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Identification and functional analysis of genetic factors controlling fruit
astringency in persimmon
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This study aimed to analyze the ASTRINGENCY (AST) locus determining the PCNA
(non-astringent) trait in persimmons and elucidate the mechanism controlling proanthocyanidin
accumulation. Within the approximately 900 kb AST region previously narrowed down, no mRNA or smRNA
showed significant expression changes between PCNA and non-PCNA fruits. DNA sequence analysis using
segregating progenies and cultivars identified 134 polymorphisms linked to the PCNA trait, but none
resulted in nonsynonymous substitutions. However, a promising candidate gene was identified based on
the polymorphism patterns. An interspecific structural comparison of the AST region was conducted
using 10X Chromium and nanopore sequencing. Furthermore, analysis of ast-homozygous individuals
exhibiting stron? astringency in mature fruit, a challenge in persimmon breeding due to the
difficulty in selecting against it, suggested that this trait is controlled by PA content
independently of the AST genotype.
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3. Mk
(1) FEHZZEfFhT

KK (A A9aaa) xHHK (asaaaa) DIFHERILBIORA Y~ 70 XD RNA-seq 7 — X
T2, 2015 FED 6 HE 7THL 2016 ED 5-11 HZ AU TD S AT =V TH YTV v Lzb D
ZH 72, 2015 4E 1378 H PCNA7 fli{k & non-PCNA7 flil{&. 2016 4£13%8 H PCNA & non-PCNA &t
20 R (11 HoHE 40 fifR) 2SI L7Zd DEH W72, $7-. 2015 4 6 HICEEL 72K
Ko HRC DMK 7 R (non-PCNA3 R, PCNA4 k) I X OCED 2 fE{KIC DO WTIE,
smRNA-seq IC X 2D To72e WITNICDVWTHIZ AV T4 F v 27 b IV DD,
A X OB MERETH LT 77 H*FDY 77 L v AT 7 LB (Suo et al, 2020 GigaScience)
IC= v ¥ 27 L7z, PCNA & non-PCNA CHRBENZEN L, 22D AST #Ik % & T Hi#% SMbp I
‘T2 EETE2EKLZ, RABOHEZDOMIES FDR < 0.05 & L, HiEE CHEICHRH
72 58 TICEFER L 72,

() 7/ L% RENT

‘KR’ (non-PCNA) D7/ L% 10X chromium & Nanopore MinlON Cfi#5¢ L 7z, 10X chromium
DT — X% Supernova IC XYV TRy TAL, {RbNI VT AT %T 7775 %D AST EIICK
L C blastn (< 1e-100) BisR 21T\, #5% % D-GENIES I X b A[#{L L7, MinlON > —% v X
IZ 1% Flow Cell R Version % F\> 7z, & D& ¥, Adaptive sampling ##E % F\ > C AST S8 I H ok
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HE M BERNA 10 fiF, BXOMh 12 o7 7 4 DNA % illumina & —7 Y A L7z, 777
7% D ASTFEIFIC~ v 7 L, samtools mpileup B L I H A X L A7) 7 Mk b, FEEEEERE
LCH%M%Ea—LL7z0b PCNA THEEAD D non-PCNA T~T 0 EH DX — Vv E2RT%
B %8I L 7=,

(3) TR | FIERERE O T

71 ¥ ERTIZPCNA DERMHEOB RS HE L o T3 28, ik~ —71 —CTld ast S8
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‘“KH’ (AlA3aaaa) x'HHK' (aaaaaa) OFBRICHIAL 72 %5 Y | 2R B 540-1576 ICDW» T,
A3 Tu 2 A T OHEEE PO AST T8 % #8533~ 5 ~ — 77 — (Nishiyama et al 2018 Hort J) 1 X
DFELZ, Al AT B X4 TICOonTIE, ~—h—FFEDIREINTWwinn=D, 540-1576. B
FUALZHAL A3 2H X 0K 10EED L2 (Al-bulk) DET ) Ly —5 v A% AST T8
BicT 24 v LCE Mg 21T o7z, $-EHORFEZ v T) v 7L, 2 v = vl 4
A, PA GREZUE L7z, b, HEMCcR% 2 %%/~ T DkMyb4 DFEHIE % realtime PCR
I X D EE L 72,
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AST JE A RESR I BETE U H ] CRBIA BN 3 2 s T 2 55 1 RICR T 2016 4 5 HicDn»Tlid,
M T BB THBEIEL 5D o T BT 13 HlOEIE T 25K S N7z 28, AST FEIBN OEIE T
X2l L TEFE L 722 2 2o 2015 4 & 2016 FF CIEIK S NBIR P AR o Tz, b ric
T 28ETd Ao,

