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Abstract: The genetic improvement of tomato tolerance to drought and salt stress was reviewed in
this paper. The contents mainly included the potential wild tomato species for drought and salt tolerance
and the evolution, QTL exploration, the genetic and stacking effects of the identified QTLs, and the genetic
engineering with exogenous genes, including ion transport and compartmentalization, osmotic regulation,
antioxidant protection, transcription factor, stress related proteins, for tomato genetic improvement with
drought and/or salt tolerance. Meanwhile, the present problems and future strategies, mainly including
phenotype determination of drought and salt tolerance in tomato, genome wide association study

(GWAS), genetic engineering, cross-talking, small RNA and epigenetics, were also discussed.
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S NRKI s e £, AR A AR B M )AL 15 5t RS T % (Shirasawa et al., 2010)
T 43 ATs A Y5t b e S I P10 2 A0 S A o e A ol B2 5 0 R R R . — L6 A=
rn S. sitiens FEISFIZE A (S. pennellii) S. corneliomulleri. R (S. chilense) 5EHEKAENE
TR0V 22 5 BT AR D BEHX. (Chetelat et al., 20095 Xia etal., 2010, S S. sitiens FI%F
& (S. chilense), LK HERFN EILH 0.9 ~ 1.5 mm, A LTS HIX 2 — (Chetelat et al.,
2009). 1S Ah—LLBF AR, WES SN (S, pimpinellifolium)« FhEF A (S. peruvianum). W2
JeF i (S. cheesmaniae) WEHANTEH (S. pennellii), WJLEERN S B m I EE P AAF (Tal, 1971;
Tal & Shannon, 1983). IXLLHFAFfi Ay T W6] & BB I BE, 1 SIS0 T RT3 0 5 0 ek 1) e
Lo Wi SRR A (S pennellii> W KB HA AL, TSR 2P K 4 BRI
it (S. chilense) HARIEWRER, "HHGRE LIKy; fEIHNE R, MEF (S. peruvianum)-
WIRFNTE A (S pennellii) R 2 )TN (S. cheesmaniae) {JIHELEFRFEL = AN K 435 &, 1y HGH
NI B RA PR AE S (Tal, 19715 Rush & Epstein, 1981). IXSHF A=k 2 it 5 A 42
AL R AR AL T 2> B P UER R (Chetelat etal., 2009; Xiaetal,, 2010,

2 i AR BRI SR 1 (0 st 24

MR, FU SR S A B 2 TC E R, T s S A E Pk T AR R
(Tang et al., 20100, BFAERp 10 DOE NALH] L ILHE Py s, W iEoE A A 3R A T AR A B IR
o (1) eI AR XIS B [ S AR bR A 22 e, INIRFAGHT R AR — L 2+ 5
RV (2) ARG FP AT R W MR 415 B (Fischer etal., 20110 XS 12 AN i A i
BUEY AR SR () A AT R I, FRBE IR, U R T R R e R 6 B 5 AR AR ) A S AR A I L B A e
I PR N 20K S ) (Moyle & Muir, 2010). SRERIL, A6 T RZHFh TR 1) Asr
(ABA/water stress/ripening induced) & K 5 I fp [m] i 2 1 52 A £RJB T ¥ ABA Wi, (Maskin et al.,
2001). Fischer 2% (2011) XA A (S. chilense) FFETEN (S. peruvianum ) WA mn AT
GANBEART) Asr FERIZR 15> T2 S AT 08T, RO Asrl B3 T s 5 (L, Asr2 AT KA IE W)
EHE, Asrd RIVHE SR (S. chilense) 1L T 5454 N AH— SO E R HERE L, HFRIL—ANH
(RIS Asr5, W2 Asr BEDIZH Jl— DB IR R 505, 3K 26 A3 ICHE 471 B DR A A 400 365 I P v e 3] o 2
YER . TRNET, Asr2 g s 1 7e 3 it B AR i, X2 B3 (S, hirsutum) 52
2 (S. cheesmaniae) VRPN (S. esculentum var. cerasiforme)~ A F)F A (S. chilense) %%
ERETEN (S, peruvianum var. humifusum) N S. peruvianum f. glandulosum 55 6 N3 mEF LMK &
(1) Asr2 [FIJEHEE R R G i e S EAT 73 A, FERE 2 750 B A b () B R A R AT B A, IR A& CS.
chilense) FVEAMETE A (S. peruvianum var. humifusum ) %IR35 @ W E L e B AP 3%
X, FREA (S, chilense) FVEEFBETEN (S. peruvianum var. humifusum) W Asr2 FEF F2 3
PR 45 T 6 DIl FEIE Y R BE (I H LA (Framkel et al., 2003). Asr2 il X [F)HE SO IR SO
BB (S, chilense) 1 S. arcanum & N1 P AR IEPA K 27K (Giombini et al., 2009),
RIRE SR FE Asr JEDH SO0 K AEA R IR AT, &S 58T MR 5 38 3 1
(Fischer et al., 2011). BFFTRI B EF AP i S0 SRALH S ILREAAHE, 1 o ntimef St & 36t
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31 ARIEKABMEMEFMME QTL EfL

