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An integrated approach for elucidation of the mechanism of blossom-end rot
occurrence and overcoming it

Kanayama, Yoshinori
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Blossom end rot in tomato fruit is a physiological disorder that causes
enormous damage in the world and Japan, and its mechanism of occurrence has not been fully
elucidated. Therefore, in this project, a genetic approach using chromosomal fragment substitution
lines that stably show resistance to blossom end rot was performed with ionomic analysis of all ions

containing calcium and analysis to clarify the dynamics of calcium. Furthermore, transcriptome
analysis and the regulation of gene expression were performed to obtain the evidence. Through these
approaches, we conducted basic research aimed at elucidating the mechanism of occurrence of blossom
end rot and providing breeding materials for overcoming it.
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1. WFZERAE S WD 5

b~ MEHARTIEEGENEESE 1A (BMOKESR) . R CHAEERESR 17 (FAOSTAT) Db
BEARNETH D, BLEDS MR AEEIZMMO TN D 72 EFERIB OIS TV 5728,
BREEA N L A~OMTH SN EOIREZHIBL TS, BREEA ML R L0 BEELT D% Tk
HEE RIS ABIVRORETH Y | ZOEKIFNEDO 72V OEIEEZHDDH, HARIZENT
b IR D OEIRM OB EITINZ T, IFEDOKIT A b U ADNHIZ X 5 @R 584 % 8
FELTWA=®, filfRT_REIREE L CTOEREEIIHL WD,

FUBIVREDFEAN Ca2 L DD Z LT TWAA, LT LS MAEE & RN 5
IR ST, Ca¥ G EN T+ THERAETLI2HENH LT ENMLTEY | FBAKEOMIIC
IZE > TV (Uozumi 5. 2012), HERDAFZE TIL, BIEAESCmFEE B 72 UFE 2 OB
BT TRANBIEINTHDN, ZOLZAIPBNROFRAERIE CERBOERICE EE o
TW5b, £72, Ca¥ kb BT ORBMET DN ABN RO EITHEEZ KT TZ LD
NTWBD A, CaZ DENIENHIRIZ 2> < ELE N TV D 72 Dl DI AR OFEFRIZIZE > T
(Tonetto de Freitas . 2011),

WENERTH DL LT, BEE THYRBIBMBENMTOILTI o= EK E L
Tl WO R BIEFHIRNT D12 DM BN RN T &R0, A 2, REW. &G T O &I AR
EHITA I 7 AR NTER S TWARWnZ &1 HIF 5% (Ho » White, 2005)

2. Mo B

- FEZMAE DR D T2 DI E R A RS U AWFZE 2 3200 LT, Fic, Z2E/
U@ AUt 2 s Y R @ R AR (IL Rf) ZAE e LIcBIss T 7' rn—T, Ca¥ & &
DRETOA T HBRINSIENT TEX DA I ) — 25D F I 7 R Ca> DEREA ] 5N T
EDHA AT UTNCEDT T —FHIL DT AR EETHLEHIZ, RROT-OOER
FEMERMLT D ZEAENE LT,

3. WHED kL

R 2 7T IL R X O E AT O 2 22 AW, RIKE G TER <R
WD A= XL OWTHRE LTz, WG TR A 2 AT 3 vl BB A A — IifAT % B
DA, BTCOA A roBfeL RSN ERA L OMBEE B Lz, £7-. REEEZTHRIEL. K
JENRFAINCHEBERRT D EEZDBND CZOEELZH LT HFEEZRITT DL & BT,
B9~ 2 IBAR T DI BURNT DN % & O CTRB R AR O—B & LT,

4. WFITEE

UGN FOFERIZBIE 15 B E TORFERBEVINCAOND Z b, BTE 11 H~15 HD[H
DRFEERE U CHA OFNT 21T > T M EBHE LTI b~ N O35S 5 FE (Solanum lycopersicum)
T D M82 1Tkt L CHRIEIEDIEAERAME IL8-3 B & HV 7=, IL8-3 IE. M82 DY:fafkz
v 77T RELT, B8 YR — BRI UTREF AT (Solanum pennellii) YLt fR T i 4 (&L
SHRHTH D,

