pg < 0.978x10° bpoll &l &3tk (Dolezel et al., 2003).
FBlu-2] DNA content (10)= 0.29 pg °l™ 978 Mb de]& #H3tal FxA] A7

= 284 Mb = FA4 =3 H(Baek et al., 2018).

i,
b
B

X
i
—
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50

x 100,000

Flow cytometry K-mer (17)
DNA content (1C) 0.29pg
Estimated genome size (n) 284 Mb! 257 Mb
40 !Genome size = 978 Mb x DNA content (pg)

30

Frequency

20

0 20 40 60 80 100 120 140 160 180 200
Depth

Figure 5. Estimation of the genome size of Pxn-Jeju2 based on K-mer
analysis.

The graph represents the volume of K-17mer (Y-axis) plotted against the
frequency at which it occurs (X-axis). The gray and black peaks correspond to
heterozygous and homozygous reads, respectively. The upper right shows the
estimated haploid genome size based on the homozygous K-mer peak as well

as flow cytometry analysis.
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A iy JfAleE Aol g A% JRACIAM &= Pxn-Jeju2 FEBIUFAE o] F A
st EAol yElYE=A K-mer X5 #4339t Pxn-Jejul, Pxn-Jeju3,
Pxn-Jejud, Pxn-Jejub AHA L yF9} Pxy-US1, Pxy-US2, Pxy-JP1, Pxy-JP2 A
o] aAlwe] FHAA A7) FAHL Jellyfish Z2 1S A8t} Illumina short read
MES K-mer 175 A&38to] A= 7= K-mer MY 7I5(X5)9F wi(YS) &
S A sl A~Ea9S ZAA s tH(Figure 6). A SE U A9 Avo] QA x
MAES Kmer ¥+ EF o|FH{FES Hetdlle= F 7MY d=az2 vrolxid. 4

248 Mb~282 Mb W= Pxn-Jeju2¢} wl-$- FAFsE 2712 ALk

(Table 4). 343 ] o|IFHFT FX= oF 202 A GHUF QAL &

o] g% AAY] FAAE BF #FE(hybrid &= A ATE. wets K-mer &3
a2

Hlo] A xE= EulA (homoploid) #2 %A

d

o
22
o

il
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Figure 6. K-mer plots of wild P. x nudiflora (Pxn) and ‘Yoshino cherry’ (Pxy)
accessions.
The volumes of Illumina K-mer (K=17 mer, Y axes) are plotted against the
frequency where they occur (X axes). Gray line, heterozygous peak; black line,

homozygous peak.

- 36 -



Table 4. Estimated genome size of wild P. x nudiflora (Pxn) and ‘Yoshino cherry’

(Pxy) accessions

Depth Genome Size
Taxon
Heterozygous Homozygous Heterozygous Homozygous
Pxn-Jejul 13 26 564,205,380 282,102,690
Pxn-Jeju3 17 34 554,511,832 277,255,916
Pxn-Jejud 13 27 582,697,410 280,558,012
Pxn-Jejub 16 32 549,460,939 274,730,469
Pxy-US1 16 31 518,105,164 267,409,117
Pxy-US2 15 28 525,770,960 281,663,014
Pxy-JP1 48 98 544,611,285 266,748,384
Pxy-JP2 53 109 511,102,369 248,517,666
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= 4 9l Bk oyt A E =& fold change #S 48 4 AvHLi et al,
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Table 5. Statistics of transcriptome sequence data of wild P. x nudiflora (Pxn-Jeju2)

used in this study

Raw data Filtered data
Tissue  Replicate Hlumina Read Total Bases Read Total Bases
Platform number (bp) number (bp)

Leaf 1 NextSeq 32,847,784  2,496,431,584 17,921,878 1,293,561,345
2 NextSeq 34,186,814  2,598,197,864 19,200,738  1,392,808,613

3 MiSeq 12,401,916  3,246,484,042 7532974 1,442,110,068

Petal 1 NextSeq 30,489,072  2,317,169,472 16,543,796  1,196,620,785
2 NextSeq 27271,844  2,072,660,144 11,885,078 855,713,305

3 MiSeq 14,074,138  3,742,118,404 8,709,350  1,683,595,272

Pistil 1 NextSeq 27938,988  2,123,363,088 15,052,332 1,088,938,243
2 NextSeq 31,109,160  2,364,296,160 16,676,224  1,202,309,049

3 MiSeq 13,692,674  3,950,924,684 8,761,358  1,913,564,090

Stamen 1 NextSeq 30,035,180  2,282,673,680 16,623532  1,201,110,047
2 NextSeq 30,198,690  2,295,100,440 15,044,868  1,083,491,530

3 MiSeq 15,056,954  3,913,135,104 9,696,594  1,872,727,978

Berry 1 NextSeq 30,143,606  2,290,914,056 16,326,446  1,178548,167
2 NextSeq 32,621,716 2,479,254,976 18,106,088  1,310,520,863

3 MiSeq 13,363,880  3,597,437,214 8,559,936  1,713,881,345

Floral bud 1 MiSeq 12,563,728  3,334,081,569 8,122,410  1,594,467,047
Foliar bud 1 MiSeq 14,154,026 3,765,756,124 8,902,212  1,744,893,795
Total 402,150,230 48,869,998,605 223,665,814  23,768,861,542
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Fao =29 A3 2AEZ= ME 75 F 318571, N50
Zo] 1989 kbE FAH F 3237 Mbe %9 A4dS A4 A tHTable 6).
AT 29 2= Hx9o Ay o Hld 151671 Aol F7F 2HEHA L,

g% WAl A A7)
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NBO 2ol 745 kb Z7batdAnt. AAl 28 A9 Aol
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Mb2A 24 wa) o] v 11%% Easts olddd f44 NI astn
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s
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UElstH(Table 7).

_40_



Table 6. Summary statistics of the draft genome assembly of wild P. x nudiflora

Contig Scaffold
Length (bp) Number Length (bp) Number

N90 38,284 2,435 54,586 1,700
N80 59,290 1,770 88,524 1,239
N70 81,939 1,312 124,582 934
N60 106,386 973 158,837 702
N50 132,585 706 198,954 519
Longest 773,088 960,226

Overall (>1 kb) 318,739,121 4,292 323,781,369 3,185
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Table 7. Evaluation of gene space coverage of the wild P. X nudiflora genome using transcriptome unigenes

>50%(50% ~100%) of a >90%(90% ~100%) of a
Unigene length cutoff Total number Total match number Me:;})led sequence covered by a scaffold sequence covered by a scaffold
’ Number Percent (%) Num6ber Percent (%)
All 84,378 78,675 93.2 76,356 90.5 71,571 34.8
Length > 300 bp 74,463 69,507 93.3 67,370 90.5 63,142 34.8
Length > 500 bp 57,815 54,434 94.2 52,637 91.0 49,156 85.0
Length > 1,000 bp 35,552 33,782 95.0 32,474 91.3 30,268 85.1
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9 o9 OLC dauglss A8&3t Celera oA+=¢, DBG ¢iglss 4
ALLPATH-LG oAl &2l & AR&sto]l dAl F4A 29 ZAiolr =S vl 4
st tH(Table 8). ALLPATH-LG oJAlEd & o]l&3 AA -4 ZdHol+= Ilumina
short read A1 4-& A3 th Celera oA EHE ©] &3 hybrid W2ae] dA] 44
Z Yol Illlumina short read MG A|EA 7 A ge] wH¥ PacBio subread A

dS ARSI T 8 dlolH PacBio subread 2 A &2 Celera oA EHANA A%
st AA wA A9 T 28X sidete & g 459470, F 2ol 125 Mb, N50 Z ]
26,685 bp= 7HE 11 ML AR&stith. ALLPATH-LG ol &2 & ARE3 dA
AA =9 AyolAy AE 2 F Aas 1727971, AE 1 F dol= 410,681,986 bp,
NS0 A& Zoli= 50,284 bpsitt. Celera oA EHE A& AA F4A Ao A
HI1 F /N9 29,03371, HE 1 F Aol 199,357,221 bp, N50 A& 4ol= 9,064 bp
Aok =9 AL ANYAE vt Ay FAE A vy wkEA 257 Mb 27
el ALLPATH-LG ¥ A <d-e 169 ¢]n, FALCON HH 1 A< Et} °F 91 Mb
g #2 Ado] =HHAY. Celera TEZL AL AWEA= FAE A4 SHUYH
REFEA] 257 Mb 271 oiH] 0.89 o], FALCON ZIE]=z ARl oF 119 Mb A Al A
do] ZHHAGY. ZAEHT NSO #eo]E #vlwg Ay FALCON ZE I N5O #Hol&=
132585 bp & 7F& ZAA ¥ ¥ ALLPATH-LGS Celeradl A N50 Z o] 100
kbE dx Zshslal, N50~N90l A FALCON it Zo] divH] ALLPATH-LG= 27
H) Celera & 13.2¥] &2 dolE H