WEFRW, B oS5 e AEY—HF, T S5ERIN 35 P 52 QTL 28 S FIAS [A) 2E K B B BL IR 51 ( Foolad,,
2004). EIHHETA L, MESHFEH LA0722. WA LA0716. FEA A LA2951. M7 2 Jé /il
L2 GFEp AR gedsrh, e TAFAK KR BB QTL (Breto etal., 1994; Foolad & Chen, 1999;
Monforte et al., 1999; Villalta et al., 2007; Xuetal., 2008; Gongetal., 2010; Lietal., 2011; X
% %5, 2011; Uozumi et al., 2012), Z5HEH, #HIFMN T i EhVEM QTL B2, =224
PR (R 1) — SR G X i & IR ISR il LA0716 AT 1 #hWpia 21~ AR BRI A K R B AH
KT, LT 125 NMEALMHEATSE QTL Al 311 AN EF W N A% QTL (Frary etal., 2010,
20110 Z5 BIRBIFIT AT LUK, —48 QTL 7Rtk b il oA, IR IS A8, 148 QTL
[, ALk 1 B AR b (R o Y AT i B, I8 1 BERT RE R 2 At 57 sl i) 5 15244 50 R 4t —
SEMISERI IR H AT THUdEAH DG QTL WHFCARX AE %, i P~ s AH D¢ QTL MIWFITE /- P, ik
Gb, B TAREVEN T 22, T R R . BRI, gl B DL

xR 1 TREKEZEHBREMMT 2RI QTLs
Table1 QTLs identified for salt or drought tolerance in different stages

N
g KPR OTLAC e Wmmol LYy AEHER 2% 30k
Trait Development  Number Chromosome Population Treatment Investigated trait Reference
stage of QTL
i EI 5 1, 3, 7, 8, (8. lycopersicum UCTS x 150 NaCl + 15 CaCl, i£%]50%K % %) Foolad &
Salt Germination 12 S. pennellii LA0716) F, 200 NaCl + 20 CaCl, K% Days to 50% Jones, 1993
tolerance stage germination rate
2F 3] 8 1, 2,3, 7, (8. Iycopersicum UCT5 x  175NaCl+17.5 ILE] 50%K 2F A K] Foolad et
Germination 8, 9, 12 S. pennellii LA0716) F, CaCl, KEL Days to 50% al., 1997
stage germination rate
il 7 1, 2, 5, 7, (S Iycopersicum NC84173 150 NaCl + 15 CaCl, & %455 Foolad et
Germination 9, 12 x S. pimpinellifolium Germination index al., 1998
stage LA0722) BC;, BCS;
) 8 1, 3, 5, 6, (S Iycopersicum UCT5 x  175NaCl+17.5 R Foolad &
Germination 8, 9 S. pennellii LA0716) F, CaCl, Germination rate Chen, 1998
stage
23] 6 4, 5,7, 9, (8. Iycopersicum NC84173 150 NaCl + 15 CaCl, 5% 50% K ##[f)  Foolad et
Germination 11, 12 x 8. pimpinellifolium KHL Days to 50% al., 2007
stage LA0722) BC, germination rate
i 6&4 4, 6, 9, S. lycopersicoides LA29511L, 700 NaCl + 70 CaCl, i #2455 Lietal.,
Seedling stage 12&6, 7, S pennellii LAO716IL Salt tolerance scale 2011
11
B 5 1, 3, 5, 9  (Slycopersicum NC84173 x 700 NaCl + 70 CaCl, i} #:44 % Foolad &
Vegetative S. pimpinellifolium LA0722) Salt tolerance scale ~ Chen, 1999
stage BCi, BCiS;
EHRAKIN 5 1, 3, 5, 6, (S.lycopersicum NC84173 700 NaCl + 70 CaCl, it £52¢%% Foolad et
Vegetative 11 x 8. pimpinellifolium Salt tolerance scale  al., 2001
stage LA0722) BC;, BC;S,
EFRAERI 125 1~12 MS82, S. pennellii LA0O716, 150 NaCl BUAa b S Tk Frary et al.,
Vegetative stage S. pennellii LAO716IL Antioxidant activity 2010
EIRAEKIN 311 1~12 M82, S.pennellii LAO716, 150 NaCl RS BT Frary et al.,
Vegetative S. pennellii LAO716IL it Growth 2011
stage parameters, ion