M82 TITERFEDK 20%BFSENE L 2o T=DIZxt L, IL8-3 TITAEIRILIA L h -
7o N FORBNEDORABERIIEETO CO¥RETHDHEEZLNTND Z b, FFEM
KEE O Ca? G B&EZWE L& Z A L83 DREICKIT D Ca¥ FREIZ M2 [T TEMN- T,
HBELANOIE TIE, BT ILE-3 2 M82 ITHRTEL D Ca¥ 2 G ATV, Lo T
IL8-3 DFUENREOFAMSNIL, RECBITIE W CHEENERNTHD L& HiZ, 1L8-3 OFE
W Ca BEREREITIE E REICHBET A Z LR LNE o T,

PUSEVRIT, BFEOIEREE D i b & ORI O RTEEICE T 5 Ca? OSSN ER & 7 - THA
T 5L DOWGRNH D DT (DeFreitas 5. 2011; Ho * White, 2005). FEILREOF AR O RIEZE
KIEE %A M82 & IL8-3 Tk L7z, RFEOHELMRICH ESWIEREE IV T, MS2 1
Z O A LT ILS-3 TN TEVMEHAI N A2 B AL, FRICBATE 11~14 B D M82 ™ B K
I, BREOMB LR L bAEICE ST, Lo T, IL8-3 THRIEN EDIANIH S 52K
E LT, RBNROBEIZENTEERIHORELRD M82 IZLEANTHESN T, RIEHIZE
T3 Ca* REnAELEWZ LB 6T,

PUBINR DI AR % MFtd % T, Cation exchanger (CAX) Z% & Ca> OkIZBbH D
BT OMHTIXTEZETH S, Ca®/Cation antiporter (CaCA) A —/X—7 7 I U —(IHEMHIfIZ I
T2 Ca¥ e TF AL DOREFIEBLOZNSEZE LA AL ALV ATB W CEE /R &E 2 H
ST, A XF XF D CaCA BlH %z 7= BLAST Fskic kv, b~ b D7/ A BT CaCA
X6 BFET D Z EDNRB ENT-, PIE BRI OFE R, 16 5D CaCA X 4 DD 7 7 2
U —|Z S I, CAX 1 6 D, Na'/Ca®" exchanger-like protein (NCL) I 4 -2, Cation/Ca®* exchangers
(CCX) 1% 5>, Mg¥/H"exchanger (MHX) 13 12&E 2 b=, 24 b b~k CaCA % CaCA



ELTOMIEEZAL TV DINHEND DD, V=V ATEHELNET R /Mﬁﬂ%%bf
TMHMM (version2, 0). EMBL-EBI ® InterPro ¢ K X A V& 217> 7=, CaCA IXEZ I

B F A ORAEEEFT O T2 BREE N A A (transmembrane domain, TM) 23 FE(E LTU‘E)
PEIZ X D &L CaCA IZIZ ) 10 O TM B FEET H & N TW% (Emery &, 2012 ; Pittman -
Hirschi, 2016 ; Taneja o, 2016), b=~ bk CaCA 281725 TM HIfk/NT 9, &K T 13, FHIT
109 TH Y| Bk BBeh—H L7,