AE 2 Y AdAAS v BA4387] Y8 NUCmer Z13E AL&3te] FALCON

[o

AE L 29 A9S Fx A9 3o ALLPATH-LG® Celera AE 1 AES A3
H) w3t ek(Table 9). FALCON #E L M Eol] dxs+= ALLPATH-LG HEZL A5
= AAS 98.6%° sTFste= 17,0374, dAEA ¥ HEIL JiFe 24270 o,
Celera A€ N5 AA9 98.3%0 slFats 2859270, AA8HA] ¥ AE 2 A<
© 50470dth. ALLPATH-LG #E]1 A4S FALCON e =9 A4 Aol
318,739,121 bpe] 96.7%¢°l &l Z3a= 308168923 bp AE L A do] FHHAx, °F 10
Mb A do]l dx8tA] ¢koktt. Celera 1E]1 A4S FALCON ZE]L A de 78.3%
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Table 8. Comparison of the genome assembly statistics between OLC- and DBG-based

genome assemblers

) FALCON ALLPATH-LG Celera

Contig Length (bp) Number Length (bp) Number Length (bp) Number
N90 38,284 2,435 13,276 8,448 3,478 20,542
N80 59,290 1,770 22,461 6,100 4,769 15,679
N70 81,939 1,312 31,379 4,561 6,030 11,964
N60 106,886 973 40,386 3,408 7,439 8,988
N50 132,585 706 50,284 2,493 9,064 6,505

Longest 773,088 356,966 296,475

Overall 318,739,121 4,292 410,681,986 17,279 199,357,221 29,033
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Table 9. Summary statistics of sequence coverage between OLC- and DBG-based

genome assembly

FALCON ALLPATH-LG FALCON Celera

Total Sequences 4292 17,279 4292 29,033
Aligned Sequences 4197 17,037 4239 28,529
Unaligned Sequences 95 242 53 504
Total Bases 318,739,121 410,681,986 318,739,121 199,357,221
Aligned Bases 308,168,923 363,830,711 249,689,341 181,774,180
Unaligned Bases 10,570,198 46,851,275 69,049,780 17,583,041
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Table 10. Summary of repetitive sequences identified in the draft genome of wild P. x nudiflora

Class Family Count Base (bp) Percent

DNA 22,801 4,410,071 1.38%
CMC-Chapaev 56 30,022 0.01%

CMC-EnSpm 27,007 17,039,933 5.34%

Dada 482 139,616 0.04%

Kolobok-Hydra 113 55,814 0.02%

Maverick 1,505 224,467 0.07%

MuLE-MuDR 25,340 8,962,262 2.81%

Novosib 46 3,206 0.00%

P 2 284 0.00%

PIF-Harbinger 13,277 4,700,780 1.47%

PIF-ISL2EU 107 14,127 0.00%

Sola 400 53,558 0.02%

TcMar 553 93,661 0.03%

TcMar-Stowaway 19 888 0.00%

TcMar-Tigger 74 35,001 0.01%

hAT 262 93,134 0.03%

hAT-Ac 11,833 3,699,185 1.16%

hAT-Charlie 1,112 186,134 0.06%

hAT-Tagl 17,582 4,075,560 1.28%

hAT-Tipl00 15,894 3,739,543 1.17%

Total of DNA Repeats 138,465 47,557,246 14.90%
LINE 1 70 0.00%
DRE 41 15,976 0.01%

Jockey 1,264 171,243 0.05%

L1 10,718 5,013,156 1.57%

L1-Txl 264 76,471 0.02%

L2 133 24,774 0.01%

Penelope 78 18,711 0.01%

R1 391 96,986 0.03%

R2 3 149 0.00%

RTE-BovB 2,927 646,513 0.20%

RTE-X 5 609 0.00%

Tadl 211 37,392 0.01%

Total of LINE Repeats 16,036 6,102,050 1.91%
LTR 7,233 1,484,242 0.46%
Caulimovirus 1,746 2,212,239 0.69%

Copia 34,740 26,429,739 8.28%

DIRS 1 50 0.00%

ERV1 1,668 372,996 0.12%

ERVK 278 171,658 0.05%

Gypsy 56,260 41,886,435 13.12%

Pao 174 53,212 0.02%

Total of LTR Repeats 102,100 72,610,571 22.75%
SINE 554 90,328 0.03%
B2 2,302 170,956 0.05%

D 800 51,059 0.02%

RTE 2 189 0.00%

U 69 15,456 0.00%

tRNA 3,879 350,258 0.11%

tRNA-RTE 586 111,372 0.03%

Total of SINE Repeats 8,192 789,618 0.25%
Other Composite 2 271 0.00%
RC Helitron 7,676 3,776,126 1.18%
Retroposon 1 53 0.00%
Low complexity 30,917 1,596,229 0.50%
Satellite 935 207,391 0.06%
Simple repeat 137,962 5,850,463 1.83%
rRNA 788 2,258,476 0.71%
snRNA 164 46,313 0.01%
Unknown 137,998 38,858,329 12.17%
Total of RepeatMasker and RepeatModeler 581,236 179,653,636 56.28%
Total of LTR_Finder 3,990 34,797,344 10.90%
Total of miRBase 419 44,761 0.01%
Total non-redundant repeat 320,765 150,775,941 47.23%
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Table 11. Statistics of gene models predicted from the draft genome of wild P. x nudiflora

Tools Gene Model Total gene count Average gene Average exon Average intron Exon per
length (bp) length (bp) length (bp) gene count
GlimmerHMM Arabidopsis thaliana 39,466 1,951 225 371 39
SNAP Arabidopsis thaliana 55,840 1,285 200 244 3.4
BRAKER1 mRNA-seq 76,157 1,844 277 349 3.5
Exonerate Prunus mume 40,439 3,685 254 77 4.3
Prunus persica 37,543 3,975 242 717 49
Arabidopsis thaliana 5,852 3,113 201 486 5.2
Fragaria vesca 10,147 3,866 235 635 5.2
Cufflinks mRNA-seq 46,237 3,138 339 433 4.6
PASA mRNA-seq 119,754 3,030 375 536 3.9
EVM consensus 41,294 2,154 220 362 4.3
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Table 12. Annotation statistics of the wild P. x nudiflora gene set

Database type

Number genes

Percent (%)

A. thaliana gene models 28,020 67.9
P. mume gene models 34,692 84.0
P. persica gene models 32,729 79.3
F. vesca gene models 31,516 76.3
M. x domestica gene models 31,572 76.5
RefSeq Plant 34,807 4.3
NCBI NR 34,790 84.2
Uniprot 22,047 53.4
InterPro 30,930 74.9
mRNA-seq reads of Pxn 33,802 81.9
Known 37,444 90.7
Unknown 1,781 4.3
Hypothetical 2,069 5.0
Total 41,294 100

_52_



18t tH(Table 13). Hsobst A2, wj4

2] 38.1%°]™, =t

} The International Peach Genome Initiative (2013), Shirasawa
A

H] &2 B o) 38.7%, wia 30.0%,
e 12~16812 & Z}o|7}

(2017), 18] 31 Zhang

=
o

[e=]
=

=

o

I

—

Nl

_&O

[e=]
=

1
41,2947 24 v

B

ks

e Eat

-
R

Aol

<

AAY G g 1.2~1.9910], RNA TE

A4 gy gu) 13~1.6 3tk A4
A AR 2 QS gy 134, 2S5l §A42 2l A5 g 152 o229 534

A A5t ggront, Ag FAd mae] 09 i Atk A4 gk

Iz

e

= At A

==
=

2,154 bpel™ FAA] Hl&] #H> A= dol2 Qs Prunus

-

R

A7 Aol

my
K

o
T
M

n-

oK
20

ol
ToR

Mo
o

76 kbe} uj

Ex
==

2po) 7 o™ Prunus

_53_



Table 13. Comparison of repetitive sequences and annotated protein—coding genes in the draft assemblies of four Prunus genomes

-

' Tl
-
=

[

2 X O

Genome Characteristics P. x nudiflora P. avium P. mume P. persica
Draft sequences Size (Mb) 318.7 272.4 237.2 227.2
Repetitive sequences No. RNA genes?® 2,187 729 1,541 1,243
DNA TE (Mb) 47.6 26.5 25.5 38.7
RNA TE (Mb) 79.5 56.4 49.9 62.6
Simple repeats (Mb) 5.9 53 4.2 41
Other repeats (Mb) 5.6 3.9 3.3 2.7
Total non-redundant bases (Mb) 150.8 103.9 71.1 38
Protein coding genes Total number 41,294 43,673 31,390 27,864
Avr. gene size (bp) 2,154 2,294 2,514 2,607
No. exons per gene 4.3 3.6 4.6 51
Avr. exon size (bp) 220 248 249 243
Avr. intron size (bp) 362 417 330 317
Avr. gene density (kb/gene) 7.7 6.2 76 8.2

Statistics for P. avium, P. mume, and P. persica are based on Shirasawa et al. (2017), Zhang et al. (2012), and The International Peach

Genome Initiative (2013), respectively, and repetitive sequences were recalculated using the same criterion used to annotate the P. x nudiflora

genome.

aSequences encoding rRNA, tRNA, and miRNA were considered.
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P x nudiflora

. P, persica
P avium P

P mume Malus x domestica

Fragaria vesca

Figure 7. Venn diagram showing the unique and shared gene families between
six sequenced genomes of the Rosaceae family.