AST FESGJE PRI ERE 3 2 FEBIA BB T 2R 1 ICE Lo, ZD 9 b AST HNICHERES 2
HEsT & L T, kinase anchor protein (evm.model.fragScaff scaffold 78.248) & Unknown gene
(evm.model.fragScaff scaffold 78.264) 23 H & #1172, \ W3 41D PCNA THILELME T L T 7223,
PA EE L EERE T2 X5 ARBALH IR o h o7z, ICEHTREERT L LT,
cytochrome b5 (evm.model.fragScaff scaffold 78.194) 2315 5 #17z, cytochromeb5 i, 7 7K/ 4 F
AR IC B WA R &R TH % flavonoid 3°5°-hydroxylase (F3°5’H) 3 X U' flavonoid 3’-
hydroxylase (F3’H) DEEHE L DBIHIAAI >N TVv:%, PCNA Tld 6 A X v BB L, 8 A
DEFETIZE AL \—77T, non-PCNA I 6 HooFHHEN LA L, 8§ AR TH —EDFH
BEMERFL T\7z, PCNA 136 H THEHIC PAERZFILT 2 2 BRIoNTE Y, ZORBE
B O #kiZ PCNA, non-PCNA [HD PA KOEBIC—HL Tb, —HTCIOBEETIR, Zh
¥ CICRE L 7z AST MM OAMINICAIE L T D, AST ODEEOHRM & 2 V15208 5 ik
BT ORMA D 5, T HIC, AST HIHIC 51T % HAFENY 7 smRNA ERE OfFHT TI13, FDR<0.1 &
B XHBFIEL oo oo BAE XD | AST FHIANICIZ PCNA & non-PCNA D[] CHAREIC R
B3 7 5 mRNA & X U smRNA [3TF7EE T, Al & 72 % smRNA 3 X O smRNA © % — 7> t
BETdBEonndol,

R 1. AST BEBfEEIC 1T 3 RIEHETEF

Location in chromosome 5 of D. oleifera avr. TPM

Date Gene ID (AST region; 16537708-17469430) — p  np q value log;FC(NP/P) Annotation

2015 jun evm.model.fragScaff scaffold_78.102 20,309,966-20,312,965 11.085 38.453 0.00364 1.812 I induced cysteine i lik
evm.model.original_scaffold_171.117 12,960,190-12,968,530 17.032 4308 5.01E-09 -1.940 Hippocampus abundant transcript 1 protein

2015 jul evm.model.original_scaffold_171.192 11,824,260-11,830,358 11.439 6.133 0.0334 0.843 plant regulator RWP-RK family protein
evm.model.original scaffold_171.117 12,960,190-12,968,530 28.655 11.951 0.0359 -1.226 Hippocampus abundant transcript 1 protein
evm.model.fragScaff_scaffold_78.202 17,935,092-17,936,962 36.526 71.298 0.0174 1.045 DNA polymerase II PolC-type
evm.model.fragScaff_scaffold_78.194 18,121,985-18,122,789 11.474 199.425 6.52E-07 4.185 cytochrome bS
evm.model.fragScaff_scaffold_78.102 20,309,966-20,312,965 9.735 32.028 0.00115 1.853 1 induced cysteine
evm.model. fragScaff scaffold 78.33 22,322,282-22,325,737 16.577 8.927 0.0146 -0.061 Serine/threonine - pritein kinase

2016.jun evm.model.original_scaffold_171.117 12,960,190-12,968,530 35.997 13.529  0.000984 -1.380 Hippocampus abundant transcript 1 protein
evm.model. fragScaff_scaffold 78.224 17,528,622-17,557,599 58.424 42.903 0.0347 -0.418 interferon-related developmental regulator 1-like isoform X1
evm.model. fragScaff_scaffold_78.194 18,121,985-18,122,789 123.052 268.238 0.000837 1.126 cytochrome b5

2016.jul evm.model.original_scaffold 171.29 14,276,110-14,279,247 329.382 1571.859  0.000108 2.344 flavanone 3-hydroxylase
evm.model.fragScaff_scaffold_78.307 15,976,818-15,986,361 6.385 9.976 0.0336 1.015 Lipase
evm.model.fragScaff scaffold 78.194 18,121,985-18,122,789 21.117 167.591 0.000696 3.410 cytochrome b5