EMBL-EBI @ InterPro CRAA »ZHFBELIZE Z A, CaCA I[ZHHHMI72 Na Ca ex KAA

(Pfam ID, Pf01699 ; Taneja &, 2016) 7%, CAX. NCL, CCX. MHX (ZIF2 SfFEL T, D
fh, NCL |27 EF-hand K A > (PfamID: PF13499) /3{FfE L CTU /=, Taneja ©H (2016) 1Tk
L&, RrabFo CaCA L2 20 Na_Ca_ex (PfamID:P01699) RAA % b5, TaNCL DA
1 ©® EF-hand K A A > (Pfam ID: PF13499) # %>, b~ F CaCA IZIZEE KA A VU BMRLF
ERTCWeZ b, b~ bhDF ) AL ifr%éﬁaéﬁf; CaCA 1% 16 EAFIET % EfamfHid. 4
ZH SICAX, SINCL, SICCX, SIMHX & L5 Z & & L7z,

% CaCA D57 ) ©MBEEEZRRDTD, JHonl=y VO E#YTHEBTOT /) A
DNA OEFINS, =7 VA v ha OB (AR Z1EkR L7, ZO/%E b~ Ko CaCA
i, ANV T NEAETABETRA Y h ey LADOEET (CCX) BWFEELE, A hrr L
ADBIGTIIAT TA L T O@BRERD Z LR BREN, A b L RITx L THRITRE
TRZENTERLENTWAEZ LG (Jeffares . 2008) . CCX XA ML ASKIZEHE4 5
AREMENE 2 BT,

AR TH LN b~ FD CaCA BELOA K, vrA XFXFD CaCA O7 X/ [EES % H
W CRHBHRNT 21T o720 A %, A XFXFTO7 2/ #EEHIE Emery 5. (2012) & Pittman *
Hirschi (2016) #ZBMUT=, TOREFE, HEE CaCA DOFEF & [FFRIZ 16 5D CaCA 1L 4 DD 7 7

RU—%FER L, TRFH CAX 1216 >, NCLIZIX 4>, CCX (21X 5>, MHX (Z1E 1 DDi#E
4zs%75:/\* Ehiz, CAXIZ&EHIC Type 1A & Type 1B IZ/ B S 472, Emery H (2012) BL W
Shigaki & (2006) (2L 2 &, Type 1A IZITHi). Type 2B (ZI3HEM & #EFHD CAX DB FEI LD
ZEMD, TypelA & Type 1B BMEREMIZRZRZHTH ZENRBENT NS, YA XF X
IZBWTIE, CAX TypelB 2B T 5 AtCAX2 & AtCAXS (X Ca®', Cd*, Mn* & & Tl x 7o 4
> %Wk L (Edmond . 2009 ; Hirschi 5. 2000 ; Shigaki . 2003). TypelA ([ZJ&9 5 AtCAXI
& AtCAX3 (% Ca*'i %ﬁﬁ’)f%é EEZ BN TV (Conn &, 2011 ; Shigaki &, 2003), L7»
L. Type 1A CAX Z R CHBLI W2 L FED B F A o % ik uimb Type 1A CAX b gAY
HF A UREEME S ) TH D (Kamiya 5, 2005 ; Mei 5. 2009), F7=. CCX % Group 1,
Group 2, Group 3 I3 &N 7=, Emery 5 (2012) 12X B &, Group 1 (Zi3HE®)., HEEIZIN AT
FERE DS, Group 2 [ZITHEMY & ##4H75 . Group 3 IZ iﬁ%@ CCX BFEI N5, Groupl I% Group
2, 3 EIEAT A UREEHEROESIN R D Z LD BT A OFIRVER R DA RN H B,

KA ER D HIAN TE DL DI TF AU REZHIE L TV D02 BiFT 5729012, Mlalm
JREERET D Z LIXEETH D, £ Z T, ProtComp THINNRITEZ TH LT-, T DfER, SICAX
e THRIICRTET S & FHEENT, SINCL [ZoWCIELRIEEZ T Z LiXTaenotz,
SICCX @ 9 5. Solyc01g098800 IFHIfUBEZ /TET 5 & FAAINTZ, ZOMILT X THEIIZ)F
TET 5 & FRENT-, AICAX], AtCAX2, AtMHX, OsCCX2 IiEMIZ JR7E % = & (Hirschi &,
2000 ; Kamiya &, 2006 ; Shaul &, 1999 ; Yadav 5, 2015). Solyc01g098800 & [F] U Group 1 {24y
I D ACCXS ITAIEEIZRTET 2 2 & BNEBRIITHEDN D 5L TV 51D (Zhang H,2011) |
CaCA [3ikad L ORI/ ET 2 VW I HEDH Y (Singh &, 2015 ; Taneja &, 2016), 4
BlDORHETHFERIZZ b DR E —F L Tz,