concentration
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(SN R B QTL %t Je(ofk RN b3 IERERURIN S5 30k
Trait Development Number  Chromosome Population Treatment Investigated Trait Reference
Stage of QTL
FHIFIHE  1&1 8&8 S. pennellii LA716 1L8-3 150 NaCl REFFTERIRRT Uozumi et
Germination, % Germination rate al., 2012
floweing stage /blossom-end rot
disease incidence
et 8 10, 11, 12 (S. lycopersicum x 171.1 NaCl BATE. 45040, Bretoetal.,
Fruit production S. pimpinellifolium) F, YL Total 1994
stage fruit weight, fruit
number, average
fruit weight
2L 12 4, 5, 12 (8. lycopersicum x 171.1 NaCl MR, 45050, Monforte et
Fruit production S. pimpinellifolium) F, YL Total al., 1996
stage fruit weight, fruit
number, average
fruit weight
£ESL Fruit 1 5 (8. lycopersicum E9 x 171.1 NaCl LT N s Monforte et
Production stage S. cheesmaniae L2) F, Earliness, yield al., 1999
EeGAEE 15&16 1, 2, 3, 4, (S. lycopersicum x 200 NaCl AKSHL FeEL. B Villaltaetal.,
Whole 5, 6, 7, 8, S.pimpinellifolium) F; & Growth 2007
development 10, 11, 12 (S. lycopersicum x parameters, yield,
stages S. cheesmaniae) F; ion concentration
(GRS el 4 1, 8 9, 12 (S. Iycopersicum NC84173  14% PEG AL RZFREL Foolad et
Drought  Germination x S. pimpinellifolium Germination rate, al., 2003
tolerance stage LA0722) BC;, BC;S; germination days
I 9 1, 4, 5, 8, (S Iycopersicum NC84173  14% PEG K3 50% K FHIREL Foolad et
Germination 9, 12 x S. pimpinellifolium Days to 50% al., 2007
stage LO0A722) BC, germination rate
i 1 5 S. pennellii LA0716 IL [AEIvA Ik Bl 2455 Xuetal.,
Seedling Carbon isotope Carbon isotope 2008
stage measurement composition
T 2 2, 9 S. pennellii LA0716 IL 15% PEG M HL % Lesf  Gongetal.,
Seedling stage electric conductivity 2010
i 3&11  3,6,12&1, . lycopersicoides LA2951IL, 3 T Fiie TRy 25 X %,
Seedling 2, 3, 4, 5, S. pennellii LAO716IL Three times drought  Drought tolerance 2011
stage 8, 9, 10, 12 stress scale

3.2 THREFmE: QTL BIEE R BN

FAT, 081 P AR B3 Y5 45 7 H 1) QTL (W3stAk S HAERONAT A AN R 4518 o 8%k B B 2R3 it
LA0722 (1] Fo F1 BC; BEARRIWT TN N, 2F BRI F BA R 52 o i 61 52 /0 2 =20 QTL FHJLANA QTL
i, HER QTL RN, 4t £h 11 QTL LEREAANFH ] 2R 1, QTL M AFAEIR/NE T
AN, (Foolad, 2004); T e WisiRil, Fanmd FHAM 22 QTL #iil, ZIBEH R
K, 84 QTL BIRvE/N, HAEW S (Monforte et al., 1999; Villalta et al., 2007; Lietal., 2011;
X|#E %%, 20115 Uozumi etal., 2012). f=A B[R S50 110 2 B2 IR PR n] B Al T 58 7 v AE B
A4 R GEPERREEAN ] o 8 Ik e B SR 6 R ISR B i s R B s AL e At B, —48 QTL
IR RN, TAE 2 AN I NY, (Gur & Zamir, 2004; Lietal., 2011), @b
fiif 1R IL7-5-5 CRPERRY, 2l PR RN % A AR TE AR T 5 40 2F RO i M82 147 12% ~ 22% ) 1L8-3
(Al PR N T M82 Ik 34%, &A= 25%) . 1L9-2-5 (ML INPERLY ) (Gur & Zamir,
2004) A, BT EEDIMN AL T AB2 (Lippman et al., 2007). H8R 1% 8 A 7 i 7 A £5
Bk E R T — AT, AIEHE SN T 2 258 TARMLH, it R S5 1 SR AR 5
b, ) E— DR X Ee 4 e Y QTL & b i S sl 5 (10 75 ik St P, 73482 — TP K i) T RE AN
TR E TS
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4 BT AR TR RS AL R