The number of gene families and genes (in bracket) for each group are shown.
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GOLO009506 plasmodesma
GO000587 microtubule

GO0022625 evtosolic large ribosomal subunit _
-
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GO0005694 clhromosoime

GOG045298 tubulin conplex

GO:0048300 signal recognition particle
GO0003524 ATP binding

GGR0005515 protein binding

GO0004674 protein serine/threomne kinage activity

GO 0016737 pangterase activity, transferrmg gly cosyl groups
GOO005525 GTP binding

GOR0003729 mRNA binding

3010003924 GTPaseachivity

GO0030247 polysaccharidebinding

GO:0008026 ATP-dependent helicaze activity

GO 0003200 structural constituent of cyvtoskeleton
GOrO0167 38 cellulose synthase activity

G001 6760 celhwlose synthase (UDP-forming) activity

GOMF

Figure 8. Histogram showing the enriched GO functional category of unique
genes in the wild P. X nudiflora genome.
Colored bars represent functional categories of Biological Process (BP, blue),

Cellular Component (CC, red), and Molecular Function (MF, green).
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2. A AEEd A FHEYFAA FHx sfde v F4

S92y Mo Tribe-MCL ¢i1e8]5S A83 PLAZA HolHHo] 29 542
Pfam d|o]El#o] 29} Prosite Hlo|E #|o] 2o X AFst= iz EwQl &4 wHo
2 ANEA Fe a4 ghEYE 253 F F Ja AE TN AlSEA A
stA FdA 7 Aol Jhsdt fdA didey JEE AF gt (Martinez, 2011). ©]
of we}, PLAZA Dicot v3.0 Ho|Eluo]zeA AFst= BEsol A #dey 18
ARt FAA MFEE 83893, PLAZA Dicot v3.00l A4 A od Az o2 44

rob

= o= BLASTP Z2afS o]&sto] 2b fxxt sfjdefe A W=7}

AAE A7 A4 ADA 2 RolehArh Ztest BA BAL Fal A4 Sy
M 7k Bgol, wlal, AN o £E 0001 ol & 627) 1A AWE A
Stith(Table 14). ¥ol, Wi, Aelsh wastel 44 Fubrelsd 44 A%t
2 fAA AUIE F 40l A FRREAN A4 AFH AL f
Welt & 3G A8 FUnreld §A4E ol W 444 AU B

of, i, Ag Bt} Hit 388 Bokow olE T £3

0

Nl
o
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N
=
39_{1‘
>
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o
BN
i)
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= F4A2l Zinc finger (C2H2 type) transcription factor, Early Flowering 6 -7 A}
sfd 2] (Noh et al, 2004)2F 3 7] ddy Jiste #AAE FAA7E 2349

homeobox-leucine zipper family “L+5(Chew et al., 2013)°¢] o] 7] £3}%
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Table 14. Over— or under-represented gene families in the wild P. x nudiflora genome compared to the P. avium, P. mume, and P. persica genomes

Group ID Gene family Number of genes p value
PLAZA InterPro Pxn Pa Pm Pp PxnPa Pxn-Pm Pxn-Pp
HOMO3D000001 IPR002885 Pentatricopeptide repeat (PPR) superfamily protein 571 331 313 298 0.000 0.000 0.000
HOMO03D000002 TPR000504 NAC transcription factor 438 253 244 211 0.000 0.000 0.000
HOMO03D000119  TPR003311 AUXIN RESPONSE FACTOR 58 30 20 18 0.001 0.000 0.000
HOMO03D000113 IPR000330 SNF2/Brahma-type chromatin-remodeling protein 53 21 24 23 0.000 0.001 0.001
Homeodomain-containing transcription factor, FLOWERING
HOMO03D000194  TPR001356 4 22 10 11 0.002 0.000 0.000
WAGENINGEN
HOMO03D000428  TPR0O08928 Plant neutral invertase family protein 42 17 13 16 0.000 0.000 0.000
HOMO03D000357 IPR001965 Zinc finger (C2H2 type) transcription factor, Early Flowering 6 31 8 9 8 0.000 0.000 0.000
HOMO03D001412 IPR001356 Homeodomain-like transcriptional regulator 27 13 6 3 0.009 0.000 0.000
HOMO3D000507 IPR001623 Chaperone DnaJ-domain superfamily protein 21 9 7 7 0.004 0.000 0.001
HOMO3D001304  IPRO00SS? Er;?;i containing nucleoside triphosphate hydrolases superfamily 91 5 4 9 0,000 0,000 0,000
HOMO03D003274 TPR024946 DNA GYRASE A 17 5 3 2 0.000 0.000 0.000
HOMO3D000610 IPR005690 Outer membrane GTPase protein 16 5 5 4 0.000 0.001 0.000
HOMO03D001915 IPR016102  Succinyl-CoA ligase, alpha subunit 16 5 3 5 0.000 0.000 0.001
SPFH/Band 7/PHB domain-containing membrane-associated protein
HOMO03D001724  TPR0O27705 family 15 5 5 4 0.001 0.003 0.000
HOMO03D000677 IPR014019 Actin-binding FH2 (Formin Homology) protein 13 4 4 4 0.000 0.002 0.003
HOMO03D002238 TPR001025 BAH domain 13 2 2 2 0.000 0.000 0.000
HOMO03D003041 IPR0O09067 Histone acetyltransferase of the TAFII250 family 13 2 3 1 0.000 0.000 0.000
HOMO03D000820 IPR013083 RING/FYVE/PHD zinc finger superfamily protein 11 4 3 3 0.008 0.001 0.002
HOMO03D001331 IPR005516 Remorin family protein 11 4 3 3 0.008 0.001 0.002
HOMO03D002176  IPR012935 C3HC zinc finger-like 10 1 2 2 0.000 0.000 0.000
HOMO03D001856 TPR007461 RING/FYVE/PHD-type zinc finger family protein 9 3 2 2 0.007 0.000 0.000
HOMO03D002014 TPR000225 Armadillo/beta—catenin-like repeat 9 2 2 2 0.000 0.000 0.000
HOMO03D003353 IPR019137 Transcription activators 9 3 1 1 0.007 0.000 0.000
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HOMO03D005496
HOMO03D006297
HOMO03D000686
HOMO03D001826
HOMO03D002009
HOMO03D002626
HOMO03D002991
HOMO03D003996
HOMO03D004469
HOMO03D004516
HOMO03D004833
HOMO03D004379
HOMO03D005211
HOMO03D003069
HOMO03D007410
HOMO03D001104
HOMO03D002754
HOMO03D003144
HOMO03D003169
HOMO03D003487
HOMO03D003514
HOMO03D003934
HOMO03D004324
HOMO03D004420
HOMO03D005672
HOMO03D006176
HOMO03D000005
HOMO03D000010
HOMO03D000144
HOMO03D000112
HOMO03D000085
HOMO03D000103
HOMO03D000180

IPRO07185
IPR0O02058
IPR004274
IPR0O0O3114
IPR019448
IPR0O01739
IPR015943
IPR012953
IPR011989
IPR003594
IPR012340
IPRO13197
IPRO03675
IPR005314
IPR0O03690
IPR0O03333
IPR0O21133
IPR0O07452
IPR001394
IPR0O04516
IPR0O00195
IPR0O01503
IPRO18027
IPRO13917
IPR005496
IPR020046
IPR0O00157
IPRO27417
IPRO01757
IPR0O02110
IPR0O01509
IPRO13126
IPR0O06580

DNA polymerase epsilon subunit B2
Nucleotidyltransferase family protein

C-terminal domain phosphatase-like 3
Phox-associated domain

Myosin heavy chain-related protein
Methyl-CPG-binding domain 8

BTB/POZ domain with WD40/YVTN repeat-like protein
Transducin/WD40 repeat-like superfamily protein
SH3 domain-containing protein

Zinc finger, C3HC4 type (RING finger) family protein
Organellar single-stranded DNA binding protein
RNA polymerase III subunit RPC82 family protein
Alpha/beta-Hydrolases superfamily protein

Homolog of separase

Plastid transcriptionally active 15
Cyclopropane—-fatty—acyl-phospholipid synthase
CLIP-associated protein

Embryo defective 2410

Ubiquitin carboxyl-terminal hydrolase-related protein
Class II aaRS and biotin synthetases superfamily protein
Ypt/Rab—-GAP domain of gyplp superfamily protein
Fucosyltransferase 13

GLU-ADT subunit B

flavodoxin family protein / radical SAM domain-containing protein

Integral membrane TerC family protein

5’'-3" exonuclease family protein

WRKY transcription factor

NB-ARC domain-containing disease resistance protein
ATPase E1-E2 type family protein

Ankyrin repeat family protein

NAD(P)-binding Rossmann—fold superfamily protein
Heat shock protein 70 family protein

General transcription factor 2-related zinc finger protein
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HOMO03D000222

HOMO03D000077
HOMO03D000371
HOMO03D000278
HOMO03D000285
HOMO03D000434

IPR0O00008

IPR0O01611
IPR0O01611
IPR003480
IPR025558
IPR001764

C2 calcium/lipid-binding plant phosphoribosyltransferase family

protein

F-box/RNI-like/FBD-like domains-containing protein

ADRI1 family NB-LRR immune receptors

HXXXD-type acyl-transferase family protein

Zinc ion binding
Glycosyl hydrolase family protein
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3. Aol A A vt xskA £7] A7 F4
A gpdlve] AstkA 17 A7IE F487] Sl FAE=(tribe Potentilleae)
27 eF A= (tribe Maleae) A}, 3 olol<:(subgenus Amygdalus) %o, B
U (Prunus) "1, RS ol &ste] Arjtel A 21gtA FARAE s AT
7] BA S Slell ok, wid, Alg, 2], AR A GHuiet Md e Ad 9
by