CAX X FITHRNANIZAFAE L HY Ca** AZHUZEHE CToH 5 (Pittman, 2011), CAX X Ca>* LA DA
F A H#gE T 5 72O (Edmond 5. 2009 ; Hirschi . 2000 ; Kamiya 5. 2005 ; Mei &, 2009 ;
Shigaki ©. 2003 ; Shigaki . 2005). H'/ Ca?"Clx72 < H'/ Cation #iiik K & FE N TV 5, CAX
A b I/XKJTS%TE)ﬁ (Kamiya &, 2005 ; Shigaki * Hirschi, 2006 ; Taneja ©. 2016), Z i
FE - WD — [T A =T iofﬁfxé Fo, MIRED CaBENEE DH E CAX D
HUNEED (Lee b, 2013), S HIT, CAX B ORI CaCA BIEF LV @ &n
L OfEFE THE SN TWVD (Kamlya g 2005 ; Singh ., 2015 ; Taneja 5, 2016 ; Mei &, 2009)
CAX 3Bk x e h F AV ZHET 52 ENTEDHD, CaCA OF CTHEHCEER&E 2 1= L
TWDATREMED & %, NCL (X Nat& Ca?* &t mlfiiiitd 2 (Emery . 2012), A h L ARLEIR
ARNVAR, TT UV VBRI K > TRENFHFE S (Singh 5, 2015 ; Taneja &, 2016), A —F
ko Tl s (Li b, 2016), uﬁw\‘/m4;<7hx“ﬂ:m\f NCL Z @RI 5
EMHEMEME T L, /v 77U M43 EmEEN M ET5 2 05 (Wang 5, 2012), A R L&
Mt & O BIFRIZHAE TIE e\, CCX TR & 5 VM TAIREIELZ FTET % (Morris & 2008 ; Zhang
5. 2011), vBEA XFRXFITEBWT, ACCX3 1T HY/ K, Na'xflaligiksd (Morris 5., 2008) .
AtCCX5 L KDY iAZA%4T 5 (Zhang &, 2011), CCX (I A vx Ko THIANFEIN
L3, CCX X2 K OMIEN~DIY IAFZ F 721X Na ORREEAIHIEMEICB 532 & B2 6T
W% (Morris &, 2008a ; Singh &, 2015; Taneja &, 2016 ; Zhang &, 2011), MHX (% HY/ Mg?" %t
MR TH D, aA XF A0 AMEX TEIZRE L, M2z T Zn®, Fe*' bififikd
% (Shaul &, 1999), /X2 2 AX O TaMHX |THA R LA, @iRA LA, WA N LA TR



DIHl S 7228 (Taneja B, 2016), A F @ OsMHX TIERIEED S FIZHBWTREMN EH LT
Y (Singh 5. 2015) , HEWFEIZ L > TIHAMIIA b L ANDIRENRIR D EZ 2 6T 5,

BN OFER, f B R BB L - TR BRT 2B T RRRD 2 ERbrotz (B
M), CAX Type 1B BIE 11X, JELANOZE TIEETHRIEANEN -7, —7F7 Type 1A Bin 713X
TEAMENH DL WVIIEB L TELT, ZA—FHTEVWRL LN, F2, N asXo
TaCAX [F 1 FEOM 1 CHEWVVEIZ /R T2 (Taneja 5, 2016), b~ MIBWTITRS 5 \WNIFET
BWRHL AR LTz, SINCL T&h D Solyc07g062700 1TFFICIR The b m WV BB Z /R L2, ofE
MFEIZEBW T Solyc07g062700 & BLF| D IE M EVY NCL 3R TREWIEELZ 7~ L 72 (Singh &,
2015 ; Taneja &, 2016), CCX Groupl BT (Solyc01g098800) (FFHELISN T, Group 2 EIx T