2 20 I, FHBEAE i EA BERTT . AR R e A
REMIEDR,  EAT B At 2 A R I R TR AL o ), AN F R L 5y 1 A Pk (3R 2).
Hprdi g S i BN ERE: (1D B@fn X s 5 S0l A7 T U RN R 1) P b 06 ) A
ZHE A (Na'/H antiporter) BRI Na [Pt W58 Na (oM HE. iR i K/Na LA Na'[X %
AT FRAR AN 5 ) Na' (O3, 1Bk Na XHE 8 EAER, AR N e E 5 1 K
KA (2) BFEWT: B, HEER. B, 2. BIERSEBE TR A K ER
X, WREMHNRBE i, Soma e ORKeE ). BIBIE WY, A T Y0 SR S,
i HAR S T IS8, i mild . PR S AR a I RE s (3D IETESANERR: BIRAAEE . PUA
I sk A A B S5 P A A 700 AT DAY B vl PR AAURD 1 Rl 80 0 M () a0, e 8 - P B R As e, AT
HRBTAE AV MG B B s (4D ek WO ERIE 7, fefs 5 EAZ L A A
BRI AR FH oA R AR etk AR BAE A, Jl O e AT T2 A LA R 5 S e A O i (A 2 TRl R AH B A
H WS s il 5 o K PR HUMAH SIS D R e s DR 13 AR, W7 LLUE 8h 2 AN e A IR R R 36
5, YA AR AR E Pt (5) MBS % ABA. BB KR MNE Sk,
BAR SRR ERAE e E, v DUESEE A N K 73, RaBEh e, DAISCAR M 7Kk oo) 41 i
JRIAS R 52 s ARk 7K 3 R R 23 S R 40 B P A0 () 5 T K i s — S8 138 v DAAE 3 40 Jfa Jls R

A R R R I RE AR E

%® 2 MREEIREABHMAREN (30 WEMAXER

Table 2 The transformed genes conferring salt and/or drought tolerance by genetic engineering in tomato

e e Ty fie s 5 2 15T fEHIBLEE hitk S5 3R
Catalog Gene Function/ Coding protein Mechanism Resistance Reference
BTISEA AINHXI ORI Na'/H B 2 Na R H RIIEH, FaRmizs ik Zhang &
X #4% Ton Tonoplast Na"/H" antiporter 1 Na ™ HE A8 Salt tolerance Blumwald, 2001
transportation Reverse transportation of Na“and H',
and compart- extra Na' flowing into vacuole
menttalization
PgNHXI W Na'/H S 028 Na fH Riisiy, aimes ik Bhaskaran &
Tonoplast Na'/H  antiporter [ Na " HEA Y Salt tolerance Savithramma,
Reverse transportation of Na“and H', 2011
extra Na' flowing into vacuole
LeNHX2 K /H i s 8 A PEHE KA P X 3k i &6 Rodriguez-Rosales
K'/H" antiporter Facilitating K* compartmentalization ~ Salt tolerance etal., 2008
HALI T 5 P B 2 14 {EE K/ Na fRIES, S Py KITAR i 6 Gisbert et al., 2000;
Salt tolerant cytoplasm SR Na &S EF#(C Facilitating  Salt tolerance Rusetal., 2001
protein K'/Na"selectivity and intracellular
K accumulation, decreasing
intracellular Na' concentration
HAL2 TR - 3 - B TFR N ¥ PAP 1 PAPS % i Arillaga etal.,
Bisphosphate-3-nucleotidase  Dephosphorylating PAP and PAPS Salt tolerance 1998
AVPI WA H - FERERRRG TS TRE; BIRRISEY, R Park etal., 2005
Vacuolar H'-PPase e R £ Facilitating ion Drought tolerance
accumulation, reducing vacuolar
solute potential, promoting root
development
MAVHPI WEP H - FERRET PR TR HERFEGRARR K> AR i Dongetal., 2011
Vacuolar H'-PPase B BRRIRI72IE A Facilitating  Salt and drought
ion accumulation, maintaining high tolerance