FIlM sgAEs

M

i

il
X,
i3
_O|L
%2
=l
do
2
_>|~l_‘
K
ol,

2 A} 5to]  synonymous
substitutions per synonymous site (Ks) & AA3sta 7] F4 3 tH(Figure 9).
A GHugel WA Ks E3olA AAel = Ks 32 048, A4 Sy
of AbFpol Al Ks oA Ao de= Ks #h2 0362 FAFEZI AL FFHe vt
7] (Cretaceous) &A1 A (Paleocene) 9 88~61975H d o E7]® Aoz FAHFJL
(Chin et al, 2014). webd A G8lvgo} Hgolo] A Ks oM Gl = Ks
e 0.05, AA G vEoF wj Ao A Ks w4 Aol e Ks g H=gh
sotet Ao Ks #& sttt HuFE FHAtolA Ks £ X5 HUHFE Fo
FHto] #71E Aoz Algdth, A GHYUF oA paralogs +AAES] Ks &34
AR de= Ks g2 002, A SuivgioF AlgolA Ks £3xA FAol A= Ks
Fol &Aoo r Erld Ao= eyt
3 2d 25 Medicago truncatulaS 9 3{ Y BEFTOR Eele] = 7TE 2
E£E270 FAAE v BAsle] 2767) single copy gened AMWEATE o] FHAELS
45 Fa 376,758 bp Hol® FHEIA, o]F 337% st 127,606717F
variable sitese]™ 7.7%°l &2 3st= 29,1347 7} Parsimony-informative site@ U EFY
T}, BEAST Z=2 73S o]&ste] Au|zte gk 21 A=A (Molecular dating)S
Ty st tH(Figure 10). Fvldhol A HufE A fullyi Lol vl A2 o
7] A= oF 6629wt | oz FAESNOH, 642~674%R d 314 higher
posterior densities (HPD)E 95%°l 3@ dlth wWHuHFol2(subgenus Cerasus)d E%

ofolsel B8 Al 408w @ How FYHQON, 422~456M7 A A T3

¢

°] HPDx 95%el sidaich Wupfoldo] A guivireol Aol A= 35991k
d doz FAE9on, 344~37.397F d W kel HPDE 95%0] sl dalch o4
o] A= Foprlofel Al W&ol 359k il Ho| w2 A BV} dojd Aoz w
aE Aol dXsHHATHChin et al., 2014).
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15

10

Percentage of syntenic gene pairs

Figure 9. Distribution of Ks in between Rosaceae species.

Distribution of Ks values obtained from comparisons of orthologous gene sets between
six genomes of the Rosaceae family and paralogous gene sets in wild P. x nudiflora.
Pxn P. x nudiflora, Fv Fragaria vesca, Mxd Malus x domestica, Pa P. avium, Pm P.

mume, Pp P. persica.
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Subgenus
339 + Pxn Cerasus
662 Pa
652 44.0 Pm ‘Pmms
Pp ‘ Amygdalus
Mxd
- Fv
Mt
100 50 0 Mya
1 1 1 1 1 1 1
Cretaceous Pal Eoc Ol Mio
Pli Qua

Figure 10. Genome evolution of Prunus species.
Estimation of dates for speciation events are given in millions of years based on
Bayesian evolutionary analysis of 276 conserved single copy genes. Pxn P. x nudiflora,
Fv Fragaria vesca, Mt Medicago truncatula, Mxd Malus x domestica, Pa P. avium, Pm
P. mume, Pp P. persica. Pal Paleocene, Eoc Eocene, Oli Oligocene, Mio Miocene, Pli

Pliocene, Qua Quaternary.
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Az @A FA FAAE w7 22 ALSE =23 FAAE FA Fd, 2

FAAE =T 58 Ads 238 FAAE B2A Fd, FAS 2A FAxE el H]
5% FEoR EAEke Ay ¥F AR Eske A9 phasings AASAT &
gk short read M€ wiF AMYAE ALtste] SEUF At AWsts FAAE W+
dg A Fd FAAER AYsida, HusF I AWEts fFHAAE A A
a8 FHA=E Aol A th(Figure 11). ol& £ Pxn_C0035.77 fFdA+= A<E w3
A, vy FAEH duF FHPS BT ZE short read Aol wE HAS
v Hu Aqdite] SNP7F g vEy F32 999 Ade U AR
o] Whgd EA frdl AR dAsAT Pxn Cll421 4= M2 w23l

Pxn_C1298.72 {2 A fivpof Wy S¥UE short read7t 25 v =3

Ao Wy Mg ko] SNP7F R dEhY A e AR BA s

Pxn_C1396.58 3 xt= w3 Aol A v oF HuyF short read M2 v

F oHo fde FA fA FAAR #AsATh Pxn_C2023.7 FHAE SHUF,

U, 2R bl g wg Adfel A BA BA G g B #EEa guyy
o ko) 2

T SNP7F yetd el A A frefst #dat

)

o]’d3 o] short read ME2] wiF AW A} FA} BA AR AT
a3, ZA w2 FdA F 803070, FA A FdA F 88097 RS s At

(Table 15).
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Phased by SNP Unique read mapping

:142:DDEII o IM2I,500| o l-M3|,DDC: o . L |11A;ﬂﬂﬂl L I114'5!1!1I
Ppa
Maternal Pij
gene
Pxn
L S
Pxn_C0035.77 Pxn_C1114.21
ohe  n | — 2520
Ppa
.o —M_ = -
Paternal Dl g
gene
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Pxn_C1298.72 Pxn_C1396.58
Ppa
Common Pij
gene
Pxn

Pxn_C2023.7

Figure 11. Examples of haplotype-phased gene models.

Gene models predicted from the initial “haplotype-fused” assembly are phased according
to read mapping and SNP analysis using the Illumina short-read sequences of putative
parental species. Genes were phased into one parental haplotype if a gene was aligned
only by reads from one parental species (unique mapping) or had at least two fold as
many supports for SNPs by reads of one parental species (phased by SNP). Genes with
similar supports of read mapping for both parental species are defined as common type.
Colored dots denote SNPs identified in the aligned reads.
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Table 15. Classification of wild P. x nudiflora genes based on sequence phasing of the
draft assembly by mapping of Illumina short-read sequences from putative parental

species, maternal P. pendula f. ascendens and paternal P. jamasakura

Maternal gene Paternal gene
Type Common gene
Unique Phased Unique Phased
Number 548 7,482 1,353 7,456 24,455
Ratio (%) 1.3 18.1 3.3 18.1 59.2
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ol A, WA A4z FAA A SHEUF AuE FH14A4 A9D-S NUCmer
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FdAS v FASAY. 2 dAA 22 F- A synteny ¢1x1E 2D Dot plot &2 A]
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Table 16. Summary statistics of phased-genes and number of scaffolds in 8

chromosome

Chr Total bases Scaffold count Paternal Maternal Common  Total gene
Pxnl 61,276,499 501 1,803 1,659 4,785 8,247
Pxn2 33,419,000 291 944 328 2,406 4,178
Pxn3 29,201,006 246 935 364 2,236 4,035
Pxn4 38,749,813 362 925 362 2,664 4,451
Pxnb 25,844,825 224 778 799 2,115 3,692
Pxn6 36,107,850 311 1,129 1,049 2,134 4912
Pxn7 29,834,691 262 875 318 2,049 3,742
Pxn8 27,160,671 265 759 670 2,117 3,546
Total 281,594,355 2,462 8,148 7,549 21,106 36,803
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Figure 12. Distribution of haplotype-phased genes in the tentative chromosomes
of wild P. x nudiflora.
Colored lines represent maternal-phased genes (red), paternal-phased genes

(blue), or common genes (gray).
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Figure 13. Chromosomal arrangement of the gene-phased genome assembly of

Pxnl

Pxn2

He oot

Pxn3 Pxn4 Pxn5 Pxn6 Pxn7 Pxn8

A

wild P. x nudiflora (Pxn) onto the P. persica (Pp) genome.

Colored dots represent maternal-phased genes (red),

(blue), or common genes (gray).
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Figure 14. Chromosomal arrangement of the gene-phased genome assembly of

wild P. x nudiflora (Pxn) onto the P. avium (Pa) genome.

Pxnl
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Pxn3 Pxn4d

Pxn5 Pxn6 Pxn7 Pxn8

F

.

Colored dots represent maternal-phased genes (red),

(blue), or common genes (gray).
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Figure 15. Chromosomal arrangement of the gene-phased genome assembly of

wild P. x nudiflora (Pxn) onto the P. mume (Pm) genome.

Colored dots represent maternal-phased genes (red),

(blue), or common genes (gray).
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Table 17. Coverage of individual chromosomes of peach (Pp), sweet cherry (Pa), and
Chinese plum (Pm) showing synteny with the counterpart of wild P. x nudiflora (Pxn)

genome

. Total length  Sequences syntenic with Percent No. syntenic
Species Chr.

(bp) Pxn counterparts (bp) coverage genes
P. persica Ppl 47,851,208 28,130,621 58.8% 3,427
Pp2 30,405,870 15,111,843 49.7% 1,682
Pp3 27,368,013 13,428,324 49.1% 1,636
Pp4 25,843,236 13,959,725 54.0% 1,648
Pp5 18,496,696 10,861,775 58.7% 1,496
Pp6 30,767,194 17,074,354 55.5% 2,114
Pp7 22,388,614 12,810,257 57.2% 1,634
Pp8 22,573,980 11,550,115 51.2% 1,440
Sum 225,694,811 122,927,014 54.5% 15,077
P. avium Pal 43,232,855 30,582,266 70.7% 3,160
Pa2 25,254,475 16,188,987 64.1% 1,624
Pa3 22,613,589 14,628,953 64.7% 1,571
Pa4 27,279,932 16,819,579 61.7% 1,547
Pab 17,020,956 11,832,132 69.5% 1,392
Pa6b 24,611,171 16,450,029 66.8% 1,885
Pa7 19,892,082 13,645,244 68.6% 1,486
Pa8 20,769,356 13,096,358 63.1% 1,366
Sum 200,674,416 133,243,548 66.4% 14,031
P. mume  Pml 26,753,124 15,321,425 57.3% 1,941
Pm?2 42,086,871 25,110,563 59.7% 3,106
Pm3 24,358,621 13,482,748 55.4% 1,538
Pm4 23,936,025 12,399,586 51.8% 1,603
Pmb 26,141,170 13,766,270 52.7% 1,670
Pm6 21,292,300 11,172,574 52.5% 1,442
Pm7 17,044,613 9,715,088 57.0% 1,355
Pm8 17,249,491 10,531,026 61.1% 1,406
Sum 198,862,215 111,499,280 56.1% 14,061
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Figure 16. The correlation matrix of reproducibility for expression value by
DESeq?2 normalization.
The Closer to 1 value is the higher reproducibility level with gradation of blue

color in matrix.
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Figure 17. The clustering of differentially expressed genes (DEGs) in each
paternal and materal.