(Solyc02g069710, Solyc07g042700) 134R T Group 3 #1511 (Solyc07g006370., Solyc09g072690)
I LAEE, B, 10DAF EETHRENE L, F7NV—TNTHB Y — U BEBIL Tz, MHX 1
run 7 4 )VERRICEE R Mgr 2Bk 5 - OXRLETEIANE N E B Z LN TV DA (Taneja
5., 2016), b~ MIBWTITE, B L& FREDORBANES LY 10DAF~breaker DRI TH LI
7o MEWIR AR TR E N> IZ#ER 71X SICAX TIX Solyc09g005260 . SINCL T X
Solyc07g062700, SICCX TiX Solyc07g006370 TH Y . ZNEND 7 7 I U —OHH THLLY 25 E
EHOTWDH I EREZLNZ, £IT, b3 50@EIEIZER LT,

IL8-3 1L M82 & il L THRIBNROFBAEFENMENZ L BN b~ MW TyrA XFXF
D CAX ZRFIFHEH S5 L FIENFEOFRAEENEINT 5 2 L BAME SN TS (De Freitas b,
2011). £ 2T, IL8-3(THIT D AN RDOF MM & CaCA & DFIHZRFTT 5728, 1L8-3 1T
BT D CaCA DIEELE i~ 7= FEBUFHT OFER, Solyc09g005260 (SICAX) & Solyc07g062700 (SINCL)
DOFBUL, 1L8-3 TN -72.  Solyc09g005260 (SICAX) & Solyc07g062700 (SINCL) (i~
Ca¥X Z s s 5 Z &5, IL8-3 XM ~D CaX DEE RNV RN ENEZ BT, —H D CAX
/) w7 T LEREAITE, MENSLT RS TR R~L Ca¥ 2 it d 2 ACA (autoinhibited
Ca?"antiporter) DFEBIN EH- L, 7R T 7 A FO Ca¥ BIEMN EFH925 Z &35 I TV (Conn
5, 2011). k- T, IL8-3 THRBEDBENKZ Y, 7THRT T A MO CaBENEHE > TWHH
RMEREZ 2 b, BBMEOREDI AR+ Th Mo bdH D0, Solyc09g005260 (SICAX) &
Solyc07g062700 (SINCL) DFEELDENA IL8-3 (ZH 1T 5 FIE N F o F MG B 54 % nraedk:
BEZ BT,
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Expression profile of SICaCA superfamily genesin various organs containing fruit from 10
days after flowering (DAF) toripeness. YL and ML represent young and mature leaves, respectively.
(A) In order to accurately compare the expression levels between genes, the copy number
corresponding to the amount of each mRNA was determined using the standard curve. The
expression level was expressed aslogz, and the heat map was prepared by subtracting the expression
level of each gene from the median; red represents the highest expression levels, white indicates
median expression, and blue shows the lowest expression levels. Gray represents undetectable
expression. Each logz expression value was based on the mean of three biological replicates. (B) To
comparetheexpression levelsamong organsfor each gene, expression levelswerenormalized in each
gene. Color bar denotes Z-score: red represents the highest expression levels, white indicates mean
expression, and blue shows the lowest expression levels in each gene. Gray represents undetectable
expression. Hierarchical clustering was performed using Ward’s method. Each expression value was

based on the mean of three biological replicates.
(WFFER AN B £41 %5 Amagaya + Kanayama © 2020 (Plants 9, 25)® Fig. 4 %51 H)
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