RWC and low solute potential
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Catalog Gene Function/ Coding protein Mechanism Resistance Reference
BB BADH ST i S AL TS BRI e 1 DA S fiif Moghaieb et al.,
Osmotic Betaine aldehyde Converting betaine aldehyde into Salt tolerance 2000;
regulation dehydrogenase glycinebetaine Jaetal.,, 2002
betd JUELRR P S AR AL e RH S Tiif # EWO7 5, 2001
Choline dehydrogenase Converting choline into Salt tolerance
glycinebetaine
CodA BN E=RA AR B e IS8 fifdh Wi fiSPE. Park etal., 2007;
Choline oxidase Converting choline into P fbbpia Salt, Goel etal., 2011
glycinebetaine drought and cold
tolerance,
antioxidation
TPS1 NN - 6 - WHR AT 2SRRI Y &R i Pl Cortina &
Trehalose-6-phosphate Participating in sugar metabolism fpié Salt and Culianez-Macia,
synthase and osmoregulation drought tolerance, 2005
antioxidation
Atlpk2p WUEE 2 BER 6 6-/3- Pkl ZHRAR S SNYgER C22F R, 9. Hisait Zhangetal., 2009
Inositol polyphosphate 6-/3- i Cellular signal transduction and i}l Drought and
kinase Ca”" homeostasis maintenance cold tolerance,
antioxidation
MiD HERRE -1 - BHRIKER S5 HERNTEK &R M5 %€ Khareetal., 2010
Mannitol-1-phosphate Involving in biosynthesis of Salt, drought and cold
dehydrogenase mannitol tolerance
Osmotin 24-kD ZUIREMHAMINE A S H5AMMSE R, firrErmss Wi i Goeletal., 2010
24-kD multifunction stress ~ #JFaE Salt and drought
response protein Cell osmoregulation and protein tolerance
structure stability maintenance
T AU R [0)(e] IR AL RN, S5MhapiE sk Dessalegne et al.,
Active oxygen Oxalate oxidase Oxalate toxicity degradation and Salt tolerance 1997
elimination stress defense
cAPX N EnRAN I e kR U =R UE i £« i€ i i, Wangetal., 2005,
Cytosolic ascorbate Eliminating ROS toxicity 1 UV-B 2006
peroxidase Salt, cold, heat and
UV-B tolerance
SIGMEs GDP - Hi&hli 3,5 - &5 S HHURMBR K AED S iy & M9, Hisf Zhangetal, 2011
] i Involving in biosynthesis of fpié Salt and cold
GDP-Mannose 3',5-epimerase  ascorbic acid tolerance, antioxidant
stress
MdSPDS1 K % £ B 1 MEHENE RS G ARG A5 22 AR 5 3¢ T Ak Neily etal., 2011
Spermidine synthase 1 e DR ML RO S A T 11 ¥ 1 Salt tolerance
Facilitating spermidine and
spermine accumulation, enhancing
APX activity
PtADC I it R T2 REIIR 3, S BRI TR TS i Wang etal., 2011
Arginine decarboxylase £ Drought tolerance
Facilitating polyamines
accumulation and eliminating ROS
toxicity
Samde S-IRIFRBARBART  SHEMMAR: HHEEE . . e, Hazarka &
S-adenosylmethionine Involving in biosynthesis of M . B Salt, Rajam, 2011
decarboxylase polyamines; radicals scavenging drought, cold and heat
tolerance; disease
resistance
LSS CBFI AR FSR PGP, RHRIRAK e Wi R, W5, M98 Hsieh etal., 2002;
Transcription Transcription factor FeAEMR Y, Transcription activated  Salt, drought and cold Lee et al., 2003
factor factor, response for low temperature tolerance
and water stress
Osmyb MYB H:3:H T 5 P A XA DR 25 fif 7. Hidps;  Vanninictal, 2007