Heat maps representing the expression of 562 maternal- and 576
paternal-phased genes, which are identified as differentially expressed genes in
the mRNA-seq analysis, in different tissues. The normalized count values of a
given gene from three independent biological replicates across all samples were
used as a normalization factor. The vertical axes organize genes according to
co—expression. The horizontal axes represent five tissues: leaf (L), petal (Pe),
pistil (Pi), stamen (S), and berry (B).
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A FA As 2 Ak 562789k A el A 2  wdA 576709 S8~
T I 2 259 GOt

DAVID Z 23] %53 945 P-value &t 0.05 ©l3ste] 7z 7%

GO clolt] @ 7151, KEGG ololt] % pathway 4, 12 715 Wiel &a e 2

I

5 FAAE FE3Y T A 107 F8=2HlA GO Biological Process (BP) % 23
78, Cellular Component (CC) % 207, Molecular Function (MF) % 137}, KEGG
pathway & 670 Fou|g Fd=2 7|5 HFE AHstdAtH(Table 18). &4 3 W
oz BA TN FH2gHolA Fen g BP F 3070, CC & 2170, MF % 287, KEGG
pathway % 670E 21319 tH(Table 19).

57 ZANA FE EE SolHel foMd A4 /% MR £3 2

o
1z
N

el A 2 ES va EA e th(Figure 18). B F¥2E 3W 5] 2
g dEe B FYAHE gl FY 2y 280z U2 27 Hrh dE 27 o)A
14~220 24 5old wd el HAvh wA FejxE 3w 1Fd A% wd &

HAAE= AAIA 71%5S zta 9o GO enrichment ¥4 A3 FZ  flower

k

development 7|5 W3 £39th Pxn_C36134 FxAE 22 W g Ao A AE =

71 AE A B3 A7HS 3= Arabidopsis zinc finger repressor KNUCKLES
(KNU) f#xte] &A-d& 243t (Sun et al, 2014). Pxn_C0156.4 A= A= w¥-§
¥} Zo] A 71E FAFTHSeo et al, 2009). wWEkA flower development 7]% HF
of &3 FAAES £ AE AA, &3k HsAVE 22T Aer FAYAY. GO
enrichment #41 Z 3} A pollen tube growth® pollen development 7] ol
de FY2yH 52 54 FY2H 59, 693 2A FE2F 99, 10HeE &
ZARY e 2AA L7 ~538 e i siES BEAv Cation/H(+)
antiporter= PH 243 Z§ o] %o #HAste FAAZE EA L FAoA F&o
2 FexAoM Aed Te dEHe Bl AGLISE 3t A dAstAEolA
Hl-¢-A o] A FARE FACNAN Aed HES BAtH(Verelst et al,
P

2007). A F¥2="H 44y o5, 2EA FH2H 7THolAl cell wall biogenesis,
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Table 18. Summary statistics of GO and Pathway enrichment in the maternal clusters

Cluster Category Term Count PValue
GO:0055114 oxidation-reduction process 10 0.001
GO BP GO:0010025 wax biosynthetic process 2 0.041
GO:0006629 lipid metabolic process 3 0.044
GO:0009505 plant-type cell wall 6 0.000
GO:0048046 apoplast 6 0.002
Cluster 1 GO CC GO:0005618 cell wall 6 0.004
GO:0005886 plasma membrane 14 0.011
GO MF GO:0005506 iron ion binding 5 0.004
GO:0004497 monooxygenase activity 3 0.044
KEGG Pathway ath00073 Cutin, suberine and wax biosynthesis 2 0.050
GO:0007169 transmembrane receptor protein 5 0.012
GO BP tyrosine kinase signaling pathway '
GO:0010072 primary shoot apical meristem 9 0.019
specification '
Cluster 2 GO:0009941 chloroplast envelope 5 0.004
GO CC GO:0009507 chloroplast 12 0.005
GO:0009570 chloroplast stroma 4 0.046
GO MF GO:0016491 oxidoreductase activity 4 0.016
GO:0005524 ATP binding 3 0.037
GO BP GO:0005987 sucrose catabolic process 2 0.011
Cluster 3 GO:0009908 flower development 3 0.020
GO MF GO:0004575 sucrose alpha-glucosidase activity 2 0.015
KEGG Pathway ath01110 Biosynthesis of secondary metabolites 5 0.026
GO BP GO:0048765 root hair cell differentiation 2 0.034
GO:0015171 amino acid transmembrane transporter
Cluster 4 GO MF o 3 0.009
activity
KEGG Pathway athO0500 Starch and sucrose metabolism 3 0.038
G0O:0019253 reductive pentose-phosphate cycle 3 0.002
GO BP GO:0055114 oxidation-reduction process 10 0.016
GO:0042372 phylloquinone biosynthetic process 2 0.029
G0O:0010205 photoinhibition 2 0.041
GO:0009507 chloroplast 28 0.000
GO:0031969 chloroplast membrane 7 0.000
GO:0009570 chloroplast stroma 10 0.000
GO CC GO:0009535 chloroplast thylakoid membrane 7 0.000
Cluster 5 GO:0009941 chloroplast envelope 6 0.008
GO:0009579 thylakoid 4 0.012
GO:0016021 integral component of membrane 20 0.033
GO:0030095 chloroplast photosystem II 2 0.039
GO MF GO:0050278 sedoheptulose-bisphosphatase activity 2 0.021
ath00710 Carbon fixation in photosynthetic
. 5 0.000
KEGG Pathway Organsms .
ath01200 Carbon metabolism 6 0.002
ath01100 Metabolic pathways 12 0.031
GO:0055114 oxidation-reduction process 9 0.002
GO BP GO:0005975 carbohydrate metabolic process 4 0.034
Cluster 6 GO:0009695 jasmonic acid biosynthetic process 2 0.045
GO:0009507 chloroplast 18 0.000
GO CC .
GO:0005737 cytoplasm 14 0.035
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KEGG Pathway ath01110 Biosynthesis of secondary metabolites 9 0.014

GO:0009834 plant-type secondary cell wall
. . 5 0.000

biogenesis

GO:0045492 xylan biosynthetic process 3 0.001
GO:0080167 response to karrikin 4 0.002
GO BP GO:0010413 glucuronoxylan metabolic process 2 0.004
GO:0010417 glucuronoxylan biosynthetic process 2 0.022
Cluster 7 GO:0009698 phenylpropanoid metabolic process 2 0.031
GO:0055114 oxidation-reduction process 7 0.032
GO:0019853 L-ascorbic acid biosynthetic process 2 0.038
GO:0005576 extracellular region 11 0.004
GO CC GO:0005794 Golgi apparatus 7 0.007
GO:0000139 Golgi membrane 4 0.014
GO MF GO:1990538 xylan O-acetyltransferase activity 2 0.015
Cluster 8 GO CC GO:0005886 plasma membrane 7 0.077
GO BP GO:0009860 pollen tube growth 3 0.022
G0O:0016324 apical plasma membrane 2 0.029
Cluster 9 GO CC G0O:0016021 integral component of membrane 17 0.034
GO MF G0O:0016301 kinase activity 6 0.038
GO BP GO:0007018 microtubule-based movement 4 0.001
GO:0006812 cation transport 3 0.017
GO:0005871 kinesin complex 4 0.001
GO:0005886 plasma membrane 21 0.003
GO CC GO:0070382 exocytic vesicle 2 0.006
GO:0045177 apical part of cell 2 0.014
Cluster 10 G0O:0016324 apical plasma membrane 2 0.045
GO:0008017 microtubule binding 5 0.001
GO:0003777 microtubule motor activity 4 0.001
GO MF GO:0005215 transporter activity 5 0.020
GO:0005524 ATP binding 14 0.022
G0O:0016887 ATPase activity 4 0.036
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Table 19. Summary statistics of GO and Pathway enrichment in the paternal clusters