2016.aug evm.model.original_scaffold_171.124 12,756,061-12,756,237 5.943 2.973 0.0398 -0.978 mechanosensitive ion channel protein 6-like
evm.model.fragScaff scaffold 78.307 15,976,818-15,986,361 6.115 10.658 0.00276 0.818 Lipase
*evm.model. fragScaff _scaffold_78.248 17,257,298-17,279,216 29.437 46.786 3.39E-05 0.679 A-kinase anchor protein 17A isoform X1
evm.model. fragScaff_scaffold_78.194 18,121,985-18,122,789 0.807 41.238 6.24E-14 5.610 cytochrome b5

2016.nov *evm.model. fragScaff scaffold 78.264 16,852,734-16,886,189 7.270 12.978 0.0447 0.738 uncharacterized protein KIAA0930 homolog isoform X1

evm.model.fragScaff_scaffold_78.199 18,032,030-18,034,562 6.515 19.782 0.0144 1.565 Subtilisin-like protease
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NFAINTWBET 7747 %5 7 L (Suo et al, 2020 GigaScience) &~ XA H ¥/ L (Akagi et al,
2020 PLOS Genet) D ASTHEIEICEH T 2> v 7 = — %G L 72 & T 5 inversion 23ME(ES 5 AlREME:
BB o 7, FEAREE O 2 AST I O PEICH W 72~ A 4% BAC %! (Nishiyama et al, 2018
HortJ) % FH > CEEMICHET L 724828, 2 o rlReMEIZSE S 7z (X 2). 10X chromium D7 % ¥
TNT=REAWCT 77 7F e AFXMOSHELR L2 25, WiETY YT ==
WIHE2ME O (3),

Adaptive sampling I X 0 | BH DL —7 v 2 X W #6.1 (11/1.8) DRI T AST kD V)
—FZHECcELLEZ LN, vy 7HREINE N/ Y — FiZ409Mb TH b, N50 i 24,882 bp
ThHhotze TV ITNLDOFRER, 1,141 HDO 2 v 7 4 7P T4, N50 12 44,125bp TH o720 T
TINRXT ) LDy v T = —fENT DGR, AST PRI EEADa v T 4 7 Th =3

2o WMy v T =— L HBDFTD Indel DFIEDTER TE 2D, 1 Koa v T4 rckice
DTE Do HHICE W THEN LR IFET 2D F L bz, 5H%T — 2 B2
LT TABERDOANT B ZA TLR_VT ) APRIICHEETE 2 L E 2 b,

DNA-seq fEHT DfEH. ASTHEIEIC B W TR FELHEH T 248 B34 fiifF o, 2D
5% 80 D% R 7 HDOBEEFWNERICHERELCTHY., 525 1l F Y v, YD 79 iz A
VEBRVICHEREL TV, XY VIEOSRRFARER T -2, 2D B 60 0%
DFEE OB T ONTRICHFIET % Z L BER I N, RFFEIC X 0, ASTHEK D 7 7 LRtk s X
OH MR EE L T OER S b iz, COREERIIC, 2 OBE &k TITo ZTIic X v,
INEEAFDAT T XL TL_ND AST FEIRELY] & | EHREEE T - EFHRVE % B o [F5E 1
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(3) [¥#FRY | FIFHEERE O fdhT

540-1576 TIXIAE L 7-fHE I D 2> T A3 IR IS, 72 Al-bulk B~T 08 THL T
W3 %% 540-1576 1313 & A E Rz o7z, D F D, 540-1576 D AST #{n T4 13 aaaaaa TH
. IR Y | ERORBRIT AST SHIBOBEETHCIFIMATE R LBRREI N, Tz,
540-1576 1. 8 H DEXPE T PCNA & non-PCNA O HEIFTED PA G EH# R L72—H T, RV =V
HAEEIE non-PCNA {IfA & [F%5E 5 2 A Lo fEiZ R L, 7 H @B T DkMyb4 %% non-PCNA il {4
CFRIBRICERBL Tz, U EofER2S, (1) TR | 1T AST OFIH T I 7 v RA o #
Ik oTT7THOBEBETD PA ZEMRT 281036\, (2) DkMyb4 DFIADE W & 2 v = vl
BT 25, 2% 0, AST DELETRIC X 59, PA ERAENR X v = VHilED o fbicF 5§
5. &) A[REEESE 2 b LTz,
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