MYB transcription factor

Inducing expression of stress

related genes

Drought tolerance;
viral disease
resistance
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Catalog Gene Function/ Coding protein Mechanism Resistance Reference
LeERFI ek T FIEIERE . IWEARTEENIRR: B R Luetal, 2010
Transcription factor I WPE AR CIE K [ R IA Drought tolerance
Facilitating soluble sugar and
praline accumulation, inducing
expression of stress related gene
SIAREB %% AREB #5541 € ABA FIEEZESIA BB PG . i Hsichetal., 2010
AREB-like transcription FER)FRIE Inducing expression Salt and drought
factor of stress-responsive genes under tolerance
ABA and abiotic stress
SIERF3ARD  EAR 5SS KRR BB NG DO AR VB 0 W ER. PO Panetal., 2010
¥ JRAR G (AL )8 1X Reducing  Salt tolerance, disease
EAR motif deletion membrane lipid peroxidation, resistance
transcription factor inducing pathogen related protein
gene expression
SIERFI AP2/ERF #%5H ¥ AR AR AR Luetal, 2011
AP2/ERF transcription factor i3 ZlrE AH I K [ R IA Salt tolerance
Facilitating soluble sugar and
praline accumulation, inducing
expression of stress related gene
SIERFS AP2/ERF #5H ¥ S R EP e N K E e Wi #h. Wi Saltand Panetal., 2012
AP2/EREF transcription factor Inducing expression of stress drought tolerance
related genes
WA bspd 66-KD HFisE 15 ABA RIARAENIE T, (UM iR Roy etal., 2006
Stress related 66-kD boiling stable protein £ 52 &% [ AE AN ML B 4 Drought tolerance
proteins Facilitating boiling stable protein

accumulation under ABA and
abiotic stress

HVAI it LEA LEA AR, HsRmaRsily i Mokt 2, 2006
Stree induced LEA protein &[G J) LEA protein Salt tolerance

accumulation to increase plants
stress resistance

5 n)dlh e

51 HBEMMEMMEMRELETE

B R E AR PO R R, JEHOE AR R SR AL 58 i, 3R15 T KB IISER AL, k4l
AL BRI SO (R, T MR I R I s AR AR 7R L DB . bR ) R A E
BHE R LR, AT TP REFE . ANFEEG IR T, i L] 7552 %
NAE /NI 22 DR R P S R AL 1B T %8 (Genome Selection, GS) (Cabrera-Bosquet et al., 2012) .
1T JLAF, il i AR AR SR 1 0 AT Bl ER TR 4 27 46 52 OG3E (Volk, 20105 Cabrera-Bosquet et al., 2012) .
PR B KA B T RE RIS R A A, SRR =y S IR pidi PR T R (Volk, 2010).
Famoso 55 (2010) 37 B R BN e AR ZR, S0F i Bk 2 S R L AN [ R A K I A8 P A K
FEHEAT ELAE AT o 3 A IOV TR S R SR 1 52 Ak QTL #54h), AN EIIEST 8 K AN ) (1 b BRI % 58 532,
Qi A R AR . BT EA—E, SR RIRVE R T . B, Katerji 55 (2000)
W23 b R SR BURAEY); Dasgan 25 (2002) £ 200 mmol - L™ NaCl JHrae (78 i R 23 A K
IR 4 (Salinity Scale Classes) 708 1 ~5 2% oA T % 2R . il BFRAEKM. TR
W £ QTL, B T AS[E 1 5 AL BEVE FE (mmol - L) #1755 150 NaCl + 15 CaCl,, 175 NaCl + 17.5
CaCl,, 200 NaCl + 20 CaCl,, 700 NaCl + 70 CaCl,, 150 NaCl, 171.1 NaCl, 200 NaCl %% (% 1) .
KT S, KRAEH 3% NaCl, o Na© &% 4 460 mmol - L', Mg>" #JE % 50 mmol - L™,



2068 P S "3 39 ¥

CI" ¥#KJ¥ 4 540 mmol - L™ (Chen, 1946), AN [FIZEAL [+ 338 R AL WAFAE S K I 2E 5 613 i
FESE, WERH ABA FIl PEG AbFE, — T 5HHHE A 2 T 5HMa AN A () 4L P 7V (Karaba,
2007; Gongetal., 2010; X% %, 2011). Rk, M EhA FARMES 2 IR HSL, SRS
P 7 00 B AR TR YR bR L DRURIRE B SR I SR P g AR AR R )