Paternal Category Term Count PValue
GO:0009813 flavonoid biosynthetic process 4 0.006
GO BP GO:0052696 flavonoid glucuronidation 3 0.032
GO:0055114 oxidation-reduction process 8 0.045
GO CC GO:0005576 extracellular region 15 0.001
GO:0016758 transferase activity, transferring hexosyl
4 0.007
groups
GO:0004497 monooxygenase activity 4 0.008
GO:0080044 quercetin 7-O-glucosyltransferase activity 3 0.026
Cluster 1 GO:0080043 quercetin 3-O-glucosyltransferase activity 3 0.027
GO:0052793 pectin acetylesterase activity 2 0.028
GO MF GO:0016757 transferase activity, transferring glycosyl . 0,030
groups
GO:0015020 glucuronosyltransferase activity 2 0.035
GO:0016705 oxidoreductase activity, acting on paired
donors, with incorporation or reduction of molecular 3 0.048
oxygen
GO:0052689 carboxylic ester hydrolase activity 3 0.049
G0O:0010236 plastoquinone biosynthetic process 3 0.000
GO BP GO:0006633 fatty acid biosynthetic process 4 0.017
GO:0006855 drug transmembrane transport 3 0.036
GO:0009624 response to nematode 3 0.040
GO:0009507 chloroplast 42 0.000
GO:0009941 chloroplast envelope 16 0.000
GO:0009535 chloroplast thylakoid membrane 12 0.000
GO:0009570 chloroplast stroma 13 0.000
Cluster 2 . GO:0031969 chloroplast membrane 6 0.000
GO GO:0009534 chloroplast thylakoid 6 0.001
GO:0009706 chloroplast inner membrane 4 0.002
GO:0009536 plastid 6 0.004
GO:0009543 chloroplast thylakoid lumen 3 0.033
GO:0016021 integral component of membrane 28 0.034
GO MF GO:0005247 voltage-gated chloride channel activity 2 0.033
ath01110 Biosynthesis of secondary metabolites 11 0.020
KEGG Pathway .
ath01100 Metabolic pathways 15 0.031
GO:0055114 oxidation-reduction process 8 0.005
GO:0009733 response to auxin 4 0.011
GO BP GO:0006970 response to osmotic stress 3 0.017
GO:0046777 protein autophosphorylation 3 0.020
GO:0009813 flavonoid biosynthetic process 3 0.023
Cluster 3 GO:0009688 abscisic acid biosynthetic process 2 0.024
GO:0016705 oxidoreductase activity, acting on paired
donors, with incorporation or reduction of molecular 4 0.002
GO MF oxygen
GO:0005506 iron ion binding 5 0.003
GO:0004497 monooxygenase activity 4 0.004
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GO0:0020037 heme binding 5 0.005
GO:0019825 oxygen binding 4 0.009
G0O:0045549 9-cis—epoxycarotenoid dioxygenase activity 2 0.013
ath00941 Flavonoid biosynthesis 3 0.001
KEGG Pathway ath01110 Biosynthesis of secondary metabolites 9 0.003
ath00945 Stilbenoid, diarylheptanoid and gingerol 3 0.011
biosynthesis
GO:0009834 plant-type secondary cell wall biogenesis 4 0.000
G0O:0030244 cellulose biosynthetic process 3 0.005
GO BP GO:0055114 oxidation-reduction process 9 0.007
GO:0052386 cell wall thickening 2 0.009
GO:0071555 cell wall organization 4 0.030
GO:0009833 plant-type primary cell wall biogenesis 2 0.042
GO CC GO:0000139 Golgi membrane 4 0.030
GO:0016760 cellulose synthase (UDP-forming) activity 3 0.001
Cluster 4 GO:0016759 cellulose synthase activity 3 0.003
GO:0046872 metal ion binding 10 0.005
GO:0050664 oxidoreductase activity, acting on NAD(P)H, ) 0015
GO MF oxygen as acceptor
GO:0016757 transferase activity, transferring glycosyl 5 0.020
groups
GO:0004601 peroxidase activity 3 0.025
GO:0000977 RNA polymerase II regulatory region 3 0.029
sequence-specific DNA binding
KEGG Pathway ath00904 Diterpenoid biosynthesis 2 0.049
GO:0045490 pectin catabolic process 10 0.000
GO:0042545 cell wall modification 8 0.000
GO BP GO:0009860 pollen tube growth 4 0.003
GO:0050829 defense response to Gram-negative bacterium 2 0.024
GO:0007338 single fertilization 2 0.034
GO:0080092 regulation of pollen tube growth 2 0.050
GO:0005618 cell wall 11 0.000
GO:0009505 plant-type cell wall 9 0.000
Cluster 5 GO:0071944 cell periphery 5 0.000
GO CC GO:0005576 extracellular region 16 0.001
GO:0016021 integral component of membrane 20 0.023
GO:0016324 apical plasma membrane 2 0.035
GO:0090404 pollen tube tip 2 0.035
G0O:0045330 aspartyl esterase activity 8 0.000
GO MF GO:0030599 pectinesterase activity 8 0.000
GO:0046910 pectinesterase inhibitor activity 6 0.000
KEGG Pathway ath00040 Pentose and glucuronate interconversions 7 0.000
GO:0006813 potassium ion transport 4 0.001
GO:0042391 regulation of membrane potential 3 0.004
Cluster 6 GO BP GO:0006885 regulation of pH 3 0005
GO:0009860 pollen tube growth 4 0.006
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GO:0006812 cation transport 0.017
GO:0009651 response to salt stress 0.019
GO:0009555 pollen development 4 0.024
GO:0016021 integral component of membrane 30 0.000
GO:0090404 pollen tube tip 3 0.001
GO CC
GO:0005887 integral component of plasma membrane 6 0.001
GO:0005794 Golgi apparatus 9 0.027
GO:0030551 cyclic nucleotide binding 3 0.004
G0O:0005451 monovalent cation:proton antiporter activity 3 0.004
GO MF GO:0005249 voltage—-gated potassium channel activity 3 0.005
GO:0016301 kinase activity 9 0.017
GO:0005524 ATP binding 14 0.034
GO BP GO:0006810 transport 5 0.011
GO:0009658 chloroplast organization 0.039
G0O:0009534 chloroplast thylakoid 0.000
GO:0009570 chloroplast stroma 0.000
Cluster 7 GO:0009507 chloroplast 20 0.001
GO CC GO:0009579 thylakoid 4 0.011
G0:0010598 NAD(P)H dehydrogenase complex 5 0.029
(plastoquinone)
GO:0009505 plant-type cell wall 4 0.042
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Figure 18. Heat maps showing the differential expression of selected categories

of genes related to development and secondary metabolite biosynthesis.

The average normalized count values represent the relative expression across

tissues. M maternal-phased genes, P paternal-phased genes.
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4. SHyF {714}l alternative splicing 2]
2R U AR 2E T §AR AAF BA-A A {FHAAE A oo
Aol Hdeldoz Az Ho| & g s

AE A FERAANA TEFET AR
= Arff Ao A HAT F Q= 8
9] alternative splicing (AS) ®HolA| & FA3 At AS 42 Tophat T2 135S AL
&oto] 7} =AM E mRNA-seq readE 2 Edo] wjgste] F=h g}, Cufflinks
TP AREsto]l Ak mdol vig ¥ short read® AW A&} viF G ol A
TH 949 adste] A FHAA Gl TEFT isoform FARA O] 912 AR el AL

Aol FPKM 2d @& F=33th As 2d isoform AARA] 4 A& SpliceR

isoform HAAE HH A T}
ASol diH3dtE= 25 2 isoform FAMAIE F 6,09070011, x5 2 isoform A
AbA o el A F 4287705 AW tH(Table 20). 57 2% 5 53] o=

o179l 867) AS isoforme] e} $%6] 24 Solge] g ¥k 4 24 5

—

J{m

o] 2 b5 A isoform HARAC dal A2k 7155 Wl gk GO enrichment 2
S et (Figure 19). 715 Wl sidsts 5 1870 AAMAl T 1270 isoform A

0% 77 g 24 gl JiE 299 A
SHd dEs 2k 53], B 24 ] e 2H4dA 3.0~499 #ES 2 pollen
tube growtho] ##H ¥ isoformo] 523 3}t

o

AFA+= alternative transcription start site B2 ©
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Table 20. Summary of alternative splicing events identified in protein—coding genes

Tissue-specificity

Alternative splicing events Gene Isoform
Leaf Petal Pistil Stamen Berry

Exon skipping/inclusion 1,285 1,505 9 6 9 16 2
Mutually exclusive exon 11 13 0 0 0 0 0
Mutliple exon skipping/inclusion 171 199 2 0 1 1 3
Intron retention 743 818 11 3 1 1 1
Alternative 5’ splice site 879 974 9 5 4 6 3
Alternative 3’ splice site 1,538 1,692 17 2 7 21 6
Alternative transcription start site 2,966 3,416 40 10 15 Y1 40
Alternative transcription terminating site 2,355 2,417 33 8 13 42 14
Total number of non-redundant type 4287 6,090 73 15 29 86 27
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L Pe Pi S B Plant ovule development and MAPK cascade

TCONS_00019905 Pxn C0362.5 Protein TRANSPARENT TESTA 16
TCONS_00005782 Pxn_C0073.15 Developmental protein SEPALLATA 3
Photosynthetic electron transport in photosystem I
TCONS_00024152 Pxn C0537.24 Photosynthetic NDH subunit of subcomplex B 4
TCONS_00064542 Pxn C2969.2 NAD(P)H-quinone oxidoreductase subunitL
Calcium ion transport
TCONS 00001625 Pxn C0016.42 Cyclic nucleotide gated ion channel 1
TCONS_00043464 Pxn_C1715.1  Glutamatereceptor 2.9
Lignin biosynthetic process
TCONS_00075770 Pxn C3655.5  Probablecinnamyl alcohol dehydrogenase 9
TCONS_00065416 Pxn C3014.4 Laccase 14
TCONS_00065417 Pxn _C3014.4  Laccase 14
TCONS_00065418 Pxn C3014.4  Laccase 14
TCONS_00031666 Pxn C0968.3 Peroxidase52
Carpel development
TCONS_00028278 Pxn C0761.10 Zinc finger protein JAGGED
TCONS_00028280 Pxn C0761.10 Zinc finger protein JAGGED
TCONS_00016941 Pxn C0287.45 Agamous like MADS-box protein AGL1
Regulation of pollen tube growth
TCONS_00075261 Pxn C3621.4  Calcium dependent protein kinase 24
TCONS_00050725 Pxn C2090.12 Rop guanine nucleotide exchange factor 9
TCONS 00050726 Pxn C2090.12 Rop guanine nucleotide exchange factor 9

- TCONS 00050727 Pxn C2090.12 Rop guanine nucleotide exchange factor 9

0 5 10

Figure 19. Heat maps showing the differential expression of enriched functional
categories of AS isoforms.
The average normalized count values represent the relative expression across

tissues.
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HE B4
LAY $RUR, 2] 2w, TAF WURERAA WMo 24
AFE A4 FRGRE SAA, T Lol 8w 244, YB vlo] 84w 27)

T 370AlL AR DRAL, AP U 1A F 16 JRA 29F
HolE A tH(Table 21). WA 7} 7RA| A AlAAd g
short read /¥4 BWA MEM & 1&g o]&3to] 24 Ly (Pxn-Jeju2) # A
A w3 319 AL, duplicate read A ES A ASe] Wo] FF2 S F{FE A AG
Atk AR S u-(Pxn-Jeju2) A A v dHolgol A Z jAIE = shot read A4
ol v AWYAE EAsAv. A SEluF AL wE AW =s 94.5%~
9B6% = E=2 WE &S FstATh Lol A% AT wiE AW A= 94.9%
~95.0%%2 A RS ARG oA B v HlES BT SHuS By
AR bRl A us AWM A E 72.0%~86.9% % A HU-eh ave] @
g AW 1ok wjg Bl Eo] gttt A FEUF FAA 29 ALIES SHY
FHaEy AR FHE o] vk haplotype-fused A4S 21 glo] Wy}
< g AW A Bl AR ddE

GATK Z=71% HaplotypeCallerg ©]-&3to] ZF 16 7NAl A SNP$} InDel= -+
i WolE FEETh F Wol s 76427,80470 2 A1 InDels 13,663,16471 2 SNP
62,764,6407] 2= e}t Heterozygous SNP 7} <=%= homozygous SNP 7§54~ Ht} 1.7
Hjolm, A wWolo| A 52%¢ st Amlo] QA oA heterozygous SNP 1
M= 34916767001 A S UH heterozygous SNP ¥t 7)< 2,931,5447 thH]
129 =& HE&S BEAvk 53 Pxn-Jejub FEUFY A-$ heterozygous SNPeF
homozygous SNP, InDels o] H| &2 Awo] QA9 wl$- FAMRICH Sulvite
BA AE Py it Blol g 32840210 A AE Wy it Wo
M 3944,7287) H.T} GEokrh,

Hol Aol A JHAl ztolE EAet7] flal ts A9 AE WHES ol &35k

Wol dolg oA VCFtools TR o] &3sto] 5 9%
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Table 21. Summary of SNP and InDel variations in Prunus species
Genome Read Variation SNP in CDS InDel in CDS SNP+InDel

Taxon CO\(,S/Z?ge rr:tim()f/f) I;e]\t;rf I;Ioerr;: InDel Overall Silence Nonsense  Missense Sp:i:;ng /:[[:;d frI:r;le Fsr}?irfr;e Intron Intergenic
Pxn-Jejul 95.4 94.4 2,838,985 1,096,549 895,813 4,831,347 148,300 3,661 182,107 1,158 1.56 4,340 22,281 255,057 4,214,443
Pxn-Jeju2 98.6 95.6 2,596,728 145,287 764,810 3,506,825 99,482 2,560 123,473 851 152 2,967 20,394 180,133 3,076,465
Pxn-Jeju3 95.7 93.9 2,946,741 1,262,874 932,447 5,142,062 153,376 3,679 187,285 1,259 157 4,421 22,453 269,721 4,499,868
Pxn-Jeju4 95.3 94.5 2,896,646 1,223,511 916,719 5,036,876 152,756 3,652 186,991 1,222 157 4,337 22,262 266,970 4,398,686
Pxn-Jejud 94.5 93.9 3,378,621 1,657,723 1,063,188 6,099,532 176,065 4,532 218,722 1,501 1.58 5,187 23,776 313,087 5,356,662
Pxy-US1 95.0 94.6 3,464,156 1,629,328 1,072,679 6,166,163 175,976 4,596 220,018 1,527 1.58 5,244 23,7117 315,788 5,419,297
Pxy-US2 94.9 94.5 3,445,971 1,626,652 1,068,387 6,141,010 175,718 4,600 219,181 1,490 1.58 519% 23,653 314,928 5,396,245
Pxy-JP1 94.9 91.3 3,527,140 1,722,941 1,109,412 6,359,493 182,173 4,620 225,405 1,538 1.58 5,329 24,706 324,046 5,591,676
Pxy-JpP2 94.9 92.6 3,529,437 1,724,190 1,110,969 6,364,596 182,189 4,639 225,637 1,557 1.58 5,343 24,780 324,679 5,595,872
Ppa-1 82.2 93.3 1,197,274 1,428,540 595,858 3221,672 87,944 2,581 116,320 819 1.6 2,857 14,995 165,140 2,831,016
Ppa-2 72.0 94.0 726,505 1,263,932 482,136 2472573 74,707 1,966 94,308 660 1.56 2,216 13,013 136,354 2,149,349
Ppa-3 84.6 96.0 1,883,696 1,522,293 751,829 4,157,818 118,186 3,088 148,056 1,001 1.59 3,340 17,363 218,562 3,648,222
Pjj-1 86.9 93.8 1,975,049 1,823,000 776,618 4,574,667 144,854 3,306 173,239 1,120 1.55 4,011 17,776 238,548 3,991,813
Pjj-2 76.1 94.8 1,139,292 1,592,058 583,439 3,314,789 120,474 2,333 138,885 837 152 3,104 14,767 183,366 2,851,023
Pjq 86.4 94.0 1,946,474 1,769,052 763,036 4478562 145,116 3211 172,508 1,119 155 3924 17,563 233,810 3,901,311
Psa 86.6 93.7 1,960,926 1,823,069 775,824 4,559,819 144,689 3,312 173,070 1,131 155 3957 17591 240,59 3,975,474
Total - - 39453641 23,310,999 13,663,164 76,427,804 2,282,005 56,336 2,805,105 18,790 - 65,772 321,590 3,980,784 66,897,422

“Heterozygous SNP rate, proportion of heterozygous SNPs in a genome.

"Homozygous SNP rate, proportion of homozygous SNPs in a genome.

“Ti, transition; Tv, transversion.
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Figure 20. A maximum likelihood tree of Prunus accessions based on

SNPs/InDels identified by variome analysis.
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Figure 21. Multidimensional scaling of Prunus accessions.
Closely related accessions of Ppa (red square symbol), Pxn (green circle

symbol), Pj or Psa (blue triangle symbol), and Pxy (black diamond symbol) are
grouped together using dotted circles.
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L
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2. 2AF "Wy A7FE S S-locuse] wHFA] 24
AF= AYAY 3 km WHEH o2 BXst= FA HuyFe 24 9y a8z
A G Roo A 2 7HE 3R S-locus A9 FAA FERE v A8 oH(Figure

22).

AR G Fo| A wkA] S19lA S-locus T3+ S-locus F box-likel (SLFLI),
S-RENase, SFB, S-locus F box-like2 (SLFL2)Z ©]Fo# <t} HEgA| S20 4
S-locus &% 11 kb #olel s|F3st= SLFL2 FH2 492 oAS5HA] &gt v
o] Holel wjAolA S-locus YIS ©HASte] Hlud A3 Hzol S-locusol Al
SLFLI, S-RNase, SFB, SLFL2 37 A& 98y 5F9 S13 2% dA st o
Aol A9 S-locus GGl Eetd FHA BF EASAA SLFL2Y} SFBE] A
7F H73 %25 B9 (Figure 22A). S-RNase FAAE & 22 o]
&S Ho|H(McClure and Franklin-Tong, 2006), SFB A= 27179 Znlo A
22 5olA i S Hole= ASo= B a¥AtH(Ushijima et al., 2003). S-RNase 7%

e

2 Wb 2 HEA] Slol A4l FPKM 2749, S2914 FPKM 56822 % 771 %22 &+ &
o MuE %] Eolx WS BAow SFB fFHA Wd-2 wkgA| SldA FPKM 2.8,
ZA oMt 22 Eolx eSS Ho(Figure 22B) ©]&°]
A7F=E 3 S-locus¥ & skt AbaE(Malus) et B YH+4(Prunus)oll X SFB
A2 TdAE S-RNase 42 B2oh 708) @A dddvty sl (Aguiar et
al.,, 2015), SFB A2 H+ 238 Zto] S-RNase 3 A Ht} 95u) 2 vrol xpA] 94l
Lol A= S-locus frdzke] BE S #elskl
S-RNase +37+¢t SFB 32 A4 vla 8 AlSs £45 Sl dHuiFo o
AL HYF ZHo A 15702 FEE+= WA S-locus 92 #AE 2451 tH(Figure
23). S1 ¥bFEA= Pxn-Jejul® Pxn-Jeju2ol A & F3Fal i, S3 ¥k Pxn-Jejub
o} WA Ppa-3, S4 WA= Pxn-Jejudet H-A Pjj-1, S8 wREA= Pxn-Jejus,
Pxn-Jejud¢}t = A Ppa-3, S10 WA= Pxn-Jejud® FA4 Pjj-1, Pjj-2, S12 WA
Psa®l PjgollAl 924 #AE BAY. 53] S8 Hb5Al EA Ppa-33 Pxn-Jeju3,
Pxn-Jejud4, S10 wk=Al FA Pjj-1, Pjj—2¢9F Pxn-Jeju3, S4 wkrA] HA Pjj-1<
Pxn-Jejudoll A d3 AZAHo Pxn-Jeju3, Pxn-Jejudel A= Pij-1, Pij-2, A+
Ppa-3¢] S-loucs® &l At}
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= GEA AA AD w24 Al Folst b 4D AFE ZA Ppa-3

R4

H] Pxn-Jejudoll A 147K, Pxn-Jejudoll A 10712 o2 SElyF Ho} 208] ~7.8u)
A YEStH(Table 22). S UF9F A% HupFoA S-locus 92 #74 #4& &
a A SHUF= A Ayl A gHURE BYH AAE o]Ft 44 )

A #=(sympatric homoploid hybrid) .2 A}& % 21t}
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Figure 22. Characterization of S haplotypes in flowering Prunus species.

A. Microsynteny at the S-locus regions between wild P. x nudiflora and fruit
crop Prunus (P. persica and P. mume).

There are two S haplotypes in the heterozygous Pxn genome (31 kb of S1 and
35 kb of S2) compared to a single S haplotype in the homozygous Pp and Pm
genomes. Syntenic genes are connected with lines.

B. Expression levels of the S-locus genes.

Relative expression levels of the S-KNase and SFB genes in different tissues
are presented by the average fragments per kilobase million (FPKM) value from

three independent biological replicates.
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Figure 23. S haplotype network in a natural Prunus population.

A total of 15 S haplotypes from 12 accessions, which are distributed
sympatrically in a natural habitat on Jeju Island, were identified. Accessions are
placed according to their relative geographic location in the natural habitat.
Shared S haplotypes between accessions are connected with lines of the same
color. Chloroplast genome lineage, showing < 10 nucleotide differences in the

proteincoding sequences of the whole chloroplast DNA is also presented in the

green box.
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Table 22. Comparison of the chloroplast genomes between Prunus accessions

o X

| T

(o] §

Accessions Ppa-1 Ppa-2 Ppa-3 Pxn-Jejul Pxn-Jeju2 Pxn-Jeju3 Pxn-Jejud Pxn-Jejub Pij-1 Pij-2 Piq Psa
Ppa-1 3 0 1 0 1 0 3 81 83 97 96
Ppa-2 47 3 4 3 4 3 0 84 86 100 99
Ppa-3 13 56 1 0 1 0 3 81 83 97 96
Pxn-Jejul 69 34 78 1 2 1 4 82 &4 98 97
Pxn-Jeju2 18 63 29 85 1 0 3 81 83 97 96
Pxn-Jeju3 7 48 14 70 23 1 4 82 &4 96 97
Pxn-Jejud 3 46 10 63 19 4 3 81 83 97 96
Pxn-Jejud 47 0 56 34 63 48 46 84 86 100 99
Pjj-1 631 607 640 632 628 630 630 607 14 24 23
Pjj-2 604 582 613 607 601 603 603 582 214 30 29
Pjq 596 574 605 599 593 597 595 574 164 177 1
Psa 604 582 613 607 601 601 603 582 172 187 12

Pairwise nucleotide distances between chloroplast DNA sequences of 12 Prunus accessions are presented.

X axis . Whole chloroplast DNA, Y axis: 79 protein coding genes.

Upper half, numbers of nucleotide differences in the coding sequences of 79 protein coding genes.

Bottom half, numbers of nucleotide differences in the whole chloroplast DNA sequences.
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A8 A AY FAUT BE BAnkA Fu fA4e A
A gulviel Aol @ A9 F FHS 9]3] Conserved Ortholog Set (COS)
FAAE 7IRte g 72 wpAE Addekslv
COS frxa Al s A HuyF-of ol wid, Ao FHx7F 53t
st 99 AMEE OrthoMCL Z2 3102 Hli
COS #FAAE Adadv. COS F17e JJEE 99 TolA A4 U9 4
o] A% Fro] ZFo]7t Q= InDel A& FAHAT 16704 b7 ®o] #£4
Aol A InDel A E2 AA Sy (Pxn-Jejul, Pxn-Jeju2, Pxn-Jeju3, Pxn-Jejud)
oA Fx Ade FFHPFoIH Awo] QA x(Pxy-USL, Pxy-US2, Pxy-JPl,
Pxy-JP2) 183l Pxn-Jejuboll Al 3z A Fol o]FHFS HelE COS F34 99
of Z3t¥ InDel 49 F 2,7697, COS A=+ F 1,68271F ~AE 3t tH(Table 23).
AR hEvpel Aol QAo A Zo]7b 9l InDele] Zo] EXE HA 2 bp
oA 369 bp 7HA th¥FetA HEFR o™, 10 bp @9 AE el ¥ F InDel 2o 2
bp~9 bpell dFstE JEE 92 AA ¥ 702%20 1944712 7HE =& FX &
Ebl L, YAl 10 bp~369 bpell si@stes AAEE G99 COS A 6537H ¢
82571 EAdE COS FHAe JEE o

o]
l
A7 des T A ol A GElvbel o] 84k Afeld] A7] ApolE

stel 5,75171¢] single copy gene

el & 4 9l InDel A< Aol 10 bp °d, AEZ Aol 600 bp °lst 7IE& A&
sto] & 34870 COS #FHAE AAsATE o Z2A gk COS +42 & XA E=
Pxnl 807K, Pxn2 467, Pxn3 337, Pxn4 387, Pxn5 367§, Pxn6 397§, Pxn7 397¥,
Pxn8 287 & & 33970 COS A=t S AAsR oY, YA 9/ Fd2= ~
AZ= fA8to] A28t A tH(Figure 24). 871 @A 2127 A€ COS 4
b 33970 = A v SRR HFS AA S
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Table 23. Summary statistics of InDel length distribution in COS genes between wild

P. x nudiflora and Somei-yoshino

Intron length < 600 bp

Intron length < 1 kb

Cutoff InDel ~ Total = Total
length (bp)  Intron  gene  Intron count  Gene count Intron count Gene count

2~9 1,944 1,335 1,289 958 1,673 1,173
10~19 407 361 221 204 306 277
20~29 146 142 73 72 100 97
30~39 102 99 48 45 72 69
40~49 56 55 25 25 37 37
50~59 27 27 11 11 17 17
60~69 31 31 9 9 16 16
70~79 12 12 4 4 9 9
80~89 14 14 4 4 10 10
90~99 7 7 3 3 4 4
100~109 6 6 1 1 1 1
110~119 1 1 0 0 0 0
120~129 4 4 0 0 1 1
130~139 2 2 0 0 0 0
150~159 1 1 0 0 0 0
160~169 2 2 0 0 0 0
170~179 1 1 1 1 1 1
180~189 2 2 1 1 1 1
200~209 1 1 0 0 1 1
210~219 2 2 0 0 0 0
360~369 1 1 1 1 1 1
10~369 825 653 402 348 577 478
Total 2,769 1,682 1,691 1,172 2,250 1,439
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Draft Genome Sequence of Prunus x nudiflora,

a Natural Hybrid Flowering Cherry

Baek Seunghoon
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Directed by Professor Mun Jeong-hwan

Hybridization is an important evolutionary process that results in increased plant
diversity. Flowering Prunus includes popular cherry species that are appreciated
worldwide for their flowers. The ornamental characteristics were acquired both
naturally and through artificially hybridizing species with heterozygous genomes.
Therefore, the genome of hybrid flowering Prunus presents important challenges

both in plant genomics and evolutionary biology.

Prunus yedoensis Matsumura is one of the popular ornamental flowering cherry
trees native to northeastern Asia. The natural populations of its close relative wild
taxon (P. x nudiflora, Pxn) have only been found on Jeju Island, Korea. Previous
studies suggested that Pxn is a hybrid taxon and closely related to Yoshino cherry
(P. x yedoensis), however, there are no solid evidences on its exact parental origin,
genomic organization, and genetic boundary against its related taxa. To solve these
problems, I sequenced and assembled the genome of Pxn and compared it with
those of closely related Prunus species, including its candidate parental species and

Yoshino cherry.

I used long reads to sequence and analyze the highly heterozygous genome of
Pxn. The genome assembly covered more than 93% of the gene space, and

annotation identified 41,294 protein-coding genes. Comparative analysis of the
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genome with 16 accessions of 6 related taxa and phasing of genes based on short
read sequence mapping and single nucleotide polymorphism analysis showed that
41% of the genes were assigned into the maternal or paternal state. This indicates
that Pxn is an F1 hybrid originating from a cross between maternal P. pendula f.
ascendens and paternal P. jamasakura, and it can be clearly distinguished from its
confusing taxon, Yoshino cherry. A focused analysis of the S-locus haplotypes of
closely related taxa distributed in a sympatric natural habitat suggested that reduced
restriction ~ of  interspecific =~ hybridization due to  strong  gametophytic
self-incompatibility is likely to promote complex hybridization of wild Prunus

species and the development of a hybrid swarm.

In conclusion, I report the draft genome assembly of a natural hybrid Prunus
species using long-read sequencing and sequence phasing. Based on a
comprehensive comparative genome analysis with related taxa, it appears that
cross-species hybridization in sympatric habitats is an ongoing process that
facilitates the diversification of flowering Prunus. Overall, this study makes a
significant contribution to address issues of the origin, taxonomic delimitation,

nomenclature, and genetic relationship of Pxn with other Prunus species.

Keyword
Prunus x nudiflora, hybrid genome, long-read sequencing, sequence phase, S-locus

haplotype, genome assembly, Rosaceae
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