52 ET2ERBEXKSTEEZRERMNIZHE

LA, T8 MEBD ) B AN AH DG AN A5k DR Y R 3 R 81 A7 (1) G IBEAE 1¥] (Association Mapping),
AEDB AL SR B AE T B (Rafalski, 20100, BEZE S ARMPHARN Gl AR, KEYF4
SERALIN P58 i, DRI s B 2L . SRS MIEBUERIAHLL, CHAE R BA LU
s (D) FIHAKREIAME, AT L@ EIRE, A, B9%H: () WU T2 A, Z2IRES
W% (3) ARG m R B, R 2 AN () TS HERAE. Hir, 25 OV H
TKRE TR RE L RZ . TSR AL SR 424 55 50 (McMullen et al., 2009; Stich, 2009;
Rosenberg et al., 20100, A 2R A OCHHER] (Nested Association Mapping) X K [1]i5t
A BGIEAT 23 0T (McMullen et al., 2009; Tian et al., 2011). SZEEAFHA, SCEAEREFEAIZAEY
At FERAM QTL A @t (Stich, 2009). F il £ i iUy BRI, WL FURILRA
M2 AR OG5 42 8 AT B8 UsRH B A= D U R T 21120 PR, SO0 2D HORR B o B A gk
T THIZ YT (Arunyawat et al., 2007; van Berloo et al, 2008; Labate etal., 2009), == %7 [K /&
I P AL 1T 5% (Shirasawa et al., 20100 BFA=PRh & 2 55 AR 3t 1 AR TR 1R BAN -4y
(Linkage Disequilibrium, LD) FEJRARILIRE, JAKIATRBAERE, iR mEns T+
A AAHT 5% (Arunyawat et al., 2007). Causse 5¢ (2011 WA S. lycopersicum var. cerasiforme 1
A, 68 SE M A A SRR T T ORI . Sdh, T ERAR SR T B Ry, A AR
i, kR FE AR EURUR AE 0 AL D Re A s 42 4t 7 AR 45 fF (Rosenberg et al., 20100, FaiAkds
PSRRI L2 5 i, BT A RIS S il LA1589 FIIE ISR A (S. pennellii) LAO716 [11JF 71
BT, XA I ROK 78 1 A 4L SNP Frid 85 e 7 2EA, o R A IO AT, IR
AN Tz A B A DU ORI R R AL T T RE

53 HEIiE

K TR A7) 5 DRI 200 e DA B S B DR A 2 T AR BT R, AR e adi i DR TRt 7 B = () 2
PRRYE (Mittler & Blumwald, 20100, H T, 28k 38 PR TR 25 DR SR DA v 35 56 i 7 Bt 256 14 1)
WIEAZ, (EMANIERIEAL T, X545 (2005) ¥ BADH S N%: AtNHXT (7555 Th 433 A%
SEDRIRERR, L S v S 2 T AR BRER BRI L T B A BRI S R bR ;s AVPT A PgNHXT {E350 H L (R
2R AFRERR PR 6 PR A T B A AR L DR R AR (Bhaskaran & Savithramma, 2011). X1 Z LA
Ak, BT 2 MNEMEANBN, NERRERREWAE . AT R0, R &Rl s N i
TEER4AE, B AR NFEAL T e R M EIMEH (Holmberg & Bulow, 1998). Yi4b, @it A
NSRS B 2 HAREE R I R IA 2 — M0 A Ak g . B E AT b, BARRE T AFAED
(KR IE UG AR, (HRAF (i RO 25 SR b D o DRI, o] R S DR DR R R — D4 1
Wy SR R, (EAS

5.4 TR F0MTEE E R F%F =T
YA H I RE S, — SR N N 22 R A sl AR B i, JCI T AN ER G
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XK AEIE N IR I RE v, RIS A 1 T S A [ 396 35 (0 A ) e 5 PR ma S ML (Veerslues
etal., 2006). F A0S T-5 A ER ol g 3 (19 2 PR R S PR 7. e B AR, 55 %% 5. ROSTERR. 41
MBEAR T, BEACI4E (Gong et al., 2010; Sun et al., 2010). WY EA LML IRNFE 5SS
WAr, RIS TIRA, R R (Zhu, 2002), WIRLARTT SRR E AR K VB il
WA B 2R, T 215 FH0RE P ia o] 8 i B AR AL IT AR JK 2 HUR SR 3 =K 20 A
2 SO 1 0% SR SN e -SviA ) SIS LUBTi BURE 3vial R R S i o I P a3 N (EE: 7/ DA 27 i3 S E W S R il ) S ]
(RN FEASARIR], N6 22 P 18 52— ZR 51 B2 2 FVRE 57 1R 42 I 4 11 145 (Atkinson & Urwin, 2012),
PRI, ) SR — i B AN 2 A EAT S e v REANIE & (Mittler & Blumwald, 2010). i 5 Flfif
R DR AR P [ RS S TR AR AT LA ) B A, 458 A 2% i 52 A i R 52 4% 6 R SR A 0h B (1) 430

55 /NRNA &F

/N RNA (Small RNAs) {045 microRNAs (miRNAs) FI/NT-4t RNA (siRNAs), A sy
B LRl miRNAs. U0 JLAFE, K SCHRIRIE 20 25 miRNAs 2 5 0 S0 25 745, b
miR393, miR160. miR167. miR169 55752 2+ F el shWpiany, 4 FiHal T, X2 miRNAs 7
RIS R b & 3555 TE2E4E ] (Sunkar et al., 2007; Naqvietal., 2008). {HAHSEHFFTAE TR iHik
b, Sly-miR169c R il ik, wlwe b ALK TT, FEARZERER, 5 7% (Zhang et al.,
20110, HAHT, X1/ RNA FIRENLEIEA o0 48, i HIL % 0E B 2O T 5%, A7 — &
%, FRBEANME (Sunkar et al., 2007), {HH BB YIHOY S 24 AR 0 THMEARFE, W
AN RNA A IR, 32 m i i 5 R #h PR 4L 1 nl he .

5.6 RUWEEZIFE

T AL 2 e a1 AR B DR P 41 AR i 5 S IR RS PRI AP AR AE . RS 5 15 P AR R A 1) 3R
MM, 41 DNA WAL, AE A, JOpmEyss, vorR ek gity, umikr ik,
HAr AL T A, FEEAY S RPETE (Chinnusamy & Zhu, 2009). BLE AL, JURZ e 5
FREN, GORAR BN BRI H AU 0T 5 A A, 53 J i S (14 35 DR 9 45
(Kim et al., 20100, HHT, C4%E IS b 54 a4 & 4% H1-D F H1-S, Hr H1-S
HAZAIIRE, WS 5L 3 W GO AN [R] I ) 2504 R AR 1R 7K 20 RS 45 (Wei & O'Connell,
1996; Scippa et al., 2004). Gonzalez 55 (2011) UEH T ESBEE G Asrl FEPR (— PR 8211 B 1 2
FBIEDD) K] CNN - AL 2547 L] (CNN-methylated epialleles) FITEAE, 546, Tk MagtAL A& i
FEAINT A P o33 PR 35 B P A7 A AH DGV IR AT B0 UE, R ) Asrl DNA (1) e A AR IR
BHAT TREF, RILT- 58 BT T H 110 ANAEXTFRAL A 75 AN ISR IC 256, IR
BEEFIHITE H3K27me3 FMLEt & bR ic U/ FI RNA 7K -2 55 i I B PRI, JX el 2 Ak R 2 5
RAENE T AR a7 RS LA 5, Y RGN RN, AR TR ELE,
HIE AL A, BRI BA W ic 29t (Chinnusamy & Zhu, 2009). X FEs (%R W k1645 5
(transgenerational epigenetic variation) 3 R &7 A2 57 [ LA e 5% (AR i, AITTSE M FE A Y (1) 2
BEVE, 7EREEA S R b R T EAE ] (Turner, 2011, 3 A] ) 3 RRE R s S8 44 5 AR 1 7
T 557% J) (Chinnusamy & Zhu, 2009). 5540, AATEKIL, FEY)/N RNA WA TR WL &1 (Simon
& Meyers, 2011). #FAli 12 M A AESR, HAFERRMNALSR, Smkd iz, &NAR
(RS H B Sk, N R IsAL 2%, LR o AT A 15 b R A Pt 2R SR B & M v 22 5, A
RN T AR 2 5 1A RS S5 AR 5 5 A 3 et e e R LB I e R
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gf LPTE, BRI I T AR B A2 R DA B QTL DA A P 3k PR R SR v 78 i A R 72 A1
M Sk LS S RE R, (5 SEbR b i B AR O ZE B . 2L T4F, i FHoR G, A
S A GRS L (R R SR DT AT R o BEAE AN R R G S DAL PP 1R 58 i, 4 DR 2 S IR )
Brs /N RNA L VLA 27 A5 B BT SR 7 22 SR T, 4 S ) i 57 R 3 490 o 2 A% B AL )
RTINS T A SCRE AU B ST LIS OB I e R LA F2 900 (0 K A e U
SR 2 B R HE,  FE T R R R I ALK b, s e K S 2R AR 5 2R 2R &R, AT
VR R AP A AR T e a4, AEAEint AN Ehaue i e IRl 3E—ob4e
e AT VE ARG R 77 6, R IR T SR R PR 58 1 U 28 